;e3e . P+ 6TP SURFACE ACOUSTI C WAVE DEVI CE, AND MOBI LE COVMUNI CATI ON

- DEVI CE AND SENSOR BOTH USI NG SAME 5 Technical Field The present invention
relates to surface acoustic wave devices having 10 excel |l ent pass-band
characteri sghﬁz ‘?{aéti cularly in a high-frequency band, and it also rel ates
to mobile c & tion apparatuses andlsensors both usi nmmmmmmmmmmm"“

devi ces. Background Art A surface acoustic wave device (

referred to as a SAWdevice) is widely used as a filter or a fgsgnator in
radi o apparatuses of nobile comuni DESCRIPEIONNal s because of its small
size and |ightweight. Since 15 the cellul ar phone system uses the higher
frequenci es, SURFACE ACCUSTUSEWAVE DEVICE] ANIPN)BIVE CSOMMUNICATION
comuni cation termnals need to work in the high frequency range, anong
others, between 800 M-z DEWIGEWNDB! SENSOR BOEH UEINGSSAME required to | ow
| oss in the pass-band, highly attenuate signals in the rejection band, and
yet, to have steep filter characteristics. 20 In general, application of a
voltage to an inter-digital transducer (I1DT), of which finger-electrodes
formed dh aTeclarios]l Bifldi c- substrate nesh with each other, produces surface
acoustic wave (SAW propagating on the substrate. The SAWdevice excites
and receives thi $heAseseheimmntiahreldteagtd berfhid hesustitanacs deviks Gavigeded.
The el ectrical characteristics of the SAWdevice is 25 determ ned based on
mai nly a sheyellent passbamd: draacferidiieslpaftiebRely B08 higs fisgubnds bhhg, and
propagation characteristics of SAW propagating on the piezoel ectric
substrate. foalsonelatesdp mobiW\cosrnaaicationdpdtratsse@Ntdbedd®s botBAide E 2
SAW devi ces, has the following relation: v =2 p f --------- equation (1)
where p = pthebamb ddvicesi nger - el ectrodes of the | DT el ectrodes, v = phase

vel ocity, nanely) propagation speed of SAW and f = requency. 5
Use of H) SAWdevice at a high frequency band incre%ﬂ%ﬁ\ﬂmmmﬁm‘!e frequency
f, and if propagation speed v is constant, pitch p I'nger el ect rodes
nust be redBaekgraund@ans that the pattern width of the®®BY el ectrodes

shoul d be extrenely narrowed, which results in |lowering the manufacturing

yield rate of thA skfaedonstic wiveadmiick (Heeeinaferiraferadd tdes 4 SAW elefidedt €,
a piezoelectric substrate allowi ng SAWto propagate at a higher speed (v)
i s requiredis Wideht aisadt &ie acfAteacberd sesonatbr | ipWrddissappdratasée0€saabile t 0
reduce propagation | oss of SAWand resistance of the IDT el ectrode as much

as possi bl ecommwiitation aefiivialsvbemusucdf #s smANYid bherlighthelglAWSince
resonator of 15 low |oss at a high frequency band, the foregoing points

must beld akéhe cellwlanphounntsystEne ubes tlohixhelr\fee Giebsios ptiRse ke s keed ih hHs
w dely used to obtain the SAWdevices. A substrate made of single crystal
Li Ta03 (her sadiaf appanagfises ofl mabikes cofinsumghtion rigsmihilsi meadn e vegrkeiB Ghe
rotation and Y-cut. The SAW propagates in X direction of this resultant
substrate, high frdguenclstarmee among others, between 800 MHz and several GHz.
Those filters are required to low loss in the pass-band, highly attenuate
signals in the rejection band, and yet, to have steep filter characteristics.

20 In general, application of a voltage to an inter-digital transducer (IDT),
of which finger-electrodes formed on a piezoelectric-substrate mesh with each
other, produces surface acoustic wave (SAW) propagating on the substrate.
The SAW device excites and receives this SAW, thereby achieving the filter
characteristics needed. The electrical characteristics of the SAW device is

25 determined based on mainly a shape and a structure of the IDT electrodes as

well as the propagation characteristics of SAW propagating on the

piezoelectric substrate. For instance, a SAW resonator, which is one of the



20 is called 36 Y-X Li TaO3 substrate (hereinafter referred to LT36
substrate.) A substrate nmade of single crystal LiNbO3 (hereinafter referred
to as LN single-crystal) is undergone 64 rotation and Y-cut. The SAW
propagates in X direction of this resultant substrate, and this substrate
is called @BO724 ¥ Li NoO3 substrate (hereinafter refer red to Lhl64
substrate.) Use of those 25 LT36 substrate and LN64 substrate allows the
SAW devi ce to use | eaky surface acoustic wave (LSAW which propagates on

t he substr il.e radiafi bul k ve within the substrate. P30724 E 3
The LSAW emvb‘iﬁ% ﬁagghgg‘ﬂﬁwlé‘gé}é?ﬂé%ma feature of high phase velocity,
i.e. propagation speed. Further, \}anen t he mass-lé) d effect of the IDT

el ectrode can be negl ect ed,~¥n Bt herwordeduath® €41 m of the 1 DT el ectrode

is thinner enough than.th vel ength of LSAWto pr.opagat ed, the LSAWS5
scarcely radratel T.r%‘t‘f:}hlog Q@vgpgﬁgegc?@gﬁﬁ P}Nt;iiﬁoﬁirgaﬂlﬁmo sV qudbaset he
bul k wave can be substanti al | .reducezddmrs La'gg substrage and LN64

substrate afeCHi% ARy MFoRAGHEON FR? AP & SHESPBRRCOITCANGRCY 1 equency

and | ow.l oss. This i§s t eason why thase two sulstrates have been wi dely
used. 10 Homever,s%ggao%%mo 1%‘°ul§§t%;‘t‘§1ifFP‘BWPYi 3T} INGFEASHRNIONGREE or S

at a frequency ran be en 800MHz - several GHz shortens the wavel ength

of SAW go f%(gqu{CP{gf?qu%V\anWg)nogpq V| 1fyeonstatity @d@?‘bﬁc‘lfn@Ta@ngﬁﬁ'gk as

several % - ,10-o0¢dd % of i he vel ength. Th t he mass-| oad effect of the

| DT el ectr c?&%c(%g%‘ﬂq‘?ofm’c% %5?@@?931 Qﬂym?%‘i‘ﬁggﬁ?t %e Dattay W,ldtﬁhéﬁﬁi"ép% tion

15 | oss progquced, b r ating the LSAW cannot, .be neglected. To, ove[cone

Lhi s probl SIFiEeeR sRARRERR, bRtehiily ptavety Sthigh cHastlienth lewering Rbe

| arger angle _jsc.effective, for t apt.{,al, reductjon of, propagation | )

Thig ideagixga'aﬁgacc}%ggg'3}’131%5%%?&@1%5@@@9%5% cft ABA -E&%‘gerﬁnli%&f the

Publ i cati on..No,. 9-16.7936. Accordi.ng, to,this ication, the cut-angle,

of 20 ghbst rlg@e?é_%mﬁcweﬁ? ° ricegu}_?ﬁégtﬁr 8%%1‘&5‘(5 Sg‘w 58§’r8PaEWbP g i ng

o omit raa PRAMSTEIBRBLe gy Stk Bhas o0 Bl £ LM

t hi ckness qf el ectrode err)a= vel engt h of . SA n.the case of. LT

si ngl e- cry;{ g%?ﬁ%gﬁoqaﬁg%foﬁ lﬁﬁﬁmflwﬁgﬁﬂﬂwﬁ%%t elpstrpdeasonysh

0.15 of the \églqﬁgth.of LSAW 25 (normalized filmthickness h/ (err) is 3%
15%, shitt* o }i ‘e cut-angle from36 to 39 - 46 can alnost elimnate the

P R2GRLT o1 | Set, U5, BATE ALy 5 U5y B85 o TGN 8 1.
o e a1 SARRL G50 TR
reduce the proRRRatTRNdIRRFEnEGwl fB5trdteS 5248 been thus widely used to obtain
the SAW devices. A substrate made of single crystal LiTaO, (hereinafter
referred to as LT single-crystal) is undergone 36° rotation and Y-cut. The
SAW propagates in X direction of this resultant substrate, and this substrate
20  iscalled 36 Y-X LiTaO, substrate (hereinafter referred to LT36 substrate.)
A substrate made of single crystal LiNbO, (heréinafter referred to as LN
single-crystal) is undergone 64° rotation and Y-cut. The SAW propagates in
X direction of this resultant substrate, and this substrate is called 64° Y - X
LiNbO; substrate (hereinafter referred to LN64° substrate.) Use of those
25 LT36° substrate and LN64° substrate allows the SAW device to use leaky
surface acoustic wave (LSAW) which propagates on the substrate while

radiating bulk wave within the substrate.



However, SAWTfilters and SAWresonators having different frequency 5
characteristics have different pitches of |IDT electrodes, in general. Thus
if SAWfilters or SAWresonators having different frequency characteristics
with a flat filmthickness are manufactured, each one of the respective
filters or peyEaEPrs has its own optimim nornalized filmthickness h/ ~1
different fromeach other. As a result, a structure of two-filter in
one-chip, where two SAW 10 filters having different frequencies are forned

Chi ckness of | DTSR dRABaERFiLsd 15; LhgchsHbBatenRaY 4 Rbature vohigh mhase

for those t SAWfilters to reduce their, propagation | osses_alpost to O
(zero) si nu‘}le\ﬁ%ﬂ odsef'ypliopagi‘tlﬂgc%%@(ér yr%f‘brtb?’ép‘é{ gn eo@@ﬁﬁa%“* ielﬁg‘g‘i Rf tReess
| oss = 0) . WEhalasPiodeias by SPEleitect ik RERmeRards the e of G IXE ricreeds and
1 oor . Japatistaebebaneh Mo (k FofelerkobH A8 sorhe PRAmsRinG. hankEgbe0
thi s mePhoc PELY 5afiaste HiF HileROtPe Are S AIREORERRF G e duededheduRan
Pl Fer o wini WA om0 Bon iy SpbRp Rt & T cLBHa br eS| PibshiBeRianab6L at an
ubst ant | al “EPETARCRE T (o n A, RlteaR dind SAYE Fespisinth ! HEMSE PGy b
needed for 119 17 Totor JRRiaS EBS eessorh SHOT Hhasp EYaEHHAepay A HPTEWHdRdEr o

of the cell uleadr -phone in the U. S, specifies its fractional cross-band
{((upper ent*®% P30724 E 5 frequency of the cross-band) - (lower end

very e (o ¢ nBoeret R ket SHRCEHR 18 AT Bercox SAR Srrtaveiaae
pass- band. e B biach! MM GrorRe RO EG S he o loneth ot
Pnoer tron 180 .0y B el TRIRKEERIT, I RRCERaR oot a thidin s
Bnd o sensort et oo Gl db 3 b8 Sy A ToiBngthcoRbus SR TRR IR st b
the. subst r araT CACHTERT EEadn e BEENAR a5t Inptihachs Fortenfy Moo SRAEA A
ol ow shbar e BroRREA B PR LA BB A R BrA cur Tace acoust i ¢
Chat 1 oss 1 nsor 1o FRunte thEE mbBEREy BREFE hOLyeER oot sfeh 1B At daw
ver come. [ rengey P lafBiARae SRARREHEE 13! LIk BLReT GBS Fitpaggrion
Cubst rat e tRAY | SEC FERjsklRen i JbRHeGE SR ppfull SR AITE s uinet o
ncl udi ng | DI ATears SsaipI6Tese "AEBbRTo e BEbAFAOE, BTl FhBe
e A SOy 86y ol OSN35 O 0

LT single-crystal and LN single-crystal, varies in response to normalized

film-thickness h/A of IDT electrode, where h = film thickness of the electrode,

A= wavelength of SAW. In the case of LT single-crystal, when the film

thickness of IDT electrode becomes 0.03 — 0.15 of the wavelength of LSAW

25 (normalized film thickness h/A is 3% — 156%), shift of the cut-angle from 36

to 39 - 46  can almost eliminate the propagation loss. In the same

manner, in the case of LN single-crystal, when the film thickness of IDT



P30724 E 6 2 Xp s vb/f where f (Hz) = resonance frequency, vb (m's) = phase
vel ocity of slow shear wave propagating on the piezoelectric substrate, and
p (m = pitch of the finger-electrodes of the electrode pattern. 5 This
structure allows the LSAWto suppress the radiation of bul k-wave, and

pr opagat es R3pEr4SHW as RSAW t her eby reduci ng the propagation | oss to al nost
O (zero). As a result, a SAWdevice having a lower insertion |oss than the
case where the conventional LSAWIis used and bei ng excellent in steep

