, €3e7801t 4v4h767(T7{ s 1 DESCRI P T I ON SURFACE ACOUSTI C WAVE
ARPARATUS 5 Techni cal Fi.eld The present invention relates to a surface
acousti c wave apparatus having an interdigital transducjﬂWﬂﬂmmmu a

pi ezoel ectric substrate. Background Art 10 A surface ac Mmmw
apparatus is mainly used as an internedi ate frequency filtenwggg el ectronic
devi ces. These devices include television sets, communication devices, and
cel lul ar phones (of, for exanple, the COMAlsystem), etc. The surface
acoustic 15 wave apparatus is characterized in that it is conpact and

| i ghtwei ght, and thus can be utilized to the full when utili

cel lul ar phone. Low |l oss, a narr ®wEdnd@nwiRdtth Farfd Ta Gtheep cut 7lﬁm‘mmm%mﬂm&y
are demanded by the internediate frequency 20 filter for use r
phone. As a filter serving as an internedi ate frequency filter ofGopoai*s
type, a surface acoustic wave appar at us havig&vﬁn interdigital transducer
(1DT) as a main structural §Q§#%QEI%QQQ§§%? & SFERREE S n this surface
acoustic wave apparatus, to neet the demands of narrow bandw dth and steep
cut-of f frequency characteristics, a piezoelectric substrate is 1 2
used which is fornmed of a material, such .as cr.st%{, havi ng characteristics
of low flUctuation in oscillation ié%éﬁﬁ&ﬁ%¥/ 1% enperat ure changes. In
t he surface acoustic % r.at, it 1S t hat i_nternal
reflected wave (a reF%EEE%%%%%guéﬁﬁgaﬁ%ﬂg é%#%§¥£ccé%‘§ﬁ&§%%%:mave)
occurs since th r; at il iC L aratd. ch as a
surface acoustigcagegl?sﬁayg ?hgé?%FgFggﬁ rgﬁlgktéggﬁggé a&%grsely
influences the tupdamaekal reevRIObnt Qeﬁl'.@z%'éflte%%%i_%cg‘&%ts't%a%v.e’ t her eby
causing its anplitude attenuation or phase distortion, etc. To reduce the
influence of the reflected wave uponphBrgtyilaneptal wave and to adjust the
direction of transm ssion of the fundanental wave to a predeterm ned
direction) 15 a techn gueflee adjoustdiing wave rapparat ushd svindiimlef wed

el ectrode finger in the I DT section of the surface acoustic wave apparat us
has been devel opedanThinseraekiiagee fireqdiesclyofed tiemr, fiogr edeanploaicipn. Pat.
Appl n. KOKAI Publication No. 54-17647. 20 In the disclosed apparatus, the
adver se i nfl uenéévéreghe CheeendevisriSednsduggydedsydsilea BPefdanent al

communication devices, and cellular phones (of, for
example, the CDMA system), etc. The surface acoustic
15 wave apparatus 1is characterized in that it is compact
and lightweight, and thus can be utilized to the full
when utilized in a cellular phone.
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 frequency 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 is



wave s not conpletely renoved. In view of the transm ssion 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 3 characteristic curve. A description wll now be

gi ven of the phase relationship between the exited wave and the refl ected
wave in the surface acoustic wave apparatug, which the 5 inventors of this
i nvention have especially focused on. FIGS. 1(A) and FIG 1(C) show cross
sections of essential parts of the surface acoustic wave apparatus. The

el ectrode fi ngersedfwhihehsus f ficemadoast acmateriappasathsasnckudeapairs of
el ectrode fingers of a 10 narrow width of i/16, and pairs of el ectrode
fingers of a willevidtdhafagagdbstiast hérlow pluchbatyonfipairs of

el ectrode fingers projecting froma first common el ectrode and a plurality
of pairs of el ee3¢dlbatiogersreppetivagofrbempesatond chanoasel ectrode are
15 alternately arran%ed. The interval between each pair of adjacent

el ectrode fingers isliBeth@tsurfgceFrpeoustBy YAVRsaphRarphise A&l 46i onship
bet ween the excited wave and the internal reflected wave that advances to
the left 3n thek?e¥lrkhatnppelkrernatpresbeshedsvene phasefieriefonship
bet ween the excited wave and the iﬁierna flected wave that advances to

I
the right in t FECFRGRTE, "SlppoBer EhAECTRE BRESETHF FAECExCPEBESWEVESFS a
ref erence val ue h$nd t he glocggizf dgrec%iOE Wi th resgeg%.to ghe phgse of
the vector of 2% haPBREFTRa velf&St fie™af 38%?%% ¥R ph8%e nga§ in the
flected : f j j . 16
‘ol ationship betveth FRe pepEkigavakie RN Jabt ciltesnen fpErFeted e

figures, and the,exchigdr¥eys vhElubRcE8SEhbPeEna2MERREE Rk BE £gpresents
any randoml y-selected 5 excitation point at which the surface acoustic wave

is excited, A represestsceuseitenhed, wareresy! eshsdngr 98s08RpEAt@det he
edges of an electrode finger of a width (i,/16) closest to the excitation
poi nt, and B reptesenésianret| phied daveorelbeact edelr omot hedatbethd0 edge
EB of the electrode finger. Further, suppose that C represents a wave from
the excitation pofhtenseacfetheeneElpoiad, wanechpos phesédndamengalt he

el ectrode finger closest to the excitation point, and reflected fromone EC
of the edges ofvawneepedttodedinafethef diseqtipt afotrapsnésadpaceht to the
first-nmentioned el ectrode finger, and D represents,a refl ected wave

reflected fromthe BEREAMBOERIEFAYE tRe2sBEBABRBRPLIBREdIEFEEELBRe fi nger.

Co i th | ected v A, del . 20, el t |

Conet g, 1 LeLLephed ks, o, g, 08 oL shephy eaul o o

excitation po'nénogfgéér?égdffﬁggﬁ ﬁnpgﬁéeIgﬁl§¥c9§oﬂ50?9@HESﬁH&EQcéeSpeCt
ed wave. | n ot S, at

to the phase of the exci er wor supposi ng t a del ay

X, X = 45 is giyeBubyidSyhbe hgphewtig REHabbER: dbvePopéal.?) T¥ig) ~ - X
~, : 360 (X 2) included in this equation indicates

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 the fundamental
wave is not completely removed. 1In 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



5 a coefficjent for obtaining a double distance. Further, concerning the
refl ected wave B, a phase delay el enent equal to a distance of (0.125 +
(1/8)) ~, with respect to the phase of the excited wave at 5 the excitation
poi nt Pl occurs, and phase inversion ((1/2)i.) occurs at the edge EB.
Accordi ngly, a phase delay of 270 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) + (1/2)) - 270 10 is given by {((03125/2) 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
anount of phasechavacteonsatict hergdge EB. Concerning the refl ected wave C,
a phase del ay el enment equal to a distance of (0.125 + (1/8) + (1/4)) ~.
with respect to the phdsecofipthenewdiliedowabe gtiviehe oéxdheaphasepoi nt P1
occurs, and hence_a phase delay 20 of 180 occurs with respect to the phase
of the excited WaVetipnsbinebetberds, thappsstag whye andetgy reXlegted360 X
(0.125 + (1/8) + (1/4)) - 180 is given b%'{((0'125/2) X 2) + (1/16% X 2) +
((1/8) X 2)} ~ waye=in thezgprigcexagpuphdFunadei APPRF3tE§ua’néRhi KlRcat es
a coefficient for obtaining a, doubl e di stance. Concerning the refl ected
wave D, phaset@¥payors © EPéﬁeﬁPV@aGéPntBagedﬁépﬁﬁ&élgV gocyssdiopy/8) +

(114) 1+ (318) o W Lheestiet Lo 15hage ol SXalt sd gy il he
pccord nal v 2, BDg5E.Ge) 0L SokST aoclr e ! DooRaRes! yheg!BegBhasss ol he

excited wave. In 0 supposin e (1/8)

[(118) % 5 Ol g Bhenot bl ope, e RS Mol RN ) 3,
i ncl uded in thi§?§§H§£E8”ihegh8ét$§i§508§f%h85€BBdE°Eiﬂ b3kNpRgaa doubl e

di stance, and (1 indicates the ampunt of phase inversion at the edge ED.
The resul¢ of syathesi ¢iadnt Be VIELi @) Samd paerdSof ebl et pslavaresqéys B, C

and D corresponds to the phase
of a wide width of 31/16. Further, a plurality of
pairs of electrode fingers projecting from a first
common electrode and a plurality of pairs of electrode
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),



del ay lamounf 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, Cand Dis 157.5. This 20

val ue indicates that the phase is deviated by 22.5 froma phase (180) in a
direction in which the excited wave is offset. The synthesized vector is
obt ai ned by synthesizing the x- and y-conponents of the vectors of the
reflected 25 waves A, B, C and D in the or#hogonal coordinates. Referring
then to FIGS. 1(C) and 1(D), the relationship between the refl ected wave

t hat advances 7 to the right in the figures and the excited wave w ||
be expl ai ned. Suppasel 4bbdbn FR1p elpsesesn stlanyreaAbdovty-sevectrdtexcitati on
poi nt at which the surface acoustic wave is 5 excited, E represents a
reflected wave adfdrceedtd r one ohef EEL nf thdef eggess pf and thecéxoileed i nger of
a wdth (3./16) closest to the excitation point, and F represents a

refl ected wave wafe eet bl He odesbeibedter edge EF of the el ectrode finger
Further, suppose that 10 G represents a wave fromthe excitation point as a
ref erence point, mhi%hppgspatgéu Phroepheshntel agyr sdadbnpyesetbotedt to
the excitation point, and reflected fromone EG of the edges of an

el ectrodé fi nge?*GFtatiPptPODRtiat 16hiel ablpt Septane aFPYStignVARed 15

el ectrode finger, and, H represents a reflected wave reflected fromthe

ot her edge EH(ﬂst?%@%%%%nd%eﬁ??ﬁ%%ﬁ“%?e%tF%B%e?FﬁﬁeVaV€bﬁ%€¥ﬁFE@dthe .
flected h el t t di st f 0,125y, with
espect 1o 20 tiohSRE 6 S a*gfé%c?ege oE (B, & ?ﬁ@tﬁéﬁ??ﬁgﬁgﬁrpﬁm P
d h 4 t_t f
Che exci ted vavo "EPEREE, /jleé ikt M ks (LA mo o UG, )

ol erent caual Lo, g distance oLe(D122 1091 Blhy 2028 WIR LeSPERL Lo Lhe

phase of the exci ve at excCl I on occurs

i nversiqn occurgggd ﬁﬁ'eoﬁdgﬁeEgle@EEQ&Q'Pﬂllléfera PRasendg! agug,goge
occurs With respect to the phase of the excited wave. Cohcerning th e

reflected wave €ha@ @hpssréebaysehenrnt £86ml the axdiehenss pbiho. 425 +
(3/8) + 0.25) with respect to the phase of the excited wave at the 5

excitation poi ntefRRreccersoiatgd hikebck Asppassedethyoodh2¥Pe oet et Bradid h
respect to the phase of the excited wave. Concerning the reflected wave H,
a phase del ay efonger ehose¢stota thetexceétation. posnt, (gnd)refbegted 10
(1/8)) ~ with respect to the phase of the excited wave at the excitation
poi nt P2 occursfr%WmP%ﬁag% Pﬁv%?gl%ﬁgﬁécﬁfsa&te%ﬁ%téﬁéﬁ Hpogecefdingly, a

The: abows descrd R ERARE S/t REFARR G SRt Eres SR Gd ons as used
when expl ai ni ng. LGS ALM . agd 1By Thecpesultcof o Sggkfsglcéan\gﬁwe vectors

of the refl ected wWaves corr sponds td e phase dela

amount of the |4E10aked CHEER! el BYReE CLaLL Bp! B2t b caELLEG. ave.

shown in FIG 1( ase o vecto tal ne y synt esi zi ng the

vectors of the m@ﬁ@{@g@dr@iégg%ggemgy§§e§, F, Gand His 22.5. This val ue
i ndi cates that the phase is deviated by 22.5 25 froma phase (0) in the

same direction as thabneérhhfgexnet edfleyeed! vave mpdar phaed &edayt he
above-described results
20 element equal to a distance of 0.1254 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 2) A :+ X = A : 360°

(X 2) included in this equation indicates



9 thati the gxcitied wave (fundanental wave) is not transmtted in a desired
dsrection with a sufficiently high coefficient because of the influence of
the reflected wave. 5 It is the object of the invention to provide a
surface acoustic wave apparatus that shows a nuch better transm ssion
function characteristic in its signal passing band, and a | ow insertion

| oss. Disclosure of Invention 10 To attain the object, the follow ng
apparatus is provided: (A) A surface acoustd c wave apparatus equi pped with
an interdigital transducer that includes first and second conmon el ectrodes
formed in parallel on a 15 piezoelectric substrate, a first split el ectrode
group connect edatootheitieat commobteliadhyode danthlexvesdanget.oward the
second common el ectrode, and a second split el ectrode group connected to

t he second conmon el Eotrtbee , andnertrandigndgheowsrfd eched waste Bomanmpha8e

el ectrode; characterized in that: a plurality of pairs of electrode fingers
t hat constitut edeheyfelsmespl egualetor eddigronge afid (4.pRar &l (dy80) pPairs
of electrode fingers that constitute the second split electrode group are
interl eaved at WipPB Egepecst to, the pheReplifr the exedteddwavengérs consi st
of a narrowwi dth el ectrode finger narrower than ~,/8 10 indicates a
wavel ength of atRerPxEétatdast PEiR&vEIsBFFIRG adndnPhBELLNERTELRET al
frequency), and a mgd wi dt h electrodﬁ finger wi der than, ~,/8; and a

synt hesi zed vect b1/2dBt hi HEPBS SYntPRsFITRER" velForEdbRItved PRITRCt ed

fromel ectrode fingers_t .are includ wi thin a distance of ~_/2 from any
randon1y-se|ectgangCPﬁa??bn BSFHFSinggsEﬁﬁgfgtwéQe%bFoﬁgﬁﬁﬁiBﬁ di rection,
has a phase ~ e e ~ - 5. < = g ~ + (n; at.ur nunber) 10
wi th respect toégépﬁgggtg gaXSVe %QCPFQSQbyofﬁg’i%P@%&?él?a%kFFansducer.
(B) The surface,a ic wave appapatus, of e.p to i | on €ri bed
initem (A hasaaag?é ctu?g ?n mg?gh>§ &?é%%ﬁcg E???ybgtggggyzentgﬁi of a
random y1d5 sel ggt gdyehegyrode finger and one of the el ectrode fingers
| ocated at the oppoOsite sides of the random ysel ected el ectrode finger,
differs froma distangggo(25 /et weep)cenfergiel dhezyandonl y-sel ect ed
el ectrode finger and the other of the electrode fingers |located 20 at the
opposite sides of the naM@ym yx sel Bcted el exd¢ ode finger. (C The surface
acoustic wave apparatus of the present invention described initem(A) is
characterized in that(>Sa2d dachugedrinfthiecenvdeios fndjeategonsi st of a
narroww dth el ectrode finger having a wwdth of i/16, and a w de-w dth
el ectrode fingefCRAfiAgeRtWE@EhORtaANGNG1@85¢oubly digtepgsy. and (112)p) A
surface ousti ¢ _wave agpa at us accor%ing t o gnot her, aspect of the present
e pP

inventioris chaP9cEBFRZedenaREpt PSEi P VEF SERAr 8tofhE| EEBROHR:
fingers that consti t‘d%?;ctel}%ifni% %ﬁues@leiftle%t%{de%aﬁz%d% gr,0 ’as%n%e‘ilag'l urality
e

of pairs of electrode fingershat constitute € sécond spli ctrode

e Soran o EBIEH: SRR ehisteriiote Luascoert g
of a surface 10jaceush i Ec¥PYELSESVERNE PRa8s OPCtBéi ORCLESE 'Rhve at
the excitation point Pl occurs, and hence a phase delay
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 = 4 : 360
25 (X 2) included in this equation indicates a

coefficient for obtaining a double distance.

Concerning the reflected wave D, a phase delay



frequency),,and ;a wi de-wi dth el ectrode finger wider than ~/8; a sumof the
wikdt hs of the narroww dth el ectrode finger and the wi de-w dth el ectrode
finger is lower than ~/4; and a sumof the widths of the narrow 15 wi dth
el ectrode finger and the wide-width electrode finger and a di stance between
adj acent edges of these electrode fingers is 3~/8. Brief Description of
Drawings FIGS. |Ato 1D are views useful in explaining the 20 operations
and characteristics of a surface acoustic Wwave 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 enbodi nent
of the 25 presealemanentfnal EbGS. d3Atnac8Dodr ¢ovileds+usef/gl) in(exphaini ng
the principle of the operation of the surface acoustic wave J 12

appar at us shown(Bn8F) GA it G:spcanto 4Bharghasevst i theiséxat ted) waee
frequency characteristics of the surface acoustic wave apparatus shown in
FIG 2; 5 FIG &tijtha ¢kentihtiaost paihhgPd ecarhizee anduphheewaunweappanat us
according to anot her enbodi nent of the present invention; FIGS. 6A to 6D
are views usefuPCfaréxptathfng§dgReEpri ndFpPEdéngiie apphaseodedpyt oé
surface acoustic_wave 10 apparatus shown in FIG 5; and FIG 7 is a graph
iIlustratlng the3PreQEERES ¥hERaEEEPPSE| £8 &het RBasar pActhaceusttedwave
apparatus shown in FIG_ 5. Eest Mode for Carnxin% Qut of the Invention 15
The enbodi ment sY8YSt helPr 85BRE VAVERri SHPRPPENGethBScRi BRAAKI Th¥ref er ence

(o the, accomangl s ghas g 47 £ 6 oy EEISTENSE BT LAy
495° = 135° is given by
{((0.125/2) X 2) + ((1/16) X 2) + ((1/8) X 2)
10 + (3/16) X 2 + (1/2)y A + X = A : 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 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 1s 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



of whiich an, integrdigital transducer section 12 is 20 forned. In the
iRterdigital transducer section 12, a first common el ectrode 13 and a
second conmon el ectrode 14 are arranged parallel to each other with a space
i nterposed therebetween. The first conmmon 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. 13 Further, the
second common el ectrode 14 is connected to7a second split el ectrode group
(el ectrode fingers 6al, 6bl, 6a2, 6b2, 6a3, 6b3, ) extending toward the

first common electrode 13. 5 In the first split electrode group, pairs of
narroww dt h electtbderfghgeis thetiigukésxaa) ahd ekdétweddivhvel ®¢llode
fingers (with suffix b) are arranged repeatedly with a certain interval

bet ween adj acente pakpsaimeédo in the second split electrode 10 group, pairs
of narrowwi dth electrode fingers (wth suffix a) and w de-w dth el ectrode
fingers (with suffixSBprare hPRingedreppeseadbyanyt haadowivasrelentedval

bet ween adj acent pairs, The pairs of electrode fingers (5al, 5bl), (5a2, 15
5b2), (5a3, 5b3yxcitatige|paedti attweichrshesprrfaeeeacpuatigrvapeand t he
pairs of electrode, fingers é6a1, 6bl), (6a2, 6b2), (6a3, 6b3), ~~~ included
in the setond spFFitefeckrbeRrEFB0pSaretPhLBFFBAVEBVEWABRLOFERANET PRe

entire structure, the ngrrom#mﬁdth 2 eIec&rode figggrs and the wi.de-w dth
el ectrode fingePi€afE Qft ENRaPEPSaPFaRfeBleFhECEB ORI eBEr Bd¥EdER and 14

dth it t f d of electrode fil taini
2 num (AL) of S arl B r HARS g o FoyESet el o Koot - Fur ther, i n
t hi nmbodi t L d i i f d
[ nger ood, 1~ PP ERaTek; "o FLBELER"GylyRRER-CO0S Ehofl ;R BhAEL) U
narrower than ~e48e(rr bRdLgat g3etbeourvehgneth ofyarputfa S{hgywave
§e (g1 B SepBoad £h§f5

serving as the opéeration central frequency); and an elecfro I nger 5al,
saz, 10 G represents a wave from the excitation point as a
reference point, which is passed through the electrode
finger closest to the excitation point, and reflected
from one EG of the edges of an electrode finger of a
width of A1/16 adjacent to the first-mentioned
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 0.125A1 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°



5 5a3,}{ ~~~,, 6bl,, 6b2, 6b3, ~~~, which has a wdth wider than or equal to
~»/ 8. Mre specifically, in this enbodinent, the narrow w dth el ectrode
fingers have a width of i/16, while the wide-width el ectrode fingers have a
wi dth of 3a/16. 10 Distances t1, t2, tl, t2, ~~~ each between the centers
of each pair of adjacent electrode fingers differ from~,/4 (which is a
reference value in this enbodinent). The distance tl between the centers is
a positive deviation fromthe reference valBue 15 (i.e. higher than the
reference value), while the distance t2 between the centers is a negative
deviation fromthe reference value (i.e. lower than the reference val ue).
The di stances tdcemdstRibherakpecnatel ghar phagedof26h8pesicfiicedl wgyet he
centers of adjacent electrode fingers are arranged with alternate distances
i nt er posed ther ebet weencewniiol faee rpddiecited waven€gaki whadevidatliagns from
the reference val ue of ~, /4. These deviations adjust the phase del ays of
the 25 reflect cBllo@oBti AdEReE EPTawdiftpespeef (B-1RE ex¢BY8d hale25As will

be described | ater,, this adjustnent enables the directjon_of advance of the
internal ¢ 15 réﬂ*é'bt’é‘%?@é‘?/% 0 BRe PR P othe RFeLEFSINE i Halthor the

advance direction oéa%he fundanegga the surface, acoustic wave. In

| wave of
this enbadi ment S*ChE2FSPIoRPAG te§aaPFERESar 818 BERSHI RshRBASe #eLay(Bf152 +
(21/8))?~ 12 = ( 098 + (1/8))i, tl + 12 =~ /2 ere Q.152a and, 0.098a
repr esent dista%ggs B%?&égnw§%htﬁ85858%sga Eaﬁegggﬁetﬁg %EEC?FSHEe?ingers,
while ~, /8 reprgsegts the sumof half the width of each electrode finger
i ncluded in each pair. Accordingly, the distance between the centers of the

el ectrode fingers |lo : hih p i yd f wan | ected 15
el ectrode finger is ge%geraﬁng ?gguﬁg%%%efﬁg ?éggaﬁéhgngggg%gh¥%g§

inventors, the gdishancesghhland h2qhetunes bhe(gembers eh/gherepessrode
fingers were found to be values that enable the fundanental wave of the
surface tousti ¢cl1haye to wiclbergepeet ta e gidgml o fli tiest éenitddesawrs hod
of determ ning the values of tl and t2 can be expressed by the follow ng
general equatioat. tsappwsihgtihat pphistwPadt hcohirspeantl phehepanvension

~electrode fingers is w, the width of the other 25 electrode finger is

((~ 14) - w), apacere dtsthAcedpet RHen Ppeordineiy,of prhese dedapl eftrode
fingers is xlI, x1 s set at a value that substantially satisfies - 16
the fol | owi ng e§@dti BRSUFANVEEPxFeSPECt) 8P) the phass Pk(the/ excited)) (k
represents the nunber of waves; k = 2~/~,) Wen x| satisfies the equation,
t he fundanental "8'%ave of the surface acoustic wave can have an opti mal

ot B, o Ot S8 808 S ESRATEnSEAORE. 158, Ball el (3, 2
di stance x2 betygenshfie €§05€5i8ns 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 i1s understood from the above-described results



10 of these, electrode fingers is set at a value that substantially
satisfies the follow ng equation: tan {k(x2 - ~,/8)} - ,r2 Referring nowto
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 (fundanental
wave) in the surface acoustic wave apparatus of this enbodinent. FIGS. 3(A)

and 3(C) are sectional views illustrating essential parts of the surface
acoustic 20 wave apparatus of FIG 2. FIG 93(B) is a viewillustrating the
phase rel ati onship between the excited wave and the internal reflected wave
t hat advances to the left in the figure. FIG 3(D) is a viewillustrating

the phase rel at thashtpebekegeerd havexgiftadarenwavewand)t kg haker nal
refl ected wave that advances to the right in the figure. In the figures,

suppose that therphasétebdt he exdecededaderestaonef@rdnee sv@kfueieantdy 17
the cl ockwi se direction with respect to the phase of the vector of the
excited wave ishipbk dbeécticaenef bacphaseodekay infflhencef b&ctad wave.
Referring first to FIGS. 3 (A) and 3(B), a 5 description will be given of
the rel ati onshi pebéeated whweexcited wave and the reflected wave that
advances to the left in the figures. Suppose that Pl represents any

random y-Sel ect ed exéitt 46 dhepobIecat athitble LRy esfioac &carseytide wave is 10
excited, A represents a reflected wave refl ected fromone EA of the edges
of an el ectrodeSPFRGER BFOHSHLGt WaVE/ PBPAEREYEsthes EREVEXE MHENon poi nt

and B represent reflected.wave reflected fromthe qther edge EB of the
electrodg fingegggﬁﬁFtHEPPsgﬁﬁﬁggg %gnfﬁépnccﬁéﬁﬁg§§ﬁﬁ§t&cwéﬁglFFon1the

excitation point.a referenc int, which is_passed through the

el ectrode finge%lgﬁSEeggsgénﬁhgaggdiFQFi8n388iﬁpgeﬁﬁdopeﬁpégred from one EC
of the edges of an electrode finger.Qfs.8 Mt 1, Q318 adi acent to the
first-nmentioned 20 el ectrode finger, an D represents a refl ected wave

reflectedyfromthe otleredge EROLH e tsecprd¥eRtinNed & g%frra%% frignger .
Concerning the reflected wave A a phase delay el enent eq& " to a élstance
of 0.098 with rggpeetielle 25 the phase of the excited wave at the excitation

poi nt occurs, and hence a phase delay of 35.28 occurs with respect to the

phase of the excited (mgvea lsmrddeer acohstlcnwaade appRREIUR] ddtdippaddel ay =
X, X =235.28 is given by the follow ng equation: ((0.098/2) X2) ~. X =~
360 with an interdigital 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 aré interleaved at a
25 cycle of A/2;

each pair of electrode fingers consist of a

narrow-width electrode finger narrower than 1/8



(X 2) included in this equation indicates a 5 coefficient for obtaining a
deubl e di stance. Further, concerning the reflected wave B, a phase del ay

el ement 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 at the edge EB. Accordingly, a phase delay of 260.28 occurs
with respect to the phase of the excited wave. In other words, supposing
that a delay = X, X = 360 X (0.098 + (1/8)18 (1/2)) - 260.28 is given by 15
{((0.098/2) X 2) + ((1/16) X 2) + (1/2)} ~. X - ~ . 360 (X 2) included in
this equation indicates a coefficient for obtaining a double distance, and
(1/2) indicat es(fheigdDeate8f a PhaseléNYER SbPNa abut hgc 84860 ES: i 20y &pHcer ni ng
the reflected wave C, a phase delay el enent equal to a distance of (0.098 +
(1/8) + 0.304) wethingspectnt epkitatpbaseeatrihe fexgukeadywavanat at hede-
excitation point Pl occurs, and hence a phase delay of 189.72 occurs with
respect to the phdsk 2lectrode €icgeedwidee. thanotheés; wamds, supposing that
a delay = X, X =360 X (0.098 + (1/8) + 0.304) - 189.72 is given by r 19
{((0.098/2) X 2) + (@lsydthesized pect®dZ,XoPtlhined ¥y=synthesdz(ixXg2)
included in this equation indicates a coefficient for obtaining a double

di stance.®5 Con¥efhPH§ CHevpdkseteddeahed DBrom shessérgdeayisgemsnt equal to
a distance of (0,098 + (1/8) + 3/8) with respect to the phase of the
excited wave atthft axei acilodegoathpn gceidpanghd ofhasé? i AR sdRi occurs
at the edge ED. Accordingly, a phase delay of 10 144.72 occurs with respect
to the phase ofr?ﬁgog}ﬁrgégeﬁé@é.eF516Pﬁéin@Pé§F dfipfosiadacRat a del ay =
X, X =360 X ((0.098 + %%/8),+ 0.,304 +_%3/8 + %1@%)) 504.72 - 144.72 is
gi ven by {((0.0¥8Y%) PXOPRIRtapt PaFegtaPn, NGS18oPRASP 15 SXpBeag§dx 2 +
(2/2)} ~: X =360 (Xe2) i ncluded in this equation indicates a
coefficient forbgbpéﬁnTng ag%oﬁ SRR 6%&1 (Wﬁ%ﬂr%%uﬂu s the amount

blI™e di st arice,
of phasejgnversj,0Rnat-cRectdee BDpnlle beSWl L0k SXRLRRH BiyngnLhe vectors
of the 20 refl ected wavés A, C

B, and D corresponds to the“phase del ay
amount of the inheeradlgiehheetadsaaverr.el ative to the excited wave. As
showmn in FIG 3(B), the phase of the vector obtained by synthesizing the

vectors of the internd) r atecciedasayesochstBc Waakd aRgasak(® SF tB2 This
val ue indicates that the phase is substantially an opposition to the phase

of the excited paesenthénventhies dedcrdbedr ins itktai(agdhlhy systhesikairag
20 in which a distance (tl) between centers of a randomly-
15 selected 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 1/16, and a wide-width electrode

finger having a width w of 0.14651 = w = 0.16051.



the x-% and y-components of the vectors of the reflected waves A, B, C and D
in the orthogonal coordinates. Referring then to FIGS. 3(C) and 3(D), the
rel ati onship between the reflected wave that advances 5 to the right in the
figures and the excited wave wi Il be described. Suppose that P2 represents
any random y-sel ected excitation point at which the surface acoustic wave
is excited, E represents a reflected wave reflected from 10 one EE of the
edges of an electrode finger of a width (3aI16) closest to the excitation
point, and F represents a reflected wave reflected fromthe other edge EF
of the electrode finger. Further, suppose that G represents a wave fromthe
excitation point as ap}5 mebkercéace pobntiiwvhiwekel appagaedst Beevghdihbe

el ectrode finger closest to the excitation point, and reflected fromone EG
of the edges oftanaebtbérodepéchgef bheapwedehtofinvehtboadiacent to the
first-nentioned el ectrode finger, and H represents a refl ected wave 20

refl ected fromceharatherieddeifEHtbétt he péuooadment obnpdiesecfrode finger.
Concerning the reflected wave E, a phase delay el enent equal to a distance
of 0.098a with ¢tepeepdeofingephatbadf constiérsteethaafeérat shéiéxcitation
point 25 P2 occurs, and hence a phase del ay_of 35.28 occurs with respect to
the phase of theleXEfPes ﬁéQBPngPgh@rplEBﬁééFMiﬁé Phereepfceieatiade F, a
phase 21 del el ene equal to a distance of (0.098 + (3/8)) ~, wth
respect to the g%%@%r%fgﬁﬁﬁ EQEFFéHuﬁﬁthﬁtSFH@“@XEPSAFi%%éﬁBFﬁgePZ occurs,

and phase inversjion occurs at %he egge E.F. Accorgin I a h%se del ay of
350. 28 5 occur s9WYR ?EgpéB?eF CPREphERE  oPa L he® xﬁ??éﬁrﬂﬂge.lﬁﬂﬁférning
th flected h l, to. i.S§ f (0.098 +
(378) + 0. 304) CHeFPr PR Rc AP FoA nEUETTHLeER BRe By RuPuchEREEVEY (e
excitation poinipgg 9ordir e abiREREE 3 RARAA gkl ialgu%% o2 oceurs

W th respect to e phase of the excited wave. ncerning the reflected

wave H, @ phase;gdshayig! GEBB! segvahgt 8saafi 8hapaeigh £OnPRg1+ (3/8) + 0.304
+ (1/8)) ~, with respect to the phaSe of the excited wave 15 at the

excitation poi nfr&@gueneyls, anadaphage-whdehske0B8cee6deSEdhgbhewedge EH.
Accordingly, a phase delay of 144.72 occurs with respect to the phase of
t he excited wavehaiThd Abpve-sziasocst betk phixbiehsied Aiyishe are hreowriwbdtlpy 20 t he
same equations as used when explaining FIGS. 3(A) and 3(B). The result of
synt hesi zi ng t heleetrode 6inphe apfll tbeedidavesdEh FleGtundeHftngerspsnds

to the phase del ay anbunt of the internal reflected wave relative to
lower than A/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



25 thevexcited wave. As shown in FIG 3(D), the phase of the vector
obt ai ned by synthesizing the vectors of the internal reflected waves E, F,
Gand His + 0.03. ~ 22 This value indicates that the phase is
substantially equal to that of the excited wave. In the above-descri bed
invention, pairs of electrode fingers, each pair consisting of an el ectrode
5 finger of a width narrower than ~./8 and an el ectrode finger of a width
wi der than ~,/8, are provided for each of the conmon el ectrodes 13 and 14.
The pairs of electrode fingers provided for the common el ectrode 13 are
included in a first group, while the pairs of 10 el ectrode fingers provided
for the common ebeetraade thoane inngligded;in a second group. The pairs of
el ectrodes included in the first and second groups are interleaved. As a
result, when vi ew ng Fies .edtdl radstdBuehw eiels tihauekeeitiode thiengers of a
wi dth narrower than ~, /8 and the el ectrode fingers of a wdth wi der than
~, /8 are alternétrehyeacyanbhedacheresspesi bifc&hky suirfiatke aaboasedes aaiveed
invention, an electrode finger with a width of i,/16 and an el ectrode
finger with a whgPhretusasnewn0isolsGi-t @te each pair. The vector
characteristics shown in FIGS. 3(B) and 3(D) are obtained by selecting the
i nterval between eacKIfai P df & ¥dEmodd Mistgartdngaa sHddesteo ¢ oussict he
vector characteristics shown in FIG%H 3(B) and 3(D), in the above
embodi ment, 25 VA¥SJPPRELAGHSoRCEREALPAL KOsPRRENGEC EBPOL&MEE twPEhiER®t he
range of n ~ 0.03 w h.res%%ct to the ideal direction of propagation of
the surface acoBStPE™av8Y®" 1933 where n is a natural number, and is an
even nunber (i ncl udi en t i t.he ref.l ect.ed ve have
t he sanme phase, and E%G%éd%%U%ﬁéE%ﬁﬁé% %ﬁ%@ﬁﬁéég%ggp gi?§p8ﬁ§§@§9 508 s
| nventi on, howeyes ocl31B0bel LW Bleba b aboyRementianed yalies, LajLhe

, of "ele eri S

above enbodi nen the position of "one of each pair ctro nger
with widifs of Lppl6aand 3Bbdkd s Fekectedaply, for exanple, shifting the

FIG. 7 is a graph illustrating 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
- pilezoelectric 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 space
interposed therebetween. The first common electrode 13
25 is connected to a first split electrode group
(electrode fingers 5al, 5bl, 5a2, 5b2, 5a3, 5b3, ')

extending toward the second common electrode 14.



10 electrode finger with the width of 3a/16), thereby finally selecting the
elrectrode intervals of 0.098a and 0.152a. As a result, the direction of the
synt hesi zed vector of the reflected waves falls within the range of 0.03
with respect to the ideal 15 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 with respect to the ideal direct3on of propagation of the 20
surface acoustic wave. In this case, it is sufficient if the electrode
intervals are selected to be within each of the ranges of 0. 152 ~. 0.007
~, and 0.098 ~, Pubth6¥,~thét becoaddcommbgnelendredkelthak whanethedf epner
assunmes +, the 25 latter assunmes -, and vice versa) by shifting the

posi tion of oneaofeeant pplitotletecbdedgrbupgeeienvtibdei dihgeet 6al/, 16
and 3 ~. / 16 . 24 FIG 4(A) shows neasurenent results concerning the
transfer charactklistaé,afti2théadrobip3det-ay ehemtinygistvardfthdefirst
above-descri bed surface acoustic wave apparatus, obtained by matchi ng the
surface 5 acousePBmpavelappardeud3with an external circuit. As is
understood fromthis _characteristic _figure, both the transfer
character?stic and tB8 §P8upidértafPdidr fEEErorc 9aPBP3UPSAS ofl | v
symmetrical with resgectdgﬁ tge funga ntal fre uegcg fQ. 10 FIG. 4(B)
shows a state i R2WhPERYACEtr PABETALBASEMBIRAT e (WppAr RES 1%t 8)WAPEN t he
invention is appli.ed, .i ched with.,an extern circuit, The entire

surf ace acoustiglagvglgg gg;?ﬁ r?ﬁ%agfﬁgﬁF§ EHﬁSLiEBS%éXtP&ngaﬁcer, as
shown in FIG 2 ' .surfa st , .and _anot her
Cransducer for PEEargrag FRERSELDS BTt LoEBL ot L e IT v s R
converting its gaghtbati Baikalo ANse! ¢6! theakeSbARakp: TRCcaxLRLRAL Mt Chi N
circuit conprises respective 20 el ements connecte £B t e i nput "and out put
si des oflmhe_sugiagg,agam§él5fwa39raap@aakﬁselé&tkeee'@@Hbe§bd?wikhere are
provi ded an inductor L12 connected to a signal input termnal and a ground
connection|ternsngkixand anaapagetaidChlehavipgdeneihgedsnalyithesgekins
connected to the signal input termnal. At the output side, there are

provi ded an i ndb¢t erelL22rengrdctregentedlyi ghah autputatier dnnakvaad t he
ground connecti on 25 termnal, and a capacitor C21 having one term nal

t her eof connect betweenhedjageat petipet term nal. Al though this exanple

enpl oys a matching circuit fornmed of L and C, another nmeans may be used in
whi ch" matching 5 is POff BeAE8 BY &diecstrdg fhaderseddnde Sblhe (SaRface

acoustic ve a ratus. I n_the above-descri bed enbodj nent, the distances
t1 and t5¥ﬁetmegﬁgﬁhe(géﬁVeP Sof édj%%%%?g%@e%@r%m% FirdersPhit accurately

determned in o I rt 1 n ti transter directi.gnal property
to the_fundanen%ggg&gggegggghg_gﬂ?fggg ggg%?t?? ﬁé&SFrPﬂﬁegéP?GFﬁe present
invention is ”ORGEEW‘%SQ)EO(BQQ§-Gbﬁébs(ﬁaggtkﬁg)9f~CQPﬁ§fhéQ&tiﬁ iation
inparted to tl or t2 may be'incfeased’or reduced’in accordance with 15 the

properties demapdednbysbhetselbaceoasodsbp waveiappaiabyed.! Nnwhbg ,
above-descri bed enbodi nent, the interval between an el ectrode finger with

the width of i,#{16wdng 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
4containing 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,



an el ectrode finger located at the left side thereof in 20 the figure is
set narrower than that between an el ectrode finger wwth the wdth of i,/16
and an el ectrode finger located at the right side thereof in the figure.
However, the invention is not limted to this. Wen using a piezoelectric
substrate having a 25 propagation characteristic different fromthat of the
above-descri bed piezoelectric substrate, it is possible that the positional

rel ati onshi p between the narrower 26 intérval and the w der interval
wi |l be opposite. The present inventionis not limted to the
abovedescri bed enbodinent. FIG 5 illustrates another enbodi nent of the 5

present inventi®p2,Reberence Gapres2 llsgenot es whideznal ectyidcsubstrate
made of crystal, on one surface of which an interdigital transducer section
12 is formed. Inathewent ehdngilt 28 {Ransdlicarteseadieowahdalendtdt ¢f 10 comon
el ectrode 23 and a second comon el ectrode 24 are arranged parallel to each
other with a spaceurfibeepasedsther ehebwsenvihbeati the opewamienhectrode 23
is connected to a first split electrode group (el ectrode fingers 3al, 3bl,
3a2, 3b2, 3a3, @bB8tral fBegueengi)ngandwandefketsedendingemosadl,e6tkpde 24.
Further, the second conmon el ectrode 14 is connected to a second split

el ect roded group3@ébectr ottel i flger s61a3i , " 4bWhisdp hashz wiaih 4hi3ler-~~)
extending toward the first comon el ectrode 13. The el ectrode fingers 4a2,
4b2, 20 4a3, 4b§Pan~QraFaUﬁétt9thh8-|HM@H% specifippiiyel dotEbER group,

airs. of narro idth el ectrode fingers ith suffix a) and w de-w dth
glgctrode finge%%g%aﬂPﬁnguf%ﬁf Bfrng'ng&ﬁ;ﬁg@8%F8b§aﬁéﬂﬁﬁrﬁr%ﬁvﬁmgertain
i nt | bet ' t irs,.dh I f th tjti is ~. A
in the second sBl FEoBReBE GuelEt otp Iparie eradari Shn PR REEP et rode o
fingers (with sygﬁ'ér?) ?OQ a gétﬂﬁgg-ghp}? ?Iectrode fingers (with suffix
b) are arranged regea eg y wit BTa Certar |n?erval bet ween adj acent pairs.

The cyclgof the rep%ﬁ%EEﬂ@eEStIy-tEnetﬁaiE%,?E~?%§8§f89@wé%ﬁ9@ﬁé (3al

3bl), (3a2, 5 5b2), (3a3, 3b3), ~~~i'nclude i TSt it el ectrode
group and the pakhgeob gkeeht@dpaliirnger sdf4aént4Bibctidad rdhdhrs(4as,
4b3), ~~~ included in the second split electrode group are interleaved.

When vi ewi ng thaiéfitir €rsmr Uel 4ir eyhidie hars ovenétéhcdOvelest indenfd ngers
and the wide-width electrode fingers are alternately arranged. The conmon
el ectrodes 13 asubtodimpdtihe Spei dielteoteodd hetwpsnatbef cemedrsf el ectrode
films containing alum num (Al) or an alum num (Al) alloy as a 15 main
conponent . is a positive deviation from the reference value
15 (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 electrode
fingers are arranged with alternate distances
interposed therebetween, which have positive and
negative deviations from the reference value of 1/4.
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



Furthexr, inthis, enbodi ment, each pair of electrode fingers consist of an
el~ectrode finger 3bl, 3b2, 3b3, ~~~, 4al, 4a2, 4a3, ~~~, which has a width
narrower than ~, /8 (~, indicates the wavel ength of a 20 surface acoustic
wave serving as the operation central frequency), and an el ectrode finger
3al, 3a2, 3a3, 4bl, 4b2, 4b3, ~~~, which has a wwdth wider than ~./8. Mire
specifically, in this enbodinent, the width WL of the narroww dth

el ectrode fingers is i,/16, 25 while the wisith W2 of the wi de-w dth

el ectrode fingers is 0. 1535 ~. . Supposing, in this enbodinent, that the
wi dt h of 28 the electrode fingers, which have a wdth narrower than a

reference val uergflée8ledi waVé, tanbet BBAnGEAt B8 gl aereedechi BEeLRal WMLEN
have a width wider than a reference value (~,/8), is W, the wwdths W and

W2 are 5 set atthal aésahbatdsnbstaohi afl yhearusfiymebRealolhowi Bg eguati on
cos (k2wWe) + sin (k2w2) - 2 - cos (k2W) - sin (k2W) (k represents the
nunber of wavessukface-paeolstidcThevenventors of the present invention found
as a result of research that when this equation is satisfied, the
fundamental wave of TRetbipfawbodiémesti cthevéoddnwhageeanaspbneabre

di recti onal propertg.,ln t he previous enbodinment, the IDT is designed 15
such t hat® each paFaPbishe@et rode fingers have respective widths of i,/16
and 3a/16. In this enbodi nent, however, the sumof the w dths of each pair
of electrode fingerstdiFféfl-£Pant~(248)ard the width of the wider

el ectrode fingers is _ 20 determ ned on , the basis of the above equation.
Referring now to FIG%% 5(258t898(t311é86é§cription w Il be given of the
phase rel ationship bg&mgegztgezjﬂiernal refl ected waves and the excited
wave (fundanental waveé) in“the sUrface acoustic wave 25 apparatus of this

embodi ment. FlI G oPEA) . 288 16(LQg & & aeEt ir%%@es\éin%\’\%istances between

10 the opposed edges of the electrode fingers, while A/8
represents the sum of half the width of each electrode
finger included in each pair. Accordingly, the
distance between the centers of the electrode 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



illustxating essgntial parts of the surface acoustic 29 wave appar at us

ok FIG 5. FIG 6(B) is aviewillustrating the phase rel ationship between
the excited wave and the internal reflected wave that advances to the |eft
inthe figure. FIG 6(D) is a view5 illustrating the phase rel ationship

bet ween the excited wave and the internal reflected wave that advances to
the right in the figure. In the figures, suppose that the phase of the
excited wave is a reference value, and thel6l ockwi se 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 wthe belgbwengokquhaeibal:ati onshi p between the excited wave
and the refl ected wave that advances 15 to the left in the figures. Suppose
that Pl represents ampanr gidort y- g€l é8) ¢l exti/tabi QR (PBIAN4 pt+ whvch t he
surface acoustic wave is excited, A represents a reflected wave refl ected
from one EA of the edfesephesendlsectheodanbienget ofavaesyi dt k= 20t (id, ) 16)
closest to the excitation point, and B represents a refl ected wave

refl ected fromthe ofhen &dgéakpsdfieshdahsl eguaddenf,i rger fuRdemeartalsuppose
that C represents a wave fromthe excitation point as a reference point,
which is gassedwﬁﬁﬁoﬁéhtpﬁeSBF@@FPOG€°2§tﬂFnyéVeCFé§e§ﬁvﬁoaphépé%@ﬁﬂation
poi nt, and reflgcted tron&one EC of the edges of an electrode finger of a
wi dth of 0.153yS*58F5¢8RE Lt BTPRETEYr st - ment i oned 30 el ectrode finger,

and D represents a refl ected wave reflected fromthe other edge of the
second menti oned eIe@%FggeOPFn éﬁptégﬁ@eFﬁQﬁfﬁﬂﬂ?srgfW&gggdo%aVEEgg'a phase

delay 5 elenentaﬁ?gghetgtﬁegi?E%@%@ogg %Enﬁég)hészggkﬁgg%egﬁggteag%the

phase of the exci wave ‘a € excltafion point "a phase

del ay of 45 occygs;wi 5&15&%&@9% ri%ottﬂ% e&@%‘ag% B‘Bngﬁg’iﬁ%ﬁgaﬁ%ﬁFBE%her’

concerning the reflected wave a phase delay e

di stance1@f {(~okl€heXe2etelirbif) f%ng}er\y R rs%%p%gt al 9atille pRase of the

excited wave at the excitation point Pl occurs, and phase inversion occurs

at the edge EB. sAbgerdiighiy aaphageedekay @b128king @qubt¥8h.: occurs with
respect 15 to the phase of the excited wave. Concerning the refl ected wave

C, a phase del ay el etremt {&quel -t AL A8¢li stadce of ((1/16) X 2 + (1/16) X 2 +
0.159 X 2) ~, with respect to the phase of the excited wave at the
excitation point Pl 8ef@rsingndon0 tiee¥d&Sa Prdge tael3dP )of a2@4s48 iptdons
Wi th respect to the phase of the excited wave. Concerning the reflected
wave D, a phasewaéﬂage 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



el ement equal tqg a distance of ((1/8) + (1/8) + 0.318 + 0.307) ~, 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
del ay of 135 occurs with respect to the phase of the excited 31 wave .
The result of synthesizing the vectors of the reflected waves A, B, C and D
corresponds to the phase delay anount of the internal reflected wave
relative to 5 the excited wave. As shown iXWW FIG 6(B), the phase of the
vector obtained by synthesizing the vectors of the internal reflected waves
A B, Cand Dis 179.99. This value indicates that the phase is
substanti al | y arheppbstchwisetditbdet pbaseioh téepextitedthavehasa of her 10
words, oscillation propagates to the right in the figure. Referring then to
FIGS. 6(C) and B{®d)vetter ref athensheptodtweea thHethefdeceetiomvest hat
advances to the right in the figures and the excited wave will 15 be

descri bed. Supposghasmtdebay eph eteat sebhgctaddoary- sel ected excitation
poi nt at which the surface acoustic wave is excited, E represents a

refl ected wave refl| eReberrineh 6hesEEtef FIRE. eagéé)oﬁndn3éBéetaode finger of
a wdth 20 (3a/16) closest to the excitation point, and F represents a

refl ect e® wave FRFFRLREHOR rohl i hee 0P heen caifet BF Belahiorskiprbetvweemger .

Furt her, suppose that G ngpresents a wave f£0n1the excitation point as a

ref erence poi nttNGHEERTEd pU¥E PR bEGHT EhECEFadt YRS BBAF| AGRRICEDsest to

t he excitation 0| ngd_r ted.fromone EG of the edges of an
el ectrode finge ?h% g?ﬂ?hl%fgﬁ g% %ﬁ?%Cent to the first-nentioned 33

to the phase of the gxghled yare. pThecpesulhof saynteabgipaLhgcyest ors of

the refl ected waves corr spon he p ase ay anount of

the internal reéi@féggl&@Vﬁoiﬁ£a&tVﬁhEQh5tEQes§¥fhééda&@ﬂ§t1€6w§OQ“Ds'”

FIG 6(D), the phase of the vector obtained by synthesizing the vectors of

the interal refkected, V@Vﬁé?gesgntg anfeFh £6+840Qdve TR E1¥8LEE EREhCates
that the phase is subst anti a ly equal to that of the excited wave. 10 As is

under st ood fromideExest othehaages et shhcelebenbdens bh 6£B wngt®(D),
the direction of the synthesized vector falls wthin the range of 0.001

with respect to(fhaddedlograpagatilon abteiacdiion gdoime, sand ace acoustic
wave (the right direction in the 15 figures). This invention, however, is
not limted to réprapewesnanredbhedted| vage rafitetediofromnbbei abher the
position of that one of each pair of electrode fingers, which has a width
of 20 i./16, isefIReEB ?ﬁetb?h@ieEF§€ﬁ?oﬁén9?ﬁgerFP§t§%¥rt%UHHQéea wi dth of

0. 153y, ,. and t he rval between these el ectr finger et 159.
e ot nenafy §c¥?aﬁea?nrﬁe svﬁ?ﬁeSFQthsac?ﬁ%lg?tiﬂésPéfvac%%damaves

falls within thf%ESPQS? 8001 whiBy28.rgaesh LAy dral odligetagn of

propagat i on of e SUr T acR acohs I"Ci én ect can

be_oblai ned evepsp oL, 3dybLoLbe gieaetbenohetBe sYBRbESLZgd-upeLoLLQl the
refl ected maves ?%s w thin tﬁe range o 5"Wth respéct to tﬁe I deal
direction of pr@?@ﬁabh@nE@fthEhéUéEQEQ 8E€O0HAl bte¥B¥8de 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 0.098241 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



5 1In tthis case, at is sufficient if the electrode finger with the wi dth of
ip/16 is fixed, and the wwdth of the wider-width electrode finger is set at
a value falling within the range of 0 . 1535 ~. 0. 007 ~, . The position of
each edge of electrode fingers |ocated 10 outside the pair of electrode
fingers is fixed. FIG 7 shows neasurenent results concerning the transfer
characteristic and the group delay characteristic of the above-descri bed
surface acoustic wave apparatus, obtainedlBy matching the surface 15
acoustic wave apparatus with an external circuit as in the previous

enbodi nent. As is understood fromthis characteristic figure, both the
transfer charactoardsst isuppukihe tgradum didlayy chat,act ex i3 iZ8 ares given
substantially symetrical with respect to the fundanmental frequency 20 fO.
Al t hough, in e&gh tfe tiel labovwey eshodiient s, the wi de-wi dth el ectrode
fingers and the narrow-w dth el ectrode fingers are alternately arranged,

t he arrangenent may 00 chdged Kn2a phrt 8f =t e tr3@&Uucer 25 (for exanple,
w de-wi dth el ectrode fingers may be adjacent to each other). This structure
enabl es the excited (Wve)addclidedefinedthdd waratiomdngdicgesdan | 35
accordance wth the required characteristics. The above-described surface
acousti c wave &OEfGiet §He qhvainth PR ke Aikitandeer transni ssion
function characteristic in its signal] 5 passing band, and a | ow insertion

| oss. Industrial Appl¥cHMFTi tSP RIRY ke ot ??"ce%%"%p%ar%tli}%astﬁ t he
present inventi IS inly used as an interned at e ncy, filter for
use in el ect rorﬂ%gia}ye\ﬁrﬁg e.r}/tl'heequea}]e&t‘? o%i(glﬁ??lbce‘?/i sgqh%d% ‘aﬂt Jevi si on
set, a communi cat | deyi a e l.ar gh f . for e, the
CDMVA system, é?cw9$ﬁ9?§3%%§gngcg3%t'%%ﬁ%vggagﬁgr% Sétg Pﬁé%?%&ention IS
characterized ighd Malcidat St PBAH p1 Akl Shtyed %Haslé"%\;&sgi&?at ur 33832

be utilized to 15 the full 1f it is installed in acellular phone.

LAI M$ 1. Aswipre aceushs atWane 20 &BUS adeorRehgWivt,h saabhase
interdigital transducer that includes first and second common el ectrodes

formed parall eldelmy &f @ e&red eadddrsubistlt atespect itetitisplpiasd aexf r ode
Jroup the excited wave. 1In other words, supposing that a
delay = X, X = 360 X (0.098 + (1/8) + (1/2)) = 260.28°
is given by
15 {((0.098/2) X 2) + ((1/16) X 2) + (1/2)}y A : X
= A : 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, é 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



connected to the first conmmon el ectrode and extending toward the second
cemmon el ectrode, and a second split el ectrode group connected to the
second conmmon el ectrode and extending toward the first common 10 el ectrode;
characterized in that: a plurality of pairs of electrode fingers that
constitute the first split electrode group, and a plurality of pairs of

el ectrode fingers that constitute the second split el ectrode group are
interleaved at a 15 cycle of ~,/2; each pak® of electrode fingers consi st
of a narroww dth el ectrode finger narrower than ~,/8 (~. indicates a

wavel ength of a surface acoustic wave serving as an operation central
frequency), and a mﬁqQ(aQow@th ek eg r@d@(ﬂymg¢r>Mﬁﬂpr than ~,/8; and a
synt hesi zed vector, obtained by synthesizing vectors of waves refl ected
from el ectrode flngeHS(mhaGZaDe em¢l uded xvi+ hitn :a 3giost ance of ~,/2 from any
random y-sel ected excitation point in a surface wave 25 propagation
direction, has a phagex-~2¢xpnetsdddbynnthisbSequation~indhcénesaanat ural
nunber) with respect to a phase of a wave excited by the interdigital 37
transducer. 2. Theffurfiepé dosusbiteindvg apdenbiles distemdieng to claim 1,
characterized in that a distance (tl) between centers of a

random y-8el ect ed el foncedaimingde Fefdeched afavehd relce dthasde delager s

| ocated at the opposite sides of the random y-sel ected el ectrode finger,
differs froma 85§W§ﬁ6eeepﬁﬂ Eétﬂeéﬁs6éﬁpér§foﬂotﬁ@sréndé%ﬁy §eﬁé§ﬁeg

el ectrode finger ,and the other of th electro fingers Iocated at the
opposite sides Yft8oTERESFLnEONt S e@LeltdC: F&& t@dn&@W? 8% The surface

acousti c wave aggaratus a%cordln aim1l, charaﬁ% erized in that said

cach pai T of ol BB BHSIEARGErs POARG S BFoRERar POR FAAER GPYSERGER 1 nger
having a i dh glolylloe 3R gallden dclabesl ode dhinger iayigg o

width w of 0.14 coustlc

appar at umaccordu@g 790 el:%ws%ﬁlnarr%%}p%@tz% e/ el tasfeh%fn%ﬁqreowx\eﬁ%a
el ectrode fingers and the wde-wdth e trode flngers 20 are arranged

alternately, thgadeflfenanbtiiest ¥ees,! lsuppdsidarnear saldearRatelky, tl is a
positive deviation froma reference val ue (~,/4), and t2 is a negative

devi ati on from &he B&berenceovabse+(¢1/8).+50.3be su(bdse acousLht wave
apparatus according 25 to claim2, characterized in that a sum of w dths of
sai d each pair 604el7€¢t Fodd4f.i72deds igdven/ by 6. The surface acoustic wave
appar at us accordi ng 38
{((0.098/2) X 2) + ((1/16) X 2) + (0.152 X 2)
15 + (3/16) X 2 + (1/2)}y A : X = 41 : 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 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



to cldimb5,, characterized in that one of said each pair of electrode
f+ngers has a width of i,/16, and the other of said each pair of electrode
fingers has a width of 3 ~, / 16 . 5 7. The surface acoustic wave
apparatus according to claim5, characterized in that supposing that the
wi dth of one of said each pair of electrode fingers is w, the width of the
ot her of said each pair of electrode fingers is (~,/4) - w, and a distance
bet ween 10 centers of these electrode fingeds is x1, x|l is set at a val ue
that substantially satisfies the follow ng equation: tan {k(xl - (~/8))} =
1/ (cos {k((3~/4) + 2w)} (k represents the nunber of waves; k = 2~/~.) 15
8. The surface ggeugli enwayecappanahds a€cendi pacterel armhe chanastedi zed
in that the width of one of said each pair of electrode fingers is i,/16,
the width of theavében,ob,sai dn@achipaikheobrehegbnadecbbprgenates.3a/ 16, and
a distance x2 between centers of these 20 electrode fingers is set at a
val ue that substanti akfgrgdhgstthes tle FIIGISl.0Bi(8) egdaBi(on: tae {k(x2 -
~18)} - ,r2 9. A surface acoustic wave apparatus equi pped with an
interdigital traesdbtenshhpt behwkedeshei reflestaddwageontiatoaduanetect r odes
formed parallel on a piezoelectric substrate, a first split electrode group
connected t o t heof thet réghtoanetbet £6guraeadand gheegkendirdgvevsRardline
second conmmon el ectrode, and a second split electrode group connected to
the second cormBf €P&EFLBAE-and extending toward the first common
el ectrode; characterized in that: 5 a plurality of pairs qf el ctroge

lity of

fingers that constitGPEPPRE FPAdt PLHERPIESERES0ABYyrERE MY S LSCGE

pairs of electrode.%ig ers thaé cgnsthHt% t he s?conq sgli%.electgogg group
are interl eaved®*84th 88Prp8%n | 8&t 048" FhGeFEE Bfi§i 86°8F 4142V

narrow- vi dth el gertodg fEngep DaLhauer (03ocell (ayel Pdisabeaqaepayel ength
of a surface acousti'c wave sérving as an operation cenfral Trequency), and

a wde wglth e'sﬁsreﬁeokieagrew%@%ro%haa s1eBtrdgsumiphelhe sihdihgeaf the
narroww dth el ectrode 15 finger and the w de-w dth el é&ctrode finger is

| ower than ~,/4(3andi @ S@m&ésﬁheo%ﬂéhéx@itabgoﬂ?émw ghéd el ectrode
finger and the wide-width electrode finger and a di stance between adj acent

edges of these ekpebsedes2@ kefigecteds wadvel &efl@ctébe fsumf @ahe aehwsti c wave
apparatus according to claim9, characterized in that the narrow w dth

el ectrode fingeedgasE& wifdtheokliecki®del finfee .suFhatbeacosspposeavbat
apparatus according 25 to claim9, characterized in that supposing that one
of said each pafrrepresestsodevwbivegdrom $hal exgadathen point as a

15 reference point, which is passed through the electrode
finger closest to the excitation point, and reflected
from one EG of 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 0.09824 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



wi dt hsof the other of said each pair of electrode aJ 40 fingers is w2,
wk and w2 are set at values that substantially satisfy the follow ng
equation: cos (k2w2) + sin (k2w2) - 2 - cos (k2wl) - sin (k2wl) 5 (k
represents the nunber of waves; k = 2~c/~,) 12. The surface acoustic wave
apparatus according to claim 10, characterized in that one of said each
pair of electrode fingers has a width of i,/16, and the other of said each
pair of electrode fingers has a 10 width o3l 0. 153y .
. Af Y9. Af 39. ASh3% Af F% Af {3% Af h% Af F. AFL. A{ . A{
CA{. AU3% A{l % A9. A3. AU. A{F. A
ALY AUS. A{ Y% Ale Iy . Al dméfit Adgidlal . Abll 80 AEsARNASAIE ARO A 9B A AS/ 8) AYRAl . A{
%<>Ny~Fth n/ d=uk {
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a] ca] ca] ca] ca] ca}em¢rh] edafiad) ta) safitatenteaptal @apa) ta]34Bratch}ded ch)calc
alcalcalca]calcalcale
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calca calca ca al cal ca ca]calcal]calca calcalcalw
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aJ ca] ca] ca]ca a al.gal c C r7 kl U
h]2l ]t}x]sm!j Z]U]ﬁg § %Eajff(}:g} %g%;%a%ga] cg}:gg}'égi’gﬂ'(w}c SS‘% 8% ca] cajc
a] ca] ca] ca] ca] 0?14331’5@] cetGaLcalenl cakpabt: POSVAE phase of the excited
Ag} xsni d_ZU] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]}(): Tca] cal cajca ca cajcalc
a)J ca) ca] ca] ca] cpde@) calcalcalcalcalcalq) | M
sRW 1Fj kn} xsni d_ZU]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] cairhe] ebpoel-dakealibaicphaskna8l vz ¢hhi baEyOukxspic” XUU| ¢
a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal cda] ca] tlag capmwa! equations as used when explaining FIGS. 3(A)

;t @4Fr @F{}xsni d_ZUU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] cap@a} tB) ea] ca] ca] ca] ca] ca] ca] cal ¢ Ew EntH{ N wr mhcAYUU] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c;}cca] ca] cal ca] ca] ca] ca] ca] ca] cal ca] cay
ca] ca] ca] ca] ca] ca] caFb8! FgsE tEf~?1f-l{ R gLppcthe vectors’ of

relrelsarel e eanepletkock e dheok-abeelsgleal elealgelsal g oo

T iggﬁ#g ()10%& (c}lib%g%a&xju@iag/&o{) t&%gﬂglo(y&}(%efl%gg@d(%a eNyref‘aEJ:.L\?g/étg

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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equal to that of the excited wave.
In the above-described invention, pairs of
electrode fingers, each pair consisting of an electrode
5 finger of a width narrower than A1/8 and an electrode
finger of a width wider than A /8, are provided for
each of the common electrodes 13 and 14. The pairs of
electrode fingers provided for the common electrode 13
are included in a first group, while the pairs of

10 electrode fingers provided for the common electrode 14
are included in a second group. The pairs of
electrodes included in the first and second groups are
interleaved.

As a result, when viewing the entire structure,

15 the electrode fingers of a width narrower than 1 /8 and
the electrode fingers of a width wider than 1/8 are
alternately arranged. More specifically, in the above-
described invention, an electrode finger with a width
of A/16 and an electrode finger with a width of 31/16

20 constitute each pair. The vector characteristics shown
in FIGS. 3(B) and 3(D) are obtained by selecting the
interval between each pair of electrode fingers.

As understood from the vector characteristics
shown in FIGS. 3(B) and 3(D), in the above embodiment,

25 the direction of the synthesized vector falls within

the range of nn x 0.03° with respect to the ideal

direction of propagation of the surface acoustic wave,
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where n is 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.
5 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 1/16 and
31/16 is selected (by, for example, shifting the

10 electrode finger with the width of 31/16), thereby
finally selecting the electrode intervals of 0.0984
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

15 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° with
respect to the ideal direction of propagation of the

20 surface acoustic wave.

In this case, it is sufficient if the electrode
intervals are selected to be within each of the ranges
of 0.15221*0.00742 and 0.098AF 0.0074 (the £ and ¥
signs indicate that when the former assumes +, the

25 latter assumes -, and vice versa) by shifting the

position of one of each pair of electrode fingers with

widths of A/16 and 31/16.
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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 f£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 and 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 provided an inductor L22 connected to

a signal output terminal and the ground connection
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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 A1/16 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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interval and the wider interval will be opposite.

The present invention is not limited to the above-
described embodiment.

FIG. 5 illustrates another embodiment of the
present inﬁention.

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
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, ')
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 4az2, 4b2,
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
adjacent pairs. The cycle of the repetition is 1.
Also in the second split electrode group, pairs of

narrow-width electrode fingers (with suffix a) and

'l 10%
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wide-width electrode fingers (with suffix b) are
arranged repeatedly with a certain interval between
adjacent pairs. The cycle of the repetition is 4.
The pairs of electrode fingers (3al, 3bl), (3az,
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 A1/8 (A indicates the wavelength of a

20 surface acoustic wave serving as the operation central
ffequency), and an electrode finger 3al, 3a2, 3a3, ',
4bl, 4b2, 4b3, ‘-, which has a width wider than A1/8.

More specifically, in this embodiment, the width
Wl of the narrow-width electrode fingers is 1/16,

25 while the width W2 of the wide-width electrode fingers
is 0.153521.

Supposing, in this embodiment, that the width of
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the electrode fingers, which have a width narrower than

a reference value (A/8), is Wl, and that of the

electrode fingers, which have a width wider than a

reference value (A/8), is W2, the widths W1l and W2 are

5 set at values that substantially satisfy the following

equation:

cos (k+2W2) + sin (k+2W2)

= 2 - cos (k+*2W1l) - 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 embodiment, 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 (A/16) closest to the excitation point, and B
represents a reflected wave reflected from the other
edge EB of the electrode finger. Further, suppose 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 0.15354 adjacent to the first-mentioned
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mentioned electrode finger.
Concerning the reflected wave A, a phase delay
5 element equal to a distance of (A1/16) 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 reflecfed wave B,
10 a phase delay element equal to a distance of {(A/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 270°, 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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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. 6(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, suppose that
G 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 EG of the edges of an electrode finger of a

width of A/16 adjacent to the first-mentioned
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0 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
5 element eqﬁal to a distance of (A1/16) 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
10 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
15 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
20 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
25 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
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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 0.15354, 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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if the direction of the synthesized vector of the
reflected waves falls within the range of F=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 A1/16 is fixed, and the width
of the wider-width electrode finger is set at a value
falling within the range of 0.1535A12 £0.007A1. 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 fo.

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 example, 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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accordance with the required characteristics.

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 television 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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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 1/2;
each pair of electrode fingers consist of a
narrow-width electrode finger narrower than 1/8 (21
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; and
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 nn -

5° = ¢ = nm + 5° (n: a natural number) with respect

to a phase of a wave excited by the interdigital
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transducer.

fo 2. The surface acoustic wave apparatus according
to claim 1, characterized in that a distance (tl)
between centers of a randomly-selected electrode finger

5 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 at the opposite sides of

10 the randomly-selected electrode finger.

b// 3. 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 A1/16, and a wide-width

15 electrode finger having a width w of 0.14651 = w =
0.16054.

V//4. The surface acoustic wave apparatus according
to claim 2, characterized in that the narrow-width
electrode fingers and the wide-width electrode fingers

20 are arranged alternately, the different distances tl
and t2 appear alternately, tl is a positive deviation
from a reference value (A1/4), and t2 is a negative
deviation from the reference value (1/4).

b’ﬂ 5. 'The surface acoustic wave apparatus according

25 to claim 2, characterized in that a sum of widths of

sald each pair of electrode fingers is A /4.

y// 6. The surface acoustic wave apparatus according
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width of 314/16.
v~ 7. The surface acoustic wave apparatus according

to claim 5, 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
a value that substantially satisfies the following
equation:

tan {k(x1 - (A1/8))} = 1/(cos {k((3A1/4) + 2w)}

(k repfesents the number of waves; k = 2n/1)

.~~~ 8. The surface acoustic wave apparatus according

to claim 5, characterized in that the width of one of
said each pair of electrode fingers is A1/16, the width
of the other of said each pair of electrode fingers is
31/16, and a distance x2 between centers of these
electrode fingers is set at a value that substantially
satisfies the following equation:

tan {k(x2 - A/8)} = 42
v/’@i§;) A surface acoustic wave apparatus equipped
with an interdigital transducer that includes first
and second common electrodes formed parallel“on |
a piezoelectric substrate, a first split electrode

group connected to the first common electrode and
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common electrode and extending toward the first common
electrode; characterized in that:

5 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;

each pair of electrode fingers consist of a
10 narrow-width electrode finger narrower than A1/8 (A
indicates a wavelength of a surface acoustic wave
serving as an operation central frequency), and a wide-
width electrode finger wider than 1/8;
a sum of the widths of the narrow-width electrode
15 finger and the wide-width electrode finger is lower
than 1/4; 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
20 fingers is 31/8.
v~ 10. The surface acoustic wave apparatus according
to claim 9, characterized in that the narrow-width
electrode finger has a width of A1/16.
W//Jll. The surface acoustic wave apparatus according
25 to claim 9, characterized in that supposing that one of

said each pair of electrode fingers is wl, and the

width of the other of said each pair of electrode
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fingers is w2, wl and w2 are set at values that
substantially satisfy the following equation:

cos (k+2w2) + sin (k-2w2)

= 2 - cos (k+2wl) - sin (k-'2wl)

(k represents the number of waves; k = 2xn/21)
%fﬁ 12. The surface acoustic wave apparatus according
to claim 10, 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 0.1535A4 .



