15 Septenber 2006 1 DESCRI PTION SURFACE ACOUSTI C WAVE DEVI CE, . AND MOBI LE

- COVMUNI CATI ON, DEVI CE AND SENSCR BOTH USI NG SAME 5 Techpy gakerihdod he

pr esent i nvention relates to surface acoustic wave devices havi ng
excel | ent pass-band characteristics particularly in a high-frequency band,
and it also relates to nobile comunicati on apparatuses and sensors both
using C, ? the sane devices. 10 Background Art A surface acoustic wave
device (hereinafter referred to as a SAWdevice) is widely used . as a
filter or a .resonator in radi o appRESCREBTI®NnDbIi | e conmmunication
termnal s because of its small size and |ightweight. Since 15 the cellular
phone syst endURFACHACOYBTIC PANE DE¥ECE; AT MOBIEESCOMMUMNICATIONadi o
appar atuses of nobile comunication termnals need to work in the high
frequency range, anong GE¥ICE ANDSENIUR BOTHAEIBINGVEAME GHz.  Those
filters are required to low loss in the pass-band, highly attenuate
si'gnals in the rejection band, and yet, to have steep filter .
characteristics. 26 In general application of a voltage to an

i nter-di§it dechnieakFieddr (| DT), of which finger-electrodes fornmed on a

pi ezoel ectric-substrate mesh with each other, produces surface acoustic -
wave (SAW propaldiei jgpsent iiverstidys relates to Ehffa&ﬂxw:@ﬁétidlﬁaeé cevi®sditdiing
recei ves this SAW thereby achieving the filter characteristics needed.
The el ect ri eatellamdpassdrast clemraoferidticsPAdtidaltdrtein & h2gh-daigencyddnbpaed on
mainly a shape and a structure of the IDT el ectrodes as well as the
propagat i onifc Akoaedstes i mebilé cSAMMphaRdEpat apsarabuddieand isedant drithiwsing

:i-ubstrate For instance, a SAWresonator, WhICh is one of the

o the same devices.
10

Background Art

A surface aqoustic wave device (hereinafter referred to as a SAW device)

is Widel_y. 'used-. as ‘a 'ﬁltér" or-a .’resona_io'r in.--rad.i‘o apparatuses of mobile- .

communication terminals becaﬁse of its small size and lightwei_ght. Since

- 15 the cellular phone system uses the higher frequencies, those filters used in the

radio apparatuses of mobile communication terminals need to work in the

high frequency range, among others, between 800 MHz and several GHz.

G 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 apphcatlon of a Voltage to an 1nter-d1g1ta1 transducer (IDT) S
| of wh1ch ﬁnger—electrodes formed on a plezoelectnc-substrate mesh w1th each |
other, produces surface acoustic wave (SAW) propagating on the substrate.
The SAW device excites and receives this SAW, thereby achieviﬁg 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 elec.trodes as
well as the propagation characteristics of SAW propagating on the

piezoelectric substrate. For instance, a SAW res_onator,'ivhich is one of the



15 Septenber 2006 2 SAWdevices, has the follow ng relation: v=2-p f
--------- equation (1) where p = pitch of the finger-elgaddpearr 2604 he | DT
el ectrodes,. v = phase. velocity, nanely, propagation speed of SAW and f
= resonance frequency. 5 Use of a SAWdevice at a high frequency band

i ncreases resonance frequency f, and 2f propagation speed v is constant,
pitch p of IDT finger- electrodes nust be reduced. It neans that the.
pattern width of the IDT electrodes should be extrenely narrowed, which

results in QWE ' { furing.vield rate of the SAWdevices. To
avoi d the I%werﬁiénﬁgeoﬁ’ ﬂ%ﬁéﬁ%%&iﬁn&ﬁﬁﬁﬁn'a pi ezoel ectric substrate all ow ng
'SAWto propagate at a higher o spegd (v) is reguifed. To obtain the
characteristic of lowl osts]'}fa 4 ﬁsqﬁeé'e'é'éé?%ﬁﬂgl{ duce propagation |oss of -
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the SAW de\}iﬁégu%agyﬁgggl 25 mtﬁu%fQ‘heeg‘g‘@gagf”ic‘é&vvaﬁéaf@gAé&e %me&‘ﬁ%%g%at es
on thejgub %éﬁt ?at\év,n ) Piezoelectric substrate allowing SAW to propagate at a higher
speed (v) is required. To obtain the characteristic of low loss, it is necessary
to reduce propagation loss of SAW and resistance of the IDT electrode as much
"'_:_a.s.:pc':s‘s.iblé.;:.". -_ _ - o , _ - o .
To obtain a SAW device such as a SAW filter and a SAW resonator of
15 low loss at a high frequency band, the foregoing points must be taken into
account. The following two substrates have been thus widely used to obtain
the SAW devices. A substrate made-of single crystal LiTaQ, (hereinafter -
referred to-as LT single-crystal) is undergone 36° rotation and Y—cu_f. The
SAW propagates in X direction of this resultant substrate, and this substrate
o 20 | _i'S‘_calléd_ 36 YmX .LiTaj_Oé._ s"'tll'_)_s"y:lrafé}('hereiﬁéftér referred -to.:LT'S'E‘S‘ - subStrate) e
A sﬁbstrate made of single crystalr-LiNbO3 (heréinaftér réferred to aé LN
single-crystal) is undergone 64° rotation and Y-cut. .The SAW propagates in
X direction of this resultant substrate, and this substrate is caﬂéd 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 leéky-
surface acoﬁstic wave (LSAW) which propagates .on the substrate while

radiating bulk wave within the substrate.



radi ati ng bul k wave within the substrate. 15 Septenber 2006 3 The LSAW
excited by those substrates has a feature of high phasqssg?{egme}mog e.
propagati on speed. Further, when the mass-|load effect of t | DT el ectrode
can be neglected, in other words, the filmof the IDT electrode is thinner
enough than the wavel ength of LSAWto b® propagated, the LSAWS5 scarcely
‘radi ates the bul k wave. As a result, propagation |oss due to the bulk wave
can be substantially reduced. Thus LT36 substrate and LN64 substrate are
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i'ngl e-cryshv\%31 when thé film thickness of IDT el ectrode becones 0.03 -
0. 15 of the wavel ength of LSAW

10 However, use of those substrate in SAW filters or SAW resonators at a
| frequency range between 800MHz — several GHz shortens the wavelength ot‘
SAW, so that the film thickness of the IDT electrode becomes as thick as
_ several % — 10 odd. % of the wavelength Thus the mass -load effect of the
IDT electrode cannot be neglected any longer. As a result, the propagation
15  loss produced by propagating the LSAW cannot be neglected. '
- To overcome this problem, use of a substrate of which cut-angle is
shifted to the larger angle 1s effective for substantial reduction of propagation
loss. This idea is disclosed in Japanese Patent Application Non-Exammed
Publication No. H09-167936. Accordlng to this publication, the cut-angle, of
20 'Sﬁbst:rate; tvhich h;ininitzes.tﬁe .pljopa;getion less-__of LSAW ptopajgetihg_eﬁ the'
- LT single-crystal end LN single-cry.sta_l, Vaties 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/Ais 3% — 15%), shift o‘.f the cut-angle from 36
to 39 - 46  can almost eliminate the i)ropagation loss. In the same

manner, in-the case of LN _sing-le#crystal, when the film thickness of IDT




25 (nornalized filmthickness h/)L is 3%- '15%, shift of the cut-angle
from36 to 39 - 46 can alnost elimnate the propagat i oy $phsmbek DOGGIE Sane
manner, in-the case of LN single-crystal, when the filmthickness of IDT 15
Septerrber 2006 4 el ectrode becomes 0.03 - 0.15 of the wavel ength of LSAW
(normalized film thickness h/)L i's 3%4 15%, shift of the cut-angle from
64 to the greater angle such as 66 74 can reduce the propagation loss to
al nrost 0 (zero). However, SAWTfilters and SAWresonators having different
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following problem: In general, the film thickness of IDT électrode 1s flat
w1th1n one chip, thus it is difficult for those two SAW filters to reduce their
" ) propagatlon losses almost to 0 (zero) s1mu1taneously It 1s necessary to
prepare an optimum film-thickness for each SAW filter within one chip to
15 achieve this goal (propagation loss=0). However, this goal makes the
manufacturing steps complicate, and if is practically difficult to achieve this
goal in the manufacturing floor. | | _
(—} ‘Japanese Patent Application Non-Examined Publication Né. HO5-
183380 discloses a method of attenuating signals outside the pass-band, and.
- 20 : tmsmethod is éx:;_)ected_tcﬂ)_latténuafg the s1gnals to a gre‘ate; degreethanpnor EERE
art. Th_e method is to connect a reactance eleﬁlént to a ladder SAW ﬂlter,.
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
E .25 attenuated; however, this method cannot imprm__re substantially the steep

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

“the cellularphone in the U.S., speciﬁes its fractional brosls-band {{{upper end




substantial attenuation in a certain band-zone by w dening the band to be
25 attenuated; however, this nmethod cannot inprove subsjtsafbicaldey206de St eep
needed for filter characteristics. Therefore, since the PCS, the standard
of the cellular phone in the US., specifies its fractional cross-band
{((upper end 15 Septenber 2006 5 frequency of the cross-band) - (lower end
frequency thereof)) / (center frequen thereof)} at 0.01, the pass-band
is very close to the rejection band. In such a case, the foregoing nethod
cannot practically attenuate signals in the rejection band close to the
pass- frequeincyDifghe¢ eess-banst) - (lowet enddraquency Thereadf)d fgsinéer dreyesgicyrthereofldiaim t o
provide a SAWdevi ce having inproved steep in characteristics, and reduced
i nser §.0brth¢ pass-badis vegrycidse tathe afjectiog Ad. iln suoh anase, thedpipgeiag orethadr . The
exanpl e enbodj ments al so aimto provide a nobile communi cation apparatus
and acasapigupcticgidy stenuaie sigpaly Bdbe reiechpn band dosgipthe pesBdlnent s. To be nore
specific, use a piezoelectric substrate cut out at a cut-angle which
allows the substrate to excite LSAW and reduce the phase velocity of SAW
whi ch_has been conventionally used as LSAW to a speed slower than a speed
of sl Bitclopwsef thedevestiglhagati ng on the substrate. Rayl eigh surface acoustic
wave (RSA eticglly free fro prﬁg‘&g@tio |.oss can t hus used, so
| CEIG

that |ess lf?s%‘?"gg{?ﬁ-“}b(? ' Brog FYIGS tpREOE Honal LSAW
Aecor GBI e el FEER oot repesbsry of foaN FUR SRASAY FERIY ded
Thar T GaPEFrpt AR S E PR RO Slinihh BARR R i Ry °
ot er SR et droainl Aol 353 BRI S ERRCT. (1e
T KBRS B3l 5L e BBt oAbt 1, oo
of velocity of SAW, which has been conventionally used as LSAW, to a speed slower than a speed
of slow shear wave propagating on the substrate., Rayleigh surface acoustic wave (RSAW)
theoretically free from propagation loss can be thus used, so that less insertion-loss than the SAW
device using the conventional LSAW can be expected, and a steeper characteristics are also
expected.
According to a first aspect of the present invention, there is provided a surface acoustic
wave (SAW) device comprising:
a piezoelectric substrate that is cut out at a cut-angle allowing the substrate to
excite a leaky surface acoustic wave (LSAW); and
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, wherein

a pitch p (m)of the finger-electrodes satisfies a relation of




15 Septenber 2006 6 2 Xp < vb/f, where vb (ms) is an phase velocity of

sl ow shear wave propagati ng on said substrate, and f(Hzs Sdntenibef SGFHIANCE
frequency of the SAWdevice. This structure may allow the LSAWto suppress
the radi ati on of bul k-wave, and propagates the LSAW as RSAW't her eby
reduci ng the propagation loss to alnost O (zero). As a result, a SAW
device having a lower insertion |loss than the case where the conventi onal
LSAW is used and being excellent in steep characteristics is obtainable.
In addition to the foregoing structure, the SAWdevice may further conprise
a step fornmed on the ?ﬁ?{@ﬁﬁ of the piezoelectric substrate, and the step
may have a simlar pi% : he pitch "p" of the finger-electrodes which
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ti | SAW i bei llent in th t
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vel ocity die to the dielectric Frimforme , SO that a SAWresonat or having

l'ess jsRS&S dnli PRink RSl AR stebb EnarARLiWAEE Bbhali@bigonvent i onal LSAWis used and
bei ng excellent “in the steep characteristics is obtainable. In accordance

with a seqaRddiasPRfthe Rireddis RFRESE) khd IVANRB mayNRE@el oY hdRP a surface
acoustic wave (SAW device conprising: a piezoelectric substrate cut out at

a cutfahied én bk keice of fe phoptlestie subdRile, and thd\@eshby haatasitlargich tetha | eaky
surface acoustic wave (LSAW;
pitch "p" of the finger-electrodes which are formed on the top of this step. This structure may
allow obtaining a SAW device having a lower insertion loss than the case where the conventional
LSAW is used and being excellent in the steep characteristics. Use of LSAW as RSAW may
incur reduction in reflection coefficient per electrode, however, this reduction may be also
improved at the same time. As a result, ripples in transmission .characteristics of the SAW device
may be suppressed. |
The SAW device may further comprise dielectric film formed on the electrode pattern
.such that it covers at least the electrode pattern. This structure may allow 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.
In accordance with a second aspect of the present invention, there is provided a surface
acoustic wave (SAW) device comprising: |