Tho. Saw ded SRl BREOBPEZENE 1 Aol BHE i velinetbonp-SAE otbahor B on
pi e 1ot AR gRGRe T oL, il SR aBEEWRIRCHOM B4 orhetheomaater ( op
Tnsert; on RS SHER BbiRE" caa Lifibredide The ciitpanatih oo SARtogt (datrobnd
Ceduct fon i r eHBEEVe AT AfERE AR peRReFeagee, RRONG/UTerens EoRBENR | on
Char act Br | ShARRCRFlE raxy aBGEnt piffbet oL AP elacbinderhin Eanedyi BBupfl: ho
61 et rode pey e ettt SR TR &vife kst Reniansy PadectpReter ithrni
For mod. <o 4 B¢ T EGlkadst, AFe PRARG G SochiSha POAR sewpacki Hieraate
char act or | SEREERoRE B i Al Sot8%n BOGmaART A5 Bric e R L AHISTERE B on
2t 8 cut- arB GRPER AP FRESULt 53ty7 Sof S 51 EHE HABOE BRE P TR an
S A B o
cover;s at 1'842 JP & eelc T o%% SAeral Fherfilm thigkness: o #B h&'ectrode 1s ila
p X1 bet or SHEHEpE gy WQY‘{?SZ%‘#@?H@?%EE%Sr%g&‘ﬁeﬁﬁ%‘?@? Gnibin” *
i1 equency areBrEptiBl LRkt oo Lorbl st opefiE) YW A SEREERy o
(= pi cotP abar e bRl R ARh Aok G Bl RoReR 11, IR SRR ng
conventonat ek ok oef “EhEb Bkaidn VEPEETD) o RbNDEn AR oo hoARS"The oS
manufacturing steps complicate, and it is practically difficult to achieve this
goal in the manufacturing floor.
.Japanese Patent Application Non-Examined Publication No. H05-
183380 discloses a method of attenuating signals outside the pass-band, and
20  this method is expected to attenuate the signals to a greater degree than prior
art. The method is to connect a reactance element to a ladder SAW filter,
which is formed by coupling SAW resonators in a ladder shape, at an arm of
the resonators coupled in parallel. The method actually can achieve
substantial attenuation in a certain band-zone by widening the band to be
25 attenuated; however, this method cannot improve substantially the steep

needed for filter characteristics. Therefore, since the PCS, the standard of

the cellular-phone in the U.S,, specifies its fractional cross-band {((upper end



due to the dielectric filmfornmed thereon, and a SAWdevi ce excellent in
the steep characteristics is obtainable. In the SAWdevice of the present

i nvention having the foregoing structure, the finger-electrodes are made of
al um num or nmade fromnetal 20 mainly conprising alumnum In this
constructi apgordheHollowng relation ig satisfied: hL < hr, where hL = a
filmthickness of |IDT el ectrode of LSAW based device formed of this

pi ezoel ectric substrate using LSAW, and hr = a filmthickness of 1DT

el ectrode he SAW.devi ce havi ng the same resgnance frequency,as the 25
f or egoi ng E@%@H‘Hﬁf e O\t EFOSPRI AN ® iy cOWeE ﬁpﬁoﬁ@q%&ﬁ?’r itﬁﬁr O;bg r(6pRi§at i on

speed of L due t.9 mass-1,0 of,the I DT electrode, and,at the sane {ine,
al | ows sup??%é%‘?%& tgxﬁreo %gg’lEﬂée PAET 393 léfvefﬁé’quéstpstbﬁri”@becélpnt d

el ectrode fy] aused by the filmthicknpess of the 1DT el ectrode. As a
result, a JA\/\%%‘/#CC@SW%%E)I’P%%W%@?% cannel] Prasticaly @tkeniiate signals in
characterisgics.is. obtaipable, The SAWdeyice of the present invention in
t he foregoit&’ﬁrﬂerct?f(?l']&aélcﬂ@8§e§°ﬂbetﬁ?s,s' #0%hi ch density is greater than

al um numy at least in the finger electrodes. According to this structure,
at | east the finger-electrodes of IDT electrode are made of the netal

havi ng a grgater densgj,t yythan.alum num so that |owering of the reflection
coef fi ci entﬁbsgfosélr%(?ﬁlb%@vce 1% restrained (_ inproved). As a result, the
ri pples occurri in the pass-band.or on 10.so0 hi.gher frequency side
can be suppr essggl?é RFFCRt SRV R0 @éméﬁe?qogh‘fe md%‘tlg%gam&mwpéu cs
i S obtainab evice,of ,th resent .invention with

: AW
f or egoi ng s%trgfr%%l ﬁrctélg%%\(f%elr“gﬁg?’ LTS r?(ihh(‘g?(éa’r fnespgtdw defSs amang ofhexy %?’f%vveast
t I i1 fd 4wt f d of netal of which density i t
than al uri i SR % YOTHA 18 oy i BFEHT JRYaRiRR AR BORGPATORBIDR i ng
i nl | ung ' t | [ ' t.he | ' f t
ot ebiton BoanyeetisnAisaloh i fiab ng L Bladiusing 8 B dese eltheng i n
the t 1SS InS Ly be. d d.at .th tine,
the | ncr eashnge B RAOErancy bf Rcid “agBiek Bed B bltihiaiR o
ot ai nab 6. rhe LA EE BER FPRE P cadiradh, Bl TRAWCRRE EbPe gRe ' °
t t ezoel | ty at d f si - t Li Ta03
(LT i gt o270, SFER R SANT SBAEY Bl Polra R Eabotann Lehlrinine
ti | L SAW devi f th [ ti
one chi p. 27°Fhe HGY BV e M, Pt il Reomnb GRS el "
and hi'e s SEVFERE shlBed B8 RERE L R sk Tl e duPmoPlaPpehtiat on
Wth - X - - L hgl e- Ll g th .yst al
'S ot at od S0t he i i o FHSIY ielBubh B B SeflaaalS, ikl
b : e, .al
char actor | SHoe ™ hafRa-aRd: be PERfe Lol and st clr A ORHBLE 3 SR
SAW devi ce digjepgedt he conventional 5 LSAWand the SAWdevice of the present

invention are formed together on one chip, i.e. a SAWdevice of a

t wo-devi ce in oNEs g¥dBoine fhar r | Squsise - al | bot h
of the SAW devices to %r od%l%ﬁ g\ll\?x#xgg)gg@oggl'g“%%cg%(%gl ?’Z\ens A?‘tr?%;éﬁlecgsotf@e«%
char actoer i siiesént iHVenSAWDEW 5 t [,jyention in the foregoing
~structure fléas 10 la 'pinezoel e tr%gqglﬁbfgg?ggrgggn%&éﬂ(}% single-crystal of LiNo03
(LN singl e-crystal y.pidhiledridAMAEM16 RhUs i09ut Bht SOWARLLONRailRANLaRE t he
SAW devi ce of the present invention are forned together ononée chip, 1.e.
SAW devi ce fifbsardtuaeextit€ ISAWNEaghip is forned, this structure allows
producing excel l ent characteristics. 15 The SAWdevice of the present
invention in the feheEREAGAS! pHRLHI obREHUBRS tHDiBIRTARHECL ik PR RAA! ©
made of LN single-crystal. This substrate has a cut-face cut out al ohg the

fol I owi ng ahcRidiag TDT eMbirBAE£BRGRIs LO1KsBBhE Hir Bhﬁn%%-gl;??%logég Wehah, the

crystal is rotated along the direction fromY-axis to y an angl e
rangi n@sbetwgarneakiiothess than 50 and not

a

The pitch “p” of the finger-electrodes of this SAW device satisfies the following

relation:



20 nore than 80 . The substrate al so has characteristics that can excite

| eaky surface acoustic wave (LSAW. Wien a SAW devi ce using the
conventional LSAWand the SAW devi ce of the present invention are forned
toget her on one chip, i.e. a SAWdevice of two-device in one-chip is
forned, thipg@tagugture allows both of tghe SAWdevices to produce snall

| osses and be exCellent in the 25 steep characteristics. The SAW devi ce of
the present invention in the foregoing structure includes a plurality of

t he foregoi ng SAW devi_c for 2 on one chip. This P30724 E 10 structure
al l ows the SAW devi ce%ggﬁbr%dgg fI ow | oss and have a steep selectivity of
frequenci es. Zfdl e comuni cati on appar,atus of the present invention

enpl oys theV wﬁg ?‘Lé’sreépgéﬂ%% 9ABBGR, Vs Gnish t phase wplaeigs\of sdowrsheaw: | oss
and steep 5 characteristics rks in_the nobil e conmunication apparatus. As
a result, WQWEPagQW%PW\w@IW%@e 11§Iﬁ‘%h5ﬁ1@[§?l and gmtom i ¢ aitadh ofippar at us
such as cellul ar ghon& %g;[ﬁil nabé sensor of the present invention
enpl oys t helRgRK/Jectre eso?fq PEHEQ %Hat@%’éep characteristics, which is
devel oped by the et hod dISC osed, i present invention as a sensing
sect | on% o) thateT]élScsGﬁ"H&BfealP\jﬁtt ﬁ&%ﬁgﬁéﬁ Suﬁﬁb?%éh@lrﬁd\i’él%’e@fé& jwave,

obt ai nabl e. Thi s sensor sensing. ate erature however, it
([:)?n be usiga’il‘: Pr%gﬁti@ﬂ%‘ﬁé‘éﬂ‘ S\/ﬁ@’éw gﬁtlfd‘{fl‘flpé th’iS\l;@gﬁWQihi%ﬁ tohe
awi ngs i sho er Vi.ew, o r resonat or '
produced as? IQ?P% @BY‘Q V\% S& %ﬂiﬁéﬁéé&ﬂ?\“ﬁ%béi’m WhLIRSartiqn Blsséhéﬁpl ary
enbodi nent of the ese i nvent.i on. 1 ]Eégw 1B shows sectional view taken
1 (0]

al ong the If atset P!‘q: C?‘A""W‘@Pa Wsusgil apd exeRilensid steeBw of

one cycle o IDT el ctrod ed in the first enbodinent. Fig. 2 shows a
rel ation be‘ihﬁi@ﬁteﬁlsglrcﬁﬁﬁﬁ "“PBﬁ €oss of LSAWon 39 Y-XLT substrate and a

LTS GAATE d Pkdp o e oS B
SRR T P S ST Y IR

enhodi ment . "substrate, and the step has a similar pitch to the pitch “p” of the finger-

electrodes which are formed on the top of this step. This structure allows

obtaining a SAW device having a lower insertion loss than the case where the

15 conventional LSAW is used and being excellent in the steep characteristics.

Use of LSAW as RSAW incurs reduction in reflection coefficient per electrode,

however, this reduction can be also improved at the same time. As a result,
ripples in transmission characteristics of the SAW device can be suppressed.

The SAW device of the present invention further comprises dielectric

20 film formed on the electiode pattern such that it covers at least the eiectrode_

pattern. This structure allows lowering the phase velocity due .to the

dielectric film formed, so that a SAW resonator having less insertion loss than

the case where the conventional LSAW is used and being excellent in the steep

characteristics is obtainable.
25 The SAW device of the present invention comprises the following

elements:

a prezoelectric substrate that is cut out at a cut-angle which allows



Fig. 3C shows transm ssion characteristics of a conparison sanple 2

P30724 E 11 with the 1-port SAWresonator in accordance with the first
enbodiment. Fig. 4 is used for finding an i ndex of sharpness in the first
enbodinent. Fig. 5 is used for finding an index of insertion loss in the
first enbog . Fig. 6 is used for 7fi ndi ng an i ndex of attenuation
degree outside the pass-band. Fig. 7A shows a perspective viewillustrating
a structure of a |ladder SAWfilter in accordance with a second exenpl ary
enbodi nent of the present invention. 10 Fig. 7B shows a circuit diagram of
t he | adder tgﬂ\ﬁ}‘bﬁtl’@é‘? to axeibe bSddMce with the second enbodiment. Fig. 8
shows a rel ation between a propagation |oss of LSAWon LT42 substrate and a
normal i zed film thfRkplestrode pattermpriosmeast romddhe Fpigzodactyinembstrate nasdi on
characteristics of sanple 2 of |adder SAW15 filter in the second

enbodi ment Ingugling BDdhelrstrodes beving ah leamtrons pairsififingesfelectmpdes meshedinpl e
3 with the | adder  SAWfilter in accordance with the second enbodi ment. Fig.
10 i1l ustr ¥¥B each@othex;ansh of shape factor in the second enbodi nent. 20
Fig. 11A shows transm ssion characteristics of sanple 3 of 1-port SAW
resonat 6r used in tifdeleninie fidmploymednen the glectr®leshattern sankthasibeovers
characteristics of sanple 4 of 1-port SAWresonator used in the third
enbodi nent .atApgst theelagtsade pattiesm ssi on characteristics of sanple 5 of
1-port SAWZ25 resonajor used in the third enbodinment. Fig. 11D shows

transmi ssi ob&RHEBCPeps the Bnger-cleginodes of thisiSAW: devdpapatasfiemthe following .

the third enbodi nent.
relation:

2 Xp Xfypee = vb =2 Xp Xf g,

10 where f ;... (Hz) = resonance frequency before the dielectric film is formed,
f .per (Hz) = resonance frequency after the dielectric film is formed, vb (m/s) =
phase velocity of slow shear wave slowly propagating on the piezoelectric
substrate, and p (m) = pitch of finger-electrodes of the electrode pattern.

