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BACKGROUND OF THE INVENTION 1. Field of the Invention The present indehdAbRI03

. relates to mnmwmﬁmmummoustic wave device using a quartz substrate. Mre
particul arl tion relates to an inprovenent in a surface acoustic
wave devi ce usiggoa+ surface acoustic wave substrate forned by stacking a

thin piezoelectric filmon a quartz substrate. 2. Description of the
Rel ated Art Known, surface acoustic wavé devices (hereinafter referred to

as "the SAWLERWECR chuans WA Divaesl O @ bandpass filter in, for exanple,

a nobile comunication apparatus or the |Iike. The SAWdevice has at |east
one interdigital transducer (hereinafter referred to as "the IDT") forned
of at least one pair of conb-like el ectrodes disposed in contact with a

pi ezoel ecBRAFEGRP OFFJHEh NVENTIOHus t ypes of SAW devices each using a

thin piezgelec%ggﬁdfBQWEQ%v%nQ%%%i%Hggested, for exanple, a SAWdevice
using a surface acousti c wWavé sibsStrate (hereinafter referred to as "the

SAW subst r at e" rhebpaieresh thy nvehing eellAtBspikezackeaeiface hiblis@icawghass
substrate or a piezoelectric substrate. Four txﬁes of known SAW devi ces
usi ng a cBANLRSt i VALRF tThe BPSFE- FBRFEIRNE ¢ hi nMpFez RALETHEFIYm &R8 a

gl ass sub . ar ' e} y L fically,
s saw soyenEig EeIARYB L0, oh Mbppdbenths (b W nztadl pERRERE heTE Y
Zn0 film devrickoru@ings o shrfapeczashafiic C whahvlem gtibat g8 S Sotdd abg 2,
and I DTs 4 are deposited on the Zn0 film 3. On the other hand, in a SAW

devi ce geREREKERY| Adithdre@ipgoslectgig fAlmpgp3azquartz substrate.

2, Description of the Related Art

Known, surface acoustic wave devices (hereinafter referred
to as "the SAW device") are widely used for a bandpass filter
in, for example, a mobile communication apparatus or the like.
The SaAW device has at least one interdigital transducer
(hereinafter referred to as "the IDT") formed of at least one
pair of comb-like electrodes disposed in contact with a
riezoelectric member.

Further, various types of SAW devices each using a thin
piezoelectric film have been suggested, for example, a SAW
device using a surface acoustic wave substrate (hereinafter
referred to as "the SAW substrate") obtained by forming a thin
piezoelectric film on a glass substrate or a piezoelectric
substrate.

Four types of known SAW devices using a combination of the
above-described thin piezoelectric film and a glass substrate,
are shown in Figs. 1A, 1B, 2A and 2B. More specifically, in a
SAW device generally designated by 1 illustrated in Fig. 1A, a
thin Zn0 film 3 is formed as a thin piezoelectric film on a
glass substrate 2, and IDTs 4 are deposited on the ZnO £ilm 3.
On the other hand, in a SAW device generally indicated by 5
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shown in Flg. 1B, the IDIs 4 are forned on the bottom surface of the 29 N(?)m
film3, i . e. , at the interface between the glass substrate 2 and t én
film3. Mreover, in a SAWdevice generally designated by 6 shown in Fig.

" 2A, a short-circuit electrode 7 is forned on the glass substrate 2, and the
thin ZznO film3 is stacked on the short-circuit electrode 7. IDTs 4 are
deposited on the Zn0 film 3. The SAWdevice 6 is simlar to the SAWdevice
1 illustrated in Fig. 1A except for havng the short-circuit electrode 7
inserted at the interface between the glass substrate 2 and the Zn0O film 3.
On t he ot Bbpwhada, Fiig.a 18AWtdeyiIdTsgdneral Eprimedi oat ddhebpod tolowmrifiads g.
2B, the shart-circujt_electrode 7 is _deposited on the Zn0 film 3, and the
IDTs 4 ar& I&&"eﬁe%‘udatff#é i[3nt &rface Wet e P HRF PR sPEEBEERaFBS2 % he

Zn0 film 3ypEhabdess LAY PAY 28 €818 kS simlar to the SAWdevice 5
illustrated in Fig. 1B except for having the short-circuit electrode 7
deposited on t Nereoyesyr face BAWtdevide gefidkrdllnBsigmptad vy stahatves t he

el ect ro- mechani cal _coupljng coefficient obtained when the SAWdevices 1, 5,

6 arid 8 APeFi@nstPuckeBPPhtachBfintt SH9tERIt o et VMRS CrebEpEAHS t he
PoOsI ti O”SSgEsE%'E'engzt hea.rlcPT%Ré agi 4 he Wefﬁﬂﬁe Pf itshes:?QQ{cIadC'érf!“éhe

el ectrode 7. Fig. 3 shows a change Tn {fe efsctro. mechanr ca coupling

coef fi ci eshowitt-la irespiecte tex tivdtela i 0 DOTEhe talveckdsssited dhetBeO Znd m of

t he above-descr.i bed fourg\é‘%pes of SAWdevices_ 1, 5 6 and 8 to_a wavel ength

~ of a suffdFe Jcoudthe edeyise &cit efimAdaEi nd t Eher SAY rdavigead |

"t he nor [ IoGK S ~) qal ﬂ%}pu hi i £4 gati _H.i.ndi:gat es
t he thi cgﬁggéggfg'?ﬁg %%8 ?%m &r?dr% r pregg%t gééa\?%\cle%lgﬁg%ﬁg%F Fﬁg%&v%\?to
be excitedletheocsel i @ |imeerteddiatat ehea theegfaca Hietwden hehSAWgdenssce 1;

the broken line 0_2 JAN 2003 3 B designates a change in H ~ of the SAW
devi ce 5: SBREtEALLdSt BRdhithe i770 EdlgpPeseft® Q‘%h%ﬁlg%rihaWk of fhEAHAw

device 6; gapdckhegbiRrd9hyChahgibhpes D Biepi &t Sibwrhange Mg ~ogf, thgeSAW
device 8. . Ficg. g shgws %’hat tﬁe SAWcPé&i ces 5 and 8 can gl(jﬂ eve a ?laer ge
el ect r o- nebbati-cikcadipleileg trodef 7ciendeporparddohotheez80WEdém Ges ahdand 6
by sel ecti the H~. Accordingly, regardi png the SAWdevi ce constrycted in
whi ch the ORI FED £ (A% 12°F 0PteA o et BF SEESRLAREREE™, The FAEFeen
conventi ogabk¥ra@eskdaned thieabnd kafiges.el eahE01BECRARI 8alr 4AYRLENE is
coefficient can be obtained by forming the IDTs 4 at the interface between
t he gl asssswbderate rhgnSAWhdeicef Bl Al3usthat8dzanaFiagvelBhewsept Eiog 3
is a SAWin a_higher-otder npde of the Rayl gi SAW Morepver, n. J.
nopt . phybavips SIS $heT-TIRLEL B0 0 HoAMLER S R hh e
el ectro- npghanceabrcenp! ithdnceabf Fenant .dependi ng on the positions of the

| DTs and the . short-circuit electrode when a SAWsubstrate having a thin
Zn0 filmformedign a3Li NobBgtesRe ecthe c slagrttochgshanigabst ceuplisidused.
Thi s chan tels L s | &4 W r r Figs 4A _4B, ;5 nd
5B. Fig. g%f##ﬁ%??ﬁgt %?t%ﬁ%e?fel a |nonéslﬂpi pg%‘gt %ggﬁc%ﬁe 1| ?c’t reg\-arlr%%hgni%ca
coupl i ng eesktiracerd KA andanherr eimtilae tbi ekoRsstkler(kekpdptaifesxr Zh¥ a,

and h designates the thickness of a thin ZaQ film of the thin_zZnO_fil m of
the SAW dBPFe&1oBAsefudeEding ths ADFAg4t RBdgFhesPEaESPrS: 8I2the sheTsaAw

device 1 shewlikh Bhlod:Bdd L2 DG P! ez0ela6ldd © 21 NGheaglysta tne
substrate. The solid line 1ndicated by + represents characteristics
obt ai ned ehenttrbeméeBahilcali sdurinedy orod i st t | wé thurfeapeean tde thieNb03
substrate, while _the broken line indicated by - designates characteristics
obt ai ned *agio iNrbgthickness H of the ZnO film of the above-described
four types of SAW devices 1, 5, 6 and 8 to a wavelength A of a
surface acoustic wave to be excited (hereinafter referred to as
"the normalized thickness H/)\). Throughout this specification,
H indicates the thickness of the ZnO film and )\ represents a
wavelength of the SAW to be excited. The solid 1line A

indicates a change in H/A of the SAW device 1; the broken line



4 when the Zn0 filmis deposited on the negative surface of the Li No@3) jAN 2003
substrate. Simlarly, Fig. 4B illustrates the relationship between the
_electro-mechani cal coupling coefficient KZ and the relative thickness kh of
t he SAW device constructed by replacing the glass substrate 2 of the SAW
device 5 shown in Fig. 1B wth a Li NbO3 piezoelectric single-crystal
substrate. The solid line indicated by % desi gnates characteristics
obt ai ned when the ZnO filmis formed on-the positive surface of the LiNb0O3
substrate ile the broken,line represented.by.- igdicates.charactetistics
obt ai ned ahﬁe?:h%niﬁsgf [ ?mcfhsan epo%?*t eg9gn ?%e tr?eegafg’lg‘ve éﬁ"r’*%ﬁe %f teéls?g
substr at eenkuabltechallindSLidd 8NGedlleER@BRACId VEhande | Ua! HIDE & CBREJEAWN the
el ectro-nechani cal coupling coefficient K2 resulting when the gl ass
substrat edegiok fhea8AWtHeviwesdetanhHadni LinetP deplidts B chahgenrdc M Aar e
repl aced with, Li i ezoel ectric single-crystal substrates. Figs. 4 and 5
reveal th8f Fhet gg%gﬁfﬁ’d'é'\ﬁ &ss constructed by depositing a thin Zn0 film on
the Li NbO3 pi ezggl.eqf rdfowdd NHPr CENSt Bhw SHBPLE8 €5 USRE BS c@nPlheRIBheCH! i C
thin film as well as on the glass substrate, a | arge el ectro-nechani cal .
coupl i ng taefki elentt i memhand cadhicoupd ing fcorfifigienté kcbhpaatedt te the
interface_between, the substrat gnﬁ{d the zn0 fil aﬁéghown in Figs. 4B and
[ t :