a piezoelectric substrate cut out at a cut-angle allowing




an electrode pattern fornmed of an inter-digital transducer (IDT) el ectrode
prepared on said substrate, the IDT el ectrode having gk degRabero0tdi r of
finger-electrodes meshing with each other; and a dielectric filmdisposed
over said electrode pattern for covering at |east said electrode pattern,
wherein a pitch p(m of the finger-electrodes satisfies a relation of 2 Xp
Xfj,efore < vb < 2 Xp Xfafer where f before (Hz) is a resonance frequency
of the SAWdevice before said dielectrid filmis forned, fairer (Hz)is
that of after said dielectric filmis forned and vb (m's) is an phase

vel ocity of a slow shear wave propagati ng on said substrate. The foregoing

- struct urfe SM¥tr@k kPN cRe PRYKY SFRBLQUstOwaR(ESAWISertion | oss from that
uses conventional LSAWeven if the phase velocity beconmes higher due to the

dielectric bhleBetrbdy pidni RRMEP S aﬁﬁlﬁe@di%‘ﬁﬂ%ﬂﬁs’d&& @RI lcemédd lﬁeﬁdﬁ&l 6h eep
characteristics may be obtainable. In the SAWdevice having the foregoing
st ruct ursaid dubstrakd, BgIDTed etfodo Habngaylcdye a phid of fihgeraladrbduseshing®idth datlom
metal mainly conprising alumnum In this construction, the follow ng
relati orothes; sdti sfied: hL < hr, where hL = a filmthickness of |1DT
~electrode of LSAWbased device fornmed of this piezoelectric substrate
~using LSAW adiudechric fiinadifpdsed dver sdid elsstrale phittin ébreoverngent ddastidarl cbbdelevi ce
havi ng the sane resonance frequency as the foregoi ng LSAW base device. This
st r uct umpattenaywhdrkiow | oweri ng t he propagati on speed of LSAWdue to nmass-| oad
of the IDT electrode, and at the sane tine, allow suppressing an 15

Sept enberpib@ln) & theingeaskcwddes leatisfies astlatmmeofof t he el ectrode fil m caused
by the filmthickness of the IDT electrode. As a result, a SAWdevice

havi ng | ow | oss and ekc&t Pdnire Srvbt 58 Xp e¥fmer characteristics may be

obt ai nabl e. The SAWdevice in the foregoing structure may use netal, of

whi ch densi whetied wgr-dHizkis 2 tehenaned fiwguanay of she $AWsdeviog befoce $aid dielectsicect r odes.
“According to this structure, at |east the finger- i

is formed, funer (Hz)is that of after said dielectric film is formed and vb (m/s) is an phase

velocity of a slow shear wave propagating on said substrate.

The foregoing structure may allow a SAW resonator to reduce insertion loss 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 may be obtainable.

In the SAW device having the foregoing structure, the finger-electrodes may be made of
aluminum or made from metal mainly comprising aluminum. In this construction, the
following relation is satisfied: 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 foregoing LSAW-base device.

This structure may allow lowering the propagation speed of LSAW due to mass-load of

- the IDT electrode, and at the same time, allow sﬁppressing an




el ectrodes of IDT el ectrode may be nmade of the netal having a greater .

- density than alum num so that lowering of the reflect, oefflLclent per
el ectrode nmay be restrained inproved). As a result, tl"}é;cg]q)%ﬁ}% Eb(g(iﬁgurri ng

in the pass-band or on sonewhat higher frequency side may be suppressed,

and a SAWdevice excellent in the steep characteristics may be obtainable.

In the SAWdevice with the foregoing siructure, at |east the

finger-electrodes may be fornmed of at |east two layers, i,e., a first

| ayer fornmed of nmetal of which density is greater than alum num and a

second l.ayer forned.of alum num o t al rising.mainly.alumnum This
ot r vt urlBerersg obihe Sovistanss el Slertrse fnarrsed Parhe A Piskpen el Bt IP8ef 11 ci ent.
er electrode. ,As a res, the,ri. €S, OCCUJ L] in the transm ssion
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resi sta . may be suppressed, so that a SAWdevice with
| ow- | oss%ﬁ%ﬁ(gg%%(uggm%gﬁg%ﬁtn\ & steep characteristics nay be obtainable. The

SAW devi ce | 000 i ic . t
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single-crystal, and this substrate may have a cut-face cut out along the

fol | oW REmiRNih e fbi Riveritg b theeB8ionldcBRMe FReEIedRIIE m&) bOreltranesd (of the
LT single-crystal, the crystal is rotated along the direction from Y-axis
to Z- ahfrobed)aAsan gkl Qﬁtgirigﬂlebﬂicwﬂﬁﬁg n@t the §5s-bitah oP Gnagihendiat Mgher t han
50. The substrate may also have characteristics that may excite | eaky

sur f ace fing@eusy isileuaaebe sed\\ieda BAVBAMITe \ek estletiisinndie isikep charaaadstional

LSAW and t he SAW devi ce of the exanple enbodinents are forned together on
one chi mayibe@btainabldVV devi ce of a two-device in one- chip is fornmed, the
structure discussed above nmay all ow both of the SAWdevices to produce |ow
| osses and Inethe SV |device i with e foraqemgcimarcmcdt, et leasti ths finger-electrodes may be

formed of at least two layers, i,e., a first layer formed of metal of which density is greater than
:aluminum, and a second layer formed of aluminum or metal comprising mainly aluminum.
This structure may allow improving the lowering of the reflection coefficient per electrode.
As a result, the ripples occurring in the transmission characteristics may be suppressed, and at
the same time, the increasing of resistance of the electrodes may be suppressed, so that a
SAW device with low-loss and excellent in the steep characteristics may be obtainable.
The SAW device in the foregoing structure may have a piezoelectric substrate made of
single-crystal of LiTaOs; (LT single-crystal). This structure may allow forming a SAW device |
| using the conventional LSAW together with the SAW device of the example embodiments on
6ne chip.
The SAW device in the foregoing structure may include the piezoelectric substrate made
- of LT single-crystal, and this substrate may have a cut-face cut out along the folloWing

orientation: with respect




The SAW device of the exanple enbodinments in the foregoing structure has a
pi ezoel ectric substrate made of single-crystal of Li NoQ§ gebfdimber 2006
single-crystal). Wien a SAW device using the conventional LSAW and the SAW
devi ce of the exanple enbodinents are formed together on one chip, i.e. a
SAW devi ce of a two-device in one-chip is fornmed, this structure may all ow
produci ng excel l ent characteristics. Thg SAWdevice in the foregoing
structure may include the piezoelectric substrate mnade of LN
single-crystal. This substrate may have a cut- face cut out aI ong t he
orientation: with respect to X-a
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and have steep selectivity o frequencies. A nobile comrunication

appar at ll§w'1@éée§£ﬂ&'3&)éx&éﬂ%n§ﬁ\méj§é€p%§ra€|ﬂeﬁﬁib§sEd above, so that the SAW
device of |owloss and steep characteristics works in the nobile

comuni cat i Qe AV de¥ibSof thS edniS ethbodiMed M6 Foregdighiétruistirghisad and slim
nobil e comuni cati on apparatus such as cellul ar phone nay be obtainable. A
Sensor  IPidzoeiEie Yubshatele &€ vingle-opystdl Of 11N, ANIsifgleepysaiiaMdener3 AW cs,

whi ch i's devel oped by the nethod disclosed in the exanpl e enbodi nents, as
a sensi nigvize ofing the cdavdniahal 13 AW AR e, SAWahiiceef thet edmphndntsdimeérts are sensor
is obtainable. This sensor nay be suitable for sensing a tenperature;
however ,foinedtaygetha onsoad chipyi.s eSiWdesinebf a two-devierin ooertiEptis formed, this

structure may allow producing excellent characteristics.
| The SAW device in the foregoing structure may include the piezoelectric substrate
made of LN single-crystal. This substrate may have 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 more
than 80°. The substrate may also have characteristics fhat may excite leaky surface acoustic
‘wave (LSAW). When a SAW device using the conventional LSAW and the SAW device of
the example embodiments are formed together on one chip, i.e. a SAW device of two-device
in one-chip.is formed, this structure may allow both of the SAW devices to produce small
losses and be excellent in the steep characteristics.
The SAW device in the foregoing structure may include a plurality of the foregoing

SAW devices formed on one chip. This




In accordance with a third aspect of the present invention, there is

- provided a nethod of designing a surface acoustic mavegﬁgwg%g?eégﬁﬁ whi ch
conprises: a piezoelectric substrate cut out at a cut g the

substrate to excite a | eaky surface acoustic wave (LSAW; and an el ectrode

pattern formed of an inter-digital transducer (IDT) el ectrode prepared on

said substrate, the IDT el ectrode havigng at | east a pair of

finer-electrodes neshing with each other, the nmethod determ ning said
el ectrode pattern and the cut- angle to satisfy a rel ation of 2Xp < vb/f,

b (mt Syt UK Moot gt U by LhEIGS 30 450% 8 SR HIBHAY R 6

substrat§ "1 f(Hz) is a resonance frequency of the SAW devi ce. In
accordanceg a fourth aspect of the present invention, there is provided

compr i ses: MaiE AR An it B0 Blrldy o ?g‘ﬁ%&é@%‘ﬁ%ﬁ‘émﬁm ng the
SUDS ! Al e RG] deficBof (ISP ALH ARG WP { Bbi1e an el ect ode

. pattern forne an inter- transducer eI ectrode prepared on

sai d Slégﬁﬁr loﬁ ﬂ@atam; %%95§uﬁg§c&ﬁ%dc[‘ Qighi-whiBR&H afd Bih mddlle

finger-el ect |ng wi th each Sept enbér 2006 10a other; and a

di el ect t:bﬁuﬁdnicml&i A sAMELs cepl dlﬁtoesh{a%eoaﬁtﬂasren for covering at |east
said electrode pat ern the nethod determ ning said el ectrode pattern, the

cut - angl e ARehsBP#HEY | Id'jifthe SAMW delied Srabw16ssfahd BlebdctbdctegisiicsawhiRhad | on of 2
X P X fbefre < vb < prXfafter where fbefore (Hz) 1is a resonance

f r equenayyveddpeti V&? tiAéHeY isdokdiin e examplcdinbbaidichisCad d demihg sdotionmd thdtal t er
(Hz) is that of after said dielectric filmis forned, p(n) is a pitch of

t he fi ngeomphedighosieizhtdd, anrl sensitiveeehiod deohpaihdbde. MThiy kenfon'miy bessudtablp fias e

vel ocity of a slow shear wave propagating on said substrate. Brief

Descr i psémsingaftemperatbreahbweper, At may bdusiddmsseasipesielbat water contet.of 1- port SAW
resonator produced as an exanple of a SAWdevice in accordance with a
first exeriplascordancbwithmhird aspettiod thermeesentinvention; tham is royided Bmsthodof a
sectional view taken along the line t-t of Fig. 1A Fig. 1 C shows an

enl ar gedessgumg osuface peswstit waved SAWE) deviske whirh enmpsises d @iegedectiia subsuate r st

cut out at a cut-angle allowing the substrate to excite a leaky surface acoustic wave (LSAW);
and an electrode pattern formed of an inter-digital transducer (IDT) electrode prepared on said
substrate, the IDT electrode having at least a pair of finer-electrodes meshing with eaeh other
” the method determmmg said electrode pattern and the cut-angle to satlsfy a relatzon of
2Xp =< vb/f, wherep (m) is a pitch of the ﬁnger-electrodes of said electrode pattern, vb (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. -
In accordance with a fourth aspect of the present invention, there is provided a method of
' designing a surface acoustic wave (SAW) device which comprises: a piezoelectric substrate
eut out at a cut-angle allowing the substrate to ex_cite 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




enbodi nent. Fig. 2 shows a rel ation between a propagation | oss of LSAW on
39 Y-XLT substrate and a normalized filmthickness of jslgyktbecigpt r ode.
Fig. 3A shows transm ssion characteristics of 1-port SAWresonator of
sanple 1 used in the first enbodinent. Fig. 3B shows transm ssion
characteristics of a conparison sanple 1 with sanple 1 of 1- port SAW
resonator used in the first enbodi menLO Fig. 3C shows transm ssion
characteristics of a conparison sanpl€® 15 Septenber 2006 11 with the
1-port SAWresonator in accordance with the first enbodinent. Fig. 4 is
used for finding an index of sharpness in the first enbodinent. Fig. 5is

d f f i ndi,ng;. i. of i i.qn, | ' ' [ t. 5
soed o SR PR LR e LS odaBOR ™
b e . . . : _ ¢
FZZZera% q§%ﬁh¥%ﬁ%rQ?%Q%%%%%%ancéé%ﬁfﬂggﬁﬁ%?%#%QEQ%%%ﬁggga@%&%ﬁ%ﬁ%ﬁiOofa
th ty: I i OF ' ' i ' f | add
saw 1 | R kbl Bt ot 2 PRt S0l Ton Pro ha M,
rel ati ons bRIWRER. ﬁ’@c@fe{%@a&‘%ﬁé OAW @SiccVefd:SOY 8R1ebihit AmSy Rtk d g, (AR isa

normal i zed filmthicknéss of the IDT electrode.. Fig. 9A shows transni ssion

char act grdtot b sQifl JRMBRiErilg RforRAIRin) $AYYitchrithd fisler blBctidies sExaRnd
enbodi ment. Fig. 9B shows transm ssion characteristics of conparison sanple

3 with ddgodasifien, NMA) istal phiss valoeioy dngdew shdab wabepispagnititg embadi ment .

substrate.

Brief Description of the Drawings

Fig. 1A shows a perspective view of 1-port SAW resonator produced as an example of a
SAW device in accordaﬁce with a first exemplary embodiment of the.present invention.

Fig. 1B shows a sectional view taken along the line t-t of Fig. 1A,

Fig. 1C shows an enlarged sectionai view of one cycle of IDT electrode used in the first
embodiment.

Fig. 2 shows a relation between a propagation loss of LSAW on 39° 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.

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




Fig. 10 illustrates -a definition of shape factor in the . second

embodi ment. 20 Fig. 11A shows transni ssion characteri stjisoentcaibcs 8064 € 3 of
1-port SAW resonator used in the third enbodi nent. Fig. 1fB shows

- transmission characteristics of sanple 4 of 1-port SAW resonator used in
the third enbodiment. Fig. 11C shows trgnsm ssion characteristics of sanple
5 of 1-port SAW 25 resonator used in tlhe third enmbodinment. Fig. Ill) shows

transm ssion characteristics of sanple 6 of 1-port SAW resonator used in

the third e pt ember 2006 2 Fig hows transm ssi-on

charact eri sti g‘g‘i’gel“é)%ﬁ)gﬁ Bl acc @HCQ_W;S@? ghesﬁwtreéebemmn tin .

accordance with the third ?nt%agqp bﬁh‘iﬂ fléf shows, a sectional view

il lustrating parliig- #as vsedfor %0f harpness i the Arsicembedineentyi t h

. the fourth exempl.ary enbodi 5 the present .invention. Fig. 12B shows
”’3& ﬁe(ﬂegfgbaﬁeél '

‘a sectional vieW®Bifri g anl ﬂBﬂ?XSSEKMmFEé@@ﬁaﬂQﬁS & thenditst 7 in -
" accordance w h the fourth embodi ment’. Fig. 13A shows transnission ‘ '

char act er | PRI e i el ectrl c filmis forned in 1-port SAW r esonat or
of sanple 7 in tﬁ,;} fourth iment. 10 Fig. 13B shows transm ssion
charact & i sti cs 1€t &ris Hee f‘!ﬂ & oy Imdexs of péteration degrget ogae the

- resonator of sanple 7 in the fourth enbodiment. Fig. 14A shows transm ssion
characteri sliarség’aé@fore dielectric filmis formed in 1-port SAW r esonat or,

of sanple 8 in tfge f%urth enbodi ment,. Fi.g. 14B shows transm ssion

charact eri sti cs Lt dA Sheveliscperspective i viaw Jlustrating meattugturepef & ladder

resonator q I.e_8 in the fourth e I ment I g. 15 shows_transm ssion
&le‘ar acteri sé‘%@ g@?" %#Wh%@?ﬁ ?&?ﬁ) pesesoqgleﬁemplary embodiment of the present
)

invention.,
10 Fig. 7B shows a circuit diagram of the ladder SAW filter in accordance
with the second embodiment.
Fig. 8 shows a relatzon between a propagatlon Ioss of LSAW on LT42°
substrate and a normahzed film- thlckness of the IDT electrode
Fig. 9A shows transmission characteristics of sample 2 of ladder SAW
15  filter in the second embodiment.
Fig. 93 shows transmission characteristics of comparison sample 3
with the ladder SAW filter in accordance with the second embodiment.
Fig. 10 illustrates a definition of shape factor in the _‘ second
embodiment. | -
- 20 . _ F1g 11A sheﬁs"Efeﬁsmiesien'cha;;acteﬁsﬁics .of sa_h#)le 3 of l—portSAW E
| 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
7‘:25 resonator used in the third embodiment. |
Fig. 11D shows transmission characteristics of sample 6 of 1—port SAW

resonator used in the third embodlment




1-port SAWresonator in accordance with the fourth enbodinent. Fig. 16
shows transm ssion characteristics of conparison sanpl e 5dpmdniber 2001t SAW
resonator in accordance with the fourth enmbodi nent. 20 Fig. 17A shows
transm ssion characteristics of a | adder SAWfilter for 800 MHz band out

of two-filters in one-chip SAWfilters 9? sanple 9 in accordance with a

fifth exenplary enbodi nent of the present invention. Fig. 17B shows

transm ssion characteristics of a l.adder SAWfilter for 1.9 GHz band out
of a two-filter %n one-chip SAWfilter of sanple 9 used in the 25 fifth
enbodi nent . Fi g. FigaAl Roows Sransmiscn eharasterdsties o€ sontpazisondshmpBAW
filter for 8Q0 M4z bapnd out of a two-filter in one-chip SAWfilter of
sanpl e 10 u¥ath inpar txorpeatos accgrdancefwithithe thiwl emhodingnt. 18B shows
transm ssion characteristics of a |adder SAWfilter for 1.9 GHz band out

of a two-filter: Figy 434 shows Sawadtional dewsillysteating peee oh I-phet SAWh .
-enbodi nent. 5 Fig. 19A shows _ transm ssion .characteristics of a |adder SAW. .

filter for rewmaterobsampleul inpaceprdayce withothe fourhle espinplemembodiaendfof
conparison sanple 7 used.in the fifth exenplary enbodinment. Fig. 19B shows
transm s3i ofhe REeSeBL dRYeNtie of a | adder SAWfilter for 1.9 G band out
of two-filter in_one-chip SAWfilter of conparison sanple 7 10 used in the
fifth embodi nent Figi §2B2ehownonssactionali wewolletaativgepaysi ofs loport Séd¥ler
SAWfilter for 800 MHz band out of two-filter in one-chip SAWfilter of:
conpari son Eesemagorsof spauple; hin pecaridanpe widhtheafoprthieotiodément.Fi g. 20B shows

transm ssion characteristics of a |adder SAWfilter for 15 1.9 G4z band

. %nikt of two-filteFig.nldMeshonys tsmemissian charactemistics befarangietecric film is

formed in 1-port SAW resonator of sample 7 in the fourth embodiment.
10 Fig. 13B shows transmission chdracteristics after the dielectric film is
formed in 1-port SAW resonator of sample 7 in the fourth embodiment.
| Fig. 14A shows transmission chal_‘acteristics before dielectric film is
- fprm'ed in 1-port SAW ré.sona.toru of sa,-mpleé ih.tﬁe‘fﬁufth 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. |
o 20 o B F1g 17Ashows 1trgnsn;1fis_s._i0n .chaxadtériétiqs _df a i&ddér SAWﬁlter 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
o 71.9 GHz band out of a two-filter in one-chip SAW filter of sample 9 used-in the
95  fifth embodiment. | | | |
| Fig. 18A shows transmission characteﬁstics of a.ladder SAW filter for

| 800 MHz band put of a two-filter in one-chip SAW_ﬁlfer _0f sample 10 used in.




‘used in the fifth enbodi ment. Fig. 21 shows a schematic diagram

illustrating a basic structure of a SAWdevice used assadpfMiRE 2604 ©
sensor in a sixth exenplary enbodi nent of the present invention. 20 Fig.
22 shows a rel ation between anbi ent tenperatures and anti- resonance
frequencies in the sixth enbodi nent. Preferred Enbodi nents of the Invention
Exempl ary enbodi nents of the SAWdevice disclosed in the present 25
invention are denonstrated hereinafter with reference to the acconpanyi ng
drawi ngs. 15 Sg&ikﬂrrber 2006 14 Exenplary Enbodinent 1 Fig. | A shows a
perspective the ntSAW r esonat or produced as an exanple of a SAW
devi ce in accordance vmth the first exenpl ar enbodi nent of the present

i nvention. SAW r Einkikshows §Y4W§1Q§lnc}51rﬂpé2‘tﬁém§cﬂfr& tadden AW falter, fi @nd
SAWresonator 2_is formed of IDT electrode 3 and reflector 4. Fig

~shows a secti®falz bpadousieés wohidferia anerthip-SAV} filkey of sampleilg. US§¢ lnhows ‘

-an "enl arged sect.ional view of one ¢ycle of the DT eléctrode, and the.

sectional vikedifth embedimentt hat f | nger-el ectrodes 301 are formed on

substrate 1 at.a_given pitch "p". 10 In this enbodinent, an LT substrate of
39 Y-cutb and on Hig-ciPA ﬁbowsAwrtﬁmq@agmdtaracwgﬁtmsa;f@la(dd@némﬁfﬁlém or
referred to as 39 Y-XLT substrate) is used as. piezoelectric substrate 1.
An phase veBo@MHzhand @it efifetweifidtor intpagrchin FAWHlte o byvaparisonosample
substrate 1 is 3350.8 ms. The el ectrodes of SAWresonator 2 forned on
pi ezoel ect r ¥ asedBBithadydth exemplaayemhodimest. 15 al | oy, namely, Cu is added
to Al. The el ectrodes of the SAWresonator include at |least an |DT
ectrode and an Fig.cl1B shewafranmmisgiognechapacteristics of a ladder SAW filter for

e?
1.9 GHz band out of two-filter in one-chip SAW filter of comparison sample 7

10  used in the fifth embodiment.
Fig. 20A shows transmission characteristics of a ladder SAW filter for
800 MHz band out of two ﬁlter in one- ch1p SAW ﬁlter of companson sample 8
~used in the ﬁfth exemplary embodiment L | |
Fig. 20B shows transmission characteﬁstics of a ladder SAW filter for
15 1.9 GHz band out of two-filter in one-chip SAW filter of comparison sample 8
used in the fifth embodiment.
Fig. 21 shows a schematic diagram illustrating a basic structure of a
' SAW device used as a temperature sensor in a sixth exemplary embod_tment of
the present invention.
. 20 B 7. - F1g22 shows a re_ie.t;i_o;t _bet:v:v_een_.'embient' temperatures aﬁd 'épti-

resonance frequencies in the sixth embodiment.

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

drawings.




Sanple 1 of the first enbodinent is SAWresonator 2 of -which finger-

el ectrodes 301 have a pitch of 0.8 /t in and a nornalingk%kﬁﬁkgfngg<ness hR
of 19.4% This SAWresonator 2 has a resonance frequency 4 MHz, .
and 20 the phase velocity thereof calculated using. equation (1) is 3026, 2
ms. This speed is slower than the phagge velocity vb of the slow shear
wave on 39 Y- XLT substrate used in this enbodi nent. Based on the foregoing
nunerical values, the followi ng equation is found: 2Xp = 1.60X10, vb / f =

3350.8 /  (#891.4X 1 X 106. Thus the relation of 2 X p <vb / f-
is satisfie ’%ﬁ s%ﬁ”@%‘d’ﬁﬁgdr as corrparison sanpl e 1 has the fol |l ow ng

specification: laﬁgfsﬁoesc%ergﬁeﬁwie'r%%%ﬁ SoRa A sesas ia?oéawgé%%:oi 2%
has the follow.n 2006 15 s CI fication: pi : '
finger-el ec?’?oﬁ%%“?gei al t FEVIEEr AR RS d?‘ilqem“”tt i By engsSt hPX%nP]s,arll% a

1) “and_ 1664 BHPEIREBITr ?@%?prfgée “Sﬂ%ﬁtﬁo@te S0t srtvean Soie. 306" Bhose
Frequendl osPEb #Eﬁe‘ﬁqi‘?u B3 uehtl SO, EsenRiEy 1%%8%%@%@2«»&%?2&
vel bci ty of ALCFGRF Anekle eﬁ%%%%'gt@éﬁm% B 35ken olong the i T 40L e in
sap es' do 44 3 P hatrlpeel sefopbiay' ot voe gk 5t SheufD
ar mal | 2 eﬁeﬁte%“ﬁ?e?é% BRAce hckianelrview) i airace (Bas. Ange ateegrotss PpLgiPa cs.
Saeana0nt et e TRENGISERIERPE T Phreneac bl pecoma © "
Ezipg][ 'OX'1d‘3%, 15 Fh? thl?éAegl 0 medtans%&ssggst%a]t%r gic 555 IYSE:dtS,: San onsev s%nat or
SAW propagates along X-axis (hereinafter referred to as 39 Y—XLT
substrate) is used as. plezoelectrlc substrate 1. An phase velocity “vb” of the
; slowv shear wave th_at -propag_ates-on substrate 1i _1s 3350.8 mls - The electrodes |
of SAW resonator 2 formed on piezoelectric substrate 1 are made of Al-Cu
15 alloy, namely, Cuis added to Al. The electrodes of the SAW resonator include
at least an IDT electrode and an electrode of the resonator.
Sample 1 of the first embodiment is SAW resonator 2 of which finger-
O electrodes 301 have a pitch of 0.8 £ m and a normalized film thickness h/A of
- 19.4%. This SAW resonator 2 has a resonance frequency f=1891.4 MHz, and
" 20 ' the phase velocity thereof caleulated using equation (1)-is 3096. 2 mis. ' This *
soeed is slower than the phase velocity vb of the slovr shear vtrave orr 39 Y— :
XLT substrate used in this embodiment. Based on the foregoing numerical
values, the following equation is found: 2Xp = 1.60X 10'6,: vb /f=3350.8/
(1891.4X 105 = 1.772X 107, Thus the relation of 2 Xp = vb/fis satisfied.
25 _ A saw resonator as comparison sample 1 has the _follorving speciﬁcation:

pitch “p” of finger-electrodes 301 is 1.06 ¢ m, normalized film thickness /A is

6.0%. Another SAW resonator as comparison sample 2 has the following -




sanple 1 used in the first embodi ment . Fi g. 3B shows transm ssion
characteristics of conparison sanple 1, and Fig. 3C shopsg 8G4 on
characteristics of conparison sanple 2. In this enbodinment, the SAW
resonator is produced in the following 20 way, and its characteristics are
evaluated in the foll ow ng manner: Elecifode filmis fornmed on _

pi ezoel ectric substrate 1 by the magnetron-sputtering nethod, then a given
el ectrode pattern of the SAWresonator is formed by the dry-etching method
using the p [t hog Ve PI A1) L.ari ser et chin as.- 029