The foregoing structure allows a SAW resonator to reduce insertion loss

15  from that uses conventional LSAW even if the phase velocity becomes higher
due to the dielectric film formed thereon, and a SAW device excellent in the
steep characteristics is obtainable.

In the SAW device of the present invention having the fo,.regoing
structure, the finger-electrodes are made of aluminum or made from metal

20 mainly compriSing aluminum. In this construction, the f’ollowihg relation is
satisfled: hL = hr,
where hL = a film thickness of IDT electrode of LSAW-based device formed of
this piezoelectric substrate using LSAW, and hr = a film thickness of IDT
electrode of the SAW device having the same resonance frequency as the

25 foregoing LSAW-base device.

This structure allows lowering the propagation speed of LSAW due to

mass-load of the IDT electrode, and at the same time, allows suppressing an



P30724 E 12 Fig. 11E shows transm ssion characteristics of conparison
sanple 4 with 1-port SAWresonator in accordance with the third enbodi nent.
Fig. 12A shows a sectional view illustrating parts of 1-port SAWresonator
of sanple 7 in actor dance with the fourth exenplary enbodi nent of 5 the
present invefjiong Fig. 12B shows a segtional viewillustrating parts of
1-port SAWresonator of sanple 7 in accordance with the fourth enbodi nent.
Fig. 13A shows transm ssion characteristics before dielectric filmis
formed in 1-port SAWresonator of sanple 7 in the fourth enbodi nent. 10
Fig. 13B sHBGkease ghdhe yevistrraeaelddecelpetrpde filmt ecaused dydihe Gl thickmiessof s
formed in 1-paqut SQWresonator of sanple 7 in the fourth enbodi nent. Fig.
14A shows tthé(r){brﬁ giochiRdenaract BasWtiac3ARedeyiee diaxing law tossiand ¢xcellentind i n
1-port SAW_resonatar of sanple 8 .in the fourth enbodiment. Fig. 14B shows
transm ssi ecgg%ﬁpa&i’%rﬁcliﬁflil%%csa’fst‘é?taifkﬁaﬁ@l-i electric filmis 15 formed in

1-port SAWresonato sanpl in the fourth enmbodi ment. Fig. 15 shows
transm ssi on chgﬁé*‘céé% devics Ogﬁ:ﬁE@ﬁﬁ%ﬁﬂ@Bﬁe%‘a%m the fpregoingriructgag\uses

resonat gr i n t;aa(ricor da&gﬁsvﬂh the fourth enbodinent. Fig. 16 shows

transni 9si JRetHarhWRIChsHereitnis gieaten shan Alnmiaum,wat heastpior thefger-
resonator in accordance with the fourth enbodi ment. 20 Fig. 17A shows
transni ssi cHegthefefct a¥qeardiag tr this|sitnpsnre/may lepst she fingesotockradesafdDiut  of
two-filters.in o e-chipdSA filters of sanple 9 in _accordance with a fifth
exenpl ary iBGEPtRATe sade,al the matal haying p greatarylensry Hrovelumimumi ssi on
characteristhigia\?of a Iafg er SAWfilter for 1.9 GHz band out of a two-filter
in one-chi g Verng obthe gpilection goefficiant; prr elsctrode rasnbe apatrained (7.
18A shows t.ransn ssion characteristics of a | adder SAWfilter for 800 VHz
band out ofMPIONEA | fisr & Aeswk. é’iﬁepr@ § i9CEBFriBE Hhrhbee Pass-haed pn on

10 somewhat higher frequency side can be suppressed, and a SAW device
excellent in the steep characteristics is obtainable.

In the SAW device of the present invention with the foregoing structure,
at least the finger-electrodes are formed of at least two layers, i.e., a first layer
formed of metal of which density is greater than aluminum, and a second

15 layer formed of aluminum or metal comprising mainly aluminum. This
structure allows improving the lowering of the reflection coefficient per
electrode. As a result, the ripples occurring in the transmission |
characteristics can be suppressed, and at the same time, the increasing of
resistance of the ele-ctrodes can be suppressed, so that a SAW device with low-

| 20 loss and excellent ih the steep characteristics is obtainable. |

The SAW device of the present invention in the foregoing structure has
a piezoelectric substrate made of single-crystal of LiTaO, (LT single-crystal).
This structure allows forming a SAW device using the conventional LSAW
together with the SAW device of the present invention on one chip.

25 The SAW device of the present invention in the foregoing structure
includes the piezoelectric substrate made of LT single-crystal, and this

substrate has a cut-face cut out along the following orientation: With respect



P30724 E 13 the fifth enbodinent. Fig. 18B shows transm ssion
characteristics of a |adder SAWfilter for 1.9 Giz band out of a two-filter
in one-chip SAWfilter of sanple 10 used in the fifth enbodinment. 5 Fig.
19A shows transm ssion characteristics of a | adder SAWfilter for 800 Miz
band out ofpzp7owogfilter in one-chip SWfilter of conpari son sanple 7 used
inthe fifth exenplary enbodiment. Fig. 19B shows transni ssion
characteristics of a | adder SAWfilter for 1.9 GHz band out of two-filter

' hi Wil | e 10 used jn the fifth

e o S 4 . SRR AR S e ek it

filter forf8 g out.of two-filter Bone chlg SAWTfilter of

conpari son “§&fpt @ XBS%’S @515 by i gpg]@ﬁ% 8?‘9’?%6]:1 Safllegg(;lz‘bE%gowst
h t | adder SAWTfilter for 1 and ou

ot 11 S TRAEATL e P bt asanti st

fifth enmbodi 21 h mat i ramlllustratlngaba3|c.
S![ rLct 3r eooslf rrga gvf’ ; &g@‘%@) g@?ﬁ}b %’@ﬁ%é‘tsm%ﬂéﬁ §‘i’136{eﬁ1;&@@|]fpl ary
nbodi t ventl 20 Fi 22 shows a _rel ati on between
anbi ent Ot erlﬁ'%éﬁha}@ﬁﬁ&é’n ?Vlﬁééﬁﬁéﬁc}éreﬁ?gbuéwtw P v et on
nmbodi t. P erred inents of the .Inventio ary enbodi nents o
the SAW de AECTP kS c?sggw) ﬁeYlﬁ% Oiﬁé&’é’n& eVige it QREGTC Bhls EmgdnihestiFagtaas

Beempl ary CHBBUERAREOTE AL EY et oA B0, pBtes FLPua i dowiopseanaly
resonator perx%gﬂent n t%e steep characteristics.
The SAW device of the present invention in the foregoing structure has

10  a piezoelectric substrate made of single-crystal of LiNbO, (LN single-crystal).
When a SAW device using the conventional LSAW and the SAW device of the
present invention are formed together on one chip, i.e. a SAW device of a two-
device in one-chip is formed, thi's structure allows prdducing excellent
characteristics.

15 The SAW device of the present invention in the foregoing structure
includes the piezoelectric substrate made of LN single-crystal. This
substrate has a cut-face cut out along the following orientation: With respect
to X-axis of the LN single-crystal, the crystal is rotated along the direction
from Y-axis to Z-axis by an angle ranging between not less than 50° and not

20  more than 80 . The substrate _also has characteristics that can excite leaky
surféce acoustic wave (LSAW). When a SAW device using the .conventional
LSAW and the SAW device of the present invention are formed together on
one chip, i.e. a SAW device of two-device in one-chip is formed, this structure
allows both of the SAW devices to produce small losses and be excellent in the

25  steep characteristics.

The SAW device of the present invention in the foregoing structure

includes a plurality of the foregoing SAW devices formed on one chip. This



an exanple of a SAWdevice in accordance with the first exenplary

enbodi nent of the present invention. SAWresonator 2 is fornmed on 5

pi ezoel ectric substrate 1, and SAWresonator 2 is forned of IDT el ectrode 3
and reflector 4. Fig. 1B shows a sectional view taken along the line t-t of
Fig. | A Fipgoisashows an enl arged sectygpnal view of one cycle of the IDT
el ectrode, and the sectional viewillustrates that finger-electrodes 301
are formed on substrate 1 at a given pitch "p". 10 In this enbodi nent, an
LT substrate of, 39 ¥Y-cut an ich the SAW propagates along X-axis

(her ei naf t P TREYWEr ljoys the w gg‘l‘l%uﬁ%tprlﬁfhé‘)e il%Wugéél ard thaveoa steapi ¢
substrate 1. lA .phase_.velocity "vb" of the slow shear wave that propagates
on subst r at B'§CH t%@%&eﬁuﬁpglf’s-'l’he ‘el ectrodes of SAWresonator 2 forned on
pi ezoel ectric su strgtle 1 are made of Al -Cu #g S*lﬂl oy, nanely, Cu is_added
to Al. The el ectTdte8LBCOPHBUBKALIODS BRRATHTUS 96| tha ePigsente ystendion pxnploys

el ectrode apd l,ectrode of t resonat or . 1 of the first

embodi ment M %&Wﬁ%@&ﬂ% ticussess akgyies fo &%@W@VM lgwilopmond stesm ch
of 0.8 ,u m.and g normal i zed, film tgi ckness h] (err) of 19.4% This SAW
resonat of 2ChEFaceristics warkes in tha mebile commyoicationiapparaidisp 0 Astergsidis @

vel ocity thereof cal gyl ated usin quation (1) is 3026. 2 nms. This speed
i s slower tﬂ%ﬂpﬁ%qtﬁiﬁs‘@e@%@#& §ﬁmo¥n0mé OMYRUBHAEONARRATGHUS Gugl| a8
substrate us f' in this .engodi t. Based on the foregoing nunerical val ues,
t he foIIovviﬁea‘élaﬁ Bf 1 9o¥adBARe- 2 X p = 1.60 X 10-6, vb / f = 3350.8 /

(1891.4 X 1p6) =,1.772 X,10-6. Thuys.the relatipn o <vb /[ f is
satisfied. 25 A éa%“rg%83&?&”&%‘*@&?&8%’98&%&@5?égizﬁ*éé’p@%ecq of Nosviloss
specificatiQny pitch, "p" of. finger-el.ecirodes. 301 .is 1.06 ,u ormal i zed
£rIm thi cknald sieer Chafacteristion, drhish 1§A£RFPE3§’8H Ytheagleég%éWr‘b%gs € 2
has the;fol |l owing. P30724 E 15 5 10 15 specification: pitch "p" of

fi nger ]‘e(ﬁ ecPF%g(?@g IR ASH BHSIAY tsﬁéﬁ‘?lkesﬂ thaL ﬁﬂcpmp@ﬁﬁggé‘thwelgbt?i aghy,
Those sanpl es_have resonance .fre nci of 1886. OVHz npari son sanple 1)
and 1884. QAA%PIS(I@X%&??%OSnl%a%FEI e. Tﬁ’gh’écé%ﬁqrc 1§/e$‘8£ﬁ&ﬁf5e§)rofsef1ﬁ’@§ea
conparison sanples can be found by equation (1) and.fheir own resonance

f r equenci es%@%’éﬁiﬁf?ﬁﬁ‘%‘?ﬁéﬂ@&ﬁ a‘r‘rﬁﬂad;oi sgég&lg@gge_l opvaterganteBhmpar i son
sanple 2 has 3769.8 m's. Those velocities are faster than the phase
velocity of the slow shear wave propagating on 39 Y XLT substrate used in

this first i . f that, both of those two conpari son sanpl es
do not sati ??%?ﬁuéeg%?l tgﬁqﬁ]t%gfﬁrzavggn&% vb / f. Fig. 2 shows a relation

b i I f LS 39 Y- d lized
betveery3, br O0R0Bk o LG ¥ o SVURM: TR ol LR BB BeLOL R 12

pr opagati on i opagating on piezpelectri ¢ substrate 1
takes a m n?{r}%?r{]av lﬁé?%ki‘se%‘ﬁéeoﬁhgﬁofg%l% Y %ﬁﬁ%ﬁ&?ﬂ?ryﬂm‘bggﬁﬂ%%t
approx. 6% . Fiq. ransm ssion characteristics of SAWresonator 2
of sanple 105{55}%@1%%6??2&%&1&“%1)0& ment. Fig. 3B shows transm ssion

Char act or i ot oo £re CanpayE 8 beaBRAEvibw Ripiihg B BrRdR: of FE Ty "
cval uat od in ¢ her i1 ounane e Sl R ool P BRERF R b 21
Gl cetr oo pary e T B T [ ormed by the dry- et chi ng- net hod
using the photo-Fig hpahaRaYa RERIRISbaRFkeh PrbPEa st okl 611.8AVE%: 30°
Y-XLT substrate and a normalized film thickness of the IDT electrode.
Fig. 3A shows transmission characteristics of 1-port SAW resonator of
sample 1 used in the first embodiment.
25 Fig. 3B shows transmission characteristics of a comparison sample 1

with sample 1 of 1-port SAW resonator used in the first embodiment.