58. Namel §A% t ‘Fl‘é%cﬁﬁ_eri" cBWe_n al F?]e'ESF%T*%er by 5‘§§_°61d1&9§71(w
substrat exDgykRIng tRENsLROaddd %ﬁ@@&éﬁ%%ﬁ eﬁ%%ﬁi}& no £ilm
pi ezoel ectric subStrate, IDIs should be fornmed between the piezoel ectric
filmand Bheisubsfomatedi noor déhet 0 gdalsisevaesvbdtaragse elZct r bt nebhhani balen

coupling coefficient. On the other hand, for fhe application of SAW devices
to speci f FERUSBEIOPRdAY | §OBALAREPSas] déna:"ﬁirﬁ"f%‘? SARFEIRSTESPRBILAY ng

not only aolihid8geleefrdTRniaiaeal eC dbRlalingoC 85 ffl:‘i-in‘iﬂti_:;_ th@ ZpdsAl a¢~~3 5
but al so good tenperature characteristics, i.e., exhibitfing good
char act er Fbei tstenfakechetivaeni ti¢ dlagemabmtaatieadgendnthddZnifstimbe i s

ensured i response to tenperatyure, .changes. tz is,.on one nd nown
as a subs???\t %gﬁﬁf"grrﬁ’ehg&’% ’g%%ld‘gt'eg?pélsa?u c’l‘féraag’tlg?’ieﬁ'i"f ,erbﬁ‘f’ﬁgn t he
ot her hangds Bae Ragaaayratsawel y small el ectro-nechani cal coupling

coefficient. One of the ways to overcone the above drawback is a SAW device
usi ng a SAW sulsresvercodPr- udedPpy - sPAYSI- ngod - t BRn (pP83de| PETEEC 2BBBmM

such as a_{ hi a.fil a rtz.substrate. escr | above,.it has
been consFée?gaét étsc.lrglsﬁ%gasﬁgl% ebé"%dil%sSoseté%cg?%t'%gélgﬁbg? &ngﬁgﬁg n the

pi ezoel ectbkEfivhshtatdepariiidy pheznel esddividrdy nofi kel ordlesnd otplt ai n
a large el ectro-nechanical coupling coefficient. In reality, however, not
nmany SAW BBOFEcsigsait sARréypder whent ar Pl wbstRate fpvadntian thi® £8Pm on

a quartz subs £atfed bnnasybRss, YAIdAAGE LNA (3:aLaRE, Blad! LapiRElaY cal

coupling coefficient cannot Ited even by nstracting t

devi ces ifssuskda n@hier dhaaigeawillilnndable lexpilaihedmed thn rielfergnaet zo
substrate_with | DTs di spesed between the filmand the substrate. Thus, a
SAW subst Fag8-hd¥n§Ba 1°& §&2 &Bect r o- mechani cal coupling coefficient is

still needed. @aglhe pfhes;tantratls OWRE!Z AUINAIS NS SLSERTH0ne

tenperature characteristics, as discussed above. For exXanple, Y-cu
rot ated gedetizrsubechanddad kewoupling haveffheiernta®P?orsid ptisdowelanikieg. 10

of the Eu]erian an s, to,the tenperature coeffjcient delay ti TCD
(ppnt O a*:l lfﬁﬁeﬁfgg%ggad‘i bﬁgi‘6§§g§.£‘h}eﬁ‘m?‘? g‘t‘f&%ggabfﬁ %ﬁetgglc%&elszfsne A
i ndi cat esokhg TG .obkabned 1when, @ dieakyn SAWHLS @1Gkt & othd hgaw- eubiget at ed

quartz substrate; the solid line B represents propagation | osses; and the

broken |iaenctyusitgdatey wieplichngf the glass substrate 2 of the SAW

device 1 shown in Fig. 1A with a ©NbO, piezoelectric
single-crystal substrate. The s0lid line indicated by +
represents characteristics obtained when the Zn0 film is formed
on the positive surface on the LiNbO, substrate, while the

* broken line indicated by - designates characteristics obtained



0 2 JAN 2003 6 the Rayleigh SAW It should be noted that the propagathquN2m3
| osses of the Rayleigh SAWis zero. Based on the known TCD and the
propagation |l oss characteristics illustrated in Fig. 10, a Y-cut rotated
‘quartz substrate having an Eul erian angle at approximately 130 degrees

shown in Fig. 1.0 is conventionally used. In other words, a quartz

substrate having such a cut angle as to exhibit approxinmately zero TCD is
used, and | DTs are disposed on the quartfz substrate. A resulting SAWdevice
is considered to exhibit good tenperature characteristics. However, only a

smal | el edthed tdendnQ fildodis deposdsrr enetbecARIBELIYBL ArKNEACKy ofs&hsf the
SAW devi i) %rﬂgs%‘é%rttz SUb§il"n}%.tl%r oLl ed g dﬁf‘fﬁé%gté@?v%eﬁ' S
. I I CcuU to I er

makes it obt ai n cHdract'etistics having Tow i nsértion

| osses or raleitdenlzdig r angawdi t henaf or gvat drSAéieamLcal s f ebupianin,
for exanple, a SAWfilter. SUN~ARY OF THE | NVENTI ON To overcone the
above- not e¢efifdisient W tand Heheriehative thickneassekbeafcbedSAhEsvaret he

t i i i d AW devi | SAW subst rat e f or,ed
Gl acking AOPRT RtBAGTECFPRASP AT o GRAPE s SBCEPRRe Looks LIS hi0N o

structuregieRiWMai Cls aBhiWRr OYaMeRigl S TRdayin ol aiiMbosubpianRbiedkk¥rhicgher
el ectro-nechani cal coupling coefficient as conpared to prior art devices.
The pr ef erdodleroayismadt ssebsthater esefhei maskid odiaksoipd bea teda AW

devi hayi dt h terist] | bigi . b tiall
argor ol EERGHABRaRRBAPCEBEOPENGP GO PR CROrARY G b 45 FBrmaR
devices. ApCOiKd NBokPtivh! eRir AR & f CEhEMANHE Nsudk LB el 8% MMe the

i nvention, there 1Ts provided a surface acoustic wave device 0 2 J AN 208
7 conpri sbmgkenqlanez epmsstenttad by + himdidateechamaict efriilsihidisspbsedned t he

quartz subpLrate. 08 9T L Gegheetia sy Uheraesdethe! DS EHbE of che
substrate. Further, Figs. 5A and 5B respectively illustrate a
change in the electro-mechanical coupling coefficient K?
resulting when the glass substrates 2 of the SAW devices 6 and
8 illustrated in Fig. 2A and 2B are replaced with LiNbO,
piezoelectric single-crystal substrates.

Figs. 4 and 5 reveal that in the SAW devices constructed
by depositing a thin ZnO film on the LiNbO, piezoelectric
single-crystal substrate used as a piezoelectric thin f£ilm, as
well as on the glass substrate, a large electro-mechanical
coupling coefficient K? can be achieved by forming the IDTs at
the interface between the substrate and the ZnO film, as shown
in Figs. 4B and 65B. Namely, it has been conventionally
considered that by use of a SAW substrate having a thin 2ZnO
film on a glass substrate or a thin piezoelectric substrate,
IDTs should be formed between the piezoelectric £ilm and the
substrate in order to achieve a large electro-mechanical
coupling coefficient.

On the other hand, for the application of SAW devices to

specific uses, there is an increasing demand for SAW substrates

having not only a large electro-mechanical coupling coefficient



In this surface acoustic wave device, the thin piezoelectric filmis ﬁq&ﬂqﬂﬁ
on the quartz substrate, and the conb-like el ectrodes are di sposed o% the

pi ezoelectric film Mre specifically, it has been conventionally

" consi dered that when using a surface acoustic wave substrate formed by
stacking a thin piezoelectric filmon a non-piezoelectric substrate or a

pi ezoel ectric substrate, IDITs and conb-Ili ke el ectrodes should be disposed
bet ween the substrate and the film Thi8 nmay achieve a large

el ectro-nechani cal coupling coefficient. However, the present inventor

di scover éa1t hail sgn adedt Femperatnrealchanasitierd s¢deishi ¢t emt, canhbbitipgoved

by formng a.thin piezoelectric figm n_a Ei ezo0 Igctric uartz, substrate
ond Furt 12a5%; SBBsRRECESRELE FicdnoPbEFPoRoLtBi AR Re CPIPRF= THES: FREPOR: bherr e
embodi menth Of shBELPREEEAL ISMLAHIDO N \aSe ddBISs ACEONPEMSELE BAS eEnaAgEBe
above-noted di scovery nmade by the present inventor. In the aforesard

surface auamstzcisavendewnecdagid,t hndwy stis ;| efehrsedaeeboaferha] bhaving
short-circuif{ el ectrode na%lﬁreferablé/, be istgose bet ween }xhe qugrtz
substrat ¥ G HRP AT RLBEF ¢ _?%C'F?Wﬁ o Ft he Parthe 3RGdi BEafi on
of ot he f '6<'§1ﬁp£’£§£§6é?? Sﬁ@i’ﬂ' HEQEtPB-&QShQﬁEé&Dtcbﬂﬁfi‘ﬁboc‘)oeéﬂ‘@i@ﬁkl zed

t hi ckness H'~ of the thin piezoelectric filmmy be about 0.05 or greater
wher e t he thi ctmesefothehwayiseteelamndamef ithm b dveantrawhesicl onga hSAW a
surface acoustic wave i s t hereby further enhangi an el .ectro-nechani cal
coupl i ng QOETTS CREARS A cHi REPPBYatecCORAtEREFErs B AHARITMSIA ofhthe

present iWenbdPlcriDEr E1i1% Pr eULACd A SUHAGE BLOUSLIGM, WayR FEVEGRrezD 2
JAN 2003 s conprising, a quartz substrate, a thin piezoelectric film

di sposed substreatear t Assubstamiled anbovenbiki heselbesiy cuiwss epodethad
contact t t hi n_pi ezoel ectr,j,c fil erei.n the quartz substrate uses a
quartz s % at 5hﬁ3$éng EUCF?lé?PE’ﬁteryanWLe aE a PHOPERATT 0P AT YRR oﬁﬁﬁs to
exhi bit §HeHsdl ¥et¥abUguPstiditd caRer dhidr ©roafdiddeic dehay tdime, (I£D) .

