cede{@<<=D>. ?(@"@@o/ 07 AUG 2002 EDGE REFLECTI ON TYPE SURFACE ACOUSTI C
V\AVE DEVI CE BACKGROUND OF THE | NVENTI ON The present in tion relates to a
surface acoustic wave device for use as are mmmmm ‘m@mband filter in
" communi cati on devices or other appar at uses, i cularly,07 g6 2002
present invention relates to an edge reflection tygessurface acoustic wave
device which utilizes an SH type surface acoustic wave. 2. Description of
the Rel ated Art Edge reflection type surface acoustic wave devices which
utilize an SHEDGR R TIQN JYRE SURRACE AGOLS HCHHAVE DEVICE
(Bl eust ei n- Gul yaev- Shi m zu) wave, a Love wave, or other such waves are
known. I n an edge reflection t{l e surface acoustic wave device, edges are

formed BACHGBAUNR QRIHREMNVENSIQNGs in the surface acoustic wave

pr opagammt he area where an interdigital transducer (IDT) is
provi de re perpendicular to the surface acoustic wave
propagati on The @cée;efmmv%rmonfrekaeesatmalsui'facm/auwét& wavé devied ftryusehas edges.
Accordingly, reflect OCL?Q ar.e not necessa as.a result, the surface

acoust i (SRR REA RN REETHR Cﬁ’mﬂ“é'i"ﬁ?ﬁ'%va'ﬁs?)%@ﬁ@r@ﬁ’@?é%%%% gpik BREE

Publ i cabhgRully, reAraadfk |P|l/éﬁﬁc9§t%$até§ t@@ﬁ%dg%fHeﬂ@&ﬂl&ﬂtylp)é%rﬁa‘ébfa%‘éﬁsﬁ‘@OUSt' c
wave resonator in h grooves are forned on a surface acoustic wave

subst r awaye dnmcehmmhwehza dre Shhtype ssirfackeaopustio waveonstitute t he
reflection edges. As shown in FIG 7, in an edge reflection type surface
acoustic wave resonator 51, an IDT 53 is formed on a surface acoustic wave
substrapeDégcndga,nt fehe ppstetengnds in the surface acoustic wave propagation
direction of the IDI 53, grooves 52a and 52b are formed. The inner side

wal |'s 52a, aEdgszgﬂeqtrpnttM@egudev%gcgmtlCawavmw@@ﬁwhl@muwlw peflypet i on
edges. , d n are
used aslhﬁ%éepg ueszlfslgan ed‘é;es %cha%lge @éehsst 'ébcltapli?’? Yﬁ& ﬁt%l?aﬁ% gsL%roved

I n the wadge, sredthecsichnwayps asekhowe. atroaxsb’r:lgewaﬂ@ctroe.stgpaborfaBéacouéty: one
IDT 53 is gr ovj ded., Wen %926 nurrbe E@_‘rs of the electrode fingers of
|aﬁet°

the | DTWB¥e{deViSespAges RER TGS SWQ'E e APPRske 208841 the stfreenr opagat i on
directi I PP y is
deteri orgg?u IC%%GOI?W gatl’éﬁgﬁagﬁegtbgthg?}%%&owﬂn%r%Zalqu‘ﬁeéﬁgg‘a are O?tgraﬁgmn t he
out er sisgrevisied; hedithmedges dee paipendBRigr tatite Satface ansustiawvave t he

coust | BrORAGETED SRR o ot e renitWBkETs il ol TRl 1y o

i npr ovedccéRindig retldetordantnotinticesaryearia® aadgelt, rtaéls@eﬂab@racbme: wevéace
acoustic wave devices which have a relatively |arge nunber of electrode

finger P8ViE8 capde mNiaWrigdde reflection type | ongitudinally coupl ed SAW
resonator fil V) |\

FIGB, in anJégég%&%e?ﬁ%éat}P@ﬁwt%gh Eﬁglﬂét u ?n%?%zgggg?ldﬁcg%%fr es%\élbat or
filter 6dflectian WpETsumaaach&dlcamayef rEsopdtasin vhicir gmogea@o@Mrmed/me
substrate 62 cas si.nce e | DTs are row d

nunber SHTarSBERAAIE Wali Sfesty ahd HR bRy R yBIR. gHinBleEe iR SaRBN P ot ance
bet weentieefidfien éugé@c eAs ﬁﬁawarml FE@b7 ah éd"@d%ﬂéf%ﬁoﬁ%éuﬁad@d&ushc
substrate 62 is relativel arge. Thus) ip size neasured in the

sur f ace Wayeuesoratandd, H%B@étns termed e i suface aneustic wavel gubistrates2.and

ECSE*’%P&%&&B@%@F%”@%@;&W siifaoLedhiilis e\ pigpackion BeEfSTol BEUBR 1o

f or m t h&3s glives5Rapd 52mardemadd T2@ innet Side svdliers2H, sl 3db,tdiehgr ooves
52a and 52b, respectively, in contrast to the surface acoustic wave
r esonat SFOBYESAZARG A2RcaNstituty the elleciipn edges portions 52c and 52d are

provi ded, thepeuhhdr é?&é’y&'ﬂ% 53LNhAl $2b? 8f the ?1 rber%%@yéa %ﬁﬂ‘@ébgac{@’l}éeﬂsfsf tﬁb
purpose. In the edge reflectioh type sur acousfic wave device €
el ectr odeﬂefatmgeadgeefoek:laesda mEstaBmandf rdduntirey isdogpirevededn thaedge deflentichaces

62a and, 62b |mIarI to the edge reflection I oupl ed
SAW rosbiiR sriads adiuslie wanerrespadior Rd, enbanei B i Brdidash ARheBsks) boat cd
at _the @uiRiiRe af8es tidlelefoab fihase GAEIbTGYR KA qea%@ 82§ frRct i on
are formed al ong the edges defined by the side surfaces 62 62b and the
upper ssufface aé@ustia waye ptipagayion Ririeetion igvery snhall, modtiattheomoohtindhe SAW
resonator filter 61, the IDTs 63 and 64 are fornmed on a nother surface
acoustic wave substrate, and thereafter, the surface acousy ve
substrate is cut in the thickness direction to formthe si Wmﬂmﬂmﬂﬂmﬂ 2a
and 62b. The side surfaces 62a and 62bqshoul d be fornmed w

preci sion, since the edges defined by the side surfaces 62a, 62Woeefl|ect a

surface acoustic wave. In addition, since the electrode fingers 65a and 65b
are | ocat ed near t he edges 62a and 62b respectlvely, chi pping at the

Y Y b1 Y . o o o,




T2 0 7 AUG 2002 62 which is caused during cutting of the substrate 62
shoul d be prevented as nmuch as possible. If the chipping and the breaking

. of a substrate material is increased, the electrode fingers 65a angly Gy 2002
wi |l be disconnected, which will considerably affect the filter
characteristics. Such problens as described above arise not only in the
edge reflection type longitudinally coupled SAWresonator filter 61 but
also in other edge reflection type surface acoustic wave devices such as an

edge reflabdity isrdetprierated.f atecordivaly: FebsiEate noskansal2n andi2diase detwesd pand,
J v ] | i, Cat d - i d of
o Bvent EOTE RS A ier SRR AR 420 A oot ehdieiufly 3o PR BTRIGST o

sem congdbd tnsreaf e aiip sizbés irtredsetidnmbaeniface acpastic wavapropgyatibe met hod
of cutting a substrate, a bevel cutting nmethod illustrated in FIG 9A and

a step €iieetiany spebabiBedReMMing stapitty isiMarQvedescri bed. As shown in FIG 9A
A : . | ;
formed on a OroDerahe At hatd 4fp SR sdad Kechon silkoaiaf S EE hidts, °

]Ic\lext , dt tevipes which bave aeelativaly iarge glﬁmhrdre:feeledtmd%fmwh @airg rsueh eas’dn g IS
r 1 . not r. tt)n 1 t I .en t
and 1 caBRES TERFI0p HRe Rfs)gaﬁ igaly ﬁe@?@%&@fégﬂ%&q@uﬁl&rﬁéﬂ%ﬁé’ﬁpi&é@&qﬁs ng 1o
this meifpd, pheskdnigiecss ghdswmiﬁFrG.rstmaﬁgdgegeﬂ&ﬁaoh!@S@xc?r?gitugpiatqgleng at

t he edge defined by the upper surfacé 71 and the side 717
subst r ateumlediSAWrresenatod filteri 6ic dwo NB TY-E3ransb 84 gre frmetiomaissirfacevi ousl y

f d. _Furt i to . t t ttd d i F 9B,
firer, EROLISLYERI R g IR EHY it R IR a7 BT vAr i g o
rel ati valnbet de _eléld:trb'd@%‘a'gﬁét iB rélatil ey nargegane tteréby ahsuhstahbebetvédiite
cutting margin is left. xt, cutting is perforned in the groove 71 a with

a bl adesi® RulAces 62aranhe2ly ef thersusiaceraouslc wade subsatenta is nekatyebov e
ext ends an : | r t hi s case,
the seclifesul nhEaRaRRY A% Mlrad | At lack Moot hadh Brédagafin, ", <
car r i eddoattidn issuffieiemttyt laoge, @nditheredpyptheemdlinting stabliigy Isowigh. surface 71 b of

th bstrate, 71 via the, bl 75. Th chi.ppi I 71 b
of Cthe.subet TRAEISY IS AnSdg ttggton i spaibRa hubled 8wV Festnalet BTt y pe
sur f acet3s AYSHCessBMEdBM Bfe sUbILLE PhHRFsI N AR0SS 8F thd BLIR iR G4ké | Ny,

it is necessary not ‘only to prevent the above 3 0 7 AUG 2002 descri bed
chi ppi ngreavesfidaoand52brrespedively irceentorst & fssuifacsnacaustia svamsr neiscadtor

et hod, SsoETNTIRE 7 B3 BER R ioTe B Re SRR bR ey Bl  ace 73
d of therews ialagurizitioh evithoubselvidb amy Gosfaepurpodet he side surface 71 ¢

t her eof , mhi@? is caused hy the Vshaped groove 71 a, Therefore, the
verticality &7 theedgprilechen tireswiacerrecishie wayeslavise, dhaelestrodn fingersot her

hand, t ey RITSHS hha%mtemg&t%é tneéf ﬁ@tétiag fsPHaBé@B%‘tahB%z%b sPRAY Blthd he

| ower surface of a substrate, but I's no ective 1n preventing chipping
at the egperefiesticadypeiorgitudinatly abaple8 BNNReEsOFatDHEteM&/ENTTIC iTothever cone

h i b b f d di f th .
hvent | SlFRe ek Coaab i BrfeS At ik SAMP IR S e Bl ok i Rss e Rbstie e and
a net hogya9k prapagardridirediohl e e6imed BlonkitRS odgbb Qiefihed bgdBee sid surfaiesed

with high precision so as to be perpendicular to a major surface of a
sur f ace 628064p pad\iae &ppahsyfanebim rogpadiivaly. | DT is provided, so as to

Phe. surface. Seprrioc 5 aruen of 816 s ARorbRiafton B 18 Rl B "

and fil aes farheecot armsthiee surfdie adgssticedavecsulssiraty e dinerédfteratrusirtacenay e
device which utilizes an SH t{pe surface acoustic wave according to a first
pr ef er r &GO ARMR SHLSFaten CHt indae thigknassacyan te &rer Hif Side furigges 63a
surface I G t s OV | : one main
surfacea@?qgﬁ% ;ﬂﬁﬁéggggggﬁé?ﬁgaﬁgggzgdgggﬁg%gF&@%%$gﬁnpﬁgygﬁﬁgﬂgmsecond

gr ooves savae theratges aefinbe by pipo sideessusfadss i6Rat 62b safidch asuaiacea fcoastiawave.

propagation direction of the area where th DT i s provided, so as_to
Extond. 7 GEtiRE: Shes s RechpraaBder i acd Prhate Iarded Pest finSSuieda, o
tovard thg e eespERHiDeyUEARBRGAIENE 8Liribs bEHRNUTRBCAUISLE vl difdfstrafd N
surface and so as to extend substantially perpendicularly to the surface
acoustic wave propagation direction, and first and second edges for
reflecting the surface acoustic wave, the first and second edges being

defined by the inner side walls of theofirst and second grooves,
respectively. 4



"0 7 AUu 2002 The first and second grooves can be formed by cutting the
surface acoustic wave substrate beginning fromone main surface of the
_surface acoustic wave substrate and extending toward the other main surface
of the surface acoustic wave substrate while not reaching the ot h%r.] mtﬁm
surface. Therefore, the grooves are forned with high precision
substantially w thout chipping of the surface acoustic wave substrate and
di sconnection of the electrode fingers of the IDTs. Accordingly, an edge

r ef | ect82whicjpie causéd dering cuttinigoof weer eubisitdte S2tsvuihbe pomientat as sschasce

h d fil h hi eved, .\ h
ol oct r oSSR R sHipPITREo BIS Fleplind o o e siEhaldr N Br R e 1 s
repr eseglegflody filigers 65eghd bsbwaémn@&e@ amidhoni copRlaEralsly \edfeet the ~

the first and second grooves are preferably f or rred so as to have a depth H
sat i sf yiiltey chaeagtelistigsi ng fornula (1): 0.2 z exp (- 2~ k ,5 2 H ~)

Second gr ooveuct Braer 2 2sthoR robE sHFEg: ﬁn@fm‘iﬁggd% J%ibecgohe%%???
wave t ojobgitgdingmpeegbled SAW rswmorefnmcansbutcalwveomevedge réfledtibn tggse of
the depth H of the first and second grooves formed so as to satisty the

f or mul aS{riage acaustic yvaveclqvicas Sch 3an 8goR refletioniyre suidees agrHsticaéave han
the wavgle ~, of a surface acoustic wave, according to preferred
enbodi nent's of " the present invention, nost of the energy of the surface
acoustic wav@nitlaemﬂ\eratdmd daﬂarsmt)aéyamefeldelemedt Publiatioa NowrB82637® wal | s

f th di flect t f ti
devi oo faAES grBaNoY SrRPYAnIRY Be Ghins B2 sEBekHlRCED &idrFARlSS' © "

char act giitif§ic$ e ée?mé@rkumt@r%aé%%ehé?&&ﬁ ddﬁﬁpcﬁiwt he ;mrﬁé@éf e pEbodi ment
of the present invention, an edge reflection type surface acoustic wave

devi ce msthod of ¢uttinga subsBate, pevel cating metbodtiiustridedin FixIQAI@nda sur f ace

acousti provi ded on the surface
acousti gt%‘i}’i“ ﬁ?ﬁc’gﬁ ghoﬁﬁ&}@% i?éé%agéa%lbgﬁo\n ded at the positions having
an i nt er nedi aA@hbaindhtFIGE 9Ahacédrtiig tertHe evencliting ensshiod ires advshapedied at
the outer ed%es in the surface acoustic wave gzropagatl on direction of 5 0

7 AUu 20PVend asigfererd ge susthstralyd Via B Hiada 62 hauiigea Vishar@d Giese-f i rst  and
second f i t he
por t1 on g i e o R B e e ey R TP e
second firdedsarcuaviesgnatieapadting blagle 7theo Hiaddiee QB:B‘.NQ mends topand egadbesf or ned

N T O R

acoust i euttinyggs pEHGIhEd Qiathkhade 782eHippieigtdieh®bhgs derhad Bythé&tpper
respectively. According Idy during the formation of the grooves, chipping
&

and t hesdifae®Ahd@nddhe sider hte ef t@@tw@agaﬁ hhis Rreyentede sinoedha Meshanadapb| v

pr event gfoov-ghﬂsa is Sﬁbgélg%llrﬁe& his preferred enbodi nent) an edge reflection
type sufface acou I'C wave device having excellent resonance

charact eri st Fasthandctotdirey tactherstep euttisigi rosthiosl shciwreinefd G. \§: riirdthtne

el ect romechani ¢al. coupl.ing coefficient of t ) sh r vihrati n S

Fepr csoANERIH5 7 isgmPBHRCHHE A &l e e T SiAvas o BEbeli dea s B,
Lhe T ' Shatffd 1876 206097 o AL BATLERRN LuliPigTREr i is¥Bit! O NEaY @iy il st ance
D between the one In surface of the surfacé acoustic wave substrate and
each of perferrse@pstha/groohe Faeivdth ablades S bawowarrglatwemamv‘(ggttln@vx&dtb &Xp (-

i ot anc s Tngeadve Hfignds i dnd feiiPs the Rurdrisfacll 1 BRSABHh. | ianis

substr ab@s@ﬁﬁe%@@hné Tc@ﬂmgfatéptah @%Seadnyrpemﬂnmvahe@mélcmnn?ﬁs 6ar$|utifo®@e
acousti c wave. i stance D between the one main surface of

sur f ace freebthet b@tt%@étmj@rwwaﬂé edrdhe lawerssusiaces’ Topfibe sybstate: ol ‘é‘étth%f y
the for i | ength ~,
of a sur zfgee&%éo Vﬁﬁtﬁ@gﬁ&@???ﬁ@a%%ﬁ@of kr?%%%ﬁﬁ??g?e\?@%%ust?c wave
i's reli ppéyernsd securel y reflected fromthe side surface portl ons | ocated

above the stg) respectively. Thus, an edge reflecti oneé% syrface
acoustic wavEIQNEMEENRPIGP EERtIAn IPY SHITARRRCQUSES WaYEe &Yistics

and 111t g A fe8"dre foifed By BGHINGY RS necessary not only to prevent the above-



" The uni que features and structure of the edge reflection type surface
acousti c wave devi ces descri bed above can be applied to various edge
_reflection type surface 6 0 7 AUu 2002 acoustic wave devices such as
edge reflection type surface acoustic wave resonator, an edge refl@%ﬁ“&%ﬁz
type surface acoustic wave filter, and other such devices. For exanple, in
the case of the longitudinally coupled SAWresonator filter including the
plural 1DTs arranged in the surface acoustic wave propagation direction, a

| ongi t udeseiibed ahirpine BuAepte somathe refiectien eHaes Wi dxare aevertical netative
o Ay = . ! | _ . havi
excel | onpig By ath & BoRFRy LS RSB O YRR AR A | B

per pendinelined-lsurfagkajortien isfotrhed Hetwesre tracopisdr surfaae s ior ofithg aubettate 71
direction. Further, a |ladder type filter having excellent filter

char act Whek thed DiTsis fersediand §Ye pisiersurtacs {ctherasfswichds aHep@ by ihe Yee
acoust| &@é@%@%@ 3. P"rﬂ@r@ﬁré) tHg %rtﬁ%ﬁs' dghe %ghépgorrt%ﬂ?of%'é GRS
a Y at

resonators, electrical cdnnecting the res rs via a connecting
conduct detgripeatédso as to forma | adder type filter. For the purpose of

illustrating.the invention, there is sho I n the draw ngs several forns
whi ch are pr@é‘éﬁ?I@"%ﬂ@@?%?tqptc%@?%@el\gﬁ%ﬁs? )’eHbRé%%@P?nempwm_ .

| nvent i nnbSowek shittitd 8fa EQbétP@teBbR%ﬁb%t RWeAMALTRIESertitth tﬁ]ﬁ%ih@@%é" Ities
shown. BRI EF DESCRI PTI ON OF THE WNGS FIG 1 is a perspective view

showi ngupperesigtaceaffleesulistiate.ype | ongi t udi nal Iy coupl ed SAWresonator filter

according to a first preferred enbodi nent of the present invention. FIG 2
is a graph showi ng the attenuation frequency characteristics of the SAW

r esonat QUMIQINFW SAan'N%ﬂ-ﬁd,@e first preferred enbodi nent, and according

to a conventi ona resonator filter.
To overcome the problems described above, preferred embodiments of the

present invention provide an edge reflection type surface acoustic wave device and a
method of manufacturing thereof, in which reflection edges are formed with high
precision so as to be perpendicular to a major surface of a surface acoustic wave
substrate on which an IDT is provided, so as to prevent disconnection of an electrode
finger caused by chipping and so that the surface acoustic wave device has excellent
resonance characteristics and filter characteristics.

An edge reflection type surface acoustic wave device which utilizes an SH type
surface acoustic wave according to a first preferred embodiment of the present
application preferably includes a surface acoustic wave substrate, and at least two
IDTs provided on one main surface of the surface acoustic wave substrate, wherein
first and second grooves are formed on the opposite ends in the surface acoustic
wave propagation direction of the area where the IDT is provided, so as to extend
from the one main surface of the surface acoustic wave substrate toward the other
main surface thereof while not reaching the other main surface and so as to extend
substantially perpendicularly to the surface acoustic wave propagation direction, and
first and second edges for reflecting the surface acoustic wave, the first and second
edges being defined by the inner side walls of the first and second grooves,
respectively.



"FIG 3 is a graph showing the relation between a depth h/~, fromthe
surface of a surface acoustic wave substrate and the particle displacenment
. of an SH type surface acoustic wave, obtained when IDT is forned ﬁm"pr@;
surface acoustic wave substrate. FIG 4 is a perspective view shd

edge reflection type |ongitudinally coupled SAWresonat or f| | ter according

to a second preferred enbodi nent of the present invention. 0 7 AUlu 20Q
FIG 5is a spectl ve Vi gw showi n %) ansversel coug SAWresonat or
filter as a fitrst @8adsesAp 8”?)?V9LSH@ rF*@IdItB’c‘ELi'B u aesiEoust i ¢
vave deyhesfbottdi LUGREY MG il e 6f i ArRRESREELHY Raybe Show ng
a | adder type ter as anot exanpl e of the edge re | ection

type susdbstrataand so@ndmg/mwted |trae oth‘er pnnaah surfade eftrvalsuaesacdustihavavee sent

i nventio FIG 7 is. a [ ctive view show n n egxanpl e of

convent SRRt While NGt Feathinshihe BSL Tamaltats, sk e REe dne SLORERA™ FI G 8

is a p%?rﬂ@@%trﬁhr\éh%&Br%wsnu%s?d?rtISWWRhSUPéhrﬁprﬁQ'E‘JY&FE élﬁ’f’Fé’ée SRR Hdvect i on

| ongi tudi nally colipl’'ed SAWtype resonator fi A and 9B are
schemat $ubstiads and etisdoonecigercor thielaleetrae ﬁr@ﬂs métheoldDb‘ o%qoprdrggla, gor f ace

b DETAI LE ED ENBODI MENTS

Flr o1 nat 045 gBlpE e S AAETS R o s DR SRRV i AREeexpl ai ne
in det %Harﬂtﬁeﬁsﬁ@é@ﬁ@m@r érraradsrendtrc'svvsmﬁrevéuG 1 is a perspective view
S i oA e\@&g@d 5 rtﬁé}qeécééq%a”ﬁén%?@ Sovplingecati '%m%%‘#mé@&é&vnveieisv&?%‘&q%.sf' e
defining an ng to
a first, rr&é gy a‘ﬁ’étwé\?elé#@p%%%[}fade”é’c%%hé’ avéb W E P4 g@stl c

filter pre era P'ncludes a su ant’ y rectang rface ac

wave susdonat groaveé' Bee preférably foAnBs sbasRaVeLDEE LI s§t|$f§f|r1@;rtﬁéer ably made
of a piezoel ectric single crystal of LiTa03, Li N b03, quartz, or simlar
mat er i afollowiig feripuke,dél ectric ceranmic such as a lead titanate zirconate
type ceramic or other suitable material. Wth a substrate 2 nmade of a

pi ezoel ectric ceramc, the substrate 2 is polarization-treated in the
direction parald.2bk dxp (& 24 k gt -ad-eng) whi ch the el ectrode fingers of the
| DTs 3 and 4 extend. Further, the surface acoustic wave substrate 2 nay be
formed by lam nating a piezoelectric thin filmsuch as a Zn0 thin filmonto
an insulatio tyi

o1 czoel oot ik S RERE] Pl Rl U P BERFA of pRH L IR frst M BebdM 01pous™ e
upper susrrfolctessohhahdhe waselenatie \ af atdurfaoecmpabtic ivaive to bergenerateddn the

surface acoustic wave device.

In the case of the depth H of the first and second grooves formed so as to
satisfy the formula (1), and in the case of the depth H of the grooves not less than the
wavelength A of a surface acoustic wave, according to preferred embodiments of the
present invention, most of the energy of the surface acoustic wave is reliably and
securely reflected from the inner side walls of the grooves. Accordingly, an edge
reflection type surface acoustic wave device having greatly improved resonance
characteristics and filter characteristics is achieved.

According to the another preferred embodiment of the present invention, an
edge reflection type surface acoustic wave device which utilizes an SH type surface
acoustic wave, includes a surface acoustic wave substrate, and at least one IDT
provided on the surface acoustic wave substrate, wherein steps are provided at the
positions having an intermediate height of the first and second side surfaces
positioned at the outer edges in the surface acoustic wave propagation direction of



"0 7 AUG 2002 The IDTs 3 and 4 are preferably forned on the upper surface 2a
of the surface acoustic wave substrate 2. The IDIs 3 and 4 each contain a
_pair of interdigital electrodes. The electrode fingers of the pair of
interdigital electrodes are arranged so as to be inserted between gzgmﬁzwz
other and to be interdigitated with each other. Further, the el ect e
fingers of the IDIs 3 and 4 extend perpendicularly to the surface acoustic
wave propagation direction. Gooves 2b and 2c are fornmed on the outer edges
in the ¥@sutacerReustic wavasubstrapagaspeniivalyr and fiest aod segendorges feid 4. The

i nner sj . , t

refl ect %eg%‘:@ﬁgi@e \%\,qu%‘ﬂé]g%e s'ﬁ%%‘%:eggrgg%éj&\é?zofv@\?@%@r Sﬁﬁ?ssllaféé%@%ér#%t he
i nner sicdatetbdbovelthe stepls Rcthedirst drd secbrabsids stfaces; nespedtiyelyxt end
perpendicular]ly to the surface acousti %Fé/ae\ée rog@agati on . direction.

Further, subdDP&POVESIascobRd stprgir@nkee rRAFHERO BRSPIHENS tREPRIEOBE ¢ he

gr ooves I surface
acousti gg@a%gsgu(ggﬁngﬂtsgﬁ%c%gg?%;n?ﬁg’r@re gd‘ﬁ]ot is %ﬁ)@ﬁqg§¥? gg{eehkzjgg?rhg’?‘gof and
ext endi mginiewrdactewhthd suracecwmusic wasesubstrateewishiagreathing tive otheomaict ual |y

reachin l(}éhe | ower surfa e ofq.vtéae ubst r at.e 2..Inft IS _case, preferably,
e or oSS SSRRE e Ay SeBraibdl S 1 Rt ouBe BrésVemn e BRPLE A ) s
the aboyfy &@é@ﬁﬁ&@i@nf@&@@égfﬁc&édé’ﬂnQBFb Bﬂﬁéqmrs a?é?ﬂldb@j‘brévbhﬁéﬂ Thus

characteristics, descri ater, are achieved. Otherwise, the depth H of
t he gr o8eewding teribisxerefesrgst embpdismgntnan edge sefieniionttee euraceeageustic. of the

7 econat SPUB RV MU, X8Rt PREERrR8 ABlncheofes Bl REP oh ettt et o

filter #chietredo i nprove the filter characteristics by preventing chipping.
This will be described bel ow Wen the edge reflection longitudinally
coupl ed SAW VEwmieslestromeshanical coppling epeffigignt athickpess alyearn dbragphied to
one | DT DT - j

gener at SErepniel I | e R0 wkVBlendl bR uTHEC BECLAEIS By KT &hd o1 1
rel ati veetend begel arcprieferably fohhed sbhes 1@l renierthd@litange Dbativebhend Brie 3 and
4 extend, that 1s, in the direction passing through the inner side walls

2b, andMan saaﬁpﬁpﬁg\qWaﬁawtiewaé@g%@.s?@%a%%%ef Herieps.cViiae i s

refl ect ggt‘§ffémbhs"‘*g”‘?ﬁi‘ﬁ“ﬂﬁé?ﬁ' s 2b, and 2c,, and further, the

fundanmental wave an hi g node wave of the surface acoustic wave are
conbi ned, so that the standing 9 0 7 AUu 2002 wave i s generated between
the inner side walls 2b, ,and 2c,, e output based on the standi ng wave is
output fromthe IOE?SI'Z?,Xb\)(iﬁ%r’égyst’R&Sf'f'l"fé‘lj':")5 1 can be operated as a

| ongi tudi nally coupled SAWresonator filter which utilizes the SH wave. In
the SAWresonator filter 1 accordi&g to preferred enbodi ments of the
present i nveh Rdditionhigisrprefasgbledhatifgeatistanee petweenishe one mainsuriereef wal | s
2b, and,2c f th r.ooves 2 nd 2c.. The formation of _t rooves.2b and
2¢ can B putacs ARSIl o R s B Reanheh o BRBHERICR,
parti cubpg,suratetacolibc WES. 3 and 4 are fornmed on the surface acoustic wave
substrate 2, and thereafter, the grooves 2b and 2c are forned via a cutting

bl ade begi nnVMigen thendistamcad) BptwaaT eomgin suréacaefithesusiese acrustitave
substra . I ag=Y ; 2 R
nnoceotB s WBRHRIE uff R oI abIRE RS 15 2SR A8 ek br ehboefe ¢ o
As descidieced D id apargsensm threawaveldnfat £ of aBublate acbostid\wave-Raétotdnghi ch
is a conventional exanple, the step cutting nmethod is effective in reducing
chi ppi ngn&rgy elthesiace @cpusiic wave Heraligbbt and securglytratectedfigpethensidgur f ace
acousti r I t t L0 I f t her eof ,
ahi ppi ngUHEE PRNTIEIBGalipeRT SO SRR PochePifbalk EHfe M Edag RS o

i s decr egsesudaceacqpastiedvaniet devidehaviag eveameorielimpsoNast resosahse conpl et el y
cut all the vvary through the substrate. Thus, the grooves 2b and 2c can be
accur at ENgracienaigs\and ftes coaamtervyce is apNBYe%nd preventing t he

di sconnectio foo ki ' t| ol iyonal
cdge ref | ecti b viigle feildsiafh st ieRor hl RBRpRLRin tbY PrinpReRlsRe,

i n FlI G wivef devitdedésuorivetiabovefcantee appledtorvaaioas edige,reb@dtion type surfacessary
to cut a surface acoustic wave substrate 62 conpletely fromthe upper
surface to the lower surface. Therefore, there are tendencies for chipping
to occur, for the electrode fingers to be disconnected, and for the filter
characteristic to be deteriorated. On the other hand, for the SAWresonator
filter 1 of the present preferred enbog nent of the present invention, it
is not necessary to cut conpletely through the surface acoustic wave
substrate fromthe upper surface 2a to the |ower surface 2f. Therefore, the
grooves 2b and 2c can be forned substantially w thout chipping and as a

g, a T ) - I - "



"0 7 AUG 20& frequency characteristic of the conventional edge reflection
type longitudinally coupled SAWresonator filter 61. The results of the

_ preferred enbodi ment are indicated by the alternate | ong and shoit ﬂ@@mz
line, and the results of the conventional exanple are shown by thg
continuous line. Regarding the longitudinally coupled SAWresonator filter
1 of one of exanple of the preferred enbodi nents of the present invention,
t he surface acoustic wave substrate 2 is formed of Li Ta03, the total nunber

of the ECOHBYGWAVEORYERS SHERASAN edge 1ehpstian Hpe aprfgcegapoqsﬁg WRV&t ance
bet bout
o121 L1 SAAENEE 5y Bhe AP Bl IR SIS | 5 oo

ot her haediceshe | ongi tudi nally coupl ed SAWresonat or filter 61 defining the

conventional exanple is formed siml.ar scri bed preferred
o bodt et Eok AR n this orse phiedangiudiRali ot SAV Psanzier flst
substr aﬁﬁcm&hbltﬁaaﬁa DA% arm@ewhftﬁégérfaée bb&%\%@@g%@n&h lir8EForRf the

above-descri béd preferred enbodi nent and the conventional €xanple weré
anal yzed |0N9ltl¢¢1np|bj eaupled SPM nesonatonitesAavingsexeellont filidriaharadtetistees is

f d.e f 1 f d
Phe. SAWALBERRE o frnsveroq BREBRL RIS Ta M afeBhPREE, 257 ) ahown”
in FIG cRardemstibishd athieved |b§,'€5rré‘r1Wg?1€Ifu€éllIlﬂ'b%rbéﬁd@uléﬁ?@elbﬁ%t&% shor t
dash line) of the preferred enbodinent in which no chipping was observed,

it is urdEleseeauUstRVaYeereRAGANIBAIMIECEORI gni ficantly widened, as conpar ed

h the fil f
e 11T RS BEERET 1A SRBER R g U L
and 2c, fofmihgelgabiDEsoRR ﬁnﬂgie&mrfaoeﬁcbumesmbmwtetd: prddune mageedgdhe

reflectlon edges do not reach the ISMﬁg sur face of th&ﬁu_rface acoustic
wave sulfSteciah type syripge respnaters, and § rWQVsQS’F‘f‘SE'H‘% ESPpatsy ¥ia ] he

ener gy he upper surtace 2a,

whi | e tﬁgphgﬁu Eéﬁ%§§?§3%$$%€g§§¥ﬁgyﬁ?%%ﬁgﬁgﬁgﬁguﬂéoust|c wave substrate 2
is very |ow. Extrdbe@urq;psp ofdustralingrihe inventiney therelis stawrsirothe diawirgygs, of t he
grooves

dur't ace St s GerBrl STelch Ry RS e, SRyeRetoén e 117 o

lis relm@@itwna%osﬁmuéeltdtt@ﬁfa@t@br@@n@ém@mg%nrdeiﬁbteamleﬁfanhw@hskw
resonator filter. In particular, as described above, when the depth of each

groove, designated by H, is constructed to satisfy the formula (1 ), the
ener gy t 0 7 >1UG 2002 can be reflected
fromt h%ﬁfﬁﬁPﬁg@@ﬁ@% +ﬁ§\r@¥‘§@ﬁﬁ%h nore effectively. This will be
descri bed wi thq afigre548p é&w’él\ﬁ%w%hoﬁ)i 8nlctiga refl sdtibnst)puil drehifudfhally

di spl acenent of the partl cles of an pe , surface acoustic wave, caused
when an 4aUPledSAYY reapnetortftier apg@rﬂlrmor@ st preferied ambediment of i presente
substratﬁ e[ﬁ ! G 3, the size obtained by standardizing the depth h from
the substYEe Surface by use of the wave-length ~, of the surface acoustic
wave, with trﬁ@lmﬂaerag?rdtapﬁMe'nMg tHwad tmndaanoafﬁweﬂtyﬁhmh rmlihs}df&ﬁ@ bei ng
set at z i otted as the ordinate of the gra The di s cenent

U3, / U3o ﬁ\‘%’t P?e%ﬁ farifitpegceard 't”|9é°éilf5? %@f%%Ffﬁéfé‘q%%@Uﬁﬁt’ca %cpqrgm@tetac ed as
t he abscéo':‘,ﬁ,@n%ng@a\\gyr,@ggna@gﬂté@pr esents the displacenent of the particles
i nside of the substrate, and U30 represents the displacenent of the

particl es on Elte Ssisrd graphshowing mmalatM‘ebetWeenraadépihlb%ﬁrtdBﬁ)thﬁsmdfm:e of

di spl acenents of the partlcles of tae SH t% e surtace acoustj.c wave is

expr esse%lsﬁ'éfa?%fa?%%'cw g(an the particledispiaceiment of an &y tyRe whi ch k
) repreﬁﬁ,{% kRRes shear
vibration iéb%gept Pom e sur g@g@% d?gjegju S{Hre;étlg‘fgcaeﬁ%ccgdéhﬁ

wavel engsubstrfaten surface acoustic wave. As seen in the formula (3), the

epends. on 1 eI BrTEBRGNECPM IO 0 GoBer FPaiRn WPedongiainal® “"©

pi ezoel egdupléd smwrres?dnatt@frﬁnéﬂ@cbbmﬁgifcf a%ec@fwgﬁéfeﬁeu@mmmhf 8t e
Accordingly, fromthe results of the formula the SH type particle

di spl acepresent iogestéan.when the surface acoustic wave substrates made of
various piezoelectric materials are used, are graphed, and the graphs are
shown in FIG 3. Curves Al and A2 in FIG 3 show the results obtai ned when
a PZT type piezoelectric ceramic with k ,5 of 61.4 % and al so, a PZT type
pi ezoel ectric ceramc wth k ,5 of 63.8 %are used as a materi al
constituting the surface acoustic wave substrate 2, respectively. Curve B
represents the results obtained when a PZT type piezoelectric ceramc with
k ,5 of 44.3 % and curve C represents the results obtained when a 12




- 0 7 BUG 2002 surface acoustic wave substrate (k ,5 = 25.9 % forned by

lamnating a Zn0 thin filmto an insulation substrate is used. The

~ above-described formula (1 ) shows that a groove is equal to or de8jehUd 26h
the depth at which the SH type particle displacenment is up to 20 % of the
particle displacenent at the surface of a substrate. In this case, nobst of
the energy of the surface acoustic wave is reflected. Even when the depth H
of the grooves 2b and 2c is not |ess than the wavel ength ~, of a surface
acoustic wavEle$rﬁa@ergpecmwvrsm%n@raeﬁr@@svasqlmog e AWLes08atoE wave

Saw r os B 2 edtpd B BRFS AL 0B TP S ER AP Ruftce aARERAYE doybf or i ng

the groevgr phessntindentian.as to satisfy the fornula (1) nost of the SH type
surface acoustic waves are reljably and securely reflected. In addition,
when the gr obl@s6 %2 RRESRECtYe é"%ﬁrﬁ%ngcﬂﬂl&ﬁﬁ%wpﬁémﬁ 2% apether meditedel | ent
filter t w show ng
an edge RaTPEe B TR ERR NEE S rbe Ssadricn g feaBe et pifeited

accor di egwtiodlraelstsocn:fnﬂepra‘eﬂtlrméneubodl ment of the present invention. The

edge reflecti type | ongitudinall oupl ed SAWresonator filter 11 of the
second pr ef eFIGd! EBEETRESHVE YIENbSHRENG 4R PATRISE & GrEVERIPTAIES98t or fi 1 tor

]EL of th?eféc'iléh ‘@?@gﬁﬁéwamg%ﬁ%ﬁ@g@%P that steps 12g and 12h are

ormed I nstea e grooves Accordingly, the corresponding
parts are defi@nlisd peyspactive viavespamdgran exafrmvlemcfa canventibral etige

descriptipon,.of thecrres ts will mtted, since the

descri pf?fger?t'8f‘ I?rll%t '?aéltycg’ Peﬁé‘@fi Hﬁdﬁ?%ﬂ?r @g‘:ﬁ be appl ied. In the SAW
resonator filFI@S. $A)andTB afe 8tiferAatit EroksseRiorle4dEil UPPRIngSal ricied 3e of a
surface acoustic wave substrate 2. Edges 12b and 12c for reflecting a

sur f ace CHEpgs perfags aceHssicyyans ssgtrate.t he opposite ends in the surface
acoustic wave propagation direction of the area where the IDIs 3 and 4 are
| ocated. The edges 12b and 12c are positioned above the steps 12g and 12h,

respect ipeer XLED BESCRIPTION O FFREFERAED EVMQOUIMEN]T% of this preferred

enbodi nent, the steps 12g and 12h are forned on a pair of the side surfaces
on the opposHeeel@a@eB preferied evubddicentcoitbeipresentényerdioagueioxplaimedict i on of

t he surf 0 e 12. The portions 13 0 7 ~~UG 2002 of
t he si dg%gqilr\?" géfgfecpccgt 83“%@8%%‘”?% steps 12g and 12h are edges 12b and 12c
for reflecti FyGa1ss aipaespattionidve shewitg dres@gs tdfleetivn t;?%slbhglnhdman e sizes
in the height direction of the above-described edges b and 12c ){]hat is,

the di sFQHE'@d FAW resengtod filir efinieg ﬂ@@ﬁ’gﬁﬁéﬂﬁ‘f%@rtyeﬁ sHEBee 850WRtICAVAYR f ace
acoust i ‘Eize‘()?\é%c%%ﬂ%%%ﬁfﬂ-& ﬁa ﬁn%m%t%rf ﬁ'ﬁéspr%%@nﬁﬂ%%h Saj isphes the

formul a or 1s wavel engt he surface acoustic
wave. Oreschatanpfil{er 12prefebq'abl5! |chuﬁe$)a substantially @ctamulaesmrmsac or filter

11 of the sec fe rrbodl ment, when t ave ri bed, reflection
cdges 1IGVERHBEIEtS Be ThE suR0E 258Usts wAVS Sybed 28 Preip b MaduSha of ¢ he
ener gy @feddefecitic EgRe &§ot b mé@g?ut\ﬁacaseabmi F Shrhiap rhat%nraefdr%ct ion edges
12b and 12c, simlarly tfo the case where the grooves 2b 2c of the first

pr ef er r Gipz0elrRAIN ereAtanyasush pstaleas ditanata zirepnatadyrs lerr&mly or @m,emuetablef ilter
charact %étémafs VRt aas‘iﬁa'sﬁ'l‘afe% made of a piezoelectric ceramic, the substrate 2 is

polarization-treated in the direction parallel to a direction along which the electrode
fingers of the IDTs 3 and 4 extend.

Further, the surface acoustic wave substrate 2 may be formed by laminating a
piezoelectric thin film such as a ZnO thin film onto an insulation substrate or a
piezoelectric substrate. When the piezoelectric thin film is laminated, the IDTs 3 and

4 are formed on the upper surface or lower surface of the piezoelectric thin film.



" Further, the steps 12g and 12h are fornmed, and thereby, the reflection
edges 12b and 12c can be forned accurately and easily. This wll be
_described bel ow. For the purpose of obtaining the SAWresonator fil{7eUofi2
a flat-plate surtace acoustic wave substrate is prepared. On the substrate,
the I1DTs 3 and 4 are forned. Thereafter, simlarly to the first cutting
process perfornmed via the step cutting nmethod, a groove with a depth Dis

f d th ti bstrate beqi i f th
ur f ace ¢ her 568 1078 S & braPEaRs FYmeg ATk equabe SHEGER 2R H1Gs SUEBSS | e
out in g %tﬁmgabétmé ot herrgr | PAes Qﬁgaé&%@f&an% Sr 3Nttty t he | ower

surface of the surtace acoustic wave substrate. Therefore, the cutting is
done sublectndesl | Thevetdotrote dimgprs ottheSJiacef iniesdigitaled ectoodes ancharrarigest 3 and
4 is prevented, .excellent filter characteristics .are achieved. The SAW

r esonat df apitp%@rnnigr?%cgﬁeweéb?%mg@eb?nggtp hﬁﬁ'&‘e{‘i‘@‘%‘ﬁ?\)’&_&'ﬂ‘éé PB¥E grooves,
and t hergahée€tthe eldctrons firfgﬁrsp@ﬂthqu's@‘ ahd'8 Sadrid péiprndltiufdHyaoanhkocat ed

bel ow the steps 12g and via a cutting blade with a relatively narrow
wi dt h. suifaerpacousiie waveperopagateri direetialay be forned by breaking the bottom

portions of Hlpgo\?%s? Ogﬁg fc}agé f&#ﬁe@éﬂ?ﬂgﬁg{@\%@%s%ﬂ?{%@ﬁ&@é&&‘%md'

Thus, as to rm ng Zoa e Side-face portions

12i andwile progagaaibniditantion v tisé HIFs 32gidand Thinnensidwehvake2b sarsy at | el e
for use. The SAWresonator filters 1 and 11 of the first and second

pr ef er r B¢ @iooyas /el 26 eonsditgterthairatestipnasdassavhicalbe suydace acoustict er s each
havi ng DT 1 t LR f i pr opagati on
i ot Saene o R, e b 2 A S e T 80t i 'y
coupl edaSAwatedg ertEnadrpdarpendicslariyhathe surfadecaqoustie vavenprepapatiorc dinediion.

lied t t I I SA t filt wn in FIG 5
s e FLREER At SR B4 SV S5 B e SR S o of
filter 3losjeavab &mdBtG 5, I1DTs 23 and 24 are fornmed on the upper surface

of a surface_acoustic wave substrate 22. Hereupon, grooves 22b and 22c are
al so fornmed dRetdieowsde prnd 2erare formedhby Syt egsviaseiasonstiewarepagat i on

filter SHoRLabapEYPAREGan 3 hbbar Bt bl PE b F AT SARRRLE dif o™ '
enbodi mems lowds sUefage lotdtiesutistizge biwitisut Abtedioweathing s |dveriduttaek of s 33

to 38 are fornmed on the upper surface of a surface acoustic wave substrate
32 so a8ub¥raierd. ndndhis £ager Piejgrably, thegrooxes #biand ¢ are fymed{xas s 32b and

32c ar enbok BEdedA H, %i@f@?ﬁéﬁe‘% tﬁ?%oh@-&e’%@riﬁé’cﬂ ?&ﬁ%lé?@?%ﬁb‘ihé\%\b‘?,

propagation direction e surface acoustic wave sufstrate 32 Similar to
t he fir sxcgllant §itercharabledstiemidesbybedlatern angachievedpt Qthgrwises thg depthsH 32b

ambod nBhTE GPoFRb 2P AeHRS GrE Ry eoheh el a8 Mg HRNa €S BHSEAr T yi ng

out thegppisid Whes di scl osed herein are contenplated as being within the
scope of the_following clains. Therefore, it is understood that the scope
of the inventlihergrpevemeb apdiRs arefprregd éxihepdAWsrasonatasifiter 3 et toimprove t he

clai ns. tﬂémouﬂtiﬁg%%ilﬁg%%the resonator filter 1 but to improve the filter characteristics
by preventing chipping. This will be described below.

When the edge reflection longitudinally coupled SAW resonator filter 1 is
operated, an input voltage is applied to one IDT, e.g., the IDT 3, so that SH type
surface acoustic waves are generated. The excited surface acoustic wave is
propagated perpendicularly relative to the direction in which the electrode fingers of
the IDTs 3 and 4 extend, that is, in the direction passing through the inner side walls
2b, and 2c, defining the reflection edges. The surface acoustic wave is reflected
from the inner side walls 2b, and 2c,, and further, the fundamental wave and the

higher mode wave of the surface acoustic wave are combined, so that the standing



" What is claimed is: 1. An edge reflection type surtace acoustic wave device
conprising: a surface acoustic wave substrate having a first nmain surtace
and a second main surface; and at |east two interdigital transducers

" provided on the first surface of the surface acoustic wave substrdibAUuzwz
wherein first and second grooves are provided at opposite ends in the
surface acoustic wave propagation direction of an area where said at |east
two interdigital transducers are provided, the first and second grooves

ext endi wgvé igenératdd betweeni thesnmeraatde wialls R, andace Bm)ustpiuc baasa on

b t h h I h h
Second e HoRGREaE RREPA En L A RegrooDadtary Gl b, OB a1

per pendjgpgitadingly eo&;bledW%goﬁ&tewﬁﬂércwmr@mwlniéaom%ﬁ%\@ rection, and
such that "first and second ed?es whi ch are arranged to reflect the surface
t

acousti c wavk tesSAGt tasedatsy fitandacsouingwd prefested ambodimentarad thsecond

devi  coPusanr dvehtEh e donddhcR Hocgip EAhen BVah¥ Fined YDl 88, 80a 2,

subst r abgthengtoblies 2b ahaa®t U‘N@fbﬂh@tﬂﬁh of mlgrbbmwaﬁascwaﬁ Wép@ﬂm@bd 0
generate a Shear Hori zont al type surface acoustic

ref | ect Vigine piRpP §W'P§é‘éﬂt9861§§f’w&‘ indi@. 840)- cé”&?éwrnfjr&tdhél@ﬁﬁlﬁan%er ein
when K- an fo r%@ 2 dUMacB! D ng&ﬁ?ﬁ%&@@uﬁgir gH]Hd\?ef%q'{efsr{” Bo%s 2b

t hi ckness s ear vibration, vvave acousti c

wave, taedRcrae fmnmbdseuacmdutg’ngdvlmte hagianiagd&pn the-uppén airfdceRd b‘EthfeO| | owi ng

formul a 0.2 Zexp (- 2~k ,5 H ~, (1) An e

reflect Fé‘%;‘feyﬁ%o%'tcf"}é%‘ée siebsirate @ Wgé@a&‘@oéémaé‘ﬁdﬂf%gﬁ%ﬁ  aRgher ei n

a depth t | engt h
opt ot e ecobed i SRORIPIRSRY B & prSladisfo age eyl crot

I ongl t udi nal Ag deﬁuptb@dilrrmamzseMﬁe%mme@&at&ntsﬂub@catim ng&aeéﬂva(wmm type

surface, acoustic. wave devicge according to. C | ural it

ot erdi b § oy HielR el g8 DB bR BB S At e i
the sur frclewee @UFhEES oNMNELsUbshREGAt F@thet ém@bltr@élsuﬁacé\aww&w\ﬁeel y coupled
resonator filter conprising an edge ref [ection type surface acoustic wave

r esonat &Y %ffﬁf@r‘%l‘ﬁbcqfﬁpléﬁiy GHt totha lewer syriage Yrepgof; chiepidoAtihe uPPahsducer s
arranged, r‘? ?5 oﬂﬁé QEQBUSHE WRKSsUHESH §t|§d§&1%§§é‘8tab3§ Toared with,

perpendlcu y tot sur ace acoustic wave propagatl on
edge retheecasa)whegqomessublsaate syl etelywavtealidtbeiveay theawghdthegsubstr@ted m 1,

}c lrJ]{ te? Slr &'ﬁﬁgﬁwpfggﬁ&%cgﬂp grng zictélanok];e ggcsLﬁ'g?etly osrmrc]a%v\}vﬁge SrteleH{ir?é ich%p?gg and
preventing the disconnection of the electrode fingers.

In particular, in a conventional edge reflection type longitudinally coupled
SAW resonator filter 61 shown in FIG. 8, for the formation of the side surfaces 62a,
62D, it is necessary to cut a surface acoustic wave substrate 62 completely from the
upper surface to the lower surface. Therefore, there are tendencies for chipping to
occur, for the electrode fingers to be disconnected, and for the filter characteristic to
be deteriorated.

On the other hand, for the SAW resonator filter 1 of the present preferred
embodiment of the present invention, it is not necessary to cut completely through the
surface acoustic wave substrate from the upper surface 2a to the lower surface 2f.
Therefore, the grooves 2b and 2c can be formed substantially without chipping and as
a result, excellent filter characteristics are obtained.

FIG. 2 shows the attenuation frequency characteristic of the longitudinally
coupled SAW resonator filter 1 of this preferred embodiment and the attenuation -

10



" provided on the surface acoustic wave substrate, and a connecting

conduction part arranged to electrically connect the plural resonators so
as to define a |ladder type filter. 8. An edge reflection type surtace

" acoustic wave device which utilizes an SH type surface acoustic Q{ahgf 2002

conprising: a surface acoustic wave substrate having a first main surface

and a second main surface and first and second side surfaces; and at | east

two interdigital transducers provided on the surface acoustic wave

subst r afreaueRRt eiaraatepplic af theycasvesiiend eglde rpflertiondyPe rPngiednalét and
second één.‘r?ﬁ?ﬁlsr,&\ﬁ’/cr%éorﬁ’étgF ﬁl?erst%"{ifaﬁ?efecs%ﬁto'f& orrePeibalifndilifa are

| ocat ed” 0 € outer ends 1h 1he surface acoustic wave propagati on

di rect i niicated by tise aftec@talongsndshvay dashulirsd, aatiehe seslilzrod tposonvemiedant an
i nternmedi ate height of the first and second side surfaces, respectively,

and fi _rgl‘arﬁﬁt? %’@%WQBY F%??@W@H@gé‘?arranged to reflect the surface
acousti c wavfeaneiids tHdRMgRYdIhARy BAIdIEE TAWrebOitatst MferSU6H GHESt & 1gd
In st an

above the step he fi secong side surtaces, respectively. 9. An
edge r ebf thet prefertachembadinerds af thes prasenbivweniton, dee audacelaogudtic Vv m 8,

wher ei n n.k,.b5.repres h | ectronechanpi cal co i ng coefflicient of
£ cknesubaraté 22 15aRRd 860730l o Ge ol rifiRen o i ot e OB F et iher « ne
sur f ace|BTHYHrid4 WPYE thé ifstandeSbeénafe Mrbrasieieaalla s, andicst snge D bet ween
the first main surface of the surface acoustic wave substrate and each of

the st ePEOVRRIZhanrthee &F aleauttthéd muni andl Hip depthachthegrooges 2 andRqare2 ~ k , 5
20t~ chaeuamty) oo ARefOBRY Ao ol bYIRea 4438 BRB fldr L0
mai n sudéfitiagafie tbeventiohat exarapless iformved sindlabg to Heealbmk-dasdribed t he st eps
's not kreesm‘grrggae%go%?m\éﬁ%{ %lxgg tttrr]]af fheof];Itetr%% }‘1Sausrr£c;le Sf’oo%%guzsbt, |2g a\rq%vn%
substrate portions 2d, 2e.
The surfaces of the SAW resonator filters of the above-described preferred
embodiment and the conventional example were analyzed. No chipping was found
in the SAW resonator filter of the preferred embodiment of the present invention,
while chipping was found in the SAW resonator filter 61 of the conventional example.
As clearly shown in FIG. 2, regarding the filter characteristics (alternate long and
short dash line) of the preferred embodiment in which no chipping was observed, it is
understood that the pass band is significantly widened, as compared with the filter
characteristic of the conventional example shown by the continuous line.
In the SAW resonator filter 1, the inner side walls 2b, and 2c¢, of the grooves 2b
and 2c constitute the reflection edges. The reflection edges do not reach the lower
surface of the surface acoustic wave substrate 2. In the case of an SH type surface
acoustic wave, the energy of the surface acoustic wave is great near the upper
surface 2a, while that on the lower surface 2f of the surface acoustic wave substrate 2
is very low. Accordingly, even when the inner side walls 2b, and 2c, of the grooves
2b and 2c define the reflection edges, most of the energy of the surface acoustic
wave is reliably reflected. Thus, the SAW resonator filter 1 is reliably and securely
operated as an edge reflection type SAW resonator filter,
In particular, as described above, when the depth of each groove, designated

by H, is constructed to satisfy the formula (1), the energy of the surface acoustic wave

11



11. A longitudinally coupled resonator filter conprising the edge
reflection type surface acoustic wave device according to Caim8 and a
plurality of interdigital transducers arranged on the surface acoustic wave
substrate in the surface acoustic wave propagation direction. 120 AUG 2002
transversely coupled resonator filter conprising an edge reflection typ
surface acoustic wave resonator according to Caim8 and a plurality of
interdigital transducers arranged on the surtace acoustic wave substrate
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di rection. flecti e surtace acoustic wave device
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e steps of: P

COI’T'pI’i Sl ng roviding a surtace acousti Cc wave trate

havi ng aepthrsfromethe ssibstraesrfatedysesooitheavavesienfirck of ther surfageaicousist two
interdigital transducers on the first surface of the surface acoustic wave
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second F?&lrﬁs%‘?}ﬁfﬂé%g',s qf@n?qr}tgt%aagg gsigeqdae sébﬁéﬁ\t&i Agd g‘ﬁbstanti ally
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such that first an ' are arranged to reflect the surface
acoust i mtiaVg/Uay ef thefdispldcepentsesfithe ipdeticles bithef S itgpd sudacenacousticond

grooves, respectively. The nethod according to Caim 14, wherein the
surfacenggth{?rége\%g‘eéa?i@%%%te and the at least two interdigital
transducers are arranged to generate a Shear Horizontal type surface

acoustic wave. 16. The nethod according to C ai m14) wherein when k ,5
represents tHe/be@om@ataniWh) --coudBl ng coefficient of thickness shear

vibrati mh%ﬂ ~’reb%@eﬂ%vtﬂlggég?ﬁ%rﬂécﬁm?a%ohﬁﬁﬁ%@ggﬁﬂ?itein?oW&ne%P%h{a% ?t 0.2
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wavel engUmace agpusticevavs.f ace acoustic wave generated therein. 18. A nethod
o1 PTL"S, Ben FSAL PETLRE ) B, SUEIRSR AT B Y BB e
type surface acoustic wave depends on the electromechanical coupling coefficient k
15 of a piezoelectric material forming the surface acoustic wave substrate 2.
Accordingly, from the results of the formula (3), the SH type particle displacement,
caused when the surface acoustic wave substrates made of various piezoelectric
materials are used, are graphed, and the graphs are shown in FIG. 3.

Curves A1 and A2 in FIG. 3 show the results obtained when a PZT type
piezoelectric ceramic with k ,; of 61.4 % and aiso, a PZT type piezoelectric ceramic
with k 5 of 63.8 % are used as a material constituting the surface acoustic wave
substrate 2, respectively.

Curve B represents the results obtained when a PZT type piezoelectric

ceramic with k ,; of 44.3 %, and curve C represents the results obtained when a
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" 19 0 7 AUG 2002 providing a surface acoustic wave substrate having a
first main surface and a second nain surface and first and second side
surfaces; formng at least two interdigital transducers on the surface

" acoustic wave substrate; and formng a plurality of steps in thehd.'ygszmld
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10MFgac dedriéspigndirMeference numerals. The description of the corresponding parts will
be omitted, since the description of the first preferred embodiment can be applied.

In the SAW resonator filter 11, IDTs 3 and 4 are formed on the upper surface

2a of a surface acoustic wave substrate 2. Edges 12b and 12c for reflecting a
surface acoustic wave are provided at the opposite ends in the surface acoustic wave
propagation direction of the area where the IDTs 3 and 4 are located. The edges
12b and 12c¢ are positioned above the steps 12g and 12h, respectively. Thatis, in
the SAW resonator filter 11 of this preferred embodiment, the steps 12g and 12h are
formed on a pair of the side surfaces on the opposite edges in the surface acoustic

wave propagation direction of the surface acoustic wave substrate 12. The portions
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10t 10t ohibe@desugacss \gsates apqve-thesiaps 12g padd2h are edges 12b and 12¢ for

1one” 10%ﬂ‘¥c(ﬂ)@ o Kirfab QA dsfid wave, respectively.
Desirably, the sizes in the height direction of the above-described edges 12b
and 12c¢, that is, the distance, represented by D, between the upper surface 2a of a

surface acoustic wave substrate 12 and each of the steps 12g and 12h satisfies the

formula (2), or is not less than the wavelength A of the surface acoustic wave.
0.22exp (~2nk,52D/A) -=----- )

In the SAW resonator filter 11 of the second preferred embodiment, when the
above-described reflection edges 12b and 12c are formed so as to satisfy the formula
(2), most of the energy of the surface acoustic wave is reflected from the reflection
edges 12b and 12c, similarly to the case where the grooves 2b and 2c of the first
preferred embodiment satisfy the formula (1). Accordingly, excellent filter
characteristics are achieved.

Further, the steps 12g and 12h are formed, and thereby, the reflection edges
12b and 12c can be formed accurately and easily. This will be described below.

For the purpose of obtaining the SAW resonator filter 11, a flat-plate surface
acoustic wave substrate is prepared. On the substrate, the IDTs 3 and 4 are formed.
Thereafter, similarly to the first cutting process performed via the step cutting method,
a groove with a depth D is formed on the surface acoustic wave substrate beginning
from the upper surface thereof via a cutting blade. In this case, the cutting is carried
out in such a manner that the groove does not extend to and reach the lower surface
of the surface acoustic wave substrate. Therefore, the cutting is done substantially
without chipping. Since disconnection of the IDTs 3 and 4 is prevented, excellent
filter characteristics are achieved.

The SAW resonator filter 11 can be obtained by forming the above-described
grooves, and thereafter, cutting the portions of the substrate which are located below
the steps 12g and 12h, via a cutting blade with a relatively narrow width. Further,
the steps 12g and 12h may be formed by breaking the bottom portions of the grooves
after the grooves having a depth D are formed. Thus, as to the method of forming
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the present invention can be applied to a transversely coupled SAW resonator filter

shown in FIG. 5 or a ladder-type filter shown in FIG. 6.

In a transversely coupled SAW resonator filter 21 shown in FIG. 5, IDTs 23
and 24 are formed on the upper surface of a surface acoustic wave substrate 22,
Hereupon, grooves 22b and 22c are also formed on the opposite ends in the surface
acoustic wave propagation direction of the surface acoustic wave substrate 22.
Accordingly, excellent filter characteristics are achieved, similarly to the first
preferred embodiment.

As to a ladder type filter 31 shown in FIG. 6, plural IDTs 33 to 38 are formed on
the upper surface of a surface acoustic wave substrate 32 so as to define a ladder
type filter. Also in this case, grooves 32b and 32c are formed on the opposite ends
in the surface acoustic wave propagation direction of the surface acoustic wave
substrate 32. Similar to the first preferred embodiment, by selecting the depth of the
grooves 32b and 32c, excellent filter characteristics are achieved.

While preferred embodiments of the invention have been disclosed, various
modes of carrying out the principles disclosed herein are contemplated as being
within the scope of the following claims. Therefore, it is understood that the scope of

the invention is not to be limited except as otherwise set forth in the claims.
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a surface acoustic wave substrate having a first main surface and a second
main surface; and

at least two interdigital transducers provided on the first surface of the surface
acoustic wave substrate; wherein

first and second grooves are provided at opposite ends in the surface acoustic
wave propagation direction of an area where said at least two interdigital transducers
are provided, the first and second grooves extending from the first main surface of the
surface acoustic wave substrate toward the second main surface thereof while not
reaching the second main surface, the first and second grooves extending
substantially perpendicularly to the surface acoustic wave propagation direction, and
such that first and second edges which are arranged to reflect the surface acoustic

wave are defined by inner side walls of the first and second grooves, respectively.

2. An edge reflection type surface acoustic wave device according to Claim
1, wherein the surface acoustic wave substrate and the at least two interdigital

transducers are arranged to generate a Shear Horizontal type surface acoustic wave.

3. An edge reflection type surface acoustic wave device according to Claim
1, wherein when k 5 represents the electromechanical coupling coefficient of
thickness shear vibration, and A the wavelength of the surface acoustic wave, the first

and second grooves have a depth H satisfying the following formula (1):
0.2=exp (—2n Kk 52 H/A) ------ (1)
4. An edge reflection type surface acoustic wave device according to Claim

1, wherein a depth H of the first and second grooves is not less than the wavelength A

of the surface acoustic wave generated therein.
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transducers arranged on the surface acoustic wave substrate in the surface acoustic

wave propagation direction.

6. Atransversely coupled resonator filter comprising an edge reflection type
surface acoustic wave resonator according to Claim 1 and a plurality of interdigital
transducers arranged on the surface acoustic wave substrate substantially

perpendicularly to the surface acoustic wave propagation direction.

7. An edge reflection type surface acoustic wave device according to Claim 1,
further comprising a plurality of resonators having a plurality of interdigital transducers
provided on the surface acoustic wave substrate, and a connecting conduction part
arranged to electrically connect the plural resonators so as to define a ladder type
filter.

8. An edge reflection type surface acoustic wave device which utilizes an
SH type surface acoustic wave, comprising:

a surface acoustic wave substrate having a first main surface and a second
main surface and first and second side surfaces; and

at least two interdigital transducers provided on the surface acoustic wave
substrate; wherein

a plurality of steps are provided in the first and second side surfaces of the
surface acoustic wave substrate which are located on the outer ends in the surface
acoustic wave propagation direction of the surface acoustic wave substrate, and are
positioned at an intermediate height of the first and second side surfaces,
respectively, and first and second reflection edges arranged to reflect the surface
acoustic wave are defined by the portions of the side surfaces located above the

steps in the first and second side surfaces, respectively.

9. An edge reflection type surface acoustic wave device according to Claim 8,

wherein when k ,; represents the electromechanical coupling coefficient of thickness
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shear vibration, and A the wavelength of the surface acoustic wave, the first and
second edges have a distance D between the first main surface of the surface
acoustic wave substrate and each of the steps, which satisfies the following formula

(2):
0.2zexp (—2xn Kk ,52D/A) ------- (2).

10. An edge reflection type surface acoustic wave device according to Claim 9,
wherein the distance D between the first main surface of the surface acoustic wave
substrate and each of the steps is not less than the wavelength A of the surface

acoustic wave.

11. Alongitudinally coupled resonator filter comprising the edge refiection
type surface acoustic wave device according to Claim 8 and a plurality of interdigital
transducers arranged on the surface acoustic wave substrate in the surface acoustic
wave propagation direction.

12.  Atransversely coupled resonator filter comprising an edge reflection
type surface acoustic wave resonator according to Claim 8 and a plurality of
interdigital transducers arranged on the surface acoustic wave substrate substantially

perpendicularly to the surface acoustic wave propagation direction.

13. An edge reflection type surface acoustic wave device according to Claim
8, further comprising a plurality of resonators having a plurality of interdigital
transducers provided on the surface acoustic wave substrate, and a connecting
conduction part arranged to electrically connect the plural resonators so as to define a
ladder type filter.

14. A method of forming an edge reflection type surface acoustic wave
device comprising the steps of:
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wave propagation direction of an area where said at least two interdigital transducers
are provided, the first and second grooves extending from the first main surface of the
surface acoustic wave substrate toward the second main surface thereof while not
reaching the second main surface, the first and second grooves extending
substantially perpendicularly to the surface acoustic wave propagation direction, and
such that first and second edges which are arranged to reflect the surface acoustic

wave are defined by inner side walls of the first and second grooves, respectively.

15.  The method according to Claim 14, wherein the surface acoustic wave
substrate and the at least two interdigital transducers are arranged to generate a
Shear Horizontal type surface acoustic wave.

16. The method according to Claim 14, wherein when k ,; represents the
electromechanical coupling coefficient of thickness shear vibration, and A the
wavelength of the surface acoustic wave, the first and second grooves have a depth
H satisfying the following formula (1):

0.2=zexp (—2x k52 H/A) - (1)
17. The method according to Claim 16, wherein a depth H of the first and
second grooves is not less than the wavelength A of the surface acoustic wave

generated therein.

18. A method of forming an edge reflection type surface acoustic wave

device which utilizes an SH type surface acoustic wave, comprising the steps of:
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second main surface and first and second side surfaces;
forming at least two interdigital transducers on the surface acoustic wave
substrate; and
forming a plurality of steps in the first and second side surfaces of the surface
acoustic wave substrate which are located on the outer ends in the surface acoustic
wave propagation direction of the surface acoustic wave substrate, the steps being
positioned at an intermediate height of the first and second side surfaces,
respectively, and first and second reflection edges arranged to reflect the surface
acoustic wave are defined by the portions of the side surfaces located above the

steps in the first and second side surfaces, respectively.

19. The method according to Claim 18, wherein when k ,; represents the
electromechanical coupling coefficient of thickness shear vibration, and A the
wavelength of the surface acoustic wave, the first and second edges have a distance
D between the first main surface of the surface acoustic wave substrate and each of

the steps, which satisfies the following formula (2):
0.22exp (—2mk 52 D/A) —-m-- 2).
20. The method according to Claim 18, wherein the distance D between the

first main surface of the surface acoustic wave substrate and each of the steps is not

less than the wavelength A of the surface acoustic wave.
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