Fig. 3C shows transmission characteristics of a comparison sample 2



25 Electrical characteristics are neasured using a RF (Radi o Frequency)
probe. The steep, one of the transm ssion characteristics) is conpared by
the nethod illustrated in Fig. 4. To be nore specific, as shown in Fig. 4,
poi nt B2 P30724 E 16 of the transm ssion characteristics is specified as
anti-resongygygorognt) and point Bl is gpecified at |ower side by 20MHz from
anti-resonance frequency fz corresponding to anti-resonance point B2. A
tilt of the linear line (the broken Iine in Fig. 4) connecting Bl tﬁ B2 |ds
taken as an jinpdex repre ing the steep, 5 characteristics where the index
i s nornal i z“é‘(ﬁﬂﬁse &-ppgqggﬁépe%aﬁ%lwwwéapeﬁ Withhtheyest embedinart, and f' 2
- flI = 20MHz is found. Th the greater steep characteristics of the
resonator, the IPIégs4 F%Eé@ﬁ%ﬁ%@@g, apHeledel gfrarpmess in thafizst embediment.
expected at the greater index of the steep characteristics. The index can
bepf ound by the FgSH WP ngsesh dax i Badingy agy degex nefenserfionTigss. Arrthe firgp) |
(fI + 10) An i(g{jex for conparing insertion loss is evaluated by the nethod
shown in Fiedf.lb 1MEAthe npre specific, as shown in Fig. 5, find frequency f3
at point B3 where attenuatjqgn hecones |10dB on_ a | ower frequency band side
thaPl anti - r esonart8e fﬁseﬁﬁ@g‘if B?ﬁh‘f-g%‘tin % Bhattenyssion degreeTpiaiside fthe
frequency 15 fét at, point B4 of which frequency is lower than f3 by 20MHz,
and the i nd@%$1%"% 0ss at B4 is taken as an index of insertion |oss. As a
result, when a ladder filter is produced using the foregoing SAW :
resonators, the H8ddR BROWHSePeTshechiye iy Bhisiradne & shsturenef aslodder
attenuatio I ot ai ned. t he qt her hand, an index of attenuation outside
t he pass-bm @t%nb%fm pree Bth anecond exppparnembgdinentafithe prasent

poi nt B5 of. which frequency f5 is higher than f2 by 30MHz, and an

attenuati ofPYEYPeR: at 5 is used for comparison. The foregoing three f

i . i ; teristi resonators o
sanpl 6 1 compart BoRBoaB LA Ercdsapar PEBHE LAY Blter sprecareart o
the result. Aﬁtgl scusrifgd‘ng)bgve, i ezoel ectric substrate 1 uses 39 Y-XLT
substrate, B8 PRECEIULEPYIEINEPY made of Al-Cu alloy.  P30724 E 17 TABLE

1 Pitch betweenNgrngl i zedResonanceSAW i ngerfilm o
t hi cknessf reque%ﬁgglsbeﬂ'%r 10 wesn a propagation lagsof LGAW on ITd2np) e

20, 011, 016GHNSEHSS 2B BATPa 20 AL upkncss of the TDT efectrods. T T ¢
R L e S LA
1h hi t -ind t.han _conpari son sanple 1 and conpari son sanple
2, g?\dalgrr:a%]lg%r f’h@}eee?ﬁcgﬂﬁé&g?dlwqqﬁat sanpl emS) 1 has better f
h teristi . he t ison sanples. .If the SAW.resonatar
campl o 1 uses Lo 2 HReWE HHRTPRSAER SRar T AR G AT BAr T FCHEKRess
h/ ~1is 1 agation loss..is,far greater .than those of
corrpar: gongvg%%;@tpggag@%%}*g@ glg{egﬁg Cﬁl)’#]alﬂca .W]f,hstgﬁd;eﬁ Eﬁ‘t%é’ﬂHPSQF:] is i
ted. Ho o L I: f i ian | os f sanple 1 actya shows a
10 bet ter resul & Enagocaniaynlsn Lafbhiolion off ShenfBced Y R 1 oPRd,
t he phase v B&&iﬁe f SAWresonator of sanple 1 decreases to |ower than
phase velocity v cﬂg'the sl ow shear wave propagating on 39 Y - XLT

et B oy PR LA sORR BN EmitbR DRt SrRARRATR! KA brt BAW SN
resonator used in the third embodiment.
Fig. 11B shows transmission characteristics of sample 4 of 1-port SAW
resonator used in the third embodiment. |
Fig. 11C shows transmission characteristics of sample 5 of 1-port SAW
25  resonator used in the third embodiment.

Fig. 11D shows transmission characteristics of sample 6 of 1-port SAW

resonator used in the third embodiment.



propagates in Rayl eigh SAW (RSAW node. Thus propagation | oss becones 15
alnost 0 (zero), so that the characteristics of both |oss and steep seemto
i nprove. This is because electrode pitch "p" is set so that the relation of
2 Xp P30724 E 18 < vb / f can be satisfied using the foregoing

pi ezoel ectrpgopapgirate 1. The steep chpjacteristic is of course affected
by the reduction of loss; but it can be also affected by a change of

el ectromagnetic coupling coefficient. In particular, when the film

t hi ckness of the,gel eﬁtﬁLoges of the SAWresonator 5 is_ increased, effective
coupling coeffi SNPWS; Hanspyasionncharagtesisticsnel gemparisen|sampleed
capacity rati | ower t her eby- | owerjng the sharpness. However, although
sanple 1 ha‘é“tzl {Tﬁ%‘m TERIRHEN 1pRccy p vaibh the fpirdembediment. i t shows

t he hi gher sharppess d better characieristics. Thus the wave which should
have propagated T¥-L shaves Geaestiopahoien) Hinstoating ppapts eof A-RotWSdd¥e,

so that the coup]ing coefficjient |qowers simyltaneously Wien conpari son
sanmples 1 aﬁoﬁgéﬂ’é)%@émﬁk’gdl%?%rgéﬁ?ﬁ Wﬂﬂ’eﬁfﬂ}e foysineremalarymmbodimentrafr e

excell e iﬁ{the igﬁ\ertiﬁn | oss and the sharpness. This result tells that
it seen® t hat® RYfse VeGP %ot h conpari son sanples 1 15 and 2 propagate in

Uses the mor mal 154 B oSN e SseOnnal Siowr IipsiFeine ol G RoROTNBAW

W TP the CoFRRRILaATua DUpAHOTESRIR BID ISpeth FboNbReRRan ned-

compar | son sampl S 114 P9y Bt spior ShfvdeioRcs atp oelsrsar (e ds

Gl ce. pr oemed oy brnsgh et Foehia s ol SRR MLBAIP T MR H o0l ng

ow 1000 and ot ole- ISH HREV= SipHBIRLen shrwscroanies Sondhp uoamechimas

SUbSt 0 el | Sy e I e BB ok

be satisfied. Ei’%gO?lztﬁA Esh%%vs transmission characteristics before dielectric film is
formed in 1-port SAW resonator of sample 8 in the fourth embodiment. -

Fig. 14B shows transmission characteristics after the dielectric film is
15  formed in 1-port SAW resonator of sample 8 in the fourth embodiment.
Fig. 15 shows transmission characteristics of comparison sample 5.with
1-port SAW resonator in accordance with the fourth embodiment.
Fig. 16 shows transmission characteristics of comparison samplé 6 with
1-port SAW resonator in accordance with the fourth embodiment.

. 20. Fig. 17A shows .transmission characteristics of a ladder SAW filter for .
800 MHz band out of two-filters in one-chip SAW filters of sample 9 Iin
accordance with a fifth exemplary embodiment of the present invention.

Fig. 17B shows transmission characteristics of a ladder SAW filter for
1.9 GHz band out of a two-filter in one-chip SAW filter of sample 9 used in the
25  fifth embodiment.

Fig. 18A shows transmission characteristics of a ladder SAW filter for

800 MHz band out of a two-filter in one-chip SAW filter of sample 10 used in



To be nore specific, use the el ectrode made of al um numor netal conprising
mai nly al um num and use piezoelectric substrate 1 conprising LT
single-crystal having a cut-face cut out at a rotation angl e between not

| ess than 26 and not nore than 50 fromY-axis to Z-axis with respect to
X-axis, 5 tpgypf geluce various SAWresqrators for conparison. The result
proves that setting the IDT electrode pattern to satisfy the relation of 2
X p S vb/f produces a simlar advantage. Further, the netallization ratio n
is set at a rip{ O.S?and the normalized filmthickness h/ ~l is set not

| ess than 1 1theeﬁn]P ®endr epar ati on assures obtaining the SAW devi ce

havi ng the foregQin Sho advant ages, nore positively. As a result, the yield
rate can be subs %1:%1 showsriransapission gharagtesistiss of i taglden SAWefltentr made

of alum nu r tal conprising inly alumnu and using piezoelectric
substrate ﬂ-go‘;fg;i Rand op Oéﬁﬁg‘r%gﬁteygvameaﬂmpr@wn@ltar ofisampde 10utsedun at a
rotation betvveg not ‘ny,ss 15 than 50 and not nore than 80 fromY-axis to
Z-axis witht &Qfﬁmb Jaenti s, vari ous SAWresonators are al so produced for
conparison. The result proves that, setting the IDT electrode pattern to
satisfy % he rel ai‘“}&arl%% showes fransprisgion ghegaciesistics oif laaideacﬁtg\ﬁtﬁlger for

Furt her, th§ Wlliz tion ratio_n is set at approx. 0.5 and the nornalized
filmthickngd z “gso%té%f angyo-filles mwaﬁ-cbzp/ﬁo% filbeamof; dosaparisospsarapieons
assure obtaining.th devi ce having .the foregoing advantages nore -
positivel y%%&”&ﬁ??ﬁt\ﬁ/ﬁéﬁl?l)@& eP&ngéh@ﬁﬁ‘t-be substantially inproved. The
present inventiofp.is rigt limted to the foregoing discussion., For instance,
the el ectrode cahl&is@Rehews wxansmigpion; tharagiegistivsrafs laddes) SAY flenfor

conprising aluginum The pjezoel ectric subst e can yse LT single-crystal
or LN singl @.QC%uléqmtapt Bt?w% 1ltex jnrane- P-% ﬁ}tegpfp@m@gﬁlsggéaglple%
substrate nmade, of .Li 3 BO), other materials for piezoelectric substrate
or Pglé)?mu%dz’dl H?eegﬁg‘leé’%‘?q?@ec‘ﬁi n-film In such a case, the phase
vel ocity of the SAW %ﬂ ch shoul d have propagated as, LSAW, can be reduced
| oner than the sﬁkgec?o shopss Eransmission actorisics if & laddey SAWaRYer &5 t hat
t he SAW can te as RSAW At the sanp. t] he filmthickness and the
shape of | D%&émg @Jtéﬁgwé’éﬁlt?’bnéa’ﬂ?'nﬁkp éggv ﬁiﬁeé@éi%gma@lsaaisamplq Ben a
sim |l ar advantage.to at i s .discussed above is achi evable. Exenplary
Enbodi ment 98 ﬂhﬂﬁeﬁ%&ﬁﬁmﬂl?@f el"i"’g?&@ﬁ'&:ed as an exanpl e of the SAW
device in 10 acc rdgbgﬁg}vlvith t he second exenpl ary enpodi nent_of the present
invention. Fig. 7% QW Sraneissipe chasgetartstiosrofta gfbdde@rsSAWcﬁh?%fQ}'f
this SAWfilite H g., 7B, shows ci.rcuit di f this SAWfilter. As
Fig. 7 \%I/| I t?t {ig{zeégnq Rut %ﬂ%?]ﬁ?eé’rmc%?}?@:g‘&%gteé P’é‘é’éﬁ‘é%@nﬁ’l%&.lpl ed
in series, 'ﬁlQ&ifr\}A%:leS@E“esﬁn to‘rﬁ; 6 coupled in parallel. Resonators 5 in
RN

series conpfise 7 and reflectors 9 disposed on both sides
of electrodes 7. 91 %he ot her
B8y %,

and,,.resonators 6 C rise | DT el ectrqdes 8
and reflectors 1 SRS Snssmtis g&grapl éﬁ'é?ﬁrﬁgg‘gsa %?‘S*Fk%r‘f“?tluﬁ? of a
t hi ckness agq attern of the respective.el ectrodes are se uch t hat
the center $g‘e%§§‘ﬁ%§ “SS@%tem@“’%nﬁfnﬁ%nbaﬁa’éﬁhﬂ%@é&%@ﬁ@mﬁm I'n
this e”boldiff?é‘ﬁres%ﬁt?ﬁxpe%tt{oa}fe of 42 Y-cut and X-propagation
| 20 Fig'. 2_2. shows a relation between ambient temperatures and anti-

resonance frequencies in the sixth embodiment.

Preferred Embodiments of the Invention
Exemplary embodiments of the SAW device disclosed in the present
25 invention are demonstrated hereinafter with reference to the accompanying

drawings.



(hereinafter referred to as LT42 substrate) is used as piezoelectric
substrate 11. Sl ow shear wave propagating on this substrate 11 has an phase
velocity vb of 3350.8 m's. Fig. 8 shows a relation between the normalized
filmthickness "h/ ~1 " and a propagation |oss of the SAWresonator that
uses LSAW Z2B3@rwi iEs formed of piezoeleqyric substrate 11. The el ectrodes of
the SAWresonator are made of Al-Cu alloy filmwhere Cu is added to Al. A
produci ng method of - this SAWfilter and an eval uati ng net hod of

el ectrical B P30 24I§w§1 charta teristics are simlar to those in the first
enbodi ment . “YHBPETY RATERE Lonpar i son bet ween sanpl e 2 and conpar i son

| 3 with ) he foll i .poi : i _"p" of
Frnber - of ect r odeuoi S9PWE B DEFRRACEVBGHRV A TooBhSasy eonajoxpiadused fg
S T ST IR, B Gt S
tisfi th | ati ff 2 X <vb/ f) h , i | 3d

bt sat | of y YGRS ofhe mgferd A Sveniidn no SAYE s PBaREn 2o N BERBA: ORI oo

f th AW f.i | f | 8. 9B sh .that aof SAWTi]t f
gorrpa?i s% on élgﬁépﬁqéagl.c %‘%’Rﬁ%e?hd%&gﬂ@rreg%;@gﬁ h"tqu?&ege@{ fﬁ/}’g Etl‘?%?ﬁl ;i gn
Ciitors mraddRetatol £° Fld BRI S porithal a8n 30Eer bbb 2ie disdat of ig.
J P t l4i i Non- i d Publ | ti No. HO09- 167936
10" doscr i bolt nE BoAChRhPEA BB SHlEded seortRalF e Pl et svales goabei DT £ i o
def i di hij - Find 15.b i.dt h. t int. C2 i [ i
dor 4 s VL ag S bR P oL el < iere b Shgnal 15
Dt onuat ed Dystl pBRE &t Co L aBo Ry The ratio as the shape factor,
sl ectith rati o M oscRbBGibAe s LIctubdlale of B ARRM RBAHT Heh fPeay o

h f act T h tQr b | t
paco-band 17T erioRBRiE" Mend 2K ¥is RESPEReEes Hohnil 30 A0TRS ST
oy b s R RO TRl DB Ty PG TR TS BL RIS, b ooP

[l el ; ' i. . B
o oA 4o b HeRE wRA AR bl B0 Bh U RhPET S 33508 s, The electrodes
SAW. 47 t SAVW .ni h

? ;2 or Reson%f?%%% %%II%%;?ﬂ?eﬁr ?n(?% P%\gﬂé%@%sgfgﬁs&atﬁr]nfﬁ\%ﬁ% PBé&ﬁﬁPes

2 = A 2 i .
g L PO LRI s B
ar m SAMOOBaﬁfe§§9§ﬁ§IPgselgc&ﬂaslfa Gnd ﬁpgﬂgﬁgfgﬁglog?%ég%sgﬁp&.s of the m nimum
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characteristics between sanples
filter is produced using the foregoing SAW resonators, the index of insertion

loss is obtainable with a necessary attenuation maintained.
On the other hand, an index of attenuation outside the pass-band is
.20 evaluated by a method shown jn Fig. 6, namely? find point B5 of which
frequency f5 is higher than f2 by 30MHz, and an attenuation degree at f5 is
used for comparison. |
The foregoing three indexes are used for comparing the characteristics
of SAW resonators of sample 1, comparison sample 1, and comparison sample
25 2. Table 1 tells the result. As discussed above, piezoelectric substrate 1

uses 39 Y — XLT substrate, and the electrodes are made of Al-Cu alloy.
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el ectrode material, such as Wor M, having a snaller coefficrent 5 to

those of comparison samples 1 and 2 as shown in Fig. 2, and a greater loss is

expected. However, the index of insertion loss of sample 1 actually shows a

10  better result than comparison samples 1 and 2. This result tells that the

phase velocity of SAW resonator of sample 1 decreases to lower than phase
velocity vb of the slow shear wave propagating on 39° Y — XLT substrate. As a
result, the wave, which should have propagated in the LSAW mode, actually
propagates in Rayleigh SAW (RSAW) mode. Thus propagation loss becomes
15 almost 0 (zero) so that the characteristics of both loss and steep seem to

improve. ThlS is because electrode pitch “p” is set so that the relation of 2Xp



15 20 25 of linear thermal expansion than the substrate material, or use of
the I am nated el ectrode using the foregoing electrode materials can inprove
not only the reflectance but al so tenperature characteristics. On top of
that, the present invention allows the filmthickness of the electrodes to
be thicker PRgyp4 Bt of the conventionalg SAW thus the greater effect can
be expected. Exenplary Enbodi mnent 4 The fourth enbodi nent uses a 1-port SAW
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for this fo nbodi,nent, . Al as,t material aof | DT el ectrqodes 3 and
refl eclt zr' s‘g‘(ra}vgé?r c?&él!sbef tb#??%f B?lﬁgihﬁﬁg’ﬁﬁgé’%i”@é?&%tr&ﬂ}gwlﬁté L \?\,hi ch

enpl oys LT 36 s trate. .The sl ow.sheal wave opagates on substragte 1 at
phase vel ocity \L;ﬁﬁ%fsg%ﬁh%mﬁ? }%%ngo"}’lsﬁn%%:?e‘ggys vﬂf?diuﬁtlppdgloi%A and
| ectrodes.and reflectors of the

12B, have dielectri,c filmJigfo eri.ng | DT, f
SAW r es\éna?%?tsﬁ °§8'er‘1 %is‘? 3&@8@6@3’/ iacclf}??g}ﬁetqf} eﬁ%ctr?mﬁg&%lcagotmhrg enedigient.i c
film Fig. +{2A sho the secti.Qnal, .view of, thig struct , e
fi nger - elgec . Bﬁ’gt C@%ﬁ ‘Bﬁe? ﬁge Ifﬁ)“P b?lﬁjé{l?%o%fstﬂ’ﬁrée‘ft&i?‘ﬁ@éc&&g‘ew okESaRAtare

bstrate 1, .and silican-nitride fil 2 is.faornmed as the dielectrjic film
over 11 oerisdRBteRb e oo Snsorrgent Hehneeasea UL e PL AR de
film13 as theltdi | ectri c.tfi I rrh1 Fivg. 12B sh&g/s %f%e sec'g.i onal view of this
structure, Whare Fihg@RasHcrrles” 300W6FSt hBeTeby dpweringqkhe shamgesed on
i ezoel ect ri trate 1, an imlar,to t ructure shown in Fig. 12A
g: I izcon-oxi gé“%??%a@ml kfs&nﬁélﬁsllaga? ﬁéhbﬁﬁsrgiﬁé@lﬁr%ﬁpm%@#@@mﬂg%% 30)1
o rabre. 4 2 iEUBORE Mo Bl Harkgead, SRRt chhclFiscior pThye the
finger-electraodes,. P3Q72 30 - 0.80 .met all.ization ratio n = ca. 0.5
r:asgnance f‘?vggge‘?{(}:lilc%esglﬂ"dE}ilE_f‘fecﬂpﬂW?'i%g'elrt‘iLﬁf‘blzzlpga? ogreﬁﬁ}fl '%? B@P@?}é{" = )
1885. 4 esona requency after. fiim12 i.s for Mf oafter" =
1876. 33%‘?”&’%@%’@% wﬁﬁe %ﬂgg’ey%l %ﬁ"ﬁ yhb% E%H’I%N%g?g?l%n?i FQWQ_I‘E is
formed is 3%}1%61112 ﬁgof S which is 5 slower than that of the slow shear wave.

a 0

Thus the re 10 %’(p <vb / f before can be satisfied. Further, the

h | oci t t frer film12 js.f d is 3002 1.ms, which i
B oo sl ower 1 han EEa <PbaREbE supb B £ R0 £ cortodiac i shck fges | ©

%Sl ?tsi‘j os 1 pmpaflsdh Knipld %%%}n?rs%ﬁ?e1?51%??#5%5%’%9'@0'338%?@Fﬁé'i%ﬁ?mn%?%‘z" Cs

s i if i gations, "R" = 0. 80 = ca.
075, resonanns feeliE et 1eBih BRECHLS SANT T polofudpin dniplpe do; o
2484, 50 Wrp b 7Bl ER00 n LRRIRRE X SO Thofe. Thd SehupnShOFS il Frgis i s
formed i s 2 - i ch. i . f th h .
TELZE t hlelsr cotipdrison Shmpld BheHs b RpfHiElizbd iiﬁmh@z‘ékéfeﬁé?l(%ﬁ %ROWWSHZ% %*’Eée

! | r Detor : od: “The

phise velocuhapind B ySNUEEy b D IRAPL LR i, s D
2 X b : . i ad . i ofi
The Felat i onBeregith theRoent Medgdeuaddhedt Do PG AP Ep R o0
after film p3bjisadiod M. @P@@lﬁ%\g@@bsamfxﬁvﬁﬂé“%h@ aa[cguB{iQd%EEitEe% “&feqSAW

resonators enpl oyi ng regul ar f resonance trequencies are equal

to f afger eimpARdESampFIee ﬁ,ahﬂsﬁ:&%kwwr tﬁg{xhth%?rma{éleﬁglgwégﬁ%re%va%éand'6

enpl oy el ectrodes nade of Al in't resonat ors, an cut and X

25 Pr opagal pepleTisghshy 80 35 pIXEPELARiiife, SHAN ik Cys gpo}f@&gl}m%wl e 5

has the follow ng specifications: pitc f ctrodes
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sanples 5 and 6 are thus cal cul ated "as 4001.

respecti vel SAWThRY i@ i RIb&Llokdahd RakePflis Ligs:SEAW Shefe %\éefoddr’h | 3% 13A

and 13B show transm ssion characteristics of sanple 7 before and after
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characteristics of sanple 8 before and after dielectric or med.
Figs. 15 ansubifirataomtd exiediisL.OAW NArache] hiddres tRht BMMALISARI 3P €5 5
and 6 respectively. 10 Those SAWresonators di scussed above are basically
produced invib hé sanbewritis@ied. eval uated in the same nmanner as the first
enbodi ment. The dielectric filnms of sanples 7 and 8 are fornmed in the
followng way: First, formthe el ectrode-pattern, then formthe dielectric
filmon the entire wafer by sputtering, and renove the dielectric filmonly
froma pad-area, where a



15 probing device needs to contact for neasuring the electrical
characteristics, by photo-lithography and etching. The characteristics of
t hose sanples are shown in Table 4. 20 25 P30724 E TABLE 4 32 without
dielectric filnPi | iPi hezoe ectr ctc between

fi nger Resonp@@EGAWS Ubst r at eel ect r odesf rpgquencyvel ocityp ( a mf

(MHz) (m s) sanpl e 736 LTsubstrate0. 81885. 53016. 7sanpl e 836

LTsubstrat e0. 81848. 42957. 4Conpari son36 LTsarrp: e

5substratel. 061880,34001. 3Co rison36 LTsanpl e .

6substrat e0. 8124 b?46¥5’1?3%egﬁ?°di‘é§eeéﬁ?i%e“r°de made of aluminum or metal

filnPiezoel ectri.clnserti.onShar pnessResonanceSAWsubst r.at el oss .
i ndexi ndexf FPRRIFAFBRELY ‘(‘H‘B’E“’fn’ ﬁ?ﬁ(‘fﬁes%‘ﬁﬁ?ﬂ%“?%sumtrate 1 comprising LT

b -.12465. 91%76. 33002. 1 l e 836 .
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In the case of using the electrode made of aluminum or metal
comprising mainly aluminum, and using piezoelectric substraté 1 comprising
LN single-crystal and having a cut-face cut out at a rotation between not less
15 than 50° and not more than 80° from Y-axis to Z-axis with respect to X-axis,
various SAW resonators are also produced for comparison. The result proves |
that setting the IDT electrode pattern to satisfy the relation of 2Xp < vb/f
produces a similar advantage. Further, the metallization ratio 7 is set at
approx. 0.5 and the normalized film thickness h/A is set not less than 12%,
20 then those prepara'tions assure obtaining the SAW device having the foregoing
adizantages more positively. As a result, the yield rate can be substantially
improved.
The present invention is not limited to the foregoing discussion. For
instance, the electrode can use other materials than aluminum or metal
25 mainly comprising aluminum. The piezoelectric substrate can use LT
single-crystal or LN single-crystal cut out at another cut-angle, or it can use a

substrate made of LiB,0, (LBO), other materials for piezoelectric substrate or



dielectric filmsuch as silicon-oxide film13, pitch "p" and resonance
frequency f before are adjusted so that the relation of 2 X p X f before <
vb <2 X p Xf after is satisfied, then a SAWresonator excellent in the
insertion-loss and the steep characteristics is obtainable. In general,
pitch "p" oP3@7ZAW resonator 10 beconesggv der at a | ower frequency,
therefore, in the foregoing case, the increase of SAWSs phase vel ocity due
to the dielectric fllmcan be used for w deni ng the pitch "p" of the SAW

resonat or. Th| ant age manuf a devi
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as di el ect r‘?%ﬁ%%#%ﬁé@@? 159 ﬁ%? resent invention is not limted to those
25 materials. For instance) a filmlam nated of polyim de-based resin or
silicon-nitride film and silicon-oxide filmcan be used. Further, in this
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2.5 dB, rejection band 1 n receiving

of attenuataﬁ)@tﬁeﬂgnq&dﬂwbmé§2§Mﬂ-f| Imis formed on 39 LT substrate,
and | adder SAWfilters for 800 MHz band and 1.9 GHz band are produced by

phot o- IzahographI tﬁg@%@g@ n t S f
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with the condition that the SAWresonat or enpl oyl ng trate an

using LSAW{nc t or
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of 2 X p < vb/f . The |adder SAWfilter for BE BReo RS Torkiizpe! Abh

resonator, tHickddsahhy QgCH}ﬂi’l§§)1f)f>§Qéﬂﬁ6ﬁ)Iossfof tABH AWV RonRtorthath@et 1008F are
desi gned such that the 10 relation of 2 X p s vb/f is satisfied, thus the

phase &8 ocand iof fdrb\Y iof piewsdlectran GubberatSAW.1 STHE ElledFofSAWF {1 SW! e
10, Wand Al are layered in this order on 39 LT substrate, then patterns of

| adder SAW fdsbhetci drerm8Q0WFialagd alldikim avieerbTiRa H0Ed 9R1PYA producing
photo-lithography and etching methods. In this case, first the ,R 15 layer

i s etched byethodasedtigias SIWWAr ittt Clindg RS evAlN@RiddemBEheY ebf | Sleghighad by
F-based gas wi thout exposing the layers to the atnmosphere. Next, a resist
is renoved, then a filter pattern of 800MHz filter is protected by the
resist, and the Al | ayer of a filter pattern of 1.9GHz filter is etched by
Cl -based gas again. As a result, the IDT el ectrodes of 800MHz filter are
formed of two 20 | ayers) i.e. Wlayer and Al Iayer and those of 1. 9GHz
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P30724 E 36 I n conparison sanmple 7, first, formA -film of which thickness
corresponds to that of the 1.9GH filter, on 39 LT substrate, second,
protect the filter section of 1.9GHz with resist, then formTi-film and
Al -filmin this order to make the filmthickness to be that of a 800MHz
filter. InR30R4clHse, 5 the Ti-filmis2used as an adhering | ayer. The
resist protecting the filter section of 1.9GH band is renoved together
with Ti-filmand Al -filmattached to the filter section. Then apply resi st
for protecty . £ i f 1. band.,and form ng the pattern of
800Nz fi | tde}?r%.gagxaglgf?é’gttaﬁéeSfﬂgfsi%ﬁs?&F}gOSFiIB%%rﬁgﬁ“&DQWBE{-t he resist with
dry-etching, th r J a fli r .10 800MHz, band and a filter for
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for using tfhemvgoiat &1, Re¥ind the ratio as the shape factor, i.e., BWa / BWb. The
characteristics of the filter becomes broader, a selection ratio degrades, and a

20  pass-band becomes narrower at a greater shape factor. Thus the shape factor

becomes closer to 1 (one), and a pass-band filter becomes more sophisticatéd.

25



On the ot her

hand,

specifications in respect of the insertion-loss and the degree of
attenuation in rejection-band of the pass-band. Conparison of sanple 9 with
sanple 10 tells that sanple 10 has al nost no ripples which sanple 9 has,

whi ch seen®309220Ebe caused by the | DT2gl ectrodes nade of W Although the
el ectrodes of sanple 10 are nade of only W sanple 10 has the

insertion-loss simlar to those of other sanples.

Because the | DT

conparison sanples 7 and 8 do not satisfy the requested

el ectrodes qofp EQZSAMIresonator hardly affects the loss, and the wiring
routed is réirnforced with Al. Conparison sanple 7 finally obtains
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Table 2 shows the measurements of the minimum insertion loss and the

shape factor of sample 2 and comparison sample 3. As table 2 tells, sample 2

obtains better results about the minimum insertion loss and the shape factor

than comparison sample 3. The normalized film thickness h/A of the SAW

resonators of comparison sample 3 show values, as shown in Fig. 8, which

make the propagation loss of LSAW on LT 42 substrate close to 0 (zero). On

the other hand, the normalized film thickness h/A of the SAW resonators of



P30724 E 3g proves that the tenperature characteristics of sensor 1 is ca.
130 ppnmf K, while that of the conparison sensor is 35 ppm K Figs. 3A and 3B
used in the first embodinment also tell that the characteristics of sensor 1
around the antiresonance frequency is sharper than that of the conparison
sensor. |t R30V2MeE5 thus concl uded that23sensor 1 can neasure a t enperature
nmore sensitive than the conparison sensor. The tenperature characteristics
di scussed above takes advantage of the fact that tenperature
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or IIDT (interdigitated interdigital transducer) SAW filter, also produces a
similar advantage as far as they satisfy the relation of 2Xp < vb/f.

The present invention achieves novel filter characteristics which prior

art cannot obtain, so that a compact, light-weight and sophisticated filter is

15 obtainable. Use of this novel filter allows mobile communication

apparatuses to be downsized and light-weighted.

Exemplary Embodiment 3
In this third embodiment, a 1-port SAW resonator similar to that used
20 in the first embodiment is used as a SAW device. | Samples 3 — 6 employ LT
36. substrate as piezoelectric substrate 1, and a slow shear wave propagétes
on this LT 36 substrate at an phase velocity vb of 3350.8 m/s. Comparison
sample 4 employs LT 42 substrate as piezoelectric substrate 1. SAW
resonators, of which structures are shown in Fig. 1A through Fig. 1C, are
25  formed on those piezoelectric substrates 1.
The SAW resonators of samples 3 — 5 have the following specification:

pitch “p” of finger-electrodes = 0.8 £ m, metallization ratio 7 = ca. 0.5,



step having a pitch simlar to the pitch p. 3. The SAWdevice of claim1l
further conprising a dielectric filmdisposed over said el ectrode pattern
for covering at | east said electrode 20 pattern. 4. A surface acoustic wave
(SAW device conprising: a piezoelectric substrate cut out at a cut-angle
al | owi ng t hB3@TktH ate to excite a | eak§4surface acoustic wave (LSAW; 25
an el ectrode pattern formed of an inter-digital transducer (1DT) electrode
prepared on said substrate, the |IDT el ectrode havi ng at least a pair of
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sai d pi ezoois %T‘é‘ié‘ah%ﬁde%fh"g By ERPHED RS finiHl, ocmet *"
Cdont | cal 16" *%%at ey é‘lﬁ%ﬁ%ﬂ%&%ﬁ. CS”C%efe%ﬁvék‘%A%gﬁ??ﬁtpg? anyhsned
el ectrodes are nade
8; (r:rle?:alm ﬁa‘f}’?g %}i x?efrﬂed%lﬁé‘él}?&% Egﬁcﬁm&ls%&ggs @&%gq%%ﬁdew ce of any one
of claim1l thrOUSQm?)ll@BrQIﬁ' lo ?B@' T?&fode%%ﬁd% %ft&ﬂé&gﬁ (ﬁgd)gtw 1C Sde ﬁg a

formed of at I east
second 1(yefs highkPiARA Af aﬁa%e%f n@llmﬁﬂgedr?itlfﬁl thickness h/ A of 2.7% because the

difference in density is taken into account. Those preparations allow sample
5 to have the same resonance frequency as sample 3.

Sample 6 employs multi-layered film electrodes formed of W-layer and
Al-layer as the electrodes of SAW resonator, and has normalized film

15  thickness h/A of 8.7%. Its resonance frequency is set at the same one as that
of sample 3 because a thickness ratio of Al-layer vs. W-layer, and the
difference in density of Al and W are taken into account. Those preparations
allow the respective normalized film thickness h/A of samples 4 — 6 to agree
with that of sample 3 if they are cohverted into the case where Al is used.

20 The SAW resonator of comparison sample 4 is produced, which has the
following specifications: “p” = 1.1 g#m, n = ca. 0.5, énd “h/A” = ca. 10%.
These specifications can minimize the insertion loss of LSAW in the case of
using LT 42 substrate.

Samples 4 — 6 have the same resonance frequency “f”, i.e., 1890.6 MHz.

25 The SAW resonators are produced and evaluated basically in the same way as
those in the first embodiment. However, since sample 4 needs to form the

step on the piezoelectric substrate, sputter-etching where Ar is added to



conprising mainly A, where the netal has a greater density than Al. 25 8.
The SAW devi ce of any one of claim1l through claim4, wherein said
substrate is made of single crystal of LiTa03. P30724 E 42 9. The SAW
device of claimb5) wherein said substrate is made of single crystal of

Li Ta03. 5 1B30T24 IBAW devi ce of clai m &5 wherein said subst rate is made of
single crystal of LiTa03. 11. The SAWdevice of claim7, wherein said
substrate is made of single crystal of LiTa03. 10 12. The SAW devi ce of

cut-face ourtSeaea & a-APRMERE TE R BhFSh uBaBhn ! sichik RerBbtlnd
Sngl o- o yoPaiteor (TG IO ol fnd e RS, lesfiores ng T sifiesaw
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bet een 1ot hags Hohaled BRIAPLIRACENER OB PSLP, ZAL5iRelh. |
Substracs nadferdt S PR SS altart e 8308 of BEifen
rotation anglegi, I%Q?mﬁ%@ +hR TP ﬁkggls_efelgg&dﬁg.eand not nore than 50

fromY-axis to Z-axis W respect to axr's singl e-crystal of
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SAW devi ce of c eretn sail
tungsten (W). Sample 6, in particular, uses chlorine-based gas for etching

the Al-layer, and uses fluorine-based gas for etching the W-layer by using the

10 Al-layer as an etching mask.
The transmission characteristics of the SAW resonators of samples 3 —
6 and comparison sample 4 are shown in Fig. 11A ~ Fig. 11E respectively.
Table 3 shows the characteristics measured of the respective SAW resonators.
The comparison of Fig. 11A - Fig. 11D of samples 3 — 6 with Fig. 11E of
15 comparison sample 4 proves that samples 3 — 6 have the better steep
characteristics than comparison sample 4. Samples 3, 4, ad 6 have less
insertion-loss than comparison sample 4, to be more specific, the three
samples have bettef numerical values about the min. insertion-loss and the
index of insertion-loss than comparison sample 4. Sample 5, on the other
20  hand, results in'rather inferior numerflcal' values to comparison sample 4,
because use of W in the IDT electrodes is obliged to reduce the film thicknéss,
and W per se has a greater specific resistance than Al, so that the resistance of

the IDT electrodes becomes greater.



crystal
bet ween not

respect 5 to X-axis of the single-crystal

al | ows exci

of Li Ta03 having a cut-face cut out at a rotation angle ranging

| ess than 26 and not nore than 50 from Y-axis to Z-axis with

tin

of Li Ta03, and said substrate
the LSAW 16. The SAW devi ce of any one of claim1 through

cl ai m 4, V\hé’r?é%ﬂ‘isﬁi d substrate is nade26f single crystal of LiNoO3. 10 17.
The SAW device of claim5, wherein said substrate is nade of single crystal
of Li Nb03. 18. The SAWdevice of claim®6, wherein said substrate is nade of
15 singl e crisBBE 3f Li Nb03. 19. The SAWdevice of claim7, wherein said

e

substrate is—rade—ofsinglecrystal of LiNd03 20 20 The SAW device of
claim 16, vherein said |substrate nafiBitoh bstwegtm| Noysidized! |i Me@8nhns ng
cut-face cyt out at a rldiezoelactaitgl p rafiggey fr ofiimchidkenss | hafle e not
more than §0 w th respecubsorafeaxi s| ofelédteoddsnal e WXSK%} of Li NbO3, and
sai d substrjate all ows exciting the LSAW (%Sm?l. The SAW device ﬁl)ai m
wher ei n sai[grsubstyatemade—pi—strge—<cr+ystat—et—=-No83—-having—a cufl f ac
cut out at §%Pu%t on ar%re t‘gngi ngl fromnot |less than 50 to not. nore t
80 with respect to X-axlistbstratee sihgle 0.830724 E 4¥.8rystal 01890.8b03,
and sai d syiSampleet al | @6 exEti ng fhe LSAW 22} The SAW deYVice of claim
18, wherein said substriahgsppde of pinglggrystal of1dpNo03 havig\g{).g
cut-face cUt a%% ar Tl angtF Tangirmg—from 5 not—tess—than—56—+to
nore than EOval ]}?af%espeg'%@toﬁ -axis|of the single crystal of LiNbO3, and
sai d subst r.a.t__e_a.l_L_g.\,q,g_e,\&Hb;gt eihe |saw 9%  The SAWFdevi ce| of é$%@ﬁ1 19,
wher ei n sai|®ampletd at e [fle BT single crystal of Li Nb03 having a cut-faq
cut out at fa rotation anglbst¥aasgi ng| frompi® not || essg/han 50 t o189 .¢nor e
than 80 wi tlRopfpaRfeh t 0 48 axig of the singre
sample 4 substrate 1.1 10.0 1884.8
Piezoelectric SAW Insertion-loss Sharpness
substrate velocity index index
(m/s) (dB)
Sample 3 36 LT
substrate 3025.0 —0.7 2202.4
Sample 4 36 LT
substrate 3025.0 —0.7 2202.4
Sample 5 36 LT
substrate 3025.0 —1.2 2202.4
Sample 6 36 LT
substrate 2268.7 —0.3 2208.3
comparison 42 LT
sample 4 substrate 4146.6 -0.8 2089.2

Meanwhile, comparison sample 4 satisfies the specifications that can

- conventionally obtain a rather excellent SAW resonator: cut-angle of LT

10

substrate

42

, normalized film thickness of electrode h/A = ca. 10%.

Samples 3 — 6, on the other hand, form the SAW resonators on the

piezoelectric substrate cut out at an angle that allows the substrate to excite

LSAW so that the relation of 2Xp = vb / f can be satisfied. The third

embodiment thus proves that the SAW resonator having lower loss and

similar or better steep characteristics than comparison sample 4 is obtainable

with no substantial limits to a cut-angle of the substrate.
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han
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crystal of LiNb03, and said substrate allows exciting the LSAW 24. A
surface acoustic wave (SAW device conprising at |east two SAWdevi ces, as
defined in any one of claim1l through claim4, conbined to each 15 other
and formed on one chip. 25. A nobile conmunicati on apparatus enploying the
SAW devi ce ®30024imed in any one of clagm 1 through claim4. 20 26. A _
mobi | e conmuni cati on apparatus enpl oying the SAW devi ce as defined in claim
24. 27. A sensor enploying the SAWdevice as defined in any one of claiml
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structure satisfying hLL=hr allows obtaining a SAW resonator of low loss and
excellent steep characteristics without selecting a certain cut-angle. This is

10  because the phase velocity of the SAW can be slower, due to mass-load effect,
than that of the slow shear wave propagating on the piezoelectric substrate.

The comparison of transmission characteristics between samples 3 — 6
shown in Fig. 11A — Fig. 11D finds the following facts: Sample 3 shows some
wavy characteristics, while sampleé 4 — 6 do not show such wavy phenomena.

15 Because sample 3 makes an phase velocity of the wave, which should have
propagated as LSAW, slower than that of the slow shear wave and uses the
wave as RSAW, so that the reflection coefficient per electrode (IDT electrodes
and reflector’s electrodes) lowers. To overcome this problem, reconéidering
the design is one way; however, it is necessary to improve the reflectance per

20  electrode. | | |

| The comparison also finds the following facts about samples 4 —.6:
Sample 4 shows smooth transmission characteristics because the step is
provided. Samples 5 and 6 show also smooth transmission characteristics
because entire or partial electrodes are made of W having the higher density

25 than Al. Those facts tell that use of a step formed on a substrate, or use of
electrodes entirely or partially made of méterial having higher density than

aluminum is effective for improving the lowering of reflectance per electrode.



(IDT) electrode prepared on said substrate, the |IDT el ectrode having at

| east a pair of finger-electrodes neshing with each other; and 20 a
dielectric filmdisposed over said el ectrode pattern for covering at | east
said electrode pattern, the nethod determ ning said el ectrode pattern, the
cut-angl e aHd0M2d dlial of said dielectr28 filmto satisfy a relation of 2 X
p Xf before <Vb <2 Xp Xf after , 25 where f before (Hz) is a resonance
frequency of the SAWdevice before said dielectric filmis fornmed, f after
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that section. This method is particularly effective when the SAW filter using
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Exemplary Embodiment 4

10 The fourth embodiment uses a 1-port SAW resonator similar to the one
used in the first embodiment. Samples 7 and 8 for this fourth embodiment
use Al as the material of IDT electrodes 3 and reflector’s electrodes 4 both
formed on piezoelectric substrate 1 ..which employs LT 36 substrate. The
slow shear wave propagates on substrate 1 at phase velocity vb of 3350.8 m/s.

15 Samples 7 and 8, as shown in Figs. 12A and 12B, have dielectric film for
covering IDT electrodes and reflectors of the SAW resonators.

Sample 7 uses silicon-nitride film 12 as this dielectric film. Fig. 12A
shows the sectional view of this structure, where finger-electrodes 301 of the
IDT electrodes are formed on piezoelectric substrate 1, and silicon-nitride film

20 12 is formed as the dielectric film over finger-electrodes 301 and substrate 1.

Sample 8 uses silicon-oxide film 13 as the dielectric ﬁlm.. Fig. 1'2B
shows the sectional view of this structure, where finger-electrodes 301 of the
IDT electrodes are formed on piezoelectric substrate 1, and similar to the
structure shown in Fig. 12A, silicon-oxide film 13 is formed as the dielectric

25 film over electrodes 301 and substrate 1. Characteristics of the respective
SAW resonators are shown in Table 4.

Sample 7 has the following specifications: pitch “p” of finger-electrodes
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after

phase velocity of the SAW before film 12 is formed is 3016.7 m/s, which is
slower than that of the slow shear wave. Thus the relation of 2 Xp = vb/f

betore CaN be satisfied. Further, the phase velocity of the SAW after film 12 is

formed is 3002.1 m/s, which is also slower than that (3350.8 m/s) of the slow .
shear wave. Then the relation of 2Xp < vh/f,,, can be satisfied. In other
words, sample 7 satisfies the relation of 2Xp = vb / f both before and after -
film 12 is formed.

Sample 8 has the following specification: “p” = 0.80 £m, 7 = ca. 0.5,
resonance frequency before silicon-oxide film 13 is formed “f ,,, " = 1848.37
MHz, and resonance frequency after film 13 is formed “f ;" = 2484.20 MHz.
In sample 8, the phase velocity of the SAW before film 13 is formed is 2957.4
m/s, which is slower than that of the slow shear wave. Thus the relation of 2
Xp = vb /f . can be satisfied. Further, the phase velocity of the SAW
after film 13 is formed is 3974.7 m/s, which is faster than that (3350.8 m/s) of
the slow shear wave. Then the relation of 2Xp = vb /f,,,. can be satisfied.

In other words, sample 8 satisfies the relation of 2Xp X f

before

= vb = 2XpX
f .aer both before and after film 13 is formed. |
Compariéon samples 5 and 6 ére producéd to usé SAW resonators
employing regular LSAWs of which resonance frequencies are equal to f 4., of
samples 7 and 8 respectively. Both comparison samples 5 and 6 employ
electrodes made of Al in the SAW resonators, and use 36 Y-cut and X-
propagation LT substrate as piezoelectric substrate. Comparison sample 5
has the following specifications: pitch “p” of electrodes = 1.06 £ m,

metallization ratio 7 = ca. 0.5, and comparison sample 6 has pitch “p” of
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and after dielectric film 12 is formed. Figs. 14A and 14B show transmission
characteristics of sample 8 before and after dielectric film 13 is formed. Figs. |
15 and 16 show transmission characteristics of comparison samples 5 and 6
respectively.

10 Those SAW resonators discussed above are basically produced in the
same way and evaluated in the same manner as the first embodiment. The
dielectric films of samples 7 and 8 are formed in the following way: First,
form the electrode-pattern, then form the dielectric ﬁlm on the entire wafer by
sputtering, and remove the dielectric film only from a pad-area, where a

15  probing device needs to contact for measuring the electrical characteristics, by

photo-lithography and etching. The characteristics of those samples are

shown in Table 4.
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25
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Piezoelectric | Pitch between finger Resonance SAW
substrate electrodes p locit
| frequency | . velocity
b (km) f (MHz) (m/s)
sample 7 36 LT
substrate 0.8 1885.5 3016.7
sample 8 36 LT
substrate 0.8 1848.4 2957.4
Comparison | 36 LT
sample 5 substrate 1.06 1880.3 4001.3
Comparison | 36 LT
sample 6 substrate 0.81 2465.7 4004.3
with dielectric film
Piezoelectric | Insertion | Sharpness | Resonance SAW
substrate loss index index | frequency velocity
(dB) f MHz) (m/s)
sample 7 36 LT
substrate —1 2465.9 1876.3 | 3002.1
sample 8 36 LT
substrate —1.1 2191.7 2484.2 3974.7
Comparison | 36 LT
sample 5 substrate —2.6 2053.3 — —
Comparison | 36 LT
sample 6 substrate —2.8 2097.7 — —

As Figs. 13A and 13B illustrate, sample 7 obtains improved insertion-

loss and steep characteristics after silicon-nitride .ﬁlm 12. In comparison

5 with comparison sample 5 shown in F1g 15', sample 7 has insertion-loss and
steep characteristics rather inferior to those of comparison sample 5 before

film 12 is formed. However, after film 12 is formed, sample 7 gets better
characteristics than those of comparison sample 5. This experiment proves

that the advantage of the present invention can be obtained after the

10 dielectric film such as silicon-nitride film 12 is formed.

Sample 8 shows an increase of the resonance frequency after silicon-

oxide film 13 is formed. As the comparison of Fig. 14A with Fig. 14B tells,
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sample 8 shows better characteristics than a SAW resonator using regular
LSAW both before and after the dielectric film is formed.
5 When the phase velocity of SAW increases due to forming of the
dielectric film such as silicon-oxide film 13, pitch “p” and resonance frequency
f betore are adjusted so that the relation of 2XpXf, .. < vb < 2 XpXf per 18 |
satisfied, then a SAW resonator excellent in the insertion-loss and the steep
characteristics is obtainable. In general, pitch “p” of a SAW resonator
10  becomes wider at a lower frequency, therefore, in the foregoing case, the
increase of SAW’s phase velocity due to the dielectric film can be used for
widening the pitch “p” of the SAW resonator. This is the advantage of
manufacturing SAW devices.
Use of silicon-nitride film as the dielectric film decreases the resonance
15  frequency, however, a degree of the decrease can be adjusted with the film
thickness. Comparison sample 6 having the phase velocity of 4004.3 m/s
before the dielectric film is formed. The silicon-nitride film thicker than that
of sample 7 is formed on the surface of SAW resonator, of which phase velocity
is faster than that of the slow shear wave, then reduction of resonance
20 fre__qtiexicy can- be expected after ‘the film is fqrméd. Selection of an
appropriate film thickness can satisfy the relation of 2XpXf . = vb,. and
obtains the advantage of the present invention.
In this fourth embodiment, silicon-nitride film or silicon-oxide film is
used as dielectric film; however, the present invention is not limited to those
25 materials. For instance, a film laminated of polyimide-based resin or
silicon-nitride film, and silicon-oxide film can be used. Further, in this

embodiment, the dielectric film is provided on the upper face of IDT
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discussed above.

A change in phase velocity due to forming of the dielectric film depends

on a material of the film, a film thickness, and a structure of the film. There

is thus an optimum condition for each one of those factors to produce SAW |

devices according to actual cases.

Exemplary Embodiment 5

The SAW device in accordance with the fifth embodiment of the present
invention includes a ladder SAW filter working in 800 MHz band and a ladder
SAW filter working in 1.9 GHz band, where both filters are formed on one chip,
i.e. a filter of two-filters in one-chip. In this embodiment, four samples are
produced, namely, samples 9 and 10, and comparison samples 7 and 8. A
transmitting filter for AMPS/CDMA in the US is used as an 800 MHZ band
filter, and a transmitting filter for CDMA in PCS band in the US is used as a
1.9 GHZ band filter. |

The transmitting filter in 800 MHz band needs the following
specifications: pass-_band = 824 — 849 MHz; insertion-loss < 2.5 dB, rejection
band in receiving band = 869 — 894 MHZI; and degree of attenuation = 40 dB.
On the other hand the transmitting filter in 1.9 GHz band needs the following
specification (requested specifications): pass-band = 1850 — 1910 MHz;
insertion-loss = 2.5 dB, rejection band in receiving band = 1930 — 1990 MHz;
and degree of attenuation = 40 dB.

In sample 9, Al-film is formed on 39 LT substrate, and ladder SAW
filters for 800 MHz band and 1.9 GHz band are produced by photo-lithograph

10t
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SAW resonator has the specification agreeing with the condition that the SAW
resonator employing 39 LT substrate and using LSAW incurs propagation-
5 loss of almost O (zero). The SAW resonator forming this 800MHz SAW filter
uses LSAW, and its relation between resonance frequency and pitch of

electrodes does not satisfy the relation of 2Xp = vb/f.

The ladder SAW filter for 1.9GHz includes a SAW resonator, of which
resonance frequency “f” and pitch “p” of electrodes are designed such that the

10 relation ef=of 2Xp = vb/f is satisfied, thus the phase velocity of LSAW is
lowered and the LSAW is used as RSAW,

In sample 10, W and Al are layered in this order on 39 LT substrate,
then patterns of ladder SAW filters for 800MHz and 1.9GHz are formed
thereon by photo-lithography and etching methods. In this case, first the Al

15 layer is etched by Cl-based gas as dry-etching gas, then the W layer is etched
by F-based gas without exposing the layers to the atmosphere. Next, a resist
is removed, then a filter pattern of 800MHz filter is protected by the resist,
and the Al layer of a filter pattern of 1.9GHz filter is etched by Cl-based gas
again. As a result, the IDT electrodes of 800MHz filter are formed of two

20 ' layers, i.e. W layer and Al layer, and those of 1.9GHz filter are formed of single
layer, i.e. W layer. |

The SAW resonator of this 800MHz SAW filter of sample 10 uses LSAW
and its resonance frequency “f” as well as pitch “p” of electrodes. does not
satisfy the relation of 2Xp = vb/f. The SAW resonator of the ladder SAW

25 filter for 1.9GHz band is designed such that resonance frequency “f” and pitch
“p” satisfy thé relation of 2Xp = vb/f. This 1.9GHz filter thus uses LSAW
as RSAW by lowering the phase velocity of the LSAW,

, 10%
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In comparison sample 7, first, form Al-film, of which thickness
corresponds to that of the 1.9GHz filter, on 39 LT substrate, second, protect
the filter section of 1.9GHz with resist, then form Ti-film and Al-film in this
order to make the film-thickness to be that of a 800MHz filter. In this case,
the Ti-film is used as an adhering layer. The resist protecting the filter
section of 1.9GHz band is removed together with Ti-film and Al-film attached
to the filter section. Then apply resist for protecting the filter section of |
1.9GHz band and forming the pattern of 800MHz filter. Expose the resist to
light, then provide the resist with dry-etching, thereby producing a filter for
800MHz band and a filter for 1.9GHz band on one chip.

The SAW resonators of 800MHz filter and 1.9GHz filter in comparison-
sample 7 use LSAW, and the relation between resonance frequency “f’ and
pitch “p” does not satisfy the relatién of 2Xp = vbif |

In comparison sample 8, Al and W are layered in this order on 39 LT
substrate, then patterns of ladder SAW filters for 800MHz and 1.9GHz are
formed thereon by photo-lithography and etching methods. In this case, first
the W layer is etched by F-based gas as dry-etching gas, then the W 1ayer is
etched by Cl-based gas without ekposing the layers to the atmosphere. Next,
a resist is removed, then a filter pattern of 800MHz filter is protected by the

‘resist again, a.nd the W layer of a filter pattern of 1.9GHz filter is étched by
F-based gas. As a result, the IDT electrodes of 1.9GHz filter are formed of
single layer, i.e. W layer, and those of 800MHz filter are formed of two layers,
1.e. W layer and Al layer.

The SAW resonators of 800MHz filter and 1.9GHz filter in comparison
sample 8 both use LSAW, and their frequency “f’ and pitch “p” do not satisfy

the relation of 2Xp =< vb/f.

For samples 9 and 10, and comparison samples 7 and 8, after the
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patterns of IDT electrodes are formed, Al-film is vapor-deposited for
reinforcing purpose on the wiring routed, bus-bars, and pad sections. Then
those wafers are diced into pieces of chips, which are then die-bonded on
ceramic-packages of 3mm squaie. They are electrically connected with wire-
5 bonding, and air-tightly sealed in nitrogen atmosphere.
Figs. 17A and 17B show the transmission characteristics of sample 9,
Figs. 18A and 18B show that of sample 10, Figs. 19A and 19B show that of |
comparison sample 7, and Figs. 20A and 20B show the transmission
characteristics of comparison sample 8. Each drawing also shows the
10  respective pass-band (transmitting band) and rejection band (receiving band).
A detailed observation of those results proves that samples 9, 10 and
comparison samples 7, 8 obtain the characteristics substantially equal to each
other on the 800MHz SAW filters. | Samples 9 and 10 satisfy the requested
specifications of 1.9GHz SAW filters by lowering the phase velocity of the
15  wave, which should have propagated as LSAW, for using the wave as RSAW.
On the other hand, comparison samples 7 and 8 do not satisfy the requested
speciﬁcations in respect of the insertion-loss and the degree of attenuation in
rejection-band of the pass-band. Comparison of sample 9 with sample 10
tells that sample 10 has almost no ripples which sample 9 has, which seems to
20 - be caused by the IDT electrodes made of W. - |
Although the electrodes of sample 10 are made of only W, sample 10 has
the insertion-loss similar to those of other samples. Because the IDT
electrodes of the SAW resonator hardly affects the loss, and the wiring routed
is reinforced with Al.  Comparison sample 7 finally obtains characteristics on

25  only few items because of its complicated production process, and results in a

poor yield.
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Exemplary Embodiment 6

A sensor employing the SAW device of the present invention is
demonstrated hereinafter with reference to accompanying drawings.

A temperatﬁre sensor 1s taken as an instance of the sensor employing

5 the SAW device. Fig. 21 shows a schematic diagram illustrating a basic
structure of this sensor. In Fig. 21, packaged SAW resonator 22 is mounted
to a tip of insulating member 21, and an output section of resonator 22 is |
electrically coupled to network analyzer 24 via wires 23 disposed on insulating
member 21. This temperature sensor uses SAW resonator 22 as its sensing

10 section, and analyzer 24 measures the transmission characteristics of
resonator 22.

SAW resonator 22 changes its frequency characteristics in response to
an ambient temperature, and this temperature sensor can thus measure the
temperature using a change in the frequency. In this sixth embodiment, a

15 movement of anti-resonance frequency due to a change in temperature is
monitored.

The SAW reéonator used in sample 1 described in the first embodiment
is used as SAW resonator 22. Sensor 1 equipped with this SAW resonator
and a comparison sensor equipped with the SAW resonator used in

20 - comparison sample 1_ih the first embodiment are used here.

The characteristics of those two sensors are evaluated in the féllowing
manner: Put the sensing section, i.e. SAW resonator 22, into an oven, and
find a relation between a variation in the ambient temperature and a
variation in the anti-resonance frequency with the ambient temperature

25 varying. The resultant relation is shown in Fig. 22, in which the vertical axis
shows a variation in the anti-resonance frequencies and the horizontal axis

shows a difference in temperature from room temperature (25°C). The result
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The temperature characteristics discussed above takes advantage of |
the fact that temperature characteristics of a substrate can be changed by
thickening a film-thickness of IDT electrodes. In this case, when the

10 electrodes made of Al are used, the IDT electrodes preferably have normalized

film thickness h/A of not less than 10%.

Industrial Applicability

The present invention lowers the phase velocity of LSAW to not more

15 than that of the slow shear wave propagating on a piezoélectric substrate, so
that bulk-wave is prevented from radiating for reducing the loss of a SAW
device such as a SAW ;esonator or a SAW filter. At the same time, the steep

characteristics of the SAW device can be increased.
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6. The SAW device of any one of claim 1 through claim 4, wherein at
least the finger-electrodes are made of metal having a larger density than Al
20 | |
7. The SAW device of any one of claim 1 through claim 4, wherein at.
least the finger-electrodes are formed of at least two layers, namely, a first
layer is made of Al, and a second layer is formed of one of Al and metal
comprising mainly Al, where the metal has a greater density than Al
25
8. The SAW device of any one of claim 1 through claim 4, wherein said

substrate is'made of single crystal of LiTaO,.
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crystal of LiTaO, having a cut-face cut out at a rotation angle ranging between
not less than 26 and not more than 50  from Y-axis to Z-axis with respect

to X-axis of the single-crystal of LiTaO,, and said substrate allows exciting the

15 LSAW.

13. The SAW device of claim 9, wherein said substrate made of single
crystal of LiTaO, having a cut-face cut out at a rotation angle ranging between
not less than 26 and not more than 50  from Y-axis to Z-axis with respect

20 - to X-axis of the single-crystal of L1Ta03, and said substrate allow's exc1t1ng the
LSAW.

14. The SAW device of claim 10, wherein said substrate made of single
crystal of LiTaO, having a cut-face cut out at a rotation angle ranging between
25 not less than 26 and not more than 50 from Y-axis to Z-axis with respect

to X-axis of the single-crystal of LiTaO,, and said substrate allows exciting the

LSAW.
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5 not less than 50 to not more than 80 with respect to X-axis of the single-

crystal of LINbO,, and said substrate allows exciting the LSAW.

23. The SAW device of claim 19, wherein said substrate made of single
crystal of LiNbO, having a cut-face cut out at a rotation angle ranging from
10  not less than 50 to not more than 80 with respect to X-axis of the single-

crystal of LiNbO,, and said substrate allows exciting the LSAW,

24. A surface acoustic wave (SAW) device comprising at least two SAW
devices, as defined in any one of claim 1 through claim 4, combined to each

15 other and formed on one chip.

25. A mobile communication apparatus employing the SAW device as

defined in any one of claim 1 through claim 4.

20 ~ 26. A mobile communication apparatus employing the SAW device as

defined in claim 24.

27. A sensor employing the SAW device as defined in any one of claim
1 through claim 4.
25

28. A method of designing a surface acoustic wave (SAW) device which

comprises: -
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5 pair of finer-electrodes meshing with each other,
the method determining said electrode pattern and the cut-angle
to satisfy a relation of
2Xp = vb/f,
where p (m) is a pitch of the finger-electrodes of said eiectrode pattern, vb
10  (m/s) is an phase velocity of a slow shear wave propagating on said substrate,

and f(Hz) is a resonance frequency of the SAW device.

29. A method of designing a surface acoustic wavé (SAW) device which
comprises:
15 a piezoelectric substrate cut out at a cut-angle allowing the
substrate to excite a leaky surface acoustic wave (LSAW);
an electrode pattern formed of an inter-digital transducer
(IDT) electrode prepared on said Substrate, the IDT electrode having at least a
pair of finger-electrodes meshing with each other; and
20 a dielectric film disposed over said _electrode ‘pattern for
co&ering at least said electrode pattern,
the method determining said electrode pattern, the cut-angle and
material of said dielectric film to satisfy a relation of
2XpXf e = Vb = 2XpXf ..,
25 where f .. (Hz) is a resonance frequency of the SAW device before said

dielectric film is formed, f ,,,, (Hz) is that of after said dielectric film is formed,

p (m) is a pitch of the finger-electrodes of said electrode pattern, vb (m/s) is an
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