In the above-descri bed surface acoustic wave device, a quartz substrate
havi ng suwtder cuttanglobtadas a pr opkayde on ediecsecoi-vechantigadxhi ppuphing

negative val ue. of the tenperature cgefficient delay tj TCD) is

rofer abiSPRERE anb’ o B Fopt 5ol BRVPYEET ok WOV AGUTHGE L0B8sP i ve
val ue of dawe d&Pstiatét ZokRdOBy! e aQUANGZ aSUNSIT Ao 4Nk onid fhastz
device, the TCD of the piezoelectric filmis offset by that of the quartz

subst r at eSukFE¥eE§- achi evitng §86d tbRpRr attAkidakadct dhadt i c3. ChaFeeT ot her
hand, as éétP@-ﬂ@?ﬁéh?gglb@& 1121 U@ééf%#’éﬁi aLenRav L Sf,’:ﬁﬂiﬁ%ﬁ%‘%e TCD

angl e an propagation direction to ex It a negative value o
possesseseen dbgerorkecticoingc hhel CaAW devilderg icneffdicientamver chatta
substrates having such cyt angl es_and propagation directions as.to_exhibit

appr oxi metEYy F°Pertt iRl 48 iSRS YRDENE TERINRISSHBESFBFE (G5t otP TR a
SUFf ace apAl5sd8a VBN Chdaine 90 LREPSLBLULE (Ehar aghep] Sty cgamnd

al so exhibiting a [arger el ectro-nmechanical coupling coefficient. According
to a nodidulsstraneof Héhelmpepcoand plafger ed edrtdiormeichahitlad presepling

invention, the, conb-I|ke electrodes_nmay be formed on the piezoelectric
film andttEicherl, 48rsEttttReeA8ehani cal coupling coefficient can be

achi eved by thhs €84l GRhedS MBId, aBnbNGdRYLCe Bhtklt d IddsdU&LdLrE680
enbodi nent of the present invention. Further, accordingto another specific
nodi fi catiempefathre cliafadipdtrif®HBics, as discussed above. For example,
a Y-cut rotated quartz substrate is known to have the
relationship shown in Fig. 10 of the Eulerian angles to the
temperature coefficient delay time (TCD) (ppm/°C) and the
propagation losses. Referring to Fig. 10, the solid line A
indicates the TCD obtained when a leaky SAW is excited on the

Y-cut rotated quartz substrate; the solid line B represents

propagation losses; and the broken line C designates the TCD of



9 second preferred enbodi nent of the present invention, the surface

acoustic wave device may further conprise a short-circuit electrode 07 JAN 1003
di sposed between the quartz substrate and the thin piezoelectric film

"t hereby enhancing the el ectro-nmechanical coupling coefficient. Moreover,
according to another specific nodification of the second preferred

enbodi nent of the present invention, a normalized thickness H~ of the thin
pi ezoelectric filmmy be about 0.03 or®greater where the thickness of the
thin pi ezogl ectric filmis H and &wvel ength of a_surface acoustic,wave is

a. In thetPrr f2YAfd e pr Hter i Refed dhathethp eBEAP2ERTAARI on,

the thin | aGt f bl; pRrises one of the conmpounds
sel ected ?Fgﬁgghe% %g% RayTe nS| ?i%hﬁ ?g AlN, Taz05 and CdS.

Al ternatively, Batsbar roy;pes;hn‘ tHﬁd’erl emmel efrid | ctiié | npproyadet Lopl oyeds
Accor di ngl in the second Ereferred enbodi nent of the present .invention,
the pi ezoBhBERFLETiEEAFEsi) EFEF85P9 B 0 ofe YorUthECEBEFE- geaEEFbed

compounds . et elY RLAYLGI 10 HhiSkACEn8G0USL L ANa (IR GE 113Vi0g: 0000

tenperature characteris e sur acousrtirc wave IcCes O e first

and seconghpwaf dmr adge.nbmil ﬂEHESnﬁénthénﬁlEﬁeabednvemh othgr wppdscabl e to
vari ous SAW devi ces, such as SAWfilters, SAWresonators, SAWdel ay |i nes,
etc. Thes§Uak&Zot ﬁ’é‘PSEFEFrEntISaV:f%t FUER  ari gubdAREER e @ 0f tPheeREPEET ed
enbodi nen S BNty 0 I R foll ng
det ai | ed 523%%3‘%??3%% ?; pref errglcf\@d o%lledrrent S0 th%’%%%%%%t%n%ti on,
as illustgaaedzi mdﬂh&:mrrpanylmtﬂrta\tugnmw dév2cd Alls2 ishdindd3RIEFto
DESCRI PTI ON OF THE DRAW NGS Figs. | A and 1B, are sectional views of the

st ruct ur eS8PiR1EAPEAL EERRPTIRWFBcGhaEaFEeRAPERCE. gl ass substrate, a thin

pi ezoel ectric f{blv?%@ﬁd | RES1Ar €5 stg&lﬁ_q_ O, KA LGS /KWF"Q& Zgb@é\ﬁ % aare

sectional views o e structure of a conventi onal evice In
gl ass substeéifécianshoah- berc]uta:.méé(hymke, ot tthien Spivedevelicet ustngi theand
| DTs are stacked on each other; Fig. 3 is a diagramindicating the

rel ati onsAPA*HEL ﬁB}éﬁtfﬁEee‘F%‘bﬁ?W‘fm%ﬁ é&?cfbﬁﬁiil P¥Bef fhdifeRekgAdl Fhe
nor Al | Zed £Ri neSeo Gl h d:nied 1016706 EELELEL SR A AUSP 10N 1HEeSdevi ce

shown in Figs. 1 and 2; Fig. 4Aillustrates a relationship between the
nor mal i ze@losheskne'sa ofide Zehd itangendviidre e faneaiiahi AW ¢eupte ngs
coefficient obtained in the stgjuctur of _a_conventional SAW device in which

a thin pi 895eP8Et FRe FPENFFE™PoPmed BAWafLikBHS substrate and | DTs are

di sposed on the film Fig. 4B illustrates a relationship between the
normal i zed thickness of a ZnO filmand the el ectromechani cal coupling
coef fi ci eAVMYBRY ABJATHRA EN&ESMQUture of a conventional SAWdevice in which

a thin piezoel @.ctrl c f| m 5:?; hmed on,a.Li Nbgfesubst{__ﬁtghand | DT's are
and

di sposed bet weén PRerrrim evsube edtgro ms Wt € brior ait,

the preferred embodiments of the present invention provide a
SAW device using a SAW substrate formed by stacking a thin
piezoelectric film on a quartz substrate so as to have a
structure in which an improvement is made to obtain a
substantially higher electro-mechanical coupling coefficient as
compared to prior art devices.
The preferred embodiments of the present invention also
' provide a SAW device having good temperature characteristics
exhibiting a substantially larger electro-mechanical coupling
coefficient as compared to prior art devices.
According to a first preferred embodiment of the present

invention, there is provided a surface acoustic wave device



Fig. SAillustratesla relationship between the nornalized thickness-oh ajAN 2003
Zn0 filmand the el ectronmechani cal coupling coefficient obtained int g
.Structure of a SAWdevice having a thin ZnO filmfornmed on a Li Nb03

substrate in which IDTs are formed on the filmand a short-circuit

el ectrode is inserted between the filmand the substrate; 0 2 JAN "t OB

11 Fig. 5B illustrates a relationship between the normalized thickness of a
Zn0 filmand the el ectromechani cal coupling coefficient obtained in the
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short - ci rgukposkactdrpdenes fifsesubstidtef i lafid Fegmb 511ike a eliea@rddes
representing the relationship between the electro-mechanical coupling
coeffi ci edt spadedhennshsathindprikzorhessrdr fidmi.n ZnO filmfor use in

three types of _SAW devi ces _each havin thin piezoelecgtric fjlmand,
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coupling coefficient and the normalized thickness of a thin Za0 filmfor
use in theewbtypke eflegiwoded car atigtpdeed mp athéi pigroelebhriad £ddmb- | i ke

el ectrod variously.fo d on uartz substrate rotated at .about 165 in
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coefficient and the normalized thickness of a thin ZnO filmfor use in

t hree typestbinSpiedeslecsragchiibhmypngaanchi-pigr0efliectrand sebsbritiee or

el ectrodes wvariously forne n qu substrate rotated.at about 1 in
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sectional view of the_portion_of the SAWdevice of Fig. 9A in which
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electro-mechanical coupling coefficient can be improved by
forming a thin piezoelectric £film on a piezoelectric quartz
substrate and further disposing comb-like electrodes on the
£film. The first preferred embodiment of the present invention
was thus accomplished based on the above-noted discovery made
by the present inventor.

In the aforesaid surface acoustic wave device of the first
preferred embodiment, a short-circuit electrode may preferably
be disposed between the quartz substrate and the piezoelectric
£ilm.

According to a further modification of the first preferred
embodiment of the present invention, a normalized thickness H/X
of the thin piezoelectric f£ilm may be about 0.05 or greater
where the thickness of the piezoelectric film is H and a
wavelength of a surface acoustic wave is A, thereby further
enhancing an electro-mechanical coupling coefficient.

According to a second preferred embodiment of the present

invention, there is provided a surface acoustic wave device



Fig. 11 illustrates the relationship between the propagation direction ?fJAﬁ 2003
ST-cut quartz substrate and the TCD;, Fig. 12 illustrates the relati onsgn p
.between the propagation direction of an X-cut quartz substrate and the TCD;
Fig. 13 illustrates the relationship between the propagation direction of a
Y-cut quartz substrate and the TCD; Fig. 14 illustrates the relationship

bet ween the propagation direction of a Z;cut quartz substrate and the TCD;

Fig. 15 illustrates the relationship between the normalized thickness of

the zZnO fi] m and the TCD when I bst [ ate .r ot 0 in
the Y di r SIS HntP pr gpa%‘é?lr%%l %‘rt\&%tstﬁéailédi rér‘ecttl%c}rl{1 a %S%‘D%{Lﬁ??ﬁyéu% fat e
propagat i g dg¥dddiednattboghaBbz f sawsthatd, disedt befibal ek¥sS e Arbddl.
16A illustrates the rel ationship between the el ectro-nechanical coupling
coef fici edtispubachetEutentant ahheethdh nivzdedectrdn £didaw i mipeqednt £he
substrate accqrdi n@bto anot her preferred enb&gdi ment of t.he pr es}gnt
i nvent i on T@FF%Fi GEPEBEAFR| NEEFare TR T e FRPESABRLD NAV iM% B Rr Parf gl es

to the TCRAG thggPRO At 1 3558Sre HEIS LER ReSBUDI LN OF oRiZRRERRED
EMBODI MENTSTA preferred enbodi nent of the present invention wll "now be
descri bed viallneugtt itHeistengiemmtwfe spedifiicd esvtadisley witte r(@C8ence to the

drawi ngs. Exanple 1. ST:cut quartz sybstrates propagating in the X
di rection and rﬁ\/i#@eaaHPé{ﬁé EFCTiLERoFUrEGCS rﬁﬁ‘g"rfg“a’ tﬁ?\‘,‘ﬁnéggiSF'at?out

0.5 M ek 436d s RELALECHRYSnEO!dudM NY blECRHAIRES A 2A Miga®S oA SAW
device 11 'as shown in Figs. 9A and 9B was produced 0 2 JAN 2003 13 by the

fol | ow ng direcddiore. adh thi exBAbit?2 af idegatadsrd ovalage ooft hbeerdempersunfrace of
t he above-descr.i hed quﬁgr y4 substrgte S.O,, and t .RTs 13 <gnd 14 were ,
deposi t ed “6F lﬁﬁﬁ:f $HRY ot 4Bey TER end a‘?:"reo‘{e\g‘aé’qé'r et er nfhiRd3di hce
to produce id_AWdddtier -fm,elﬁeﬁﬁaiwahhan;DES pok Bl Ay DBYE Ngsa el I of

conb-li ke el ectrodes 13a and 13b and a pair of conb-like el ectrodes 14a and
14b, resp&€hi,vely, stmvakedr and thes ghanhzi sukiskradk. onHence,n in this

pi ezoel ectrig film12 aced, fromeach. ot her by.a predeterm ned di stance.
P rher i Shi a0 8 rre R ERPRLSREE pr i T ST st B
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device 20 (not shown) was then produced in a nmanner simlar to the SAW
devi ce llchexa@spenirdiiashe | DTs 13 and 14 were forned between the quartz

substrate 10 and te, 1L, 2041 M 32, Mr govaL, o S deyiee 30 Lol

shown) was made i n"a mannér Simlar to evice 1 extept at "an

Al um num shBktreiteC HaivitleEuia e bagirvd adld Bheropaghitden kekereidnhe
Zn0 film 12 and the quartz substrate 10. In the SAWdevices 11, 20, 30

produced 8§ &&s@¥H&RL albp\Regahikve Hrakrsaf ofhehECPhPRSERESEE| M WBFSRAT | ed
to determ _tel ati i n i e f fil d the
el ectro- %gﬁgtr#%a %Eg‘tl?&qﬁ%%g ggg? ?ﬁ%ﬁeﬁ%ggﬁ%gigéguﬁipﬁg S %%?11 bisrtl: rgt%g 6.
The hori.zbavahgarushoéuti gngbes id prepathe inar dhkezeflohbhi £k es exbfibite Zn0
filmli/~., while the vertical axis represents the el ectro-nechani_cal

coupl i ng BBBFPFEMEFELIYTReZBFBKERLEE D thand ol i §t| ihcthunRpasidle to
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characteristics and also exhibiting a larger electro-mechanical
coupling coefficient.

According to a modification of the second preferred
embodiment of the present invention, the comb-like electrodes
may be formed on the piezoelectric £ilm, and thus, a larger
electro-mechanical coupling coefficient can be achieved by this
device, as well as the device of the first preferred embodiment

of the present invention.

Further, according to another specific modification of the



30, respectively. Fig. 6 reveals that by adjusting the thickness of t:be iﬁgﬂm
film1l2, the SAWdevice 30 achieves the | argest el ectro-nechanical co p] t
coefficient and the SAWdevice 11 0 2 JAN 2003 14 obtains the second

| argest coefficient, but on the other hand, in the SAWdevice 20 the

coupling coefficient decreases as the thickness of the ZnO filmis

i ncreased. More specifically, as is see[?bfrom Fig. 6, by conparison of

ST-cut X-direction-propagating quartz substrates w thout disposing a Zn0

filmthereon, the_guartz substrate having IDTs forned between the suhstrate
and the Zr?(f‘dfoﬂ% Egﬁ?ﬁﬁgaonﬁ’r@b"a&% ePgel'g'&?rS-rr‘F&,eﬁa\:ni &EVEBBEIBPM&%E_
coeffici erfursifid € 488ulEdEt Z waklest rddeid@Vi Rdy! DTsuftid®ed epmbhesgn0 {1l m
achieves a larger coupling coefficient. Further, an even |arger

el ect r o- msdiearti -cdlr cayiup e lay towste iddispos egh dp ebavermphi thee diuny i sarl d ttp e
short-circui ectrode at .the intc%rf.ace\}p tween,the_ quartz substrate and

the Zno fi ce,tht PAHSF IS S5 60n ondRSEFEY e AP REARL sd*S n

the Descridildc®rRinddiRnRelal *builing RJHF 18 es#t, X-di recti on-propagating
quartz substrate, IDTs, i.e., conb-Iike electrodes, are formed on the thin
Zn0 film so asMcresivteai.n acdendjarce| tert awe bieehaspeal £¢ouploidid icedfifoncicet .

Exanpl e 2 t t tated.at about. 165 in_the Y directi, d
or opagat | FGS FAHSK BEPEETTON CRAVRRGREI 6 AParBTeasst ABSPBLRRroly o

75, 0) havichehad idedTRh8ckplesaDaYN &6 endM R B4 d JbLIeSS; Of £ BPUayP L2 MM
were used to produce the followng three types of SAWdevi ces 40, 50 and 60
(not showapoutTh® .8AW d&vi geedbevaswipeneucene i ntlalclemems sofii [tdhe t chtihe SAW
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Furt her, {R¢eSAW gevice 50 was made in a manner simlar to the SAW device

20 of Exanple |, except that the Y-direction rotated and

X-di recti on- pr @pagthé nFigqwdr t and ulsscrate mest erseed aembodiiarent ssubst ridtee.

The SAMVd%%E%%nQO ingegtgéy,iqgﬁalihin piezoelectric £film preferably
comprises one of the compounds selected from the group
consisting of ZnO, AIN, Ta,0; and CdS. Alternatively, other
types of thin piezoelectric film may be employed. Accordingly,
in the second preferred embodiment of the present invention,
the piezoelectric film is preferably formed of one of the
above-described compounds, thereby providing a surface acoustic
wave device having good temperature characteristics.

The surface acoustic wave devices of the first and second

preferred embodiments of the present invention are applicable

to various SAW devices, such as SAW filters, SAW resonators,

SAW delay lines, etc.

These and other elements, features, and advantages of the
preferred embodiments of the present invention will be apparent
from the following detailed description of the preferred
embodiments of the present invention, as illustrated in the

accompanying drawings.



was also made in a manner simlar to the SAWdevice 30 of Exanple 1, EX9aR1003
that 'the Y-direction rotated and X-direction-propagati ng quartz substrate
was used as a quartz substrate. In the above-descri bed SAW devi ces 40, 50
and 60 the thickness of the ZnO filmwas varied to determ ne the

relati onship between the thickness of the ZnO filmand the

el ectro-nechani cal coupling coefficient. The results are shown in Fig. 7.
Referring to Fig. 7, the broken line G 1®@he solid line H and the

one-dot-chain line | dep]_: ct the characteristics of the SAWdevi ces 40, 50

and 60 reSFIEE RASFR AV Qe THE BRANIFCS7, by use of the Y-direction
rotated and X-dispcti at]j .t uhstrate, I Si t he
ST-cut X-di recﬁl n-'prlgﬁgaaggt)ﬁﬁ%' éu%ts%%%oéaﬁa@ e‘ﬁ% Efa%e\é@fru% u%rege%%

el ect r o- mac hestivesal t onyll i SEW cdericei entwhdohbe glausr edbwhkeateDTs, thid ,
conb-1ike electrodes, are fornmed on the ZnO filmrather than when the

el ect r ode®Pigzoadiestidsicd Hidmeas (IRT sz @x e istacked ©ORe eaghs othes

Addi tionally, I .50 tee h r erj.sti.c f..the SAW.devi c 40
and 60 i ndi catgg" y t%?eranr}rae(;lg\gﬁrai ﬁxﬁaeesécégzﬁ'&%t%t&ewéﬁe&sdétfogﬁaﬁ o ri"lncetulrecIog‘;rI y
denonst r alaescbhfrengtiofd®n $&WJdevdlcRCt LA- ECIE @al gTapp! iApsoe{dd ci ent
can be obtained by further inserting a short-circuit el ectrode between the
subst r at e SRAF t1ed AV Y pLRC tFPARasa baulh Pdieroehes thy cERaApl ard IIRFR| axet hat
SAWsubstrsq:ta%acet@\gbm%aghog'hlerp,f ormed on the quartz substrates, whichever
.cut angl es the substrates havé, can be used to achieve a |large

el ectro- nechanirdal. Oue i agdLagténcindichyihgr thagredaRibhnkhipl eettvedas on
the ZnO film Exanple 3 A quartz substrate rotated at 115 in the Y

di r ect i on th&vedgchrai-aechanicplapeurling ot bird ent mndk téss normaBdgedo. 5
0 2 JAN ~Qs S . . Thy St eg}?_yi th
above-n”en?ihg'ne éc?lﬁmg%ggee‘%smon Egggg%égﬁjggt %é?gé‘ na er?g S J't%ha't:h%res Pnown
to exert teeilcr giriwreliectfigrsreahamidc2l; coupling coefficient when the | eaky

SAW whi ch propagates in_the X direction, is excited. The aforesaid quartz
substrates wer &3&hpldyddlugtyrbagcd InR FirnHvimPimrate Fheegorpaldgednd 90

using the W_dh device i i mil.ak . t he
SAW devi e8P B o8 'S PN BLLEC M, Wi "EECL PO ERIRELF, ToB shY,
about 1| 5cice fifiei¥nti restdioredvasn ushd. sthactAVeded e 86nvestfbaalf gamed in
a manner sim/lar to %Ahe SAW devi ce 20 of Example 1, except that the

above- des@EVHES dHarts B psthin @iprosiastricy fiday is; fhermady e v? detitPawas

made i N agpRiea sy EdRrphe e FAVLAewiEC en3enaf nple |, except that the
above-desgri bed aquartz substrate \/:\L/a\ési,) used. nThe tﬁ%@ﬁess of the ZnO fil m of

t he above-descri bed SAW devices 70, 80 and 90 was varied to determ ne the

| ati onshi p bef, the, L hick f the filmand the electro-nmechanical
Coupl i 10 Cobf f FRGRA® TRAUPBERFER & e AAIgR A IFRe Pngen e, GOrgaiiRas

broken |i raidknids® sof i d lznte #inndahbe wie-dpécePahdchantcdl i Bdupatiagt he
characteristics of the SAWdevices 70, 80 and 90 respectively. Further, the
char act er FoEiffd cdiemfn ehtaEngd ginr thei ptepesurat of By corventionadr SAlhe

orel S0, SAs ¢ heaLeR Y B 0ITEL; TSl GRS Poegesse { ably,

Fig. 8 reveals t e accompani‘ed n"ts

when the sabmlrazed ahdckimass ffet [ dgdged/NPetwéen Hind SELERmS ddwn cabout
0.14 (equal to the position indicated by the two-dot-chain line M , and
t hus, theSP€§L'fIrtaitﬁg SAW substrate is not suitable for transversal-type SAW

dovi pes | COULT g PEgPIRRtl 0B LB AL R, ANYS Sule 0Ly B ST Rk

JAN 2003 thickness- of a 2nO film and the electromechanical coupling
coefficient obtained in the structure of a SAW device having a
thin Z2n0 film formed on a LiNbO, substrate in which IDTe are
formed on the film and a short-circuit electrode is inserted

between the f£ilm and the substrate;



17 consequence, the normalized thickness H~ of the Zn0 filmis set tQ?72b8N 1003
about 0.14 or greater so as to achieve a SAWdevice having a | arge

el ectro-nechani cal coupling coefficient that is free fromattenuation. Fig.

8 al so shows that the | eaky SAW cannot be effectively excited in the SAW
device 80 having IDTs, i.e., conb-like electrodes, forned between the

quartz substrate and the ZnO film In cgftrast, according to the SAW

devi ces 70 and 90 having conb-1i ke el ecttodes di sposed on the Zn0 film

t here can be pr 'd SA devi ces nuki se .of W t hat hibjt a
|l arge el ectr oIo 8 \'{'\éag\élﬁgﬁé Eo’é‘%’?gtal']%?h’f? srtl}eemag'rx‘?" IefJn
| eaky SAWt'Pﬁ%kn%%sShQEW al "edd 9rilf, adlidf ft?:{@n&lQEEPéﬂé&hQH;EQmSt&Hﬂp?lln

i ndi cati.ng the attenuation by the cut angle of the substrate. AIthough
attenuat i coedffigimnt @b2adkled ia thesetrbytuhe ofica tSAW ubsticd charvitrgg ed at

about 115 in the Y ection and propagating .in the X dir onerrp ed in
this exanﬁh”é‘ eéj:'r:Lm %o’é‘f‘? n'a’at F‘oﬁ ggoal ?ula%b‘é%? ng? ol ﬁg‘ ﬁ"g‘?l
(for examloe_-me@ HSidedt HLLAN g QU LHLR et of REQY ighhld Q200 ¢
propagating in the X direction and a substrate rotated at about 30 in the Y
di recti onedwmc trodeadat idigpios edhenX tdier gdflion) . The quartz substrates having
such cut angl es ,achi eve a Iaﬁge el ect ro- nechani cal cqupl,ng _coefficient,

since no attentdS-of d8chr I ABERT FEPTRATRE 132 Fhehinadfdlorihim S ANPaH ~ i s
greater thag aheuir@- ﬁéch‘;h%csqrreaﬁbﬁ?ﬂgb@éa@fﬁié&@tcan?aaﬁieeﬂo%daclsiz@d the
SAW devices illustrated in Figs . hrough 8 clearly indicates that the

nor mal i zedhtilekaleses oH a mhlnh«znm(f:ﬂmt nfohatiseadsnestidtee S@M&ea bé Sadtted

is varied dependin n the, cut angl,e of, the uartz S trat e u_ ed.
Nor e specfif"vgglelsy ‘ﬁb Rpvingoa d‘%ﬂé‘ RiFRCY: ’e'i‘f‘ ike
Rayl ei gh gAMCkS o&eE tv%‘i-l%stl Folmed! of i seckh,en q%%@%b!b%@:x‘lw t Z

substrate and the 003718 quartz substrate rotated at about 165
in the Y direcfign 5nd.sptao|dagamangd|elsighat)(nd| thet redatdonishd pobledwereand,
the H ~ shoul d.be_ about |4 o reat er when_tihe, | eak AW i s excited on
the quart SR8UBLEFLEE PEERABAcRL SRBaLCHEECTHEA T o sl (i Reapa L L 7ed
propagat i Beichnlel® Yo#li 4 eehignznthidi@d ootV gsehaul drheabophed- B2 eaw
greater when the | eaky SAWis excited on the quartz substrate rotated at
about 105dewices ‘eadily duvimg amdtlpirrop@mfhyni andheonbdiliket iedrectrodes
Accordlngl e_thi.n Zn0f|I az~tz supssrate,
e or nal EEAT e, ERERSA pE D iRt Ry et Rk, =R ba Pl Ay BROAF FE A
0.05 or genat &r gideciasar lahadpecagugatshacgnt RBeVRr Be¥ec¥idh;ection rotated
substrates having different Eulerian angles were used for t he gquartz
substrate, a | Bige BuiBer Sfamram dediustraking tth?er&li@féoqwé?l@zbﬁtmnat es
havi ng di r eri 0 ) l.onshi

t he Eul erlgalﬁ g% Eggo#egﬁgﬁg%%\?d%%%ﬁg% cgé%cﬁéj:.c ragjxﬁtc a%%é:%\ 11gtézu pling
coeffici enhikRniessi il cat edihy Zhbe fiAmk f2shase Ha l*_ul'g:ee].Gt?ypBef eErisag to

Fig. 16A, .the solid line N and the broken |ine P _represent the

el ectro- n@EHéﬁFéaleaG@uﬁqvﬁd’gc@efW’d? RO | flbR erldi RoPRalikg; rdectdiPdest at ed
and X-di res&aeas@yoeagaaangnOélaﬂazrtsy%ys%%sceuweqtg&e Eeé‘BXugMémq.nt he
Rayl ei gh SAW respectively. The marks O and in Fig. 16A indicate the

squar es otheh¥ dheetcrtaomchanl cal coupling coefficients K2 of the SAW

devi ces using the Iel h SAWand the | eaky SAW respectl vel when t he
SAW devi ces ar EOn ?aeﬁclhr‘?n?&c‘ﬁ Biﬁﬁnﬁé Yidht? PFELATE S Ie%#"éllf"&ﬁ’fed oa

the quartafsabghwahevae@ beechOTprapentl sRosadigh;the film On the other
hand, the marks o and ~ designaté the squares of the el ectro-nechanical

coupl i ng coeffFégent3B Kisofa t har SIWI tpvictdswayi ngetttmom:yl Figly ARV &he t he

| eaky S ectively, en the SAWdevices axe . AN 10Q3
construc:/éa gﬁ §‘uc‘?1¥ %&nmg vife&sh8ft - cufl e?"éct"fl'b‘cf'é‘l §""1“‘l]3’rgL
di sposed gieghgoa@tsegl}@cgogﬁgween the ZnO filmand the quartz substrate. In

this manner, there is a slight variation in the K2 depending on the cut
angle. Fig. 16Rigs the ddimsdragesm tie Firglatdommhips gEverhd oEulllee ijpmr pose

of providing,a conparison with Fig. 16A.
P angles ogpa Y-d}recglong£otag§ng gquartz substrate to the TCD

and the propagation losses;



Exanpl e 4 As has been explained by referring to Fig. 10, for form ng (g $ANV003
device using a quartz substrate, a quartz substrate having such a cut angle
as to exhibit a TCD of approximtely zero is conventionally used for

i mproving tenperature characteristics. However, a sufficiently large

el ectro-nechani cal coupling coefficient cannot be obtained. The present

i nventor discovered that a quartz substigte havi ng a negative TCD and a

thin ZznO filmare conbined to obtain go TCD and a | arge

el ectro-nechani_gal coupling.coefficient, based on the relationship hetween
Che Eulerian afdfes ahb t HO1SEE78kERn (ther: o SXbr1oTo itz | HBHoRBE ed Moha
the cut ag%ﬁa 4 1R aREeRAAJN B8 &idrechdOtual tb8uBYREL Ee SARS I @dRs
related to the TCD so that there is a region in which the TCD of any quartz
substrate has &igegatle ddluetrahbies wthHe berekapt bomedip wbehweeher éahee to

Figs. 11 through 14. Fi,g. 11 illustrates the relationship betwen the TCD
and the aRJPRETIGR A& egtdensodfan H"e‘cb’rtbﬁé?@&ttizoﬁuEFF’éEEF&P%fthaF $FPsut
quartz Substraly Fi o3 12:1Adkeakesst Neee! Ald Al Raibe] WopBLkbsf TERAN
the angle B from™ he axi's of the propagation direction of a X-cut quartz
subst r at epropagati ddedigraitdon bE aelatidngliapt besuieetrd te akcD thwd TIADe
angle B fromthe X axis of _the propagation direction _of a Y-cut quartz

substrate; andFiisy. 13| Rddupsraseshe the ati IR P HERecReERReFCD YRR t he
angle 8 f [ (A reopagagd,pn [ i of a
Tt quaPEoPRgRst e e o BEOIEELL e ua bl sl etk hd R )

regi ons i n whi giigt.he 75D dafilubergtast z thighstreleisidshitegabeteewnl uahedy
changi ng the angle a of the propagation direction. According to another

pr ef er r ed"OFBEdLREH thi tmess efethe; RRNEL LR, 284 RS tTFR I & dWRFFizng
such a cu I I ation,gitects agnt OpgxhiPpi tya- 8984 Vel ue
of TCD i stsg%%%ir%é%r vmiltoﬁag%?g %ltt h?ﬁb%?ezioe ecfsurii ctﬁlél m as lt 0 present 1’la
positive paopagaftifgD, itrhertdey iXhplddrenttiiog gead TEGD myuarkzl asgdstrate

el ectro-nechani cal, coupling coefficient. This_w |l pow be, explajned by way
of a VY-di Péepﬁgﬁ%tmchga??z%uﬁsh% e33s BRCBxEREI & T %tﬂralr*eﬁx?/eng to
Fig. 15. Qgeubstte rotated at about 165 in the Y direction and
propagating in the X direction and a ST-cut substrate propagating inclined
at about 35 fr &gt-he DeAdi rEtlustrates h thei ngedatianship obeswesh 7¢h2 mm

and a thickness of about, 0..5 were used. A Za0 fi Vi ng. a normalized
i chness SHECEBPomeRRRR o RPRBRIPe P YEF il a 2p'd LB Ak &, B8R
the quart zesybglyotesei A0 SR IRah@Z1BdbeRrhRe déédr@ 9P d R@other
above-descri bed propagation directions. SAWdevi ces were thus produced. The
t enper at upgeflgarect enbpdiment hpfetpei Presgntisi@vasdanid 35L) Fiddi d&Fed by
the TCD of .the.resul ti SAW. devi ces_were ed. The results are own
R A Rt N s S T R S A
around 0. 23hd hieh@ropagiatilcnh Nesalerd at about 165 in the Y direction. and
propagating in the X direction and when the Ha is around 0.16 in the
ST-cut 35-propagating substrate. As di scussed above, a | arge

el ectro- i cal %%%Q% i Eg%% &FE%% d by the SAW

substr at gg‘%%\%l&‘% tD e afg\?get-ocsi\fe)?cﬁ; iP(l;ﬂe é‘?@??p%f"% ~. re specifically, in
the substrate Ropaieddraied Emiiodiffentn ofheh¥ girfed@ntoinsettion #illAMaA03 21
propagating in the X direction, the el ectro-nmechanical, coupli ngacoef,fi ci ent

K2 was i nPPefRRFFIRAA 0tbIPrgh1 1340PtRALLRT LHLRECHTIR BrABRIgE Mtk as

the conventi-apal wallie + RN G- LGIHwas raised from-30 ppni C to 0 pm C by
formng the ZnO fil mhaving a normalized thickness H ~ of approxi mately

0. 35 on t Bzagpdet 2 substrate and disposing IDIs on the film Moreover, by

providing a short-circuit electrode between the ZnO film and the quartz
Substrate, theSFCBUte BIRRED T EAtRRI RIRPITALIIRGIROERE| & SHE RS AEs

further i goweRgEdnkOalaBafleter of about 76.2 mm and a thickness of about
0.5 mm were used to produce the following three types of SAW
devices.

A SAW device 1l as shown in Figs. 92 and 9B was produced



On the other hand, in the ST-cut 35-propagating substrate, as well as jpjaN 2003
the substrate rotated at about 165 in the Y direction and propagating in
‘the X direction, the el ectro-nmechanical coupling coefficient Kz was
increased fromO .14 oto O .77% which is 4. 8 tines as large as the
conventional value, and the TCD was raised from-20 ppm Cto O ppm C by '
formng the Zn0 filmhaving a normalized thickness H a of approxinmtely
0.16 on the quartz substrate and di sposihg the IDTs on the film Moreover,
a short-circuit electrode was further inserted between the ZaO filmand the
quartz sub¥t thee fod lemtigion RFosgivgecoupl ithdnc daff e admkyagndormeshon of

t he TCD. nse t he foll pw e l,i dat 0

above- des g?‘ Fbgglég)r%aen%f‘léfa qugr ?h;\é g%f)cg‘?gr]'ac?ees%giv%eﬁcg @%C%J%lrﬁu%%%gﬁ t:aené'" Ioés as
to exhi bi tna kabgepeear angethanesal dspodl t e srwafid TrNtEiilsm Weeds ith

whi ch case, a negative TCD of the substrate can be offset by a positive TCD
of a thi neztent pardespaspredeterninedsistancegha poTduce @ S@WEd 168rt-he

film Thi rovi des SAW devj ibifi a very large_ el ectros;nechanical
coupl i ng DGRFT FRSGITLERT Wse i iy ot TEBaYEte 2 BALr apforPBE dare

Al though aneeXxRloanat 17 Rad Reen adidvanpafirt Be ababeiaikd erasrhkederl M4y use
of the two types of substrates, other types 0 2 J AN 2003 22 of quartz

subst r at esndofldbed riespere ivediyr, ceoeren farmied, hes shbwanghe&igsu8h,aonshown
in Figs. %é,through 1%, rra)é be ufed, i n_whi cg cgse, advalgta S sig’lar to
those achi8¢Bd PASERELE65TECdeEtIPbef e FRATEE cAhCBe BBTR *Chor®d 2
speci fi capkygederiinedl G2E8HAntR . Fidhrthibr | Anl B81iX- SARESY O 1Ot Al£EnaRd
X-di rection-propagati ng substrate, by use of the Rayleigh SAW the TCD
becones n@gat ifdelm n12 meag ofo¥medni sb tild uBiratiedn EmgFég.r #%ge énomhEed, 0)

0) t 0, 135, . While b f the | eaky SAW_t TCD h ti
"h 1 egi onSPPReGREER Tehe AT o EHRFEERFanda-fr o E8Y GRS ofd0 58 0y
, from (Oghédom)OhakOthln fPodltedafd 4 mAAdy hidbildd P thd shBOdedliceOn

t he other hand, by use of the ST-cut quartz substrate, as shown in Fig. 11,
the TCD bdtenexasrfat thati btheedDdiFs I awd ch4t werRul toured apgtwsepatde from
(0, 132.75t5,.0) t 0,,132.755 : dJjr ( 2. {bf 5, 0) .t :

132. 75t5,qi§6fz F/ng(():\ll%‘rt,e %9 Fﬁg glg‘l‘e %ﬁﬂf hiendr)o la]tq'ie(}]%i(-cﬁrq%l?gre%i ?u%sp’ﬁ)ate,

as illustaatedel BOFi(Botldhow¢ web hadents aefahhés eimictgroms ikhewsawh the
Eul eri an angl es range from (90, 90, 0) to (90, 90, 35) and_from (90, 90,

145) to (98Vige, 1igopxceBEnthak|gn Aduminue shod torimiditoedeedreSeuiaguart 2
bst t M| t i Lg. T i i i
subst ral eeogfel Lustra @QFeprw béﬁ%%'?a%%iﬁg 128%336?1%%%%&0“8

in which t ul eri an angl es range from
(0, 90, 146hbsteate, 190, 180). Further, by using the Z-cut quartz substrate,

as shown in Fi t he TCD becones negative when_t he value_~ of the

. 14, ) :
Eul erian angl egn( Blfe_o‘:;{m)d@‘f’scﬁ e ?ﬂan39)zp%‘?ﬁu‘ieﬂ) aa?ndlefgﬁ.l_blet‘? gReye:
mariner, the {fP-RXBERI bE PROALLYVE %3 USSid Ridd S =31 rdedehkbfdneanges of

the Eul erian angles. Even in such ranges, however, the cut angle is

sel ect ed zelasitosbhpaibetawdenr gehel ¢bticknpesharfi ctlhe cBupl ifigdrcombdi thent ,

and a thi ngggr];i-ing]c g\{liirc]:glacgggﬂ.rilgeco-re%:'!csiefnotr.neghgnreesatg: tsOfartehEs'\hg%%r tz
in Fig. 6. The horizontal axis of Fig. 6 indicates the
normalized thickness of the Zn0 film H/A, while the wvertical
axis represents the electro-mechanical coupling coefficient.
The broken- line D, the so0lid line E and the one-dot-chain line
F designate the characteristics of the SAW devices 11, 20 and
30, respectively.

Fig. 6 reveals that by adjusting the thickness of the ZnO

£ilm 12, the SAW device 30 achieves the largest

electro-mechanical coupling coefficient and the SAW device 11
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TCD. Then, IDTs are further formed on the film It is thus possible to

provi de SAW devi ces exhibiting a | arge el ectro-nechani cal coupling

coefficient and possessing good tenperature characteristics. Al though in

t he above-descri bed exanple the thin Zn0O filmwas used as a thin

pi ezoel ectric film other types of piezg lectric filmformed of, for

exanpl e, ALN, Taz05, CdS, may be used as®required. Additionally, either of

the positive qr ' negative surface of the,quartz substrate nay be e oyed.
As will bEPERERS ﬁh&ne@@%ﬁaﬁfsaﬁ]tt ﬁ@eEgFgQSPﬁg HBEC‘P‘?p’ili‘%rf?é/]%% rerred

enbodi ment g LR Ehﬁsaﬁbit:@v Bt thd 9%%11%%38&#9 Sk AN D065 -2 HGGRY dI NG
to one advantage of the preferred enbodinents of the present invention, it
i S possi bieAichkneseyiode theSANOIEY 1 Meibaihegeasbal M@t € ipar itindedlilivcalas
coupling coefficient, since conb-like electrodes are disposed on a thin

pi ezoel eciBi c f448R f orfe@Mmon Biguart &/ subB¥r at €ompardsepr uctafr e Frcut

significagtly_ inprove the el ectro-nechani cal .couplin oeffigient .over the
convent | oRa e PR B AR O SR S B o e S s S oen
the quart znubsiimt eraxbddle PhezQflAdld | subkktfatvhindvideedibesbe&Eormed
considered to be effective for attaining a |arge coupling coefficient.
Accor di ngbetwveest the substrage endt hbepinPefilu exividii hermmlnfa tamaldexsent

invention,_.a quartz substrate having such ¢ut-_angl d [ opagat,i_on
directi on%?#&"éﬁ‘ﬁ%\aﬁ% egdtI VeV ugosgff'ﬁée'?’go i‘gh:gﬂ%l g%/lg%l, %%(ftaz thin
pi ezoel eckibe thalt® haviieigmedTen tbhfeaubst tREeIndONSHA UM ieved a larger

pi ezoel ectric film normally having a positive TCD, can offset a negative
TCD i nher épupilinche qeaefficigBtrate, t hBusbhetichi editng a®BRW devidd@aavi ng

good tenperature characteristics..ln this  -.0 .2 JAN 2003 24 nner
oot var BBk DTS bERp1 g HokeribiontVedR) Bl S BRIk By
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el ectro-nmechani cal coupling coefficient and by form ng a piezoelectric film

on the subBer SuertrnisdieRese @RFoddDIZBQ Fidfbyvi de a SAW devi ce possessi ng
good 't enper at ugg char 9%?(&;?&' £ RHRleRtls Qlakhﬁgﬂggﬁéeﬁé@& aRy cal

coupling coefficient, annot be achieved by t vent1 onal SAW
devi ces. Yhel e béscriwpehdnhon dfas bken Ralatemd arAytshovwm anthdes@&T-fwxt with

reference_tq.preferred enbodinents thereof, it wll _be upderstoo y..t hose
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large electro-mechanical coupling coefficient.

. Example 2

Quartz substrates rotated at about 165° in the Y direction
and propagating in the X direction (having Eulerian angles of
approximately 0°, 75°, 0°) having a diameter of about 76.2 mm
and a thickness of about 0.5 mm were used to produce the
following three types of SAW devices 40, 50 and 60 (not shown).
The SAW device 40 was produced in a manner similar to the
SAW device 11 of Example 1, except that the Y-direction rotated
and X-direction-propagating quartz substrate was used as a
quartz substrate. Further, the SAW device 50 was made in a
manner similar to the SAW device 20 of Example 1, except that

the Y-direction rotated and X-direction-propagating quartz

substrate was used as a quartz substrate. The SAW device 60
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conprising: a quartz substrate; a piezoelectric film disposed on said

gquartz substrate; and a plurality of conb-like electrodes disposed to

contact said piezoelectric film wherein said quartz substrate conprises a
gquartz substrate having a cut angle and a propagation direction which

provi de a negative value of tenperature coefficient group delay tine. 2. A
surface acoustic wave devi ce accordi ng ]ci cI ai m 1 wherein said pl uraI ity

f nb-11i k | ect d d | f|
gurfcgce aé’&%stearjgsc‘?/v;’i‘%@ ge\?'rf“gea a%ggﬁslgfnggfng 8rrai ek e?%’ﬁl Aevhes i? n§fa

short-ciredaimpaleect]ode dicipasedihgtweahesail ¢. ay.eéazlsﬂbstm;&@a\d saikd
pi ezoel ectric f| Im~ 4. A surface acoustic wave devi ce accordi ng to claim1,

wher ei n aXndimelcitien -phrioplgesdng gquefrtgapdbshiratpi waseheetlr rg Ai Iqmamzabout
wevel engt FoBE xabe ol at i s windd S50 Egtede daoud; ndabe”
devi ce acefedifih dih&d i Bel.endesed Ne38hd JALZORLEERT ke Tdd RGO | $a8 One
of a conmpound selected fromthe group consisting of ZnO, Ta205 and CdS.
relationship between the thickness of the ZnO £film and the
electro-mechanical coupling coefficient. The results are shown
in Fig. 7.

Referring to Fig. 7, the broken line G, the solid line H
and the one-dot-chain line I depict the characteristics of the
SAW devices 40, 50 and 60 respectively. As is seen from Fig.
7, by use of the Y-direction rotated and X-direction
propagating quartz substrate, as well as using the ST-cut
X-direction-propagating quartz substrate in Example 1, a larger
electro-mechanical coupling coefficient can be acquired when
IDTs, i.e., comb-like electrodes, are formed on the ZnO film
rather than when the electrodes are disposed between the ZnO
film and the substrate. Additionally, comparison between the
characterigtics of the SAW devices 40 and 60 indicated by the
broken line G and the one-dot chain line I clearly demonstrates
that an even larger electro-mechanical coupling coefficient can
be obtained by further inserting a short-circuit electrode

" between the substrate and the ZnO £ilm.

It has been confirmed by Examples 1 and 2 that SAW
substrates having 2Zn0 film formed on the quartz substrates,
whichever .cut angles the substrates have, can be used to
achieve a large electro-mechanical coupling coefficient by
forming comb-like electrodes on the ZnO film.

Example 3
A quartz substrate rotated at 115° in the Y direction

having a diameter of about 76.2 mm and a thickness of about 0.5
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wherein said quartz substrate conprises an ST-cut X-direction propagating
gquartz substrate. 7. A surface acoustic wave device according to claiml
wherein said quartz substrate conprises a Y-direction rotated and
X-direction propagating quartz substrate. 8. A surface acoustic wave device
according to claim1l wherein said Y-direction rotated and

X-di rection-propagated quartz substratelfés rotated at an angl e of about

| 65. . AY. AY. AF. A[l. A . A A9Y2. A3. A9. A Al .A3.Al3. A .
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cal cal cal sglealea) pateal geloglgalcn LeBGLU 1R (tne™ J02#L) substrace
. rotated at about 115° in the Y direction was used. The SAW
device 80 was also formed in a manner similar to the SAW device
20 of Example 1, except that the above-described quartz
substrate was used. Further, the SAW device 90 was made in a
manner similar to the SAW device 30 of Example 1, except that
the above-described quartz substrate was used.

The thickness of the ZnO film of the above-described SAW
devices 70, 80 and 90 was varied to determine the relationship
between the thickness of the film and the electro-mechanical
coupling coefficient. The results are shown in Fig. 8. In
Fig. 8, the broken 1line J, the solid 1line K and the
one-dot-chain line L indicate the characteristics of the SAW
devices 70, 80 and 90 respectively.

Further, the characteristics shown in Fig. 8 are
differentiated by the case where the excited SAW is a leaky SAW
or a normal Rayleigh SAW. More specifically, Fig. 8 reveals
that the leaky SAW accompanied by attenuation is excited when
the normalized thickness of the thin ZnO £ilm H/A is less than
about 0.14 (equal to the posgition indicated by the
two-dot-chain line M), and thus, the resulting SAW substrate is
not suitable for transversal-type SAW devices requiring
propagation. However, the above type of SAW substrates may be

used for a SAW device that does not require propagation. As a
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consequence, the normalized thickness H/A of the ZnO £film is
set to be about 0.14 or greater so as to achieve a SAW device
having a large electro-mechanical coupling coefficient that is
free from attenuation.

Fig. 8 also shows that the leaky SAW cannot be effectively
excited in the SAW device 80 having IDTs, i.e., comb-like
electrodes, formed between the quartz substrate and the ZnO
£ilm, In contrast, according to the SAW devices 70 and 90
having comb-like electrodes disposed on the ZnO film, there can
be provided SAW devices making use of a leaky SAW that exhibit
a large electro-mechanical coupling coefficient free from
attenuation. The leaky SAW has, as shown in Fig. 10, different
propagation constants indicating the attenuation by the cut
angle of the substrate. Although attenuation of about 0.2 dB/)
is caused by the quartz substrate rotated at about 115° in the
Y direction and propagating in the X direction employed in this
example, there is no attenuation at all depending on the cut
angle (for example, a substrate rotated at about 105° in the Y
direction and propagating in the X direction and a substrate
rotated at about 30° in the Y direction and propagating in the
X direction). The quartz substrates having such cut angles
achieve a large electro-mechanical coupling coefficient, since
no attenuation occurs when the normalized thickness of the ZnO
H/) is greater than about 0.05.

The comparison between the characteristics of the SAW
devices illustrated in Figs. 6 through 8 clearly indicates that
the normalized thickness H/A of the ZnO film that causes the
SAW to be excited is varied depending on the cut angle of the
quartz substrate to be used. More specifically, the H/A should
be about 0.05 or greater when the Rayleigh SAW is excited on

the ST-cut X-direction-propagating quartz substrate and the
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quartz substrate rotated at about 165° in the Y direction and
propagating in the X direction. On the other hand, the H/A
should be about 0.14 or greater when the leaky SAW is excited
on the quartz substrate rotated at about 115° in the Y
direction and propagating in the X direction, while the H/A
should be about 0.05 or greater when the leaky SAW is excited
on the quartz substrate rotated at about 105° in the Y
direction and propagating in the X direction. Accordingly,
when the thin ZnO film is disposed on the quartz substrate, the
normalized thickness H/A of the ZnO £ilm is desirably equal to
about 0.05 or greater.

As described above, since the various Y-direction rotated
substrates having different Eulerian angles were used for the
quartz substrate, a large number of SAW devices using the above
quartz substrates having different Eulerian angles were
produced. The relationship between the Eulerian angles of the
SAW devices and the electro-mechanical coupling coefficient K?
is indicated by the mark O shown in Fig. 16A.

Referring to Fig. 1l6A, the so0lid line N and the broken
line P represent the electro-mechanical coupling coefficient
inherent in the Y-direction rotated and X-direction-propagating
gquartz substrates using the leaky SAW and the Rayleigh SaW,
respectively. The marks O and o in Fig. 16A indicate the
squares of the electro-mechanical coupling coefficients K? of
the SAW devices using the Rayleigh SAW and the 1leaky BSAaW,
respectively, when the SAW devices are constructed in such a
manner that the ZnO film is formed on the quartz substrate and
the IDTs are disposed on the film. On the other hand, the
marks A and a designate the squares of the electro-mechanical
coupling coefficients K? of the SAW devices using the Rayleigh
SAW and the leaky SAW, respectively, when the SAW devices are



| $Y" 1004H8! () - $Y" 109 ()- !, #10%HH ()- !, #10%HH&' () - ++++++8, /oust 07 M 1003

| yz#109%& () -$! yz#109%& ()-$!yz#10% . & ()-$s10% & () - (Y10% & () -

10HH 10HH

10HHO1" 2a2b2c2p2r 23r S1 | y#109%5& () - - 2&s1096& () -, ) 3109%& ()-3 10.. 10..

10..! .z#10%.& ()-s! .z#109%& () - s3579A9B9CODOW [ ML ! y#10965&

1055 1055

1055! y#10965& () - - 2! y#10965& () - - 2! y#10965& () - - 2! y#10965& () - - 2DIPIRIN: ;

=i > <ML

11" 109 T& ()-y& "1090T& ()-y& "1090T& ()9 y&" 109& () -y& 1094& () - (109%F& () -

I >p?q?r ?s????RQuV4

constructed in such a manner that a short-circuit electrode is
further disposed at the interface between the Zn0O film and the
quartz substrate. In this manner, there is a slight variation
in the K? depending on the cut angle. Fig. 16B is the same
diagram of Fig. 10 and is given for the purpose of providing a
comparison with Fig. 16A.
Example 4

As has been explained by referring to Fig. 10, for forming
a SAW device using a quartz substrate, a quartz substrate
having such a cut angle as to exhibit a TCD of approximately
zero 1is conventionally used for improving temperature
characteristics. However, a sufficiently large
electro-mechanical coupling coefficient cannot be obtained.
The present inventor discovered that a quartz substrate having
a negative TCD and a thin Zn0O film are combined to obtain good
TCD and a large electro-mechanical coupling coefficient, based
on the relationship between the Eulerian angles and the TCD
shown in Fig. 10. It should be noted that the cut angle and
the propagation direction of the quartz substrate be related to
the TCD so that there is a region in which the TCD of any

quartz substrate has a negative value. This will be explained

. with reference to Figs. 11 through 14.

Fig. 11 illustrates the relationship between the TCD and
the angle 6 from the X axis of the propagation direction of a
ST-cut quartz substrate; Fig. 12 indicates the relationship
between the TCD and the angle 6 from the Y axis of the
propagation direction of a X-cut quartz substrate; Fig. 13
designates the relationship between the TCD and the angle ©
from the X axis of the propagation direction of a Y-cut quartz
substrate; and Fig. 14 illustrates the relationship between the

TCD and the angle © from the X axis of the propagation
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demonstrate that there are regions in which the TCD of the
quartz substrates has negative values by changing the angle 6
of the propagation direction.

According to another preferred embodiment of the present
invention, a quartz substrate having such a cut angle or a
propagation direction as to exhibit a negative value of TCD is
combined with such a thin piezoelectric film as to present a
positive value of TCD, thereby implementing good TCD and a
large electro-mechanical coupling coefficient. This will now
be explained by way of a Y-direction rotated quartz substrate
as an example, while referring to Fig. 15.

A substrate rotated at about 165° in the Y direction and
propagating in the X direction and a 8T-cut substrate
propagating inclined at about 35° from the X direction, both
having a diameter of about 76.2 mm and a thickness of about 0.5
mm, were used. A Zn0 £ilm having a normalized thickness H/\ of
a range from about 0 to about 0.5 was formed on each of the
quartz substrates, and IDTs were formed on the film along the
above-described propagation directions. SAW devices were thus
produced. The temperature characteristics (three points at
15°C, 25°C and 35°) indicated by the TCD of the resulting SAW
devices were measured. The results are shown in Fig. 15. Fig.
15 clearly shows that the TCD becomes zero when the H/)\ is
around 0.35 in the substrate rotated at about 165° in the Y
direction .and propagating in the X direction and when the H/A
is around 0.16 in the ST-cut 35°-propagating substrate. As
discussed above, a large electro-mechanical coupling
coefficient can be achieved by the SAW substrates having the
above-described levels of H/A. More specifically, in the

substrate rotated at about 165° in the Y direction and
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propagating in the X direction, the electro-mechanical coupling
coefficient K? was increased from 0.2% to 1.04%, which is about
five times as large as the conventional value, and TCD was
raised from -30 ppm/°C to 0 pm/°C by forming the ZnO f£ilm having
a normalized thickness H/A of approximately 0.35 on the quartz
substrate and disposing IDTs on the £film. Moreover, by
providing a short-circuit electrode between the ZnO film and
the quartz substrate, the TCD reached 0 ppm/°C, and the
coupling coefficient K? was further increased to 1.35%.

On the other hand, in the §8T-cut 35°-propagating
substrate, as well as in the substrate rotated at about 165° in
the Y direction and propagating in the X direction, the
electro-mechanical coupling coefficient X? was increased from
0.14% to 0.77%, which is 4.8 times as large as the conventiomal
value, and the TCD was raised from -20 ppm/°C to 0 ppm/°C by
forming the Zn0 film having a normalized thickness H/A of
approximately 0.16 on the quartz substrate and disposing the
IDTs on the f£ilm. Moreover, a sghort-circuit electrode was
further inserted between the ZnO film and the gquartz substrate
to obtain 0.89% coupling coefficient K? and 0 ppm/°C of the TCD.

Consequently, the following can be validated £rom the
above-described example. A quartz substrate having such
Eulerian angles as to exhibit a large electro-mechanical
coupling coefficient is used, in which case, a negative TCD of
the substrate can be offset by a positive TCD of a thin ZnO
film disposed on the substrate, and IDTs are formed on the
£ilm. This provides a SAW device exhibiting a wvery large
electro-mechanical coupling coefficient and possessing good
temperature characteristics.

Although an explanation has been given of the aforesaid

example only by use of the two types of substrates, other types
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of quartz substrates rotated in the Y direction and other cut
angles, such as shown in Figs. 11 through 14, may be used, in
which case, advantages similar to those achieved in the
above-described example can be obtained. More specifically, as
illustrated in Fig. 10, in the Y-direction rotated and
X-direction-propagating substrate, by use of the Rayleigh SAW,
the TCD becomes negative in a region in which the Eulerian
angles range from (0, 0, 0) to (0, 135, 0), while by use of the
leaky SAW, the TCD becomes negative in regions in which the
Eulerian angles range from (0, 0, 0) to (0, 20, 0), from (0,
45, 0) to (0, 65, 0), and from (0, 135, 0) to (0, 180, 0). On
the other hand, by use of the 8T-cut quartz substrate, as shown
in Fig. 11, the TCD becomes negative in regions in which the
Eulerian angles range from (0, 132.75%5, 0) to (0, 132.75%5,
50), and from (0, 132.75¢5, 130) to (0, 132.7515, 180).

Moreover, by the wuse of the rotated X-cut quartz
substrate, as illustrated in Fig. 12, the TCD becomes negative
in regions in which the Eulerian angles range from (90, 90, 0)
to (90, 90, 35) and from (90, 90, 145) to (90, 90, 180).

Similarly, with the use of the rotated Y-cut quartz
substrate, as illustrated in Fig. 13, the TCD becomes negative
in regions in which the Eulerian angles range from (0, 90, 0)
to (0, 90, 35) and from (0, 50, 145) to (0, 90, 180). Further,
by using the Z-cut quartz substrate, as shown in Fig. 14, the
TCD becomes negative when the value ¢ of the Eulerian angles
(0, 0, ¢) -is other than 0, 60, 120 and 180.

In this manner, the TCD exhibits negative values in the
above-described ranges of the Eulerian angles. Even in such
ranges, however, the cut angle is selected so as to obtain a
large electro-mechanical coupling coefficient, and a thin ZnO

film having a positive TCD is formed on each of the quartz
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Then, IDTs are further formed on the f£film. It is thus possible
to provide SAW devices exhibiting a large electro-mechanical
coupling coefficient and possessing good temperature
characteristics.

Although in the above-described example the thin ZnO film
was used as a thin piezoelectric £ilm, other types of
piezoelectric film formed of, for example, AlN, Ta,0,, CdS, may
be used as required. Additionally, either of the positive or
negative surface of the quartz substrate may be employed.

As will Dbe clearly understood from the foregoing
description, the preferred embodiments the present invention
offer the following advantages.

According to one advantage of the preferred embodiments of
the present invention, it is possible to provide a SAW device
having a large electro-mechanical coupling coefficient, since
comb-like electrodes are disposed on a thin piezocelectric film
formed on a quartz substrate. This structure can significantly
improve the electro-mechanical coupling coefficient over the
conventional structure in which comb-like electrodes are
disposed between the quartz substrate and the piezocelectric
£film, which used to be considered to be effective for attaining
a large coupling ccefficient.

According to another advantage of the preferred
embodiments of the present invention, a quartz substrate having
such a cut angle and a propagation direction as to exhibit a
negative value of the TCD is employed, and a thin piezoelectric
film ie formed on the substrate. Consequently, a piezoelectric
£ilm, normally having a positive TCD, can offset a negative TCD
inherent in the quartz substrate, thereby achieving a SAW

device having good temperature characteristics. In this



1000 1000! S#10%00& () - 2! S#10%0& () - 2! S#10%Be%& () - 2t EzX90P14

"100448 () - ! L#10%HE () - $! L#10%HE () - $! L#10%HE () - $! L#10%HE () - $

"10%4& ()-789: GIJ7_=! S#109658& () - 2! S#109658& () - 210%& () - ( 109%6& () -

10H8 "10%4& () - 7sFY%& (5zI ~P1)Fl 109& ()- 1055 1055

1055! SH10965& () - 2! SH10965& () - 2! SH109B5& () - 2SHL0YR () - 258) * +,
)- (109 ()- 10 10 10! ~$10%&' ()- 3" 109%&' 5) s109&' ()-=Q fzX6uV7!"
113$109%&' ()-!f3$109838& ()-!a3$10% . & ()

substrate having such a cut angle and a propagation direction
as to present a large electro-mechanical coupling coefficient
and by forming a piezoelectric film on the substrate. This

makes it possible to provide a SAW device possessing good

temperature characteristics and exhibiting a

electro-mechanical coupling coefficient, which cannot be

achieved by the conventional SAW devices.

While the invention has been particularly shown and
described with reference to preferred embodiments thereof,
will be understood by those skilled in the art that the
foregoing and other changes in form and details may be made

therein without departing from the spirit and scope of the

invention.
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manner, a negative TCD can be overcome by the use of a quartz
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1. A surface acoustic wave device comprising:

a quartz substrate;

a piezoelectric film disposed on said quartz substrate;
and

a plurality of comb-like electrodes disposed to contact
said piezoelectric film,

wherein said quartz substrate comprises a quartz substrate
having a cut angle and a propagation direction which provide a

negative value of temperature coefficient group delay time.

2. A gurface acoustic wave device according to claim 1,
wherein said plurality of comb-like electrodes are disposed on

said piezoelectric film.

3. A surface acoustic wave device according to claim 2,
further comprising a short-circuit electrode disposed between

said quartz substrate and said pilezoelectric film,

4. A surface acoustic wave device according to claim 1,
wherein a normalized thickness H/A of gaid thin piezoelectric
film is about 0.03 or greater where a thickness of said
piezoelectric film is H and a wavelength of a surface acoustic

wave is A.-

5. A surface acoustic wave device according to claim 1,
wherein said piezoelectric film comprises one of a compound

selected from the group consisting of ZnO, Ta,0; and CdS.
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6. A surface acoustic wave device according to claim 1
wherein said quartz substrate comprises an ST-cut X-direction-

propagating quartz substrate.

7. A surface acoustic wave device according to claim 1
wherein said quartz substrate comprises a Y-direction rotated

and X-direction propagating quartz substrate.

8. A surface acoustic wave device according to claim 1
wherein said Y-direction rotated and X-direction-propagated

quartz substrate is rotated at an angle of about 165°.