El ectri cal Eﬁ%@%ﬁ%@éﬁsﬁlﬁ% reﬁcngglgﬁlsg%mg&d%a @RES(S@Q& B A8 c-}%@a) ﬁﬁm
probe. The f.th ra ] SSI haracteristics, is compared by
Phe et hod THRHRTT Al in ErG “ATEYE"sBhngle" AR 1obbniiee Retieiaisiof s,

e | e SAEC T W __
Cpeci f1 ed od AP (oRMMRxishS, FomdtiCy) B TRSLPNIEE BRI il )i e
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o812 % (AT R PR R e R e L 5
om0, %2, 30 pld o bt e 0 B SHIST 0 Bent  o
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attenuat i onﬁf@gg‘%g HIl’Bgﬁggl r}ﬁgs flé\%g b Sﬁflgﬁu@ﬁ%flelﬁgﬁ% @%2& Ly H%n"w}%
anti-reggnance fge0urafyntZ a8k pESPIPACE BYEAtioRT0sd BET.SAR L] 'FCNCY
| Y-XLT substrate and a normalized ﬁlm thickness h/A of the IDT electrode.
As Fig. 2 illustrates, a propagation loss of this LSAW propagating on
: ‘pie‘z'oelec'tl_fi-c substrate 1- takes é mmlmum véluerv‘v_he:n. f:he:norﬁi'éiizéci ﬁlrn o
thickness h/A becomes approx. 6%.

15 Fig. 3A shows transmission characteristics of SAW resonator 2 of
sample 1 used in the first embodiment. Fig. 3B shows transmission
characteristics of comparison sample 1, and Fig. 3C shows transniission

O | characteristics of comparison sample 2. |
In this embodiment, the SAW fesonator is produced in the following
.'2l0' ' way, Val.ild its ch&fé.@ﬁéﬁsﬁgﬁs areevaluated in fli_e -ft‘)l‘l.o_v'vip_g"manne'r:.'. "El.e'c't_ro&e, " ] S
| ﬁlm‘is f01"mec'1 on piezoelectric sﬁbstréte 1 b_;; thé, 'magnetx;on-sputtering.
method, then a given electrode pattern of the SAW resonator is formed by the
dry-etching method using the photo-lithography process and chlorine-based
iétching gas.
25 Electrical characteristics are measured using a RF (Radio Frequency)
probe. The steep, one of the transmission characteristics, is compared by the

- method illugtrated in Fig. 4. " To be more speciﬁcJ as shoWnr 1n Fig. 4, point B2




15 f4 at point B4 of which frequency is |ower than f3 by 20MHz, and the
insertion loss at B4 is taken as an index of |nsert|onlslgb?§:mb%§zgogesult
when a | adder filter is produced using the foregoing SAWresonators, the
i ndex of insertion loss is obtainable with a necessary attenuation

mai nt ai ned. On the ot her hand, an indexi®f attenuation outside the _
pass-band is 20 evaluated ,by a nmethod shown in Fig. 6, nanely, fi nd poi nt
B5 of which frequency f5 is higher than f2 by 30MHz, and an attenuation

dearee 2t 1 Bl HRRy b8l RSy o BOAE. 4B S Sl S
ped scusoeloMdTLE ea@%ecff BR A S SR BB st wSeonaner Bepumicas,
o B R SR s e o B TR ROBSe ey ©
Ta0q. 4 3026188 ede:@p«:&g?eg&ee {03255 1HkGA s ideamprsseasiscbesiren.
sarm e %101 R84 13702 mhES U AN B ST Raglan AL SIEL LA
point between B1 and B2, and f2 ~ f1 = 20MHz is found. Thus the greater

steep characteristics of the resonator, fche less il_lsertion loss, and the greater '
attenuation can be expected at the greater index of .the steep characteristics.
C _ The index can be found by the follewing equation:
10 Steep Index = {(ATT2 — ATT1) / 20} / (f1 + 10)
.An index for comparing insertion loss is evaluated by the method shown
in Fig. 5. To be more specific, as shown in F1g 5, find frequency f3 at point
' B3 where attenuatmn becomes 10dB on a lower frequency band s1de than -
anti-resonance frequency f2 at anti-resonance point B2. Then find frequency
15 4 at point B4 of which frequency is lower than f3 by 20MHz, and the insertion
loss at B4 is taken as an index of insertion loss. As a result, when a ladder
filter is produced using the foregoing SAW resonators, the index of insertion
O ' 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 in Flg 6 namely, ﬁnd pomt B5 of whlch'. L
| ﬁ'equency 15 1s higher than 2 by BOMHZ and an attenuatmn 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.



insertion |
conpari son

conventi onal

0SS, so that
sanpl es.

one does,

-5.5.

sanpl e

If the SAWresonat of7

nornal i zed

propagation loss is far greater than

as shown ingFi and a greater loss is
[ [ é%ﬁroE]sarrple 1 actually shows a 10 better

As table 1 tells,
sanple 1 and conpari son sanple 2,
5 1 has better characteristics than the two
of sanple 1 uses LSAW as the
filmthickness h/Ais 19. 4%

sanpl e 1%

ferfbel bARET

Sanple 1 -0.7 2184.9 -4.6 Conparison sanple 1 -1.1 2062.5 -4.8 Conpari son
sanple 2 -1.9 1613. 8.

st eep-i ndex than conparison. and snal | er

so that the

t hose of conparison sanples 1 and 2

expect ed. However,

t he i ndex of -

As table 1 tells, sample 1 has a higher steep-index than comparison

sample 1 and comparison sample 2, and smallerinsertion loss, so that sample

1 has better characteristics than the two comparison samples.

If the SAW

resonator of sample 1 uses LSAW as the conventional one does, normalized

film thickness h/A1is 19.4%, so that the propagation loss is far greater than

insertion | resul t than
conparison|samples 1 a S a hage Vv Ty of
SAW r esonat or of sanpl CPllgc ié?ﬂgiesegls Ltgbﬁ%l%%@t LRelélolfanc@ Iomt%ﬁb of {the
sl ow shear |wave propag t| n P39 v n%(E h6stf a r esdPOWhe |
‘wave;. whi cn: shoul d. have H@QP%d in tthe LSAW rmde, ,act ual |y - propagat @s -
in'Rayleig : s propEdatPon |ossffdEmes 15 almés)t 0 | -
(zero), so cHaracteri sticls of both | ogs and steepj seemto
improve. This is becau e el egrode pitchg p" is| setygyq 4 hat) thegge atiop of
2 Xp 15 S'@O ) (ﬁi)U 85 vbff—tambe deIbI T eu usST1Ty tire—foregorng
- piezoel ectilic h3tTht 1 -I;ifh[f steep cha éﬁCte“ Sti ¢ of cjourse affected
by the red gampleds | o 6 clan _be® 3l so fec! y.a r‘h:—\gﬁ%%f.
el ectronegi&tomp%ﬁﬂﬂl ng coefficient. In partiiFul ar, when [t he film
t hi ckness o¢bampde &l ect rlodes b t he |SAW rldsbnat o 5 1884iNcr efased 7688 ect | ve
coupling coefficient "HKefsertiBIRAS|ESteBp $eASE & At8duATord | Fesult, the
ﬁfaci ty ratio -r lowerls, thareby ljowering the sharﬂ,lra%§s
: (dB) (dB)
| Sample 1
: ~0.7 2184.9 ~4.6
Comparison
sample 1 —1.1 2062.5 —4.8
Comparison .
sample 2 —1.9 - 1613.8 . —H.5 .

_ those of companson samples 1 and 2 as shown in Flg 2 and a greater loss 1 1s'_ ‘

10

15

- improve.

expected However, the mdex of 1nsert1on loss of sample 1 actually showsa -

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. Asa

result, the wave, which should have propagated in the _LSAW mode, acttially

propagates in Rayleigh SAW (RSAW) mode.

Thus propagation loss becomes

| _almost 0 (zero) so that the characterlstlcs of both loss  and steep seem to

Thls is because electrode pltch “p” is set so Vthat the relation of 2 X.p




However, although sanple 1 has a thicker filmthan the conparison sanples 1
and 2, it shows the higher sharpness and better charactgfdcpidnftrer 2068's the
wave whi ch shoul d have propagated in LSAW node seens to actually 10
propagate in RSAWnode, so that the coupling coefficient |owers

si mul t aneously. Wen conpari son sanpl esigl and 2 are conpared wth each

“other, conparison sanple 1 is nore excellent in the insertion |oss and the

sharpness. This result tells that it seens that the SAW of both
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proves {§al yropagate in RSAW mode, so that the coupling coefficient lowers

- simuitaneously.
When comparison samples 1 and 2 are compared with each other,
comparison sample 1 is‘more :_é':'zc':elieﬂt 1n the insert_:i.'on'.lcs_s and the Shaljbiles_s._- -
This result tells that it seems that the SAWs of both comparison samples 1
15 and 2 propagate in conventional LSAW mode, and yet, as shown in Fig. 2, -
comparison sample 1 uses the normalized film thickness h/A of approx. 6% at
which the propagation loss of the LSAW becomes almost 0 (zero). This result
~agrees with the cc;ntent disclosed J apanese Patent Apphcation‘Non~E1§amined
Publication No. H09-167936. Meénwhile, the acoustic velocities of
L 20 ' fl'"c'om_pgri’sron ['s_'amples 1 _and’é.'are fastérii:hf_'c_l_r'l_ X théﬁ-of the slow 's}iearﬂv\}év_‘e'
| | propg}gating on 39 Y —- XLT substrate, fﬁus fhe wéves of fhose Wo
comparison samples prove to propagate in the conveﬁtional LSAW mode.
The foregoing dis-cussion proves the effective method'for obtaining the
SAW device with low-loss and steep is this: SAW device 2 is formed on
25 ~ piezoelectric substrate 1, which is cut out at the cut angle that allows
substrate 1 fo' excite the LSAW, in such a manner that the relation of 2Xp é- n

vb/f can be satisfied.




" substanti al

setting the IDT electrode pattern to satisfy the relation of 2 X p vb/f
produces a simlar advantage. Further, the netallizatiofy d@tdnfbef200¢ Set at
approx. 0.5 and the nornalized fil m t hi ckness- h/ A i s set not |ess than 15%
then those preparation assures obtaining the SAWdevi ce having the

foregoi ng 10 advantages nore positivelyl3 As a result, the yield rate can be
substantially inproved. In the case of using the el ectrode nade of

alum num or netal = conprising mainly alum num and usi ng pi ezoel ect ri C

substrate 1 conpy Jid%nore %&%ﬁé}ghﬁ%}ﬁ%@ Ae"8f ﬁx’.ﬂﬁ%%tﬁf ?o

at a rotatlon bet ween not nor e XIS

fo %5 o WiniehPRHD dhge At A
to satisfy Ellﬁ 1d. gﬂlyft}{téloﬁaﬁhgza%u\fqaée but 8{19%%6%1%1:%!{“%15%&9 E%ta&t%t St less -

Further, the ¥ t zatironratio n 1S seé
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advant ages ﬁfb‘?ﬁic[e' é?io).flﬁ Senx?iff!o'i's & Erlg%%,?t ﬁ‘h% {e%@%pao‘{qe that

nprove |nvent|o

for egoi ng_dig SEBSLR0. gﬁpzegea@éaga terk'% SLERIT R GALUSE 1AL, T grjal s

t han al um nu corrpr Si ng um hum e p| 27 &

substrate Cgﬂ)dﬁ%gs I T sizh il ﬁd‘% @furhgels 'tHE %%%%ﬁlgﬁ) 1& lﬁhte I;g ? ther

cut - angl e, It can use a rat e I als
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improved.
In the case of us1ng the electrode made of alummum or metal
R compnsmg mainly alummum, and usmg p1ezoelectr1c substrate 1 comprlsmg -
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 é vhb/f
O produces a similar advantage. Further, the metallization ratio 7 1s set at
~approx. 0.5 and the normalized film thickness b/ A is set not less than 12%,
80 . then those preparatmns assure obtammg the SAW dev1ce havmg the foregomg _' :
| advantages more pos1t1ve1y As a result, the yleld rate can be substantlally- '
improved.
The present invention is not limited to the foregoing discﬁssion. For
instance, the electrode can use other materials than aluminum or metal
25 niainly comprising aluminum. The piezoelectr_ic substrate can use LT
| single-crystal or LN single-crystal cut out at another cut-angle, orit can use a =

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




5 are set to satisfy the foregoing relation. Then a sim|lar advantage to
what is discussed above is achievable. Exenplary Enbodj tentheP2b@tder SAW
filter is produced as an exanple of the SAWdevice in 10 accordance with
the second exenpl ary enbodi nent of the present invention. Fig. 7A shows a
perspective view illustrating a structu2® of this SAWfilter. Fig. 7B
shows a circuit diagramof this SAWfilter. As Fig. 7B illustrates, the
SAWTfilter conprises five SAWresonators 5 coupled in series, and two SAW

o eckroses DUMELER ULPERRy B syBEOCOOHCIA A SEIATS FOR a8, ol

I 10
é} Epﬁiéder ﬁ@%ﬁa&??&?@%&@%@%’%@%f% Eﬁfﬁe&"@ﬁ%&%&%@iﬁh&?@eﬁﬁéo‘f%@?t ern
becomes eachey i VRE BIniR frud e BElac PR 000S Wi iRt e v
" subst " ofy A2 Y- nd X-pr- i.on- i natter -t ef erped.t o T42 - .
Subst 1 at ) TSATLeAbbhERaws Mk FE AT sy RE 454 B shbR oI, ool
P opegey R S LA Bt Bal " TBa AR s et IiMAE TS
probagation Jgss f l;the 'SAVY]r e3P ator that uses LSAW25 and is fornmed of"
pi ezoel ectrﬁh@ Efﬁﬁgﬁé’?’&liff’ e g?'ectrodes of the SAW resonator are nade
of Al-Cu alloy filmwhere Cu is added to Al. A producing nethod of this
SAWTfilter and an evaluating nethod of electrical 15 Septenber 2006 21
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' 10  accordance with the second exemplary embodiment of the present invention.
| Fig. 7A shows a perspective view illustrating a struéture of this SAW filter.
Fig. 7B shows a circuit diagram of this SAW filter. As Fig. 7B illustrates, the
SAW filter .comll)'r_iseé'ﬁve SAW_bre',s_énat(‘;r_s 5‘.'(::'6uple':d in sé:iéé, and two SAW“
resonators 6 coupled in parallel. Resonators 5 in series comprise IDT
15  electrodes 7 and reflectors 9 disposed on both sides of electrodes 7. On the
other hand, resonators 6 comprise IDT electrodes 8 and reflectors 10 disppsed
on both sides of electrodes 8. The film thickness and the pattern of the
respective electrodes are set such that the center frequency becomes 836MHZ
and the bandwidth becomes 25MHz. | .
! 20" - In fhis_fembodimeﬁt,‘:.LT" égb’étrafe' _of 42 Ycutand X-prdpagatidq -
| (hereiﬁafter réfefred to as LT42l substrété) is used aé piééoelectﬁc substrate. |
11. Slow 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 film
- thickness “h/ A” and a propagation loss of the SAW resonator that uses LSAW -
25 and is formed of piezoelectric substrate 11. The electrodes of the SAW
resonator are made of Al-Cu alloy film where Cu is.added to Al. A producing

- method of- this SAW filter and an évaluatingﬂ-_ method of electrical




5 normalized filmthickness "h/ A", resonance frequency "f', and SAW phase
velocity. Table 2 tells that sanple 2 satisfies the relg %eg 5 vb /
f, however, conparison sanple 3 does not satisfy this re t|on F| g 9A
shows the transmi ssion characteristics of the SAWfilter of sanpl e 2, and
Fig. 9B shows that of the SAWfilter @i conparison sanple 3. 10 The

I ndexes for evaluating respective transm ssion characteristics use the

m ni num i nsert i on loss and a shape-factor of the filters. The shape factor
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resonators

€

the transmission characteristics of the SAW filter of sample 2, and Fig. 9B
| shows that of the SAW filter of comparison sample 3.

10 The indexes for evaluating respectire transmission characteristics use
the minimum insertion loss and a shape-factor of the filters. The shape
factor is defined in the same way as disclosed in Japanese Patent Application
Non- Examlned Pubhcatlon No H09 167936 F1g 10 descnbes the deﬁmtlon
of the shape factor, to be more specific, it is defined in this way: Find

15 bandwidth BWb at point C2 where a signal is further attenuated by 1.5dB

from the minimum insertion-loss point C1 of the pass-band, and find
bandwidth BWa at point C3 where the signal is further attenuated by 20dB
from point C1, and.ﬁnd 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 ata greater shape factor Thus the shape factor-

becomes closer to 1 (one) and a pass- band ﬁlter becomes more sophlstlcated

25
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ms dB (dB)
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arm SAW 3026. 2

armj SAW1.86 18.4 813.5
836.3 Conparison resonators 5 sanple 3 (parallel
resonators -6 SAW M ni nrum shape factor

Conparison resonators 5 -2.8 1.5

and the s
tells, sarmhfigg&

obt ai ns better

resonators 6 (series arm SAW2.4 9.9
AW orfblr 3006L 811. 4
Resonat or velocity insertion |oss
(series arm SAW 3026.0 sanples 2 resonators 5 -2.1 1.4
resonators @2(series arm SAW 4014.2 i
sanple 3 (parallel
resonators 6 Table 2 shows the neasurenents of the mninmuminsertion |oss
tor of sanple 2 and conparison sanple 3. As table 2
results about the m ninuminsertion |oss

arm

arm  SAW 4008. 3

and the shape factor than conpari spPizaBetRedn | TNRrAANEL | LERIsbhMhce
thickness h0, of the SAWRegonator finger | film thickness| frequency
: - | electrodes N : S
_ , 1 -p(umy | WA % | fMHz .|
(series arm) '
SAW 1.81 19.3 835.9
samples 2 resonators 5 -
(parallel arm)
SAW 1.86 18.4 813.5
resonators 6
(series arm)
C ' SAW 2.4 9.9 836.3
g | Comparison | resonators 5
sample 3 (parallel arm)
SAW 2.47 10.1 811.4
resonators 6
: SAW Minimum. shape factor
Resonator velocity insertion loss
o (m/s) (dB) (dB)
| (seriés arm)- |- . - IR
SAW ' 3026.0
samples 2 resonators 5 —2.1 1.4
‘ (parallel arm)
SAW 3026.2
resonators 6
(series arm) :
SAW 4014.2
( \) Comparison | resonators 5 ~2.8 1.5
sample 3 (parallel arm) '
| SAW 4008.3
resonators 6 :

Table 2 shows the measurements of the minimum insertion los.s and the
shape factor of sample 2 and comparison sample 3. As table 2 tells, sample 2 -
5 obtains better results about the minimum insertion loss and the shape factor
| fhan comparison sample 8. The normalized film thickness h/A of the SAW
resonators of coﬁlparison saxﬁple 3 show values, as shown in Fig. 8, which
make the propagatipn'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




resonators of conparison sanple 3 show val ues, as shown in Fi g 8, which
.make the propagation |oss of LSAWon LT 42 substrate cly gsgeggeglbgrﬁggyo) On
t he ot her hand, the normalized filmthickness h/1~ of th AW r esonat ors of
15 Septenber 2006 23 sanple 2 are 18.4% and 19.3% Therefore, if the
respective SAWresonators formng thi 235AWTfilter operate using the LSAW
the resonators incur greater propagation loss, as Fig. 8 shows. The -

m nimuminsertion | oss and the shape factor should have beconme worse than
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In Fig.q0lA fR6RNARe B AW fiterdifch as a lattice SAW filter, a multi-mode SAW ﬁlter,

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 1nvent10n achleves nevel ﬁlter characterzstms whlch pr1or
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.

CW Exemplary Embodiment 3 _ .

In this third embodiment, a lmpert SAW resonator similar to that used
20 - in the first embodlment is'used as a SAW dev:tce Samples 3= - 6 employ LT - ‘
: 36 substrate as plezoelectnc substrate 1, and a slow shear wave propagates o
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
95 formed on those piezoelectric substrates 1. |

| The SAW resonators of samples 3 — 5 have the following specification:

pltch “p” of finger-electrodes = 0.8 1 m, metallization-ra_tio n = ca. 0.5,




25 formed on those piezoelectric substrates 1. The SAWresonators of
sanples 3 - 5 have the foll ow ng specification: pitch lspsepgg[nberzooﬁ
finger-electrodes = 0.8 /t m netallization ratio r] = ca. 0. 15

Sept enber 2006 24 resonance frequency 'f' .1890. 6 MHz. Sarrpl e 6 has the
following specification: "p"=0.6 Mm ‘2]4—ca 0.5, "f'" = 1890.6 MHz.
Sanples 3 and 4 enploy alum num (Al) as the material of the electrodes of
SAWresonators, and sanple 3 has nornal i zed fi | mthickness h/ 5 A =19. 8%
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ﬁﬁl g\,IAMV\arezogCI f N arrson sanp “%hi ch has the
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case of 30 USidBidhbr4hafiyls Wnd! Fas normalized film thlckness b/ 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 mulh-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 thlckness ratio of Al-layer vs. W-layer, and the
~ difference in density of Al and W are taken into account. Those preparations
C} allow the respective normalized film thickness h/A of samples 4 — 6 t},o agree

with that of sample 3 if they are converted into the case where Al is used.

20 . The SAW resonator of comparison sample 4 is produced, which has the "

e

following specifications: “p” = 1.1 um, 7 = ca. 0.5, and “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 saniple 4 needs to form the

step on the piezoelectric substrate, sputter-etching wher_e Ar 1s added to




Samples 4 - 6 have the sane resonance frequency "f', i.e., 1890.6 MHz. 25
The SAWresonators are produced and eval uated basi cal | Ms'gégfel}ﬁ)elsm way as
those in the first enbodi ment. However, since sanple 4 needs to formthe
step on the piezoelectric substrate, sputter etching where Ar is added to -
15 Septenber 2006 25 chlorine-based etghing gas is carried out in the
process of etching electrode- patterns of the IDT el ectrodes and
resonator's electrodes. This sputter- etching etches exposed areas of the
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to redu filmthickness nd W per se has a greater- specific
resi st ance tblﬁal e as §Belxll]dll tnﬁ%&resi st ance of

The transmission characteristics of the SAW resonators of samples 3 —

6 and comparison sample 4 are shown in Fig. 11A — Fig. 11E respectlvely
Table 3 shows the characterlstlcs measured of the respectlve SAW resonators
The comparison of Fig. 11A — Fig. 11D of samples 3 - 6 w1th 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 comparlson sample 4, to be more specific, the three
| samples have better 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 1nfer1or numencal values to companson sample 4,
| because use of W in the IDT electrodes is obhged to reduce the film thlckness
and W per se has a greater specific resistance than Al, so that the resistance of

the IDT electrodes becomes greater.
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the I DT el ectrodes becones greater.
bet ween Normal i zed Resonance
substrate el.ectrodes hiA (%9 P.UM f(Miz)

Pi ezoel ectric finger fil

Sampl e 3

T Tt

25 15 Septenber 2006 26 TABLE 3 Pitch

equency
g(t)dr%t e 0.8

19.8 1890.6 Sanple 4 36 LT substrate 0.8 15.0 1890.6 Sanple 5 36 LT
substrate 0.8 2.7 1890.6 Sanple 6 36 LPgsubstrate 0.6 8.7 1890.6
conmparison 42 LT sanple 4 substrate 1.1 10.0 1884.8 Piezoelectric SAW

| nsertion-| oss Sharpness

substrate velocity index index

(m$) (dB) Sarrpl e

3 36 LT SUbSr]t\ABgE 025 0 -0.7 2202.4 Sanple 4 36 LT substrate 3025.0 -
2202.4 Sa substrate 3025.0 -1.2 2202.4 _
Pitch between | Normalized Resonance
Piezoelectric finger film thickness | frequency
substrate electrodes hiA: (%) . :
- o O p.{(um) | f(MHz)
Sample 3 36 LT .
_ substrate - 0.8 19.8 1890.6
Sample 4 36 LT _
substrate 0.8 15.0 1890.6
Sample 5 36 LT
substrate 0.8 2.7 1890.6
Sample 6 36 LT
: C; substrate 0.6 8.7 1890.6
- comparison 42 LT
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 R : ' S
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

Meanwhﬂe comparlson sample 4 satzsﬁes the spec1ﬁcat10ns that can

. _'conventlonally obtam a rather excellent SAW 1esonator cut angle of LTI.'
5 substrate = 42 , normalized film t]nckness of electrode /A = ca. 10%.
Samples 8 — 6, on the other hand, form the SAW resonators on the
' | piezoelectric .substfate 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
erﬁbodiment thus proves that the SAW resonator having lower loss and

10  similar or better steép characteristics than comparison sample 4 is obtainable

with no substantial limits to a cut-angle of the substra:te...'



Sanple 6 36 LT substrate 2268.7 -0.3 2208.3 conparison 42 LT sanple 4
substrate 4146.6 -0.8 2089.2 Meanwhile, conparison sa fgng)a}iz@jfj es the
.specifications that can s conventionally obtain a. rat er excel l ent SAW
resonator:. cut-angle of LT 5 substrate = 42 , nornalized filmthickness of
electrode h/,| = ca. 10% Sanples 3 - 67 on the other hand, formthe SAW
resonators on the piezoelectric substrate cut out at an angle that allows
the substrate to excite LSAWso that the relation of 2 X p' < vb [ f can be

satisfied. The t enmbodi ment thu Yes that.th SAW

| oner |oss and 1 Oﬁﬂﬁlﬁl‘?ﬂn ?ﬁ‘mBEE{ ¢ds aﬁw "c‘ﬁﬁ? ving Epgé%'e ﬁ%%rq 2 n
Subetrate. bftei‘ ?a?ﬁé#%’f&e Py irdees a#}; 215} §1e§¥%@3$3£31 iiufngﬁl g
S T OB R R B
finger-elec des of T el ectrodes e of Al pprox. . the. sane :
resonance flﬁélgiumx $he BameresonRyse| W%Set t of Kempasison saagpler & saw
ikl TR R I R SR L RO
! SR S B B Bt e
character =1 cays naf%{eeeeéaogaﬁeee T T b R
o, CSLptarhfgﬁw%Shea}Fef;ﬁaV%ﬁ%%ﬁée? Faiieg aﬁ%ﬁﬁ@e' aBaH eLl0w 1958 aoun

! Fig. 11Aexcelie%1t s%%%i ngﬁ:térqgugsowl;vlrt ol etlgc%}nsg a cer E)l.lg. c%tzsarllog S'(I)‘ 1S 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 comparzson of transmission characteristics between samples 3 — 6
. shown i 1n F1g 11A - Fzg 11D finds the followmg facts Sample 3 shows some . -
wavy characterlstlcs, while samples 4 — 6 do not show such wavy phenomena.

15 Because sample 8 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, reconeidering

_ ‘the design is one way; however, it is necessary to improve the reflectance per
90, electrode - | o | | |

| The comparison also ﬁnds the followmg facts about samples 4 — 6

Sample 4 shows smooth transmission characteristics .becausel 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 material havirrg higher density than

*aluminum is effective for improving the lowering of re_ﬂe'ctance‘ per electrode.




wavy characteristics, while sanples. 4 - 6 do not show such-wavy phenonena.
15 Because sanple 3 mekes an phase velocity of the vav g5 qidiatbes houd ¢ 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 (1DT
electrodes and reflector's electrodes)ggowers. To overcone this problem
reconsidering the design is one way, however, it is necessary to inprove
the refl ectance per 20. electrode The conparlson al so finds the foll ow ng

facts about a | es noot h ansmi ssi

char acter'islr?‘%% &%8&%%90?%% }Sgcalﬁfegﬁ'dil& aﬂf& é”%"ea%ﬁg%éawtﬁﬁéo '
snoot h transpl §si act I CS becau e entire partial el ectrodes
are made of SUFRAY 55 g dhephese e lpgi £p slowrer lwn therdoW Shear ¥A98 | ¢ hat
use of a step foirre on a ubsﬁw use. of tJtectrodes entirely or,
-partially made o g thyr a—‘lﬁpﬁﬁeiforé@fé?llyo RafteRa) Qfhidh Hegoe] eCtl'lc
effective for I’OVI nge _t; ng of reflec ang:e er el egtrode. :
Sept enber 2%]65 @ Ghiee ¢ ?IHB fiwrr@fq ygher density usynsﬁsuns@vsﬁ ‘the
wave as RSAW j nst ead |ngth phase vel ocity s|ower thanthe
sl ow she‘aRr \-‘n%lfl@law? ?%ﬁse lf?/l‘ esﬁv& B R re %GFB?rrﬁa‘F]iGSWOQPS a ’Ehers e o ,
piezoel ectric bstrate or tg’ﬁ?: of materl al_ having a gher, den than

al uminum i nﬁor%be s tg imgmoge taeclovwring of |neflegiancer 6 oamatlpsffpf«isrssﬂa@r
ot pEm U helTR 50 PG gtad s s 5™
I
not Iigm' ted to %l‘g Pr@l’%?% Q?gs@gi ) igvpeleqted prithe mageria P’ggl&%ﬁ

mf)ts ?_ @ anq1p3|rrrﬁl|1a1p lal er ed holwler\per(2 at etj)*:gatueilaa(l of eTecl:Po%.e%?n%t fmrlilg(l to Vl}, he
other metals such as Ta, Mo, Ti and Cu, or alloy of those metals or multi-'
layered film can be used. In the case of using the multi-layered film, it is not
| hrmted to the lammatmn structure or lamma’cron materlals (discussed in tlns
embodiment, but it can use various lamination structures satisfying the
15 condition of the present invention. The IDT electrodes and reflector’s
electrodes are not necessarily made of the same material, or do not always
have the same structure.
At the saroe time, increase of a reflection coefficient of a bus_-bar section
forming both ends of SAW Wave-guide area can reduce the leakage from the
' 20 _Wave gulde area and lmplove the resonators charactenstrcs However, it 1s'-
preferable to moderately boost the resistance Value of IDT electrodes in
comparison with the case using aluminum in the electrodes, to be more
specific, the resistance value is preferably not more than 10 times of the
resistance value in the case of using aluminum. If the IDT electrodes have .
25 rather high resistance, the material or the structure of the bus-bar other than
IDT electrodes or wires routed is changed, thereby lowering the resistance of

that section: "l‘his method is particularly effective when the SAW filter using




limted to the | am nation structure or lamnation nmaterials discussed in
this enbodinent, but it can use various |am nation strucfiahes@idsstyi ng
the 15 condition of the present invention. The |IDT el ectrodes and
reflector's electrodes are not necessarily nade of the sane material, or
do not always have the same structure.ggt the sanme tinme, increase of a
reflection coefficient of a bus-bar section form ng both ends of SAW

" wave-gui de area can reduce the | eakage fromthe 20 . wave-guide area, and

.inprove the,resonator’s. characteri st.i ¢s. wever, |t is preferable to )
noder at el y %B%RS“LIW@?@:@FET%@H a&r‘ipmtg%l@ﬁ%ﬁt‘?&@%ea n conparison with

t he case using alum numin fhe el ectrodes, .o re specific, e

resi stance val ue'lqjsg Ogreggfcé? pategpa V&*Pﬁ 'Oiﬁ?’%@ngﬁ% erCO8iIcIgHc o
value in the se of, usi al um .nu tttglge | DT el ectrodes have 25 _rat her

a | f

Thi gh resi st RhceeaThthesgpal expapsiopnthay the: gpkstznte meaiprlor ienef tiean . -

1 DT el ectrodes.or,-wi.res routed i 5 .changed, .thereby |owerjng the resistance .
of that selimipAtesiglect %B@q%ﬁﬁaﬁ?gﬂpgﬁﬁ%té? %Bﬁt@@al/%‘"e%ﬂ VRBIOSANAY | t er
usi ng 15, Sept er 06 29 the resonator discussed in this third

embodi mefit iogfﬁng?&‘rﬁc%@eg?u ﬁé‘&f*‘?‘Bﬂ%‘-’%ﬂF%Fﬁ%’f%d%\‘é‘ﬁc%S Om $1p dighagathieng a
smal ler coefficient of. |jnear, thermal .expangion {han the suhstrate
material ,: Sreifodigyention allapsthe Mé@%%@ftkq plgctnades b legybhipkprdihagy r ode
materials c | mprove not .5 o refl ectance_ but also tenperature -
characteri s?ﬂﬁé‘? e "tOS‘HeB?mPﬂQ@{“g Eﬁ“s ﬁ?‘“eg’éﬁ?tteli' ﬁﬁ%‘iﬁqa@rbeaﬂnﬁggedt-he film

t hi ckness. of the electrodes to be thicker than that of the conventi onal
AW thus the greater effect can be expected. Exenplary Enbodi nent 4 10

™ the 11 s EXERIATREMEORHAANA 7 and & for this fourth enbodiment  use Al
as t he. Tgt erial &‘thel OIII't?ll gxﬁ 5&?1?&%1‘5%3%3% {—?Jolr%%h%lrsesgxllach; gl%(lj gr 1% t %toqle
| used in the first embodiment. Samples 7 and 8 for this fourth enibodiment
use Al as the material of IDT electrodes -3 and reflector’s electrodes 4 both
e 7_'forilnec'-lr on. piezqéle‘ci.:fi'c‘: _si;bséfate 1 Whl(',h 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 seétional view of fhis structure, where finger-electrodes 301 of the
- IDT electrodes are formed on piezoelecfric substrate 1, and silicon-nitride film
| 20 "12 is formed as the dielectric film over finger-electrodes 301 and substrate 1.
' | Sample8 useé sﬂicdn«ox‘ider ﬁlin 13 as therdi'elérctri-c': film. ; Fig. .1'2'B '
shows the sectional view of this structure, where ﬁnger-electrode.s 301 of the
IDT electrodes are formed on piezoelectric substrate 1, and similar to the
'structure shown in Fig. 124, silicon-oxide film 183 is formed as the dielectric
25 film over electrodes 301 and substrate 1. Characteristics of the respectix}e
SAW resonators are shown in Table 4. |

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




formed on piezoelectric substrate 1 which enploys LT 36.. substrate. The
sl ow shear wave propagates on substrate 1 at phase velq@g%@; Pho@350. 8
ms. 15 Sanples 7 and 8, as shown in Figs. 12A and 12B, have dielectric
filmfor covering IDT electrodes and reflectors of the SAWresonators.
Sample 7 uses silicon-nitride film12 agpthis dielectric film Fig. 12A
shows the sectional view of this structure, where finger-electrodes 301 of
the |1DT electrodes are formed on piezoelectric substrate 1, and
silicon-nitriqgg

finger-electr od%@i,’) %ir%g%%lhlgagéﬂgaﬁdo iﬁ t:ggﬁ'giog’gg‘%f’g’lﬁgnéé :an"dﬁjl\é-’e:‘rSXi before | m
structure, OBRE-pifide Sl 3 dortand Brane 1O 4P HbaeRdaresonBRtRd on
0 O R e AR o KT, TR Rl
505 and Subshe gl BTSRRI, B I Ty B ST LTI 5
ot 5 (UEHI PR ECHE i i o ol £ S
Cafter" 1876} %%ﬁtlg'ﬁ%1 eﬁ"?‘fﬁmﬁ"h@e Wﬁi'eevejéqi%Pfﬁh%ﬂéAﬁéﬁ%%@é% kY
Shear wave. (HHAGYhEOPG iy e WBIchas, iz Sosr thah that opibAmisbot the Sived
L i B
~words, sanpl&F SS%?"P?%? isﬁpatt}?ﬁrs&hﬁtqelq{?%* Ogggé gv‘fb f Iﬂ*"’&bbﬂﬁ’ﬁ% B

after fidm .1g forped. Sanple 8 has the follow ng specification: "p"..
0. 80 gmjl877 ﬂémcii?‘%f%,med-m - |

Sample 8 has the following specification: “p” = 0.80 #m, 7 = ca. 0.5,
res_onaﬁce frequency before silicon-oxide film 13 is formed “f .4, = 1848.37
MHz 'and'reSonéncé_ ﬁ'éqﬁency_- after film ‘1-3 is formed “f " = 2484.20 MHz. o o
In sample 8, the phase velocity of the SAW before film 13 is formed is 2957.'4
15 | m/s, which is slower than that of the slow shear wave. Thus the relatibn of 2
Xp = vb / f g can be satisfied. Further, the 1')hase 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 4, can be s;itisﬁed.
In other words, sample 8 satisfies the rélation of 2Xp Xf pope = vh < 2 XpX
- 20 f adtsi b_oti; befOrQ an& after film 13 is fq'rméd.- ' R |
- Conipariéoﬁ sample‘s 5 and 6 ére pfoducéd to ﬁsé SAW .reso.na{:ors
employing regular LSAWSs of which resonance frequencies are equal to f ., of
samples 7 and 8 respectively. Both comparison samples 5 aﬁd 6 employ
electrodes made of Al in the SAW resonators, and use 36 Y-cut and X-
' 25_ propagation LT substrate as piezoelectric substrate. Comparison sample 5
has the folloﬁvingr specifications: pitch “p” of electrodes = 1.06 u m',

metallization ratio n = ca. 0.5, and comparison sample 6 has pitch “p” of



resonance frequency before silicon-oxide film13 is forned "f before" =
1848.37 MHz, and resonance frequency after film13 is agg%ﬁe?zeéé er'
-2484.20 MHz. In sanple 8, the phase velocity of the SAW ore film13 is
formed is 2957.4 15 nls, which is slower than that of the slow shear wave.
Thus the'relation of 2 Xp S vb / f befgfe can be satisfied. Further, the
phase velocity of the SAW after film13 is fornmed is 3974.7 nis, which is
faster than that (3350.8 m's) of "the slow shear wave. Then the rel ation of
2Xp Z vb / fglgé_er can he satisfied. ~1n other words, sanBIe 8 satisfies the
rel ation of ®®codes ¥ B&lore m, yeetalbzafion vagie &t t=rcaholib- beAseading tef t er
film13. .is for_mec%: Clgt)lgpari son sanples 5 _and 6 are produced to use- SAW
resonators CBHaNeYi(AY theqnoystic yrigeities whilePAVWeebeemparison gaumdes s and 6
equal to f aftei_l‘ of slgangéles 7 and 8 respectivil\é/. Bot h conpari son sanpl es
5 and 6 enpPBy thus«al Pedd0QE.3am/s and L0§AVK masorespeetivelsindTher =e
Y-cut and X_ 25 propagation. LT substrate as piezoelectric substrate. =
Conpari son gaa?’f?ﬁl'@l@ ofi the slow|sbgpEgvayseci fi cations: pitch "p" of
el ectrodes = 1.0%_u iin, nmetallization ratio v = ca. 0.5, and con}%ari son’
sanpl e @ has pi t €8s #8Axnd 33Bahoghiranspogsionharpeleristics of sampda 7before
metal lization ratio n = ca. 0.5. According_to equation (1), the acoustic
vel oci ti es 8hdabppdielechiipilmsdd isfomsned SFiged 1A and 14RBshova bransmissions
4001.3 m's gﬁd 4004.3 m s respectively. They are faster than that of the
sl ow shear Gaf%acteristieisof spmplsfibafore andwaftendiclectsic Silmc h3isformedst iRigs.of
sanple 7 before _and after dielectric film12 is formed. Figs. 14A and 14B
ow t r ansnil@ansh 16 sher bransmission erarggtaistics efocumparisen samplesibeinst 6r i ¢
ifm13 is forned. Fi gs. 15 and 16 show transmi ssion characteristics of
conpari son 5e8PsCcE¥ely. and 6 respectively. 10 Those SAWresonators di scussed

above a{e basi ca,IPLy produced in the_. .
0 ose 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 eléctrpde‘-pattérn_,' then form t'h'el ﬂielectri_c ﬁlm on -t'_he. ‘eﬁﬁ:_:é 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.

_20..“ :




same way and evaluated in the same manner as the first enmbodi ment. The
dielectric filns of sanples 7 and 8 are forned in the fﬂcgl ,% r980 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 contggt for neasuring the electrical
characteristics, by photo-Ilithography and etching..The characteristics of
t hose sanples are shown in Table 4. 20 25 15 Septenber 2006 32 TABLE 4
wi t hout di eﬁ.}g&ﬂ%g film Piezoelectric Pitch between finger Resonance SAW
substrate e es P n frequency .velocity f (MHz) (nmis). sanple 7 36
LT substratfe 0.8 1885 5 3016.7 danple 836 LT sSubsT rvgi[tﬁta%t&iefe %ﬁﬁ@ 957. 4

Conparison| 36 LT sanp 1880 4001 nparison: L
sanpl e 6 spibstrate O. 8@@@%&}5 oi" ﬁz r|iResbbiice Bi €ZQANECE 1

iC
Insertion Bharpness Re@ﬂ’r“r‘&?ﬁtg SAW ‘sub qSoss |nc§églde@1g§x freaveney | .
~velocity | | ... b ,u,m | £(MHz) ' (mls) -
sample 7 36 LT _
, substrate 0.8 1885.5 3016.7
sample 8 3 LT ‘ '
substrate : 0.8 | 18484 2957.4
Comparison | 36 LT | ‘
sample 5 substrate ‘ 1.06 1880.3 4001.3
C - | 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- | 24659 1876.3 | 3002.1 .
sample 8 -~ (36 LT : FE : SRR S
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 characterlstlcs after s:Lllcon n1tr1de ﬁlm 12 In comparlson
e 5 '. w1th companson sample 5 shown in Flg 15 sample 7 has 1nsert1on loss and' L
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 COmparisén sample 5. This experiment proves
that the advar._ltage of the present invention can Be obtained after the
10, dielectric film such as silicon-nitride film 12 is formed.
| Sampie 8 shows an igcrease of the resonance fr’equéncy after silicon-

oxide film 13 is formed. As the comparison of Fig. 14A with Fig. 14B tells,




(dB) f (MHz) (ms sanple 7 36 LT substrate 2465.9 1876.3 30041 sanple 8
36 LT substrate -1.1 2191.7 2484.2 3974.7 Conparison 31%&%&%%?&@0&
substrate -2.6 2053.3 - - Conparison 36 LT sanple 6 substrate -2.8 2097.7 -
As Figs. 13A and 13B illustrate, sanple 7 obtains inproved insertion- |oss
and steep characteristics after sili cong%itri de film212. In conparison 5
wi th conmparison sanple. 5 shown in Fig. 15, sanple 7 has insertion-I|oss
.and steep characteristics rather inferior to those of conparison sanple 5
before film1l2 is fornmed., However, after film1l2 is formed, sanple 7. gets
bet t er cha&l‘@f‘ér?@t iR snbstanHal eclangesndny ithen lasayploa-lgss Ton $hex séeement
proves that ,the advantage of the present invention can be obtained after
the 10 di el PRERFETISHC, kit ForaBaEsOR HHb conHagson; samnule ¢ shewriadigsifpl e 8
shows an 1 ncreaﬂg %f t he resonaﬁlce frequency after_silicon- oxide film 13

i s fornmed. - AATRME & Shpws; Redferoshanagteristics than pi SAWL aesonelors using wemlanber

2006 -33.therg,are nq substaptial ‘changes jn the insertion-loss or the
'steep char ﬁ%ﬁwm@f)@%@ﬁ%&? F@%alqaﬁ‘%tﬁlccﬁiiﬁ)ﬁrﬁo§%dsanpl e 6 shown in
Fig. 16, . sanple sho better characteristics than a SAWresonator using
regul ar 9LSAW bot'RbeRf pi:ﬁae a‘fet(i@mtxr@ gAY dacreases idun ite foomieg .of sthenen
t he phase vel.ocit SAWi ncreases due to fornmng of the dielectric film
such as sil i‘id QB{? gLnfs,up appiligon-pxideilny Ag, Plé%lb?ﬁn%léd resenaperireqprenes or e

are adjusted. so that,the relation of 2XpXf befog Svb S 2 X p Xf after-is
J Chefm are adjusted so that t%e relatur))n of 2><p9<f before gvb = p2><p X1 per 18

. satisfied, then a SAW resonator excellent in the insertion-loss and the steep
C 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 fhe dielectric film can be used for

widening the pitch “p” of the SAW resonator. This is the advantage of
'mai‘imfacturing SAW devices. I D |

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 phaée fvelocity

~ is faster than that of the slow sheér wave, then reduction of resonance
o 20 ﬁégﬁéhc_y | can. be 'QXp'ectéd"gaftér.'thé film 1S formed.. Selection of an - °
appi'oi)riété film fhicknéss cén ‘Sal.tl;SfY the rélatioﬁ t;f 2><.p Xf af;er = \}b,. an&

obtains the advantage of the present invention.

 In this fourth embodiment, silicon-nitride film o 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 -

.embpdiment', the dielectric film _i_s provided on the upper face of IDT




satisfied, then a SAWresonator excellent in the insertion-l1oss and the
steep characteristics is obtainable. In general, pitchs'g, téplbe 2

resonator 10 becones wider at a | ower frequency, therefore, 1n the
foregoing case, the increase of SAWs phase velocity due to the dielectric
filmecan be used for wdening the pitcfq4"p" of the SAWresonator. This is
t he advantage of manufacturing SAW devices: Use of -silicon-nitride filmas
the dielectric filmdecreases the resonance 15 frequency, however, a

degree of 't cyease can be,adjusted.wit.h the fil t hi ckness. Conpari son
sanpl e 6 ha@?%‘%ﬁﬁ?& ovevere e t‘i}'&ﬁFt%cﬁi% G bep, ?W%&t&'é"eﬁﬁ%él Rt the
filmis forned. The .silhcpn-nitri fi hi cker th that .C) of sanple 7
“is forned oﬁn%‘r’?f 1 & S%%AW&&E‘G@?@TIQ%’FOE%&%}R raed thereen.:gr they
faster than that of .t.he sl%gpshear \A@sve% t hen reductjon of resonangle .20:
‘frequency c&AZ eCO&IBQEfl-ed semethads alsp producerasimilar adyantage thwiat is

- appropriate £ilm t@i ﬁkne'ss can satisfy the relation of. 2XpXf after-S-vb,
and obt ai nsd1§clll’(§8% ¢ ﬂYeage of the present invention. In this fourth

enbodi nept, silicgon-nitride filmor. silicon-oxide fjilmis wused as
dielectrPc film %@?’@ﬂ@rlfl Iﬁf?eeep?eé%“ém d}lﬁ@%?ﬂ%ﬁgi@t%g}qlﬁ?ﬁm@m gePﬁéflﬁa 25
materials. For instance,..a £ilml.am nated of polyim de-based fesin_or

si |'i con- ni t PRIF PR %Hlesﬂmc% -E&HH%k‘FEfSISn‘i“E‘gﬁ SE’EJCGEE%?F&}%Q%T , Tﬁﬁr@c hi s
enbodi nent, .thﬁ dielectric film,is provided on tge upper face o ID:_;[ ﬂaVS '
Sept.enber 2806 “%&‘%P%@Pﬂ%&}l&%%@%‘% eagl, gngjof taese facters ta profluse $4Wed
directly on the pi ez%el ectri,c substrate, and the |IDT el ectrodes are forned
ztkereon, or dﬂ{gﬁs gL Hégg%ﬂ%‘ﬁiﬂ?‘seﬁhose net hods al so produce a simlar

d

~advantage to what is discussed above. 5 A change in phase velocity due to
formng of the dielectric film depends

10 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 iﬁl"cgr Wofking i]ill 1:9 GHZ band, Where,both filters are formed on one chip, _‘ -
1.e. a filter of two-filters in one-chip. In this embodiment, four sampleé are
15 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 iﬁ PCS band in the US is used as a
O 1.9 GHZ band filter. | _'
| The tran-smitting filter in 800 MHz band needs the following
- 20 | speciﬁéations: ﬁaé_gs-'_b‘éfmd = 824“5"8_49; MHz, insertion-loss =< 2.5 dB, iféjééfidn; e

| band.in receivin;g b;fmd = 869 — 894 MI;Iz.; anclir degreé of attéﬁﬁaﬁon ;’ 40 dB.

On the other Hand the transmitting filter in 1.9 GHz band needs the following
spegiﬁcation ‘(requested specifications): pass-band = 1850 — 1910 MHz;
| insertion-loss < 2.5 dB, rejection band in receiving band = 1930 — 1990 MHz;

25 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-liﬁhograph




on a. material of the film a filmthickness, and a structure of the film
There is thus an optinmum condition for each one of t hosegdnfl

produce SAW devices according to actual cases. 10 Exenp ary Eﬂ%Odl ment 5
The SAW device in accordance with the fifth errbodl ment of the present

i nvention includes a | adder SAWfilter wgrking in 800 MHz band and a | adder
SAWTfilter. working in 1:9 GHz band, where. both filters are fornmed on one
chip, i.e. afilter of two-filters in one-chip. In this enbodi nent, four
sanples are 1 duced, es 9 and 10 and conparison sa Ies 7
and 8. A P %ﬁﬁﬁ%\gﬂewaﬁerﬂsr@ TLFIHHOT [ tth@ 880 i MHys Bifenham]

MHZ band ter a_&atransmti filter for I n CSbandlnthe uUsS
i s used as 39‘3‘11'0919 whitd pprmafizedim-thicknpsy ﬂlﬁ@ 19 raef. Q‘Vm, 8D®hmhll§and
needs the fallgwing 20 speC|f|cat|ons pass-band = 824 -'

insertion-| 2'3"5)’13&81' hﬁéjtbéﬁpéﬁﬁcﬁﬁﬁﬂ agieeiagavishithe lgandutmreémt thB@ﬁWHz
-and degree of attenuatlon ~ 4 - On the other hand the transmtti ng
filter in 1Tesomatongmpl ?ﬁé‘@ﬁs% héﬂ? shbafnpte) and pesing ileAWoineprrs puepagadion-
specific tlgqr@) qass band = 1850 - 1910 MHz; _insertion-loss 2.5 dB,
rejecti ofalmost Ovizagp)baftne-S A¥3esonaganfonming this 8A0MIby SW Sfiter
attenuation ? 4%&5 In sanple 9, Al-filmis formed on 39 LT substrate, and
| adder SAW UFe§ t V‘@oﬁmfhoes m:lat;and aveen gegppasen fregruenpy oved epittly of
phot o- | |thog{ E‘i 15 Sept enber 35 .and etchi ng nethods. The SAW .
resonat or of'&¢ oglegégewtsans@rt latiom of Reth radefof whi ch nornal i zed
filmthickness h ca. 6.0% sq that this SAWresonator. has the

al cification ag béliﬁédﬁ}' SaWHdltew fon 1i9GHE Aneludpe asiW resonadomtofwhich
D

loying 39 LT substrate and-using LS‘A\’/,VI ncurs propagation
resonance irequency “f” and pitch “p” of electrodes are designed such that the

10  relation efof 2X p = vbifis satisﬁed, thus the phase velocity of LSAW is
lowered and the LSAW is used as RSAW.
In sample 10, W and Al are 1ayered in this order on 39 LT substrate,
‘then- patterns of ladder SAW ﬁlters for SOOMHz 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 resﬁlt, the IDT electrodes of 800MHz filter are formed of two
e 20 layers, i_.e;'W iey'e_r ai‘ri_dAl Iaj'r_er,r and ttxose of IQGH?Z ﬁlter é_ire' fei'med of single "'_;' | S
o layer, i.e. W la'yer; o - . o o
The SAW resonator of this 800MHz SAW filter of sample 10 uses LSAW
and its resonance frequency “f’ as well as pitch “p” of e-lectrodes‘ does not
.satlsfy 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 the relation of 2Xp = vb/f. This 1.9GHz filter thus uses LSAW
as RSAW by lowermg the phase velocxty of the LSAW.. |




5 loss of alnmpbst O (zero). The SAWresonator formng this 800MHz SAWfilter
uses LSAW and its relation between resonance frequency, |

el ectrodes does not satisfy the relation of 2 X p 5 vb/lfsmtle%ebtefgo(}%fer' SAW
filter for 1.9GHz includes a SAWresonator, of which resonance frequency
"f' and pitch "p" of electrodes are desi$ned such that the 10 relation . of
2Xp S vb/f is satisfied, thus the phase *"Velocity of LSAWis |owered and
the LSAWis used as RSAW In sanmple 10, Wand Al are layered in this order
on 39 LT substrate, then patterns of |adder SAWfilters for 800MHz and
1.9GHz are fornedn toespamsay sople- 17, t fivey afolmn aAbfibhe hofhovineh holisknéss
this case, first the Al 15 layer is etched by ..C -based gas as dry-etching
gas, then tHersgspapds to $het ofishe 1LBGHzHH ey oga9 WLTteulistemtppsicond] protbayer s
to the atnosphere. Next, a resist 1is renoved, then a filter pattern of
800NHz fi | t dhejlilten sectiareaf By9GHe wishiresist, treoh fdven Ai-filayend of1-filn iih thls

~pattern of 1..9GHz filter is etched by O-based gas again. As a result, the

| DT el ect r od¥dento gudthe filmethickeessdortedtheit ofin 8Q0MHy &lter. | Iie thiw/dagyer
and Al layer, and those of 1.9GH filter are forned of single layer, i.e.
W | ayer . 5ThdheAli-filoisaused ofs i adB@fnElagak fThe aesiat otatingl Cha! FHsed SA
and its resonance frequency 'f' as well as pitch "p" of electrodes does not
satisfy the seefieniobd.YrHz band is vdmévediogethat witdoPafibm afd Ahfilhadtethe3AW
25 filter for 1.9GH# band is designed such that resonance frequency 'f' and
pitch "p" datibef filtemesactiont i Stheaf apply pedistfoxf pratecking. HeHfilter | deetioh ol
uses LSAW as RSAW by |owering the phase velocity of the LSAW. 15

pt enber 230%GHgeband sodifaringog thappiters of BOOMEHz fiitem AExpbsaTthefesidti toh
Eﬁ?ckness corresponds to that of the 1.9GHz filter, on 39 LT substrate,
second, protlight, then peovidetthe wesiati withodryletelivg, ihbrebyepiclucing arfiltar for
Ti-filmand Al-filmin this '

10 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 “#” and
o pitch “p” does nof _s.atiisi.'y the felatiah of 2><p S vbhA - | |
In comparison sample 8, Al and W are layered in this 01;der on 39 LT
15 substrate, then patterns of ladder SAW filters for SdOMHz and 1.9GHz ax;e
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 layer is
O 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 f:he
20 ".fe'si:s',t"zig:emin, :ai_ndj_'the_“w layer of aﬁlter :_‘Ig;at:terﬁjdf 19GHzﬁ1ter1s étdhed_ by
| F-base& gas. As a result, the IDT electrodesﬂ 6f 71.9G£[—Iz filter arelfoﬂrme.zd' ;)f
single layer, i.e. W layer, and those of 800MHz filter are formed of two lay.ers,
i.e. W layer and Al layer. |
| The SAW resonators of 800MHz filter and 1.9GHz filter in comparison
25 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




order to make the filmthickness to be that of a 800MHz filter. In this
case, 5 the Ti-filmis used as an adhering | ayer. The rgsd %cn?de?é@@i ng the
filter section of 1.9GHz band is renoved together with =T Al -film
attached to the filter section. Then apply resist for protecting the
filter section of 1.9GH band and forn'ggg the pattern of 800MHz filter.
Expose the resist to light, then provi the resist with dry-etching,

~thereby producing a filter for 10 800MHz band and a filter for 1.9GH band

on -one chip. The SAWresonators of 800MHz filter and 1.9GH filter in
conpar i son- sdtqne f uEBTL Sledircgied tbe forhmdd, oAlifdtaen vapspdarusiteflr dopiency
"f' and pitch *. p" does not satisfy the relatlon of 2Xp S vb/f. In

conpar i son geigbrciBy pAirpesedon\the eviraye redtedn bubitargrsisd pad s36tibds. IBhen
substrate, then patterns of |adder SAWfilters for 800MHz and 1.9GHz are

formed therethnscawvaihrﬁ are idicahinjphpicens oftdiipggwisdheds then dibitendedeon
first’ the Wlayer is etched by F-based gas as dry-etching gas, then the W

| ayer is etcermmdapackageaeéﬁnga$q\marelouThey< pos ehgtitidly cyarestddowithewire-

at nosphere. Next, a resist is renoved, then a filter pattern of 800MHz
filter iB pmdhngmﬂd/aﬂrheglﬁ@smEdﬁna@abgenamﬂlospMeWI ayer of a filter
pattern of 1.9GH filter is etched by F-based gas. As a result, the IDT
el ectrodes of 1. ikl 17A ned HIR showntlok tfanssiisgibn dhaysdterikties of/\éamplﬁ 9, and

‘those of 800MHz filter are formed of two layers, i.e. Wlayer and A

| ayer. The $Hgér A mariol 8B choBOthatzof sample a00FigsQ @A 4nd 1OB shivve GhRnE6T Son
25 sanple 8 both use LSAW and their frequency "f' and pitch "p" do not
satisfy theomglaatsonn safaple X7p arhl fFigkor20angwhé s20B askbovi Oth@nganeaiaidson
arrpl es 7 and 8, after the 15 Septenber 2006 37 patterns of |IDT el ectrodes
are forned, chbrddteristies wepormgeneen t samply 8. Each drawing also shows the
10 respective pass-band (trans_m1tt1ng band) and rejection band (receiving band).

A detailed observation of those results proves that samples 9, 10 and
comparlson samples 7,8 obtam the charactenstms substantmlly equal to each
other on the SOOMHZ_SAW ﬁlte_rs 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
speci_ﬁcatiorls 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, wh1ch seems to

o 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 rei_nforced 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.




rei nforcing purpose on the wiring routed, bus-bars, and pad sections. -Then
those wafers are diced into pieces of chips, which are f%t&illgﬁ.gg@ﬂed on
ceram c- packages of 3mm square. They are electrically connec wth wire
5 bonding, and air-tightly sealed in nitrogen atnosphere. Figs. 17A and 17B
show the transm ssion characteristics ofypgsanple 9, Figs. 18A and 18B show
that of sanple 10, Figs. 19A and 19B show that of conparison sanple 7, and
Figs. 20A and 20B show the transm ssion characteristics of conparison
sanple 8. Eagh draw | S0 shows the 10 respective pass-band (transmitting’
band) and r@&’ﬁ"*‘i"%@ﬂﬁ"’@@@ﬂ@ ng band). A detailed observation of those
results proves that sanples 9, .10 and _conparison sanples 7, 8 obtain the
characteristics s“gb%“l%ﬁ’i"i emnodngathe SAWc ievisehef the phesegdoinrrerdion is
filters. Sanples 9 an 0 satjsfy the requested specifications of 1.9GH
SAW fil ters BRPBHERIGIGhecEniterswitharedenenge 9 acdompemyway drawdngsh' shoul-d .
have propagated as LSAW for using the wave as RSAW " On'the other hand,. -
conpari son sanpl e‘gt?mé’ﬁﬁa@]fﬁcﬁeﬁé@r ¥atakemyas pB insigmes tof dhe spueorf empldying i n
respect tﬁ& g&wﬁé on-1ass and the degree of attenuation.in
rej ecti o batitf Vieess-Than@l chepara sobematie alipgary Mustraginmbebagic
tells that sanple 10 _has al nost no_ripples which sanple 9 has, which seens
to 20 be ca?fgg@uw Ofl’*ig-‘sl $nser-edity B & lnpackaged/PAW réroughon 22 iz menintedies
of sanple 10, are,made of only W sanple 10 has the insertion-loss simlar
to those of W AdiP Shippelatmsomenken BY, and aneputnutoshstioof oft tasosattr 23 dsat or
hardly affects the |loss, and the wring routed is reinforced with Al .

ari son s%l_ﬁﬁwaﬂl’@ﬁalq%ﬁwtawﬁk ¢ 2drviia wives Zhdisposed gn remlatiegs
Eeéause of its gonpl. cgjéf_d production process, _and results in a poor |
yield. 15 séﬁf"@%@érmzo 1S 38MPREAIITE SPREMD BeRsHBAYW Besonator 22 as its sensing

10 section, and analyzer 24 measures the transmission  characteristics of

resonator 22.
SAW resonafor 22 changes its frequenéy characteristics in response to
an ambié_nt j:enipéréitﬁi_‘é; 'an.'('i_-_thijs t.emfperatu.r.e sensor can thus ﬁi‘easure. th;é S
temperature using a change in the ﬁequenéy. In this sixth embodiment, a
15 movement of ant_i—resonance fi'equency 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 re_éonator
and a comparison sensor equipped with the SAW resonator Vused in

20 - _compé‘;"is'qnis_an_iplle: ll_il‘l’ll the first ,-eﬁaﬁo_cil_i;_:ﬂei;f-&re used here. | |
The chéracteristiés of those two éeﬁsofé are ev:aluate.d in the fc.)llovs-ring
manner:  Put the sensing section, i.e. SAW resonator 22, into an oveﬁ, 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 (25C). The result



A sensor enpl oying the SAWdevice of the present invention is denonstrated

hereinafter with reference to acconpanyi ng draw ngs. AltSGE{ﬁ bGogsensor
is taken as an instance of the sensor enploying 5 the SAWdevice. Fig. 21
shows a schematic diagramillustrating a basic structure of this sensor.

In Fig. 21, packaged SAWresonator 22 igghounted to a tip of insulating
menber 21, and an output section of resonator 22 is. electrically coupled
to network analyzer 24 via wires 23 disposed on insulating nenber 21. This
t enperature sensor, uses SAWresonator 22 as iits sensing 10 section, and -
anal yzer 24 PREVRS,Fhat fhe Tepmesaiwe: gharaviersties ofsepsonil s eaohad appaK, SAW
resonator 22 Qraqgfs igs,frequency characteristics in response to _an

ambi ent .t effElatAtof tha gompagisoarmsasar 15 25 ppRYE:  Figs.tHugnd8Bsusel iththe
tenperature usjing.a change in the frequency. In this sixth enmbodi ment, a 15

froverent - of 13Rt pbedunantalsptel] that fheigharacteristian ghsensor drayonadithe dnti-

roni tored. The SAWresonator, used.in:sanpl-e 1 described in the first =~ = .
enbodi ment  IPEONaea fragusngy ie sbamerthap thedmfdhe comparisoncenson tlticanday
resonat or aﬁd a c%nﬁari son sensor equi pped with the SAWresonator used in
20 conpaPi s6RUS seiptladed that sersori} ean mmnsgirawntenaperagurimone sendifive than
characteristjcs of those two sensors are evaluated in the follow ng '
manner: Put "RPEOMPALISAY SCBERT.on, | .e. SAWresonator 22, into an oven, and
find a relation t;i\;t?tv\een a variation in the anbient tenperature and a .
variation in the 2§t fernperature sheraeieristips vdiseussed abmiectnkescageantagecods
varying. The resultant relation is shown in Fig. 22, in which the vertical
- axis shows the Jagt Hhatotpmpexatare charactevistiss ooff 2 sybetrete sanrke chenged by
%ﬁizontal aﬁg: shows a difference jn tenperature fromroomtenperature
(25t). The # Ep{u% asggpgﬁb@kngsﬁ)@f 0T electrodes. In this case, when the

10  electrodes made of Al are used, the IDT eléctrode_s 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 moi‘e
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.




proves that the tenperature characteristics of sensor 1 is ca. 130 ppm K,
whi |l e -that of the conparison sensor is 35 ppmi K Figs. din
the first enbodinent also tell that the characteristi cls%ASo [%leb\:égg?wi around
the anti- resonance frequency is sharper than that of the conparison :
sensor. It can be 5 thus concluded that gensor 1 can neasure a tenperature
nore sensitive than the conparison sensor. The tenperature characteristics
di scussed above takes advantage of the fact that tenperature
characteristics of a substrate can be'cé}han ed by thickening a
filmthi ckness of IDT electrodes. Int e, when the 10 el ectrodes nmade
of Al are used, the IDT electrodes preferably have normalized film
t hi ckness ht?. of not less than 10% Industrial Applicability The present
invention |owers the phagse velocjty of LSAWto not nore 15 than that of
‘the sl ow shear wdve S EHachRHStIEVave(B34V0|deyics eomepitisingat e, so t hat.
bul k-wave is prevented fromradiating for. reducing the-loss of a. SAW -
device such as a SAW r eddigeenlegiricasabgirate cat ousrat Accuseangle ialowingethst eep
charactepistics of the SAW(device can be increased. 15 Septenber 2006 - 40
CLAIVG 2. Ausiireleto exatpeileakpsurfpepapowstic weve ¢hBAWD; and a pi ezoel ectric
- substrate cut out at a cut-angle allowing the 5 substrate to excite a

| eaky surface acoustic #avele gﬂﬂwpaﬁiﬁﬁnaﬁrél@cpf(ﬁié ipden-digital otnamgduteran
inter-di gitgh),hrairésdu er (IDT) electrode prepared on said substrate, the
| DT el ect r odPRhelepiyode prepared:on paidsulrstratagehe H)T elacttisle havihg ag leastia

each other, wherein a pitch of the finger-electrodes satisfies a
| ation 103 of%@gg‘-@?lgpi}rpdgs §11@sh1ng with eