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surface acoustic wave devices. In order to cope with this problem
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2. Description of the Related Art

Surface acoustic wave devices are used in a wide variety of devices such as
resonators, bandpass filters, and other such electronic components.  With ordinary
surface acoustic wave devices, it is necessary to form reflectors on both sides of an
interdigital transducer (IDT), which necessarily increases the size of surface acoustic
wave devices.

In order to cope with this problem, there has been proposed an edge-reflection
type resonator which uses an SH type surface acoustic wave. In the edge-reflection
type fesonator, an IDT is disposed on a piezoelectric substrate. The SH type
surface acoustic wave excited by the IDT is reflected between the edges of the
piezoelectric substrate which are located on opposite sides of the IDT. Thus, the
two edges opposite to each other are used to reflect the surface acoustic waves
instead of using the reflectors to reflect the waves. Accordingly, itis unnecessary lo
provide the reflectors.

An example of the above-described edge-reflection type resonator is
disclosed in Japanese Unexamined Patent Publication No. 60-41809. In this
publication, there is disciosed an edge-reflection type resonator which utilizes an

SH type surface acoustic wave. FIG. 8 is a schematic plan view of an edge-
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publication, there is disclosed an edge-reflection type resonator which
utilizes an SH type surface acoustic wave. FIG 8 is a schematic plan view
of an edge reflection type resonator which is described as a
conventional exanple in the above prior art publication. An
edge-reflection type resonator 51 includes a piezoelectric substrate 52

havi ngredlection dypritesonatartwhish épdesaiibedns agpeversionahexarb@a in tlee abbye a pai r
of interdigital electrodes (conmb-shaped el ectrodes) 53 and 54 are provided
so as puor grdfoubécation.| DT. The interdigital electrodes 53 and 54 have a

plurality of elect rode fingers, respectively, which are interdigitated

wi th each ofnedgeriefiestion fpe respnater iSdrinclugpe arpieznniealric substeate$2f t he

el ectrode fingers of the interdigital electrodes 53 and 54 is conposed of
a spl i ha¥nea@ rastRNGAAT platsahanss @W%HPP?" %@?rﬁﬂfe@?f@fcéﬁﬁ”f%r t he

el ectrode fingers 53a and 53¢ which are | ocated at the outernost sides in
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finger 343@”@65{%&5@8%5@%@@‘9&@9@ Sp;agr?;"tir?]éiqs tWepAE B1cRfOHES, | kel Ry e

refl ected between e two edges d 52c di sposed opposite to each

ot her, ghitérodaaRidYs 558 HPAFYC WHigh aed Ridatdd aethedutdrtndaPbiieBedlthe surface AS
descri bed above,” by use of the electrode fingers, each conposed of two

split akegéticodase prdpdgdtion dirgdtioh. oF ot BRarpple, thectleetrsdslfifgert 36b efthier ed band
characteristics, which can not be obtained if the ordinary single type
el ect r interdigita) exlecteade 53 ésicormposed of split electrodes 53b,and 53b,. Each of the
electrcde fingers 54a-54c of the interdigital electrode 54 is composed of a pair of two
split electrodes, that is, 54a, and 54a,, 54b, and 54b,, and 54c¢, and 54c¢,,
respectively.

The surface acoustic wave propagation direction is perpendicular to the
lengthwise direction of the electrode fingers 53a-53¢ and 545-54c. The excited
surface acoustic wave is reflected between the two edges 52b and 52c disposed
opposite to each other, and thereby, resonant characteristics can be obtained.

As described above, by use of the electrode fingers, each composed of two
split electrodes, that is, a pair of the split electrodes, the desired band characteristics,
which can not be obtained if the ordinary single type electrode fingers are used, can
beananed

In the conventional edge-refiection type resonator 51 as shown in FIG. 8, the
ratio of each electrode finger to the gap between the electrode fingers is 1.1, though
it is not clearly stated in the above prior art, and ordinarily, the width of the split

electrode is A/8 in which A is the wave length of an excited surface acoustic wave.

In the prior art, the widths of the electrode fingers 53a and 53c at the outermost sides
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be attained. In the conventional edge-reflection type resonator 51
as showmn in FIG 8, the ratio of each electrode finger to the gap between
the electrode fingers is 1:1, though it is not clearly stated in the above
prior art, and ordinarily, the width of the split electrode is [err]/8 in

which [err] is the wave | ength of an excited surface acoustic wave. In the
prior #ithe sindace detdsstiecl wavepeipaghtion dirkttihgesare &qral o thebwitabf thee out er nost
si des in the surface acoustic wave propagation direction are equal

t o t heresphdiivefsplihelectredpdingeveewhshi constitute tredeerhainiggredecthodenfiremenst i t ut e
the remaining electrode fingers. Further, the resonator 51 is arranged so
t hat t frairther) thetresnnatod 54 Us raeaged se thatthegeflectiont érdl surfacessrefocatedt of
the two el ectrode fingers which are positioned at the outernost sides,

r especi@t tg genters oha set of lisclw ¢ectieds fingrrsodticle aee positiened altber espondi ng
reflection end-surfaces are an integral nultiple of [err]/2.

 Howev e RUtermash sidass eseqtiNelve ah e df1agees SRWSRe thesenmiersranddhist r uct ed
accordi ng to the abﬁve-,descri bed prior art, thqire IS a ﬁrobl emthat the
rati o GPTEREONGING reflectipnRndsysRces @ RY IMtEOt3l e URIB A2 I esi st ance Rr,
that is, the,ratio of . "the tfc%ﬁ" tdo "tEe bottonm' is not su{ficient. In
addition, tHEP¥EYR. D hedRsantihe fOgRHELedon yPe respialyr canstryeEduced in t he

achi oy oI B ER aBo s G ARR: P Wort RO EBlanT bl oo 23, b e

descri %ﬁi-r@@%ﬁn% @sﬁtSﬁéfﬁaE}BJ‘?Ré“r t Pdsidtdfice ﬁ'i',et'ﬁﬁf'ltﬁ, (HEBHbI R g ovi de an
e e Sach' "as a-r a

edge-r ection type surtace acoustli C wave devlC esonat or,

filter n e i ; r £ i WO

spl ¢ AP A% LERTRETER oM NoaBiioh BER SRbRratuiRGanl " o
oft_the il tshafefﬁm@" tbdﬁﬁ%é?ré&@@néyocﬁd?ﬁct@%@é@'&hdrg%%dsdaﬁﬂ%aréﬂéﬁsﬂc% t he
ratli o o : e op (0]

can not be achieved.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred embodiments of the
present invention provide an edge-reflection type surface acoustic wave device such
as a resonator, a filter or other component, including electrode fingers each having
two split electrodes (electrodes of a double electrode type) of which the ratio of the
anti-resonant resistance to the resonant resistance, that is, the ratio of “the top* to
“the bottom" is very high, and so that undesirable ripples of the frequency
characteristics are prevented and so that the band is significantly narrowed.

According to one preferred embodiment of the present invention, an edge-
reflection type surface acoustic wave device which is constructed to operate by
generating an SH type surface acoustic wave and so that the surface acoustic wave
ts reflected by its two opposite edges, includes a piezoelectric substrate having first
and second main surfaces and the two end surfaces opposite to each other which
connect the first and second main surfaces, respectively, and an IDT ihcluding a pair

of interdigital electrodes disposed on the first main surface of the piezoelectric
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"the bottom is very high, and so that undesirable ripples of the frequency
characteristics are prevented and so that the band is significantly

nar r owed. According to one preferred enbodi nent of the present

i nvention, an edge- reflection type surface acoustic wave device which is

constructed to operate by generating an SH type surface acoustic wave and
so t haSubsitate aichawanged seoiteatgigetrodafingdrsdioereef Bre interdigitateppibieaehedges,

i ncludes a piezoelectric substrate having first and second main surfaces

. g fi .
and t hethefp &ghLfthe elestregpdisioees eidhednierdgitalelogirades rrefarably inglades r st

and second nmi n.surfaces, respectively, and an IDT including a pair of
" nt er dPGINEAOE PLERI iR iriesy, S5eRPLIRT thednterdigitar BlpRiradas lasatast atthe
pi ezoel ectr, strate gnd arranged so that electrode fingers

P her ocPPRPSIS sidasdndne SBace Aen IhwaV phagatan HHartiahe DIeEchRger | nger s
f the.interdiqjtal, el d f bl v.i.ngl udes, ljt it

1 eot r 5088 Bedlafan B GihEA SRS R 2 BT A 2SRt HiTibi aahes boos ¢ o
si des ir%é&%vgt%rpg?gféﬁ%%?t i c wave propagation direction. The el ectrode

fingers T'ocat e outernost sides have a width that is different from

that of the Acrc%?cﬂﬁgtté‘ﬂ‘?e Egéé-treféc%hrt@ﬁﬁgurfa% 3cou§ficv9£\§g 88yt 8{‘ he

edge-refl ection type sur e acous ve Ice of ~preferred enbodi nents

of the pl?éﬁﬁr?ag erhBY & dritd of w;g{gwehﬁmeﬁw, R ﬁaﬁc@;hmbfé}isﬁeg PRGHS! ¥

coul d not btained 1n an edge-reflection type surface acoustic wave

devi ce pradbuslytduldAosbe abtaitedm 2 eahsPeRedtiondPps sufidte BEVUALR W& eved in
the edge- reflection type surface acoustic wave device according to

pr ef er dedicerinoldidirentre sihgletthpe plesae i tda@mow beat#lidviednn iy eggevi di ng
the difference in width of the electrode fingers at the outernost sides,
t he r atreftedion typeanriace exoustit waes idevitrcecboding e preferad mmboaeiimettsafe, t hat
is, the ratio of "the top" to "the bottont is 3é§atly_ i ncreased. Further,
by devilRe pEesans inNankiendedt aRgigandPy peavidiog the ddtesemesiinrwighh ebthei n t he
frequency characteristics are prevented. . )

eléctrode fingers at the outermost sides, the ratio of the anti-resonant resistance to

the resonant resistance, that is, the ratio of "the top" to "the bottom" is greatly

increased. Further, by devising the above-described difference, undesired ripples

in the frequency characteristics are prevented.

Accordingly, the edge-reflection type surface acoustic wave device according

to preferred embodiments of the present invention achieve a desired band width and

excellent resonant characteristics with almost no ripples. Evén if a piezoelectric

material having an electromechan'ical coupling factor corresponding to an intended

band is not available, the intended band can be easily achieved by simply adjusting

the structure of the above-described interdigital electrodes.

It is preferable that the widths of the electrode fingers at the outermost sides in

the surface acoustic wave propagation direction are more than about A/8, so that the

ratio of the anti-resonant resistance to the resonant resistance is significantly

increased, and the bandwidth is greatly enlarged. Further, undesirable ripples,

which may appear on both sides of the main response, are effectively prevented.

Thus, the edge-reflection type surface acoustic wave device having excellent
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Accordingly, the edge-reflection type surface acoustic wave device
according to preferred enbodi nents of the present invention achieve a
desired band wi dth and excellent resonant characteristics with al nost no
ripples. Even if a piezoelectric material having an el ectronechani cal
coupli%% factor,corresponding to an i ptended band is not available, the

i nt endEWERGY CHATILCRINSS| GANRS PEVPDyY sinply adjusting the structure of

the above-described ipterdgital electrodes. It i ferabl e that
the wi dt hs & eSS e WS phite LSciods EnGse af Hsouteraesl 9FS KBS sur 1 ace

‘ ﬁZUSE SEroy BBhEREHRl e Hlobadion bl R Bern i era e ?@sﬁfabfﬂ%éé:?ts
indosi /i petes SRR fes ifie PAES RARAU R oheyai & G SEASRE vy ccponse.
are ef feridin 't}"a_e%ﬁ{f%”&ﬁﬂe eldditbtie be‘%{fQEﬁercﬁfté%étg RS HikgGe acoustic

. wave devl ce Hfaving excel | ent equency characteristicS can be

provi degoustic wav_e%foﬁgéétﬁdri Sigedtion 1Yl iRTheTadfttoriiRfh 1946) é!twgﬂ,sth%t the

outernost sides int surface acoustic wave propagation direction to be

i n t he gagegefiettion e §@fadd fcdustiahrive ddvidd it alnidsPo@fpodsls A4 h si des of
t he pass-band are prevented. Mrre preferably, by adjusting the w dths of

the el excelberet ffeagercy abaradteristivsatanisé paivitist].i n the surface acoustic wave
propagation direction to be in the range of about (3/16) [err]/32, the

edge-r ef | ectfurtherypy usimgfthe sphrelestrodesias thedstectoadeinderabfhet intepdigitab! es
and  excellent frequency characteristics can be provided. Furt her,
by usi riestredaspdi theslugtace atoustic wale devicethaying filtengbaractdristics aindt er di gi t al
el ectrodes of the surface acoustic wave device having filter

char act@@nesaing Shhpe ferlaca EcaystisHvayes angrtha band dvsignificanty sarrowsd t he

band i < &1 gl LLcant] Yo nars et 3 LR3I |y no deterioration of the
' Further, the surface acoustic wave device according to preferred
embodiments of the present invention can be used in a duplexer and a
communication device as described above. Since the surface acoustic wave device
of preferred embodiments of the present invention has a very compact size, the
duplexer and the communication device are greatly miniaturized.
For the purpose of illustrating the invention, there is shown in the drawings
several forms which are presently preferred, it being understood, however, that the

invention is not limited to the precise arrangements and instrumentalities shown.

BRIEF DESCBIE. TION OF THE DRAWINGS

FIG. 1 is a plan view showing an edge-reflection type surface acoustic wave
device according to one preferred embodiment of the present invention.

FiG. 2 is a graph showing the relationship between the metallization ratios of
the electrode fingers in the edge-reflection type surface acoustic wave device
including single type electrode fingers, its electromechanical coupling factors, and

the excited surface acoustic waves.
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Further, the surface acoustic wave device according to preferred

- enbodi nents of the present invention can be used in a duplexer and a
comuni cation device as described above. Since the surface acoustic wave
device of preferred enbodi nents of the present invention has a very
conpact size dupl exer and the comruni cati on device are greatl

m ni aturi zeE)G-t g?s a grapiy shewing,ihegstationehip b%ﬁ?&ﬁ%g\%@zthmipﬁﬁ}/ t here
bei ng. HrRikEcigs g fuihe aasr aiston BRsAUTReS ahitc Pave el the

e DRATRE8IEBddimedY snogt HIED 1 Jté letiioGRatirnigalpuning FaffeEfon Ly pe
surfac&él%g%%t(i %‘ﬁ_ Veeacéjues\fiig&%\?e%?ordi ng to one preferred enbodi ment of the

presen is a graph showi ng the relationship

bet ween t he pigt alid iaé?irﬁ?l@a&ﬁramg Sén vn{euﬁiliﬁét‘?&fﬁgg@x erg%ﬁsr d;ﬁyn{-vﬂiéhhg] 0y pe

~edge-reflection type s ce ac tic wave devite '1n g sih

| t i . t : i ; ited
oo BRSSP e B

rel ati QBhaPIHRELIERSdd NRgeR A!the satdrRibst Side8tn He s&ﬁ@ceahs\ﬁ]{é%%'gépaﬂer s in

the edge-reflection type surface acoustic wave devi ce of erred

enbodi wrettish ening diffefent Widthkaref@etgdynechani cal coupling factors, and
the excited surface acoustic waves. FIG 4 is a partially cutaway

pl an vi ew i IFIGsBriat grgphiwhiph dustratesthetimpbdance-froquemmjoecharattedsticsont t ype
surface acoustic wave device, the piezoelectric.substrate is cut so that
t he el éue edde-reflagtmrstype sunface acoustic waye dievicerohthioed inyfauttingvaway the
propagation direction having different wdths are forned. FIG 5
I's a gragurfacernithe respeativs PosiongRE@uMIdB-Fle due megduardhadlestrads cs of
fingers at the outermost side in the surface acoustic wave propagation direction and
having different widths. |
FIG. 6 is a graph showing the impedance-frequency characteristics of the
edge-refiection type surface acoustic wave device, obtained when the widths of the
electrode finger at the outermost side in the surface acoustic wave propagation
direction are about (3/16 )A and (3/16) A = A/32, respectively.
FIG. 7 is a partially cutaway plan view showing a modified example of the
present invention in which the end surfaces of the edge-reflection type surface
acoustic wave device are cut away so that a part of the piezoelectric substrate lies
outside the electrode fingers on the outermost sides in the surface acoustic wave
propagation direction.
FIG. 8is a plan view showing an example of conventional edge-reflection
type surface acoustic wave resonator.
FIG. 9 is a plan view showing the arrangement of the electrodes of the edge-
reflection type transversely coupled resonator filter including the split electrodes

according to another preferred embodiment of the present invention.

FIG. 10 is a graph showing the frequency characteristics of the edge-reflection
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the edge-reflection type surface acoustic wave devi ce obtained by cutting
away the end surface in the respective positions shown in FIG 4 to
produce the electrode fingers at the outernost side in the surface
acoustic wave propagation direction and having different w dths.
FIG 6 is a graph show ng the inpedance-frequency characteristics of the
edge- rypkdmrisyersefpeospiedacresanatost ifitenmechuding thessplid tegitnoddswhen t he wi dt hs
of the electrode finger at the outernpst side in the surface acoustic wave
pr opagat i onFlGi teista erapir of the edge(rsfleadion wpe tranavereely IeMpfast r fesonatar] / 32,
respectively. 7 FIG 7 is a partially cutaway plan view show ng a
nodi f i Biteréralbging e single gipelseqns wﬁv@arﬁ pePared iHicOMRanisoB i@ psefefraes of the
edge-refl ection type surface acoustic wave device are cut away so that a
part ofMbpdimertssttae presendim@ntiafe |ies outside the el ectrode fingers on

FG 8 1o atBalt R aRh B oA R g ER e PO G AN AT Lct | on
he” ar PAGEETREHT bibe B TRR0E Bine pesontr Sor erisding e B = *"o "
t . he” cuyt ren typs

o one  leREpie AUPhashd FERTAAY deldifla LABLUHIR o I SBkEh: ALEFH4L1"S

Cige- ror | acl1Eh #81s 3/pUbAAIEREHAS BRUROGNerYXAFAAENSHS SR tRE cliBe- Lype

transvedkivn L&%bfi{utﬁﬁfgmtd&hpféd fe8bnatdf lyHd Mier iAGudiRG itke SpCt r odes.

FIG 11 1s a grap édge-reflection ‘type transversely coupl ed
resonabpctroldekt er i ncluding the single electrodes which is prepared for
conparison to preferred enbodinments of the present invention. FI G
12 is a pl afi@i ¢dvisagrapy iliustrating drgfreguénayf chdnactetistidsr afdies edfean end

reflection type longitudinally coupled resonator type filter including the single
electrodes which is prepared for comparison to preferred embodiments of fhe present
invention. | |

FIG. 15is a plan view showing the arrangement of the electrodes of the
edge-reflection type ladder type filter including the split electrodes according to
another preferred embodiment of the present invention. |

FIG. 16 is a schematic arrangement Qiew illustrating the arrangement of an
antehna duplexer which includes ladder type ﬁlters'aécordihg to a preferred
embodiment of the present invention.

FIG. 17 is a schematic block diagram of a communication device including
antenna duplexers according to ancther preferred embodiment of the present

invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS _
Hereinafter, preferred embodiments of the present invention are explained in
detail with reference to the drawings.

FIG. 1 is a plan view showing an edge-reflection type surface acoustic wave
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surface refection type | ongitudinal 'coupi I ng resonator type filter using
the split electrodes according to a further preferred enbodi nent of the
present invention. FIG 13 is a graph illustrating the frequency
characteristics of the edge- reflection type longitudinally coupled
resonator type filter including the split electrodes, . FIG 14 is a
graph AEViE§taErdigadtea fircberetaicsd emboduinentiofthe prasent lwepligR-  refl ection
type | ongitudinall oupl ed resgnator type filter including the single
el ectrodes R ?'geffﬁcﬁﬂﬁrt%PF A& 1§ JYRVEHA R él"?ci‘éd"esrr%odi ments of the
present . inyention FIG_ 15 is a.plan_view show ng the,arrangenent
of t heP&48 ?%H%é“é?“?‘ﬁ@ h@ﬂag_ar%?qsg@tﬁagﬁ '?é}aegﬁ?‘&aagfe ?9%%9'fi R&r i ncl udi ng
the split_elegtrad ' t er i f the
e PG 3B AP I e BY BTt e SRR TR
L1 ust rl_l%ﬂv@g, drRnar SARAFERRe ) éf‘mageto?%gé}a%’é!le@ﬁélfcewﬁ%uhﬂ%qgﬁé | adder
enbodinent” o e

type filters according to a preferre present 1 nvention.

FIG 1{-[%13&@ Zﬁ%ﬁg@t%ﬁegg%icﬁ&g@m&p@_ a conmuni cation device including

ant enna pl exers accCording to anot preferred enbodi nent of the present

i nvention. i HeldeiddleEFie@RbETLY (dmBREDrBRZScRM it dEMISmaterial, the

Hereinafter, preferred enbodi nents of the present invention are explained

in  detpiédoelkdtfic kBbSI aRGE st sublditedlfapbRBization treatndr®solasi 16 b2 pdiaMzed ew
showi ng an edge-reflection type surface acoustic wave devi ce

accor diimghe diracidr sidiqated by meabveRbo FHigreh thatfis | prdapzesiard direstimt thatis
An edge-reflection type surface acoustic wave device 1 includes a
substantially parallel to the edges 2b and 2¢ of the piezoelectric substrate 2.

On the upper surface 2a of the piezoelectric substrate 2, interdigital electrodes
(comb-shaped electrodes) 3 and 4 are provided. The interdigital electrodes 3 and 4
define an IDT.

The interdigital electrode 3 includes electrode fingers 32, 3b,and 3c. The
interdigital electrode 4 has electrode fingers 4a, 4b, and 4c. The plurality of
electrode fingers 3a-3c of the interdigital electrode 3 are arranged so as to be
inserted between the plurality of electrode fingers 4a-4c of the interdiqital electrade 4,
respectively. These interdigital electrodes 3 and 4 are formed by patterning a
suitable metallic material such as aluminum or other electrode material.

Each of the electrode fingers 3a, 3b, 4b, and 4c¢ of the interdigital electrodes 3
and 4 includes two split electrodes. That is, referring to the electrode finger 3a as a
typical example, the electrode finger 3a is preferably made up of two split electrodes

 3a,and 3a,. in general, the split electrodes 3a, and 3a, preferably have é width of
about A/8 in which A represents the wave-length of the surface acoustic wave.

The electrode fingers 3b, 4b, and 4¢, made up of two split electrodes, that is,
3b, and 3b,, 4b, and 4b,, and 4c, and 4c,, respectively, are configured similarly to the

electrode fingers 3a, and 3a,.

The edge-reflection type surface acoustic wave device of the present
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pi ezoel ectric substrate 2 having a substantially rectangul ar plate shape.
The piezoelectric substrate 2 may be nade of a piezoelectric single

crystal of LiTa(Qerr], LiNo(Qerr], or other suitable nmaterial, or nade of
a piezoelectric ceramc such as lead titanate zirconate type ceramc, for
exanpl e. t he piezoelectric substrate 2 is made o | ezoel ectric

| f f
cer ani PraErEd smbodimentis sepstrected sHch Hialithe madths jof the glestrede %ﬂgeré 4a
pol ari zatj on treat % so as to be gol arized in the direction indicated by
arrow raradrﬁfppas_m?c'gg the qutegmPs; §ides i hesHTacsacoualE wave peoradaiefant i al |y

paral l e to the.edges 2b and 2¢.of the piezoelectrig substrate 2.
B ¢ he drssheh S 88 R et e shlalBH RS H s 5 The Ridingiogthew
el ectr C - I ) re..arovided.. The interdigital
ol oot r aearon< fiide S BN e FEM[RRe Y ar ind Utk PiBeR e Blete BBl e 3
i ncl ud I i - . A "l I ode 4
~has el 3@?‘?8&@% %g&sﬁggﬁ%ﬁ%%tﬁg %g.ggtfﬁ%sopq-g&?é?"l'%ﬁégh%et%’?cﬁeggﬁéﬁgi ngers
3a- 3¢ Qhg; ' 1., Q1 =Tal : "y ted
bot weer t R ErST NG Sl PIncfe frad, 318 uAdRL e TR W e RO AL BREH
el ect r gHend freqUBABEFAigebitsidENPeS éc{ife‘ﬂ'& IcBiafathetiRUdradne are
formed by pat tqer n?’ﬁg agéasuis!t abl e Fre al | ?c mat e?i al such aﬁ%ﬁﬂ?ﬁ‘um or
ot her efreswiloBe deatabedlater with referBacdtaa spBEifielerpérimental bxanpe. 3a, 3b, 4b,
and 4c of the interdigital electrodes 3 and 4 includes two split
el ectrodes. Iflhe edge-refiéetion typetsurtdre adoastic adee fdenperoidae present t ypi cal
exanpl e, the electrode finger 3a is preferably made up of two split
el ect r qureferreshembotiirpent, éitheamn lternating noltade appliedspdtiveenitee interdiigita8al err ]
and 3aferr] preferably have a wwdth of about [err]/8 in which [err]
r epr eseHEEregrs 3.a0d 4, thysurtage acrustigmaveds gxeitest i cl hassusface acoustic wake
el ectraqde ?ieingers 3h, 4b, and 4c mage up of two sﬁ?’lit el ectrodes, that is,
3b[ er r 'S ARtEABH & Fh%BT@FPBaﬁ?ﬁIQE@F 149 andiaeredy ethe desigd frgauepty
respectively, .are configured simlarly.to th el ectrode fingers 3aferr]
nd sadrrpterShics SR aqBegs Shaiqdiaroh e Ploefrikiten e st amave. devi ce
of the RtRG8wave device 1 of the presént preferred embodiment, the electrede fingers 3a,
3b, 4b, and 4c are each preferably composed of two spiit electrodes, respectively.
Thus, the desired band characteristics, which previously could not be obtained by
use of the edge-reflection type surface acoustic wave device containing single
electrodes, can be realized with preferred embodiments of the present invention.
This will be described in more detail with reference to FIGS. 2 and 3.
" FIG. 2 is a graph illustrating the relationship between the metallization ratio of
the electrode finger of an edge-reflection type surface acoustic wave device including
a single type electrode finger, and its electromechanical coupling factor depending
an the mode of the excited surface acoustic wave. FIG. 3 is a graph illustrating the
relationship between the metaliization ratio of the split electrode of the edge-
reflection type surface acoustic wave device 1 according to the preferred
embodiment shown in FIG. 1 and its electromechanical coupling factor depending on
the mode of the excited surface acoustic wavs.

The metallization ratio of the electrade finger is defined as a value expressed
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preferred enbodi ment is constructed such that the wdths of the el ectrode
fingers 4a and 3c positioned at the outernost sides in the surface
acoustic wave propagation direction differ fromthe widths of the split

el ectrodes 3aferr] and 3a[err]. The widths of the electrode fingers 4a and
3c positioned at the outernost sides are preferably nore than about

[err]/ &y dfa wh) chwbish "earepresentathadimensisniratie wiskh direstian slan o a resonant
resistance R is greatly increased, and undesirable ripples which normally
will afieerods hngefearfdr &y e é“jﬁt?féﬁﬁg@e‘b}@@@ﬂ% elgpdradediasn apd anaadiasanti sti c
band ar epfed. . This will be des edI er with reference to a

speci f ,eie%;&;@ INQS(: Hat s dhs eae betweent %ﬂ@f@d@'&%?%@ﬁ ingAn §Berads - ace

t d f th t f d enb
Al or ndvith SOBPT R eI P eé%%ﬁuﬁﬁ’revevaﬁ% BRMES I o oG GURE e cnd 4,

rof | corERoTPBRRLAbe dnat el dn B s Ueatos d el iR S AR i o

frequen

edge- r TTEEL ‘?3%%%%%’“%3@?i’c‘i‘“e"éﬁéﬁ?@%%@?’egeghﬁ"‘9%8 et e aenize
preferrﬁly okt ds’fg%ﬂioptﬁé‘?w@éﬁ%é ﬁ éflﬁbgi; cﬁi‘heel?él?:troég’ﬁnﬁgpl_ﬁ%&ﬁrfgnea(:h

prefera two split respectivel
desi reda,ﬁg@q Qg_r acteristics, which previ ous| y couI d not be obtained by .
use of t e reflection type surface acoustic wave devi ce contai ni ng

single el ecm@ﬁeéf k $¢mz PRitegals thebriinkie iprEGe ked RylYfepgreséms e t he
present i nventi on. his will be described in nore detail with reference to

FI GS. ZslatfloBechanical couplifig factos ofithgr pipioelettistsubtiratg. t Mherig) adpreserits p
between the netallization ratio of the electrode finger of an

edge- r ehkeafteictive elgutromedhaneczh cousling factorexdided by the titerdigital ekectiodgl e t ype
el ectrode finger, and its el ectronechani cal coupling factor depending on
t he nodds seen FreFIGSI 2 @adshthe kq fdhe single eleetrodshas aavalie Aigheahan that
illustrating the relationship between the nmetallization ratio of the split
el ect ro@éhﬁﬁmlh%‘eéﬂaées r B Bend ghargsrnatern ip REPYUEBIAIP KavavACHEGINGY. 1
accord ref rred, enbodi nen in FIG 1 and i
o cor r OnBubeal R BB o ¢ G erca o on LTS Tt esoretQroHat s abRet T5eeidted
surf ACEHID unsut oﬁhwe}egonator mcludmg the single electrode, is obtamed
The characteristics illustrated in FiG. 2 are obtained when the surface
acoustic wave device containing a piezoelectric substrate and including single type
electrode fingers has a number N of electrode finger pairs being equal to 20.
in FIGS. 2 and 3, the characteristics designated by M =1, 3,7, 9,and 11 are
the characteristics of the fundamental wave, the trebie wave, the fivefold wave, the
sevenfold wave, the ninefold wave, and the elevenfold wave, respectively.
As shown in FIG. 2, in the case of the surface acoustic wave device including
the single type electrode fingers, a high electromechanical coupling factor is obtained
for the fundamental wave, in the metallization ratio range of about 0.25 to about 0.75.
However, in the case of higher harmonics, such as the treble or higher wave, a high
electromechanical coupling factor can not be achieved.

On the other hand, as seen in FIG. 3, in the surface acoustic wave device 1

including two split electrodes, a high electromechanical coupling factor can be
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The netal lization ratio of the el ectrode f| nger is defined as a val ue
- expressed by a/(a +b) in which "a" represents the dimmsion in the
width direction of an electrode finger and "b" the di stance between the
el ectrode finger and an adjacent electrode finger, that is, the gap

s T et e el PR el ratiat O7abBu L5 14 388is0.7 R aoh palydey the

o e A AR SRR AR o B

the spiit el ARitraaly. 37 Ui 8807 elevdy S Lacdl Bl WP R st dfire "
The k[%élexELteH[s%ff'e Lé%ks&gq] @L@é% ﬁa%mng,t}%zgéa{eor R a{ﬁh 6¢ Grilizegdnd Fig. 3

represents t ctromechani cal coupl e piezoel ectric
subst raéﬁgc@lgg_k[ err] represents the effect i ve el ectronechani cal coupling
factor excited by the interdigital electrode. As seenin FIGS 2 and 3,

the k[err] qhthb@@en@ﬂec@ére fipeQipfdtaacaurit wavlidabiee 1t5'ﬁﬂetdf'@%ent0f the

split el ectrodes he band of a resonator is proportional err

Accor digrefetred Byhbastment, t@r@mihhgeéleahﬁd&%%eré eRaéptaoethebaiagtréde t he
resonator, that is, about 70% of the band the resonator including the

single fia‘l@rs Macand Bs pobtidediatithe outermost Bideschadhasludacs atogsticlwaigt rated in
FIG 2 are obtained when the surface acoustic wave device containing a

pi ezoel Meprpatien biecter atmpair-eidanideg ezichgif whighpie costpesedodewd ispliter s has a
nunber N of el ectrode finger pairs being equal to 20. In FIGS. 2
and 3, Qlﬁétreqa\%fr aclee inventers o $heyprasent inyeptien nvestigated she genfiquratioreof t he
charact tICS of the fundamenta),K wave, the treble wave, the fivefold
vave, ‘SlewiRAR Bnastadrand e Positenss @t%/euteaﬁastﬁvée%méoé PHEREe wave,

respecti t he surface

acoust |%V%5 YRR B’@PaﬁéP%?‘HBC"%@ tgpr?agg'rteﬂﬁ&mé] té{B? FHH@C? ARBYTYE a hi gh
el ect r qEEGOABLRR Y RN thd QgEf?Edé $ngErsAdMshsed of the split electrodes.

In the cénventional single electrode type edge-reflection type surface acoustic
wave device, the widths of the electrode fingers except for the electrode fingers at the
outermost sides in the surface acodsﬁc wave propagation direction are A/4, and the
widths of the slectrode fingers at the outermost sides in the surface acoustic wave
propagation direction are A/8. Accordingly, each of the e!ectrode fingers except for
the electrode fingers at the outermost sides in the surface acoushc wave propagation
direction is formed of two split electrodes, the wndth of each spht electrode is set at
A/8, and the width of each electrode finger at the outermost side in the surface
acoustic wave propagation direction is set at A/16. However, it was confirmed that
with such an edge-reflection type surface acouétic wave device as described above,
the SH type surface acoustic wave can not be sufficiently excited.

Accardingly, the Inventors further investigated the electrode fingers 4a and 3¢
at the outermost sides in the surface acoustic wave propagation direction. As a
result, it was discovered that if' the widths of the electrode fingers 4a and 3c differ

from those of the remaining split electrodes, namely, differ from A/8, and especially,
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for the fundanental wave, in the netalllzatlon rati o range of about 0.25 to
about 0.75. However, in the case of higher harnonics, such as the treble
or higher wave, a high electronmechanical coupling factor can not be
achi eved. On the other hand, as seen in FIG 3, in the surface
acoustic wave device 1 including two it electrodes, a high
el ect BeetarBanthad Méolhs ungamestal Mayerawgthe treble waye 1of 81 8H type shdace
netal lization ratio range of about 0.25 to _about 0.75 not only for the
f undaSAHBNIC Yaye C@ﬂtb%ﬁg%cm@hl exfitedy edihis Wilhke now described wihdriaseRce i n t he

edge-refl ection“type surface coustlc wave device 1, all of the excited
sur f ad® 2RRAEG &x V'é%"tFL ﬁg t he trebl e vvave can be utilized

ef fectively, e r ef e surface acoustic wave

device 1 of Qﬁ’éarﬂplgs%fr{ﬁe 3fr3 ?8‘6"% 8 CPH@“? WRKE JeMgeel ect r ode

out o SE e WY pletEer &0 SlcBiFent i M}@ %rﬁ‘%%gi bR B Eon ar e
pai - el get réﬁed?%ﬁfecgf 2bidBeflncLAMESAE I bohtiR 38k kb ﬁ?ﬁ'tﬁ%tdré%%ﬁé The

| nventors rese i'nventi on 1 nvestig t he

el ect npggebh W@Eﬁd%ﬁdﬁEQs 26 PDd is taf 95 QHE §fé§qgtth§ W@ﬁ difdchide

surface acoustic wave pr opagati on Irectio I 'n the'e ectron type

sur f acH c2eAWTithe spneéaecﬁeaés;& tﬁe'lﬁt@r&l@ltﬁlgeléa‘?o@ése@Tathﬁsde&G%Sz gﬁm)os ed of
the split el ectrodes. In the Conventional single electrode type

edge- rgé k@t hambey petriligliearedaanysis is 14804Ad 4y ha®bet BEthsl slebodd t he
el ectrode fingers except for the electrode fingers at the outernpst sides

i n t hdirger pars 6615t ilo theedgprefiedain type durface Rcousticewpes divide 1afat t he

wi dths of the electrode fingers at the outernost sides in the surface
acoustthe ejesteodepiingrida atthediutermossiside, @n[aleeTods wisler dhan abeyt, 3/8ade of the
el ectrode fingers except for the electrode fingers at the outernost sides
i n t hedisRRsasten Msbiezpelegiitesyfisti®d@at i on direction is formed of two split

el ectrodes, tne wi dth of each %gllt eLectrode i's %et at . .
in this example, the piezoelectric substrate is cut in the respective positions

shown by lines A, B, C, D, and E of FIG. 4 so that the edge surface 2b is formed, and
simultaneously, the electrode fingers having different widths are formed. Thus, five
kinds of the edge-reflection type surface acoustnc wave devices are produced. In
this case, the outside edge of the electrode 4a on the outermost side is aligned with
the edge 2b. The electrode finger 3¢ on the other outermast side is similarly
configured. |

The widths of the electrode fingers 4a at the outermost side, produced by
cutting the piezoelectric substrate 2 at the positions shown by the lines A-E are as
follows. The widths of the elecirode fingers 4a cut at the positions shown by lines A,
B, C, D, and E are approximately A/16, A/8, 3/16 A, 1/4A, and 5/186 A, respectively.

FIG. 5 is a graph showing the impedance-frequency characteristics of the
respective edge-reflection type surface acoustic wave devices formed as described
above.

In FIG. 5, the alternate long and short dash line shown by line A represents the

characteristics obtained when the widths of the electrodes 4a and 3c at the outermost
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[err]/8, and the width of each electrode finger at the outernopst side in
the surface acoustic wave propagation direction is set at [err]/16.
However, it was confirned that wth such an edge-reflection type surface
acoustic wave device as described above, the SH type surface acoustic wave
can not, .be suffjcien

CnvestPgar e 5. e brdesnaine ﬁggp@saatsatﬂacﬁeracaqn iR a BEEN hRics i n tho
o scov BB Bl oIFEY el AR AR dsleitsb el 8 o9 o P adrea e SC a1 e
e ERRsf LS oLEIRLILAGNTAL Lol ¢ BERode iR b A AkRlnG ARl e
the tr eRlEnREDCD rkBfecaihd IRCMLLAS, ﬁaﬁﬁ%ﬁ%%ﬁ’@m"tﬁg%&hgeof fhd ectively

excite now desc erence ec
exper i 3 aitf, dg&ﬁ% type surface
acoust ?%@f\xgégéﬁe\';ﬂlﬂg‘?c area%/goraﬁﬁrt]?gé(tég&{[nhééjgpg erre (?fhld‘ Es hown in Fig.
1 i ncl ydpssdte thé eﬁgr%ic?@rtsrubs obbdIREd Whef tRe WidiAs of 1 ab@t%&@ése Bhg ggeram ¢
and is constructed so that the distance between the end surfaces 2b and 2c
i's abodfe 9/483. [err]m the size in the width direction of each of the split
el ectrodes of the interdigital electrodes 3 and 4 is about 4.2 [err]m the
total nunbeAsakehhr FiGes| witheedpety o the chatd@eristicd ihdieatedthelinesf Ctdnel
el ectrode finger pairs is 35.5. In the edge-reflection type surface
acoust Dg thearadiodefithe @ntisresonanttresistdnset Ra thethiel negenantaesistanke Rris senpst  si de,
an el ectrode w der than about 3/8 [err] is disposed on the piezoelectric
subst r high, and the surfage anmgsmm dewcaeviqbu asa@m éaqtcrccamb%tacareueds cut in
t he respective positions shown i nes A D, and E of FIG 4 so
that tREreegd isseradsabpurs mae r?@é'raa!ﬁophaga%lr@tms@agc;ilevteﬁévf@r‘efeﬁr ode
fingers Vi differ wi dt hs are. forned., Thus, fiv ki nd f the
cdoe. r BIFHBS O he PlsSEOSRnGE AR stieRy sidga e ioat BapARuEal. |
With respect to the characteristic indicated by line E, large ripples, indicated
by F and G, appear at the lower frequency range side of the resonant frequency and
at the higher frequency side of the anti-resonant frequency. 'Similarly, in the case of
the characteristics indicated by D, ripples also ébpear outside of the band. However,
the ripples are decreased as compared with the characteristic indicated by E.  On
the other hand, for the characteristic indicated by C. the ripples are considerably
reduced and almost eliminated. Thus, it is understood that for the purpose of
reducing and eliminating the above-described ripples, the widths of the electrode
fingers at the outermost sides in the surface acoustic wave propagation direction are
preferably made to have a value of up to A/4, and more preferably about 3/16 A.
In Fig. 5, the ripples appearing between ihe resonances and the anti-
resonances are due to the transversal mode, not-due to the reflection from the end
surtaces.
The Inventors of the present invention, considering that preferably, the widths
of the electrode fingers at the outermost sides in the surface acoustic wave

propagation direction are about 3/16 A, investigated the range with respect to the
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this case, the outside edge of the electrode 4a on the outernost side is
aligned with the edge 2b. The el ectrode finger 3c on the other outernost
side is simlarly configured. The wi dths of the el ectrode fingers
4a at the outernost side, produced by cutting the piezoelectric substrate
2 at the positions sho e |line are as .follows. The w dths of

the el ae?v%aféerftm&grvg'd‘ﬁﬂwgéfet iy Gesip PIMAraHBurtiasy-an hrrebigineds ¢,
£ 5 SRS B 8 b A0 S e s e 512
P F ool A B B B b b erlecl Sodl F3RERIdNEE Rd88AL S8y, OF, /P
char ach s R PEsshartiotRcr % idiftireq hLGSTEMER0 b BILTORBTERERA o e
out er M outermost %iﬂbg?ﬁg?é \Aﬁurffﬁer ddchific Wdve ﬁ?&?ég&gr{e@ﬁ@g@gﬂﬁﬁﬁ apd f the

characteristics obtal ne en the wdths a and 3c are

[err]/ the tdHyesel asbuti(Baepy Louesy, %ﬁarthﬁs,tths/degb?ﬁle%aré&éﬂiﬁgcsobt ai ned when

the width of the electrodes 4a and 3c are 3/16 [err], the roken line by D

r epr es ebirpariisieabar 644 pidicted by PPINF IR & ydestHidedM dt hs of the el ectrodes
4a and 3c are [err]/4, and the alternate |ong and short dash line by E

represent s timhthehboestestritddexpehinemaldexdmpie! incordedtohformithé bRotlodet r odes
4a and 3c are 5/16 [err]. As seen in FIG 5, with respect to the
char actingess 42 andriti atthe dubgrmdshsiie€ inthe sfatehacousticavaie gropagatian r esonant
resistance Ra to the resonant resistance Rr is ver hi gh, and the surface
acoust dieakor eleciredesihaving ahwigth @rgercthan thafinalew eftbd elegadeher, it is
seen that nuch nore desirable characteristics are achieved when the w dths
of thefiBpets ‘?'%éédfelcn‘g@'restémefjhr@SBBF%\f%stT@ﬁ"bl é%e _&W_OPW& Sqqﬁf@t%sout
Ler ] Sis s away o Brn 855 €5be L0rthlSs SBAATLACHEaRSOSH) &) BE Ll ©

of the wide electrodes, the widths of the e!ectrdde fingers 4a and 3¢ were determined.

In this case, the outside edges of the electrode fingers 4a and 3¢ were aligned with

the edge surfaces 2b and 2c, respectively.

However, according to preferred embodiments of the present invention, the

outside edges of the electrode fingers 4a and 3¢ do not necessarily need to be

aligned with the edge surfaces 2b and 2c. For example, when the above-described

cutting is carried out, partial peeling or the like of the electrode films may occur

between the electrode films and the edges of the piezoelectric substrate. If such

peeling of the electrode films occurs, it may cause an undesirable influence on the

frequency characteristics.

Accordingly, it is preferable that the edges 2b and 2¢ are cut so that a part of

the piezoelectric substrate lies outside of the respective electrode fingers 4a and 3¢

at the outermost sides. For example, as shown in the partly enlarged front view of

FIG. 7, the electrode finger 4a is arranged to have a desired size according to the

above-described preferred embodiment. Thereafter, the piezoelectric substrate 2 is

cut outside of the electrode finger 4a to form the edge surface 2b. Regarding the
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by F and G appear at the |ower frequency range side of the resonant
frequency and at the higher frequency side of the anti-resonant frequency.
Simlarly, in the case of the characteristics indicated by D, ripples also
appear outside of the band. However, the ripples are decreased as conpared
with the characteristic indicated by EE. Onr the other hand, for the

char acRe¥hen petheRne skdace,9b.acaordngitd e spegitic exarmpigsimrsferredduced and

al nost eliminated. Thus, it is understood that for the purpose of reducing
and el ?WLHEW%S masdebpine ’@é@'&@i’%@gtrﬁ RgeeRt inveRtian, iiNas Raen srnfiemed: r ode

v

o et ThPTETaEl dre PRatigh el fie B¢ hTate b3 e Brinte et Rem FRahidds o e

bet wocrduh el PG sdnade Mg 4n.en g pueerihobt fiocand Hectf B oBRE"TT anever sa
de, | act i op. fa o i f btorsian, TH

vent SPcrE fricsHElEnREs e fUers, daract iSRS steghualYy | the wi dt hs

of thegl@edd ode fingers at the outernost sides in the surface acoustic
wave propagation direction are about 3/16 X, investigated the range with

respect to TRHE above-descAb&Y Ské@%éﬂﬁﬁ&%ﬂbpem & tﬁ%\'/\!i}o‘g_@%ﬁe&!ﬂrﬁ%é

characteristics can be obtained. As a result, as s in FIG 6, 1t was

confir pesdnbibst tThe deserpssn ispélgélé'ﬁbﬂca’fdleE@@thér@@é-r&fl@@l&ﬂﬁﬁe%iuﬁﬁc@f the
resonant frequency and at the higher frequency side of the anti-resonant

f r equeacyusiicevavendevicesisbgh as arfitenadtiuhef suitabletanponstdsf i ngers at  the
outernost sides in the surface acoustic wave propagation direction which
are in theCoanegntiartallybthetsplis clegirofes have Pleenrisedd redue mullisrefiehtion
desirabl e characteristics conparable to those indicated by Din FIG 5 are
achi evegtween IDTs. [lhwes previrmsly Hhought thad the peiitishesitasdesara mot 8o suitekleder to
formthe el ectrode fi ngﬁrs 4a and 3c at the outernost sides in the surface

acoust & UsgVB rpsRigabPS filters.

However, the inventors discovered that by app!icétion of the split electrodes to
the resonator type filters and laddef type filters which use the reflection of a surface
acoustic wave having the SH wave as a major c:;mponent from an end surface of
such a device, a desirable standing wave is excited, and the band of the filter can be
narrowed substantially without the insertion loss being deteriorated.

Another preferred embediment in which the split electrodes are applied to the
resonator type filter will be described below. '

FIG. 8is a plan view showing é preferred embodiment of the present invention
including an arrangement wherein electrodes of the edge-reflection type transversely
coupled resonator filter including the spiit electrodes. As shown in FIG. 9, an
edge-reflection type transversely coupled resonator filter 11 includes IDTs,
having a structure similar to the structure shown in FIG. 1, arranged to define a two
stage unit which extends in a direction that is substantially perpendicular to the
surface acoustic wave propagation. direction. Thatis, IDTs 12 and 13 are arranged
to be substantially perpendicular to the surface acoustic wave propagation direction.

Each electrode finger 14 of the respective IDTs 12 and 13 has a pair of split
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direction, electrodes having a width larger than the final widths of the

el ectrode fingers 4a and 3c were forned, respectively. Then, the

pi ezoel ectric substrate 2 was cut away to formthe edge surfaces 2b and 2c
and simultaneously, by the cutting of the wi de el ectrodes, the w dths of
the el ectrode fingers AE; and 3c were determined. In this case, the outside
edges BECHAEeR188ENGIW G i ngers 4a and 3c were aligned with the edge

f 2b and 2 ively. Ho di ferred
ambodi ment sHere AL, M BRe1silrslion avpe rapsvertal cavelig fesitoniod] Ect ode

cur PR B el BTSNt A yELAOPEAAA I 7"
bt vecr ThiTifeh fog BERrIEHeR ol ling rRortler A1 IRALARASIS " cUbat rat e,
T SUCBlechBles AR of WARHAS 26HIH348A ok DB Riciitide: FIGITY i@ rbrathaliifigs! rabl e

I nfl uence on the requency characteristics. Accor gly, 1

pref er afdl fediisicy! dMaratansticioring cdgeaefedivn §he taRbvérsBy douled | Ne

pi ezoel ectric substrate Iies outside of the respective €l ectrode fingers 4a

and 3cresahatdireiiRy ifdlidiag tHé §61R ol EQFodsditoRding S0 HEPMRfdrfed BMbBaintenit
enl arged front viewof FIG 7, the electrode finger 4a is arranged to have

a desi skawsinz EigaEcorfdGng 1tioatdneph ahowimgdhs draquedcy chdracteridtienbid nent .
Thereafter, the piezoelectric substrate 2 is cut outside of the el ectrode
f i nger edge-refl¢aiiom type tradgeerselyfcotplthresmagtor dypegfiltérevhich is configoséd i on of
the end surface 2b, according to the specific exanples of preferred
enbodi fignitasiytadae pyeferred emegetimest of Figh8 gxceptdhat thewaingle sectiadesage been
confirmed that preferably, the position of the end surface 2b is set at up
to [er FFeB2s{R B EHEPHBHIYE §xamplige With raepact ixthesmeciiicrgastrugt arofithe
outernpost side,. and thereb he aboye- ‘descr,jbed undesi e Jipples in
Che "t BRRRTE)S ok et dAnSvRise VAR it Tery TBrPRRWA R FIos. 10 2Rt

11, an IDT having a configuration of a wave-length of about 30 pm, the number of

pairs of 35, and the number of stages of 6 is formed on the piezoelectric substrate.

As understood by comparing FIG. 10 with FIG. 11, by usihg the split

electrodes, the bandwidth is sign'ificantly narrowed even if the rast of the

configuration of the filters is the same. For example, in the range of the insertion

loss of 20 dB, the band is about 800 kHz as shown in FIG. 11, while the bandwidth is

about 510 kHz as in FIG. 10. Thus, the band width is narrowed by about 63% in the

preferred embodiment of the present invehtion shown in Fig. 9.

FIG. 12 is a plan view showing andther preferred embodiment including an

arrangement of the electrodes of the edge-reflection type trahsverseiy coupled

resonator filter including the split electrodes. As shown in FIG. 12, an edge-

reflection type longitudinally coupled resonator type filter 15 has |DTs, similar to

that shown in FIG. 1, arranged to define a two stage unit extending in a direction that

is substantially parallel to the surface acoustic wave propagation direction. That s,

in the edge-reflection type longitudinally coupl'ed resonator type filter 15, two IDTs -

are arranged to be substantially parallel to the surface acoustic wave propagation
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The above-descri bed experinental exanple.relates to the edge-reflection
type resonator. The description is also applicable to other

edge-refl ection type surface acoustic wave devices such as a filter and

ot her suitable conponents. Conventionally, the split el ectrodes have

been Usfbcint °$4ER dUbiLad FAESHHAR IDPELBSAR {7 HRerbbi IS 2AYI 4By

t hought at” th are not so sui € in resonator

type fi f#yever, the inventors discovered that by application
of the :-léll%ﬁ'réde ég?rag&es to the resonator type filters and | adder type

filters whi Che@ﬁaﬂ@?tﬁééagﬁémneﬁ Slén ﬁﬁ@inaﬁé&tpﬁhﬁ“re%oh@ﬁémﬁe? he SH
wave as a mj or corrponent roman en sur face of sSuc a devicé

desi rahh@lu@il@%"ﬁ&ﬁblw@?&ttﬁe@%&ﬁﬁn g tthel dsoveadskchibet fgefetdeier can be

narrowed substantially without the Insertion | oss being deteriorated.
Anot her empbedieneraovii ilecsimpariediwithinecdddehetieplion typedongitutisal avaphmpl i ed to

the resonator type filter will be described bel ow. FIG 9 is a
pl an vi esosktoritype filter ithudirgithendinglerstiedtrafestdeeopiing tna companativen
i ncluding an arrangenment wherein el ectrodes of the edge-reflection type
t r ansvestsegtyre.c . 4@ lsas@mhmhowmg the frequangly charantersgtics of theedgedes. As
showmn in FIG 9, an ge reflection type transversely coupl ed resonator
filter tEflectientyrsiongitydinaheauriiggesenater type fgqemncwd"ﬂ@thw*%ﬁ}%rpdeé shown
in FIG 1, arranged to_defjne a two stag E hgg extends in a
di r ect i BFEAKG tothe pretesrnd Ynpgdi B@r”béﬁﬂ‘f" t 519 t18 t s agertousti ¢ wave
pr opagat, on, di tion DTs 2ad rr t o, be
bt anEnaming the finstiancychrracterisies ot e ddaeelolife NRd BRgugbBhe t on
directign Each el e I has a
pair of cglﬁflﬂg Fe@o aﬁ:?ttg?éeiﬁltt%o%%g&ilié t%% Oéo?riwoa_rrgt?\fé &dr‘?{&e %Tﬁﬂszar?&gge]dg
Her el nagiGiarytB9ne Posrehl é?ﬁl'aéd?ﬁwe‘hl/@ﬁcédt_m‘{ﬁé S cleRttBlibs drd ge@nat or type

The edge-reflection type longitudinally coupled resonator type filters shown in FIGS.

13 and 14 each are made of a 36° Y cut LiTaO3 substrate, énd the wave-length is 40

um, and the number of the elecirodé pairs is 36 (input and output). Further, each of

the edge-reflection type jongitudinal coupling' r-escnatof type filters has a two stage

unit arrangement such as that shown in Fig. 12.'

As seen in FIG. 13 and 14, the bandwidth is significantly narrowed. More

specifically, in the range of the insertion loss of 20 dB, the ba_nd of about 2.2 MHz

shown in FIG. 14 is narrowed to about 2.0 MHz shown in FIG. 13. Thatis, the

bandwith is narrowed by about 90%. In addition, it is seen that with the narrowing,

the attenuation outside the band is 'greatly imbroved.

FIG. 15 is a plan view showing the arrangement of another preferraed

embodiment wherein the electrodes of the edge-reﬂectqon type ladder type filter

include the split electrodes. As shown in FIG. 15, an edge-reflection type ladder

type filter 19 has a plurality of IDTs, each having a structure similar to that shown in

FIG.1, arranged to define series arms 19a and 19¢ and parallel arms 19b and 19d to

thereby produce a ladder circuit. In this ladder type filter 19, the band is greatly
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filter 11 including the above split electrodes 14a and 14b will be conpared
- to the edge-reflection type transversely coupling resonator filter

i ncluding single electrodes each of which is conposed of one el ectrode.
FIG 10 is a graph showing the frequency characteristics of the

cdoe. T ELLECLLOn LARE AN SOL, ouBLed s resonpLer e, Liclydigo (e

s S S T
tsihgglse el epﬁ%%gtot‘gr e. ?f&edrez;’%c ?’Pij?g 8%:%%%&?’%"@?5‘?& e'er\/@%( "ﬁggpggb ][gd
osona EeNEr R REhAa 528 el Reidcfibh YRl BT goted MARTEREARAY T2t Ton

of a "‘@H?'sb?fﬁgéﬁh%fn%mblﬁ?%Qt!'[e%érld‘?:%ﬁ BE rB4Re] a2 ik lefells Sy b&nd the
o] g 'S As

nunber st ages of ormed on the piezoelectric substrate.

under sbeRfhdYy aBRERIH iHRAnSeMon 10sistdbtEriSatekdpy B¥ousi Dg dee split

el ectrodes, the bandw dth is significantly narrowed even if the rest of the

confi gurati prerehaftBe dn éxaerisie osah RetermzRdugioteranaiBing the tadd tysefigsrof t he
insertion loss of 20 dB, the band is about 800 kHz as shown in FIG 11,

whi | e bhprdiemenictibodimenalsfube bidsdotimvention will Be de8crifddinithtreferdrsordton dt h
I's narrowed by about 63%in the preferred enbodinent of the present

i nvent F&&. $&own in Fig. 9. FIG 12 is a plan view show ng anot her
preferred enbodi ment including an arrangement of the electrodes of the
edge-r ef | ecFilGn16ypHa qrsmﬁsﬂm@@uy/usiwwége anterfagiepiexen efdhe presamti ng t he
split electrodes. As shown in FIG 12, an edfg{ refl ectjon type

| ongi t RERTREEA\ErRRRBMEAt 1 e@'&ﬁﬁﬁﬁ\”_atq&?ié’fquztoe? he Present preferedn; Far to that
SO aoet AR R PR e B B SRR 1 2
P oD BBl S 8nd e s BRI o ThaDs Hgppo! Ul 1y
subst agihahLix ePLAd BSloftife HEpeRiVd AdRePfpesticrs 83 \Ye ROARELREIP Bommon
so that a first port 71 is defined. On the other hénd, fhe outbut terminals 63 and 63
of the respective ladder type filters 61 and 61 are u.sed as they are, so that the
second and third ports of the antenna dup!éxer of the present preferred embodiment
are formed.
As described above, the antenna duplexer can preferably include a pair of the
ladder type filters 61 and 61. |
Further, a communication device can be defined by use of the above-
described antenna duplexer. FIG. 17 shows an example of the communication
device.
A communication device 81 of -tﬁe present preferred embodiment is provided
with an antenna duplexer 70, and transmitting or receiving circuits 82 and 83. The
first port 71. of the antenna duplexer 70 is connected to an antenna 84. The output
terminals 63 and 63, defining the second and third ports, are connected to the

transmitting or receiving circuits 82 and 83, respectively.
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direction. Each electrode finger of the IDIs 16 and 17 preferably has a

- pair of split electrodes 18a and 18b. Hereinafter, the

edge-refl ection type |ongitudinal coupling resonator type filter including
the split electrodes according to the above-descri bed preferred enbodi nent

Fesonator t JpAnE AN SIS, ArRALH P s arre B S RITF G o o

O L il 4 e Bt e 30 S0 B, PR

oo B S R B e
reauency chihap ik L anabae e deh S ARY s deulianRle
o 0o B LAl oy WIS pRAGHRS G SR B SRRl od Byl 0 e

r esonat@nih YRS skEbpé ef méﬁnmdguah@ Th%?efgrt,d, stlrg ﬁ%&tﬁ@tﬁﬁi% ?ﬁop’% 36[err]

Y cut Li TaG3 substrate, and tHe wave-length i's [ m and € nunber
of the #ltgsimadtiopas hot tebs Bmitetikixteptndl onbpMbe sefforiniAnthe erRpRsof the
edge-refl ection type | ongitudinal coupling resonator type filters has a two
stage wunit arrangenment such as that shown in Fig. 12. As seen in
FIG 13 and 14, the bandwidth is significantly narrowed. More

specifically, in the range of the insertion |oss of 20 dB, the band of
about 2.2 Mz shown in FIG 14 is narrowed to about 2.0 MHz shown in FIG
13. That is, the bandwith is narrowed by about 90% In addition, it is
seen that with the narrowing, the attenuation outside the band is greatly
i npr oved. FIG 15 is a plan view showi ng the arrangenent of another
preferred enbodi mrent wherein the electrodes of the edge-reflection type

| adder type filter include the split electrodes. As shown in FIG 15, an
edge-reflection type |ladder type filter 19 has a plurality of |DTs, each
having a structure simlar to that shown in FIG 1, arranged to define
series arns 19a and 19c and parallel arns 19b and 19d to
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t hereby produce a ladder circuit. In this |adder type filter 19, the band
Is greatly narrowed as in the transversely coupl ed resonator type
filter 11 shown in FIG 9 and also in the longit resonat or
type filter 15 of FIG 12. Her et of or e, themm,”m@yﬁltype
filter §a€m ex.ar%)éoxre?_ has been described. However,* eventi ctor is
used a ey device, instead of the reflection end surface, the

narr ow ng of thq\ggﬁgcec E'o&?i.cr %Jétég\chggméhgnl ar effects can be obtained
y

al t hough the i nse oss 'S eriora Sabout 1 - 2 dB.

Her ei naf t er 5 6, SXRIHICe Morle ARLRATSCAR] S¥&ind MEIClitebfind dder type

filter of pr erre nents o e present invention w be descri bed

Wi th r 36 RdgRs WHikh cdfinect the firstEnG sckBnbimainGuHadés, éﬂqagram
illustrating thé antenna dupl exer of the present preferred enbodi ment. An

ant enna duplgxipterdiyie traRediéeseallidiged Sair of interd@Itl BRittrodas hadrgy @ pair of
| adder type filters 61, at |east one of which is preferably simlar to the
| adder diggteode fihgersdmiweing didgosetion Fedirsi mairt fafioemfithe ipfradelsdtisc 62 and
62 of the respective |adder type filters 61 are connected in combn so

t hat a substtatgpand arengeddef thatthe dactrbde Gtigens dramcterdibitated vwptht eacdr mi nal s 63
and 63 of the respective |adder type filters 61 and 61 are used as they
are, smthemwhserein second and third ports of the antenna dupl exer of the

present preferred enbodi ment are forne As descri bed above, the
ant enna dupl@ﬁ@*e@mﬂ%ﬁf&%ﬁﬁlﬂw ifﬁ%ﬂdtﬂj@' glastrodednclude a pluelisr ot SHE filters
61 and a caommuni cati on devjce can be defined by use of

t he abcﬁ)éﬁm%@xFBEHf"él‘h%ﬁW&" aapifiagers loppigd ating QUi Mast sidsmal e "t he

conmuni cat i on
substrate aﬁmg & direction of propagation of the surface acoustic waves produced in

the substrate, the electrode fingers at the outermaost sides having a width that is

different from the split electrodes.

2. A surface acoustic wave device according to Claim 1, wherein the width of
each of the split electrodes is about A/8. and the width of each of the electrode fingers
located at the outermost sides is greater than abcut A/8, wherein A represents the

wavelength of the surface acoustic wave.

3. A surface acoustic wave device according to Claim 2, wherein the width of
the electrode fingers at the outermost sides is within a range of greater than about

A/8 to about A/4, wherein A represents the wavelength of the surface acoustic wave.

4. A surface acoustic wave device according to Claim 3, wherein the width of
the electrode fingers at the outermost sides is within the range of (3/16) A * (A/32),

wherein A represents the wavelength of the surface acoustic wave.

5. A surface acoustic wave device according to Claim 1, wherein the surface

acoustic wave device is constructed to use a trebie wave having a resonant
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A communi cation device 81 of the present preferred enbodi nent is provided
w th an antenna dupl exer gt ting or receiving circuits 82 and
83. The first port 71 odl IHlﬂﬂ l mnlﬂm | exer 70 is connected to an

antenna 84. The output terrfinal s"63%and 63, defining the second and third

orts,_are connected tqQ the transmtting or recejvi circuits 82 and 83,
Pespecfrgg&é¢|§;y€=3v?k, w%erem A represents th& wave |eng ofrt}ge surface acq@%c In

h dupl I f _ladd il d
const 1 1EB @08 YA i eplct Rl clerkr e AeBHan i8Rtk cach oiher. and

thereby, the antenna 84 can be used as the transnmitting antenna and the
recei vi ng antenna. Mile preferred enbodipents of the, invention have
been di scl oged?\wﬁ%oq%%@gavsft{ea%%%‘%ggo d:%"bf'i%?rﬁl'b@ecﬁ C§sed
herein_are contenplated as_bej Wit hj ope of.the foll ow ng clains.
Ther ef BF%‘,quCtW?\éggﬁﬁ'&Eé? aganglhlﬁn%lwecogggepc}egggﬁg&oﬁgpﬁwg{t lon is not to be
limted except as otherwi se set forth in the clains.

20 What is (}I ai ngd ce.acpustic wave

i S: ) .. A surf evi c
o si ne: 7 ATSErAcE acqustic wavedeice SR dRE S TN 1 PSR MRt Beeond
_ _ _ _ 4 Eeona
i n SEpARESwalS JeVRE IR AT B SOMIBP R bR TS1 BN Second

}nterdigital e}ectro?es havi ng e:ectrpde fingers anddbeing disposedhon tEe
el cot rode 1 Bngerorafire FRsRlF SRTa Y oe 3 o abR B Bt AR 1M

surfacggggggg%ﬁstwgy%gg},%tgeigr)g%ﬁ%ﬁyg??g?rfshear hori zontal waves, the

el ectr I nNgers rode include a plurality of
split electrodes, except for the electrode fingers located at the outernpst

sides of g SYbseALLs BLARE il dRld QEinR1BRIGRY 1 OBnleid fife Surf ace

acoustic wavés pro n the substrate, el ectrode fingers at the

out er ”g:ﬁ]zo%';éiﬁﬁc Qﬁﬁ%ﬁ’i&ﬁ%ﬂ fl @Eiéz&g@cﬁﬁ@éiﬁgﬂe cfr{/QgIr hﬁfer&%?% el ectrodes,

the w each o e split electrodes is about™| 8, and the width

of eacIgiep‘-foqurgriglcggérmedﬁatfehagerS | ocated at the outernost sides is greater
than about [err]/8, wherein [err] represents the vvayel ength of the surface

acoustic wave.
10. A surface acoustic wave device according to claim 1, wherein outside

edges of the outermost electrode fingers are aligned with end surfaces of the

opposite edges of the substrate.

11. A surface acoustic wave device according to claim 1, wherein outside
edges of the outermost electrode fingers are spaced from end surfaces of the
opposite edges of the substrate.12. A surface acoustic wave device according to
claim 11, wherein a distance between outside edges of the autermost electrode
fingers and respective end surfaces of the opposite edges of the substrate is about
A/32 or less, wherein A represents the wave length of the surface acoustic wave

generated in the device.

13. A surface acoustic wave device according to claim 1, further comprising
two or more interdigital transducers defining a two or more stage unit on the

piezoelectric substrate and being arranged to extend in a direction that is
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2. A surface acoustic wave device according to Caim1l, wherein the width
- of the electrode fingers at t nost sidesis wthin a range of
greater than-about [err]/8 toﬂgmgh@m "'I”H"’Wnerei n [err] represents the
wavel ength of the surface acou A lt ! 3. A surface acoustic

wave device according to Caim2, wherein the width of the el ectrode

fi nger sudktdriially peependitular ttethel dirattibhiot ptdpagating of tie $§Xfdde adaustit
([err]/32), wherein [err] represents the wavel ength of the surface acoustic
wave. wave. 4. A surface acoustic wave device according to Claiml1,
wherein the surface acoustic wave device is constructed to use a treble
wave having a resonant frequency t[err] = 3 v/[err], wherein X represents

t he wave | engt.h Atutfaee avodsticenavsdevice aceoraingetoesiaired, furtheheomerising and v
represents a sound velocity.

21 two & marssimtérdigitahtransducsrsdetiniog\d e ocmoralstagetumit@nathe 1, wher ei n
the surface acoustic wave device is a longitudinally coupled resonator type
filter.piezoelectricgubatrate and beingrarsangsdigvaxtend ince disectmmthayisto Claim 1,
wherein the surface acoustic wave device is a transversally coupl ed

r esonatdPstapiallyinaralfel to the direction ofprepagaiian eldbasuriacaaseustis ve¥e.accor di ng
to daim1l, wherein the surface acoustic wave device is a | adder type
filter. 8. A surface acoustic wave device according to Claim 1,

wher ei n t he 1}-ezdSMEAER BEOUsifsWAYR deyise agaerdio o ¢rier defusiter cemprisige
crystal terial  or piezoelectric ceramc material. . | 9. A surface
acoust i¥P 6@3’(9;\9‘?‘@5858@6?@5#5‘:?@ qcﬁf'zﬁ”?ﬁ 3 ladgex et o0Be pie208lRYIof ¢ he

out er nost I?ctrode fingers are aligned with end surfaces of the opposite
edges ot AN&%ubst rat e. 10. A surface acoustic wave device
according to claim1, wherein outside edges of the outernost el ectrode

fi d f d f of th it f th
cubstrate - T8 RSuifald g28hs inels Sgue AcoaihS FEvRie TROBBPAE o ol ai m

Fi nger ey ot e RRhU GRS deEhER WHERR Blasltd AR M et r o e
i's abo%ar&ﬁéﬂ{rﬁ@. or less, wherein [err] represents the wave length of the
surface acoustic wave generated in the device. '

17. A surface acoustic wave device acéording to claim 1, further comprising

at least one reflector provided at one of the opposite ends of the substrate.

18. A duplexer comprising a surface acoustic wave device according to

claim 1.

19. A communication device comprising the surface acoustic wave device

according to claim 1.

20. A surface acoustic wave device comprising:

a substrate having first and second main surfaces and two opposite edges
which connect the first and second main surfaces; and

at least one interdigital transducer including at least one pair of interdigital
electrodes having electrode fingers and beiny disposed on the first main surface of

the piezoelectric substrate and arranged so that the electrode fingers are
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12. A surface acoustic wave.device according to claim1, further conprising

~two or nore interdigital transducers defining a stage unit on
t he piezoelectric substrate and bei ng arranged tm@ga}lgp ,B Egit' ection
that is substantially perpendicular to the directs i on‘ of the

surface acoustic wave. . 13. A surface acoustic wave device

accor dilftgraigitates with eaeh othfs; WBBFRi sing two or nore interdigital

t d def i ni t tage .unit. t h ' | ectric .

SUbStrat o at0SIUHEPUR INGRIBaT s 2 Eas PHen T doRa POFods e Ude ABIERRM i al 1 y

13 " @spllceisgeoes Abd AhirashBos SEUk BBRuPe RpoSpdaRPac LB D! | si ng

o 2 oAby bl b gl 1 PBSYES! oSLATATSL Bl RPAEE hEi et "

dor i ne PROgHErd T SsuaFift SR Rty dinPiopliPhsEaeh Moy g grit ™ =

16. A %Héfigctﬁﬁ@fﬁ%'%in?tﬁw lt%g%jtrrbgegpcor'di ng to claim1, further conprising
ector praovide

at | east one ref [ at one of the opposite ends of the
substrate. 17. A dupl exer conprising a surface acoustic wave device
according to claim 1. 18. A conmuni cation device conprising the
surface acoustic wave device according to claim1.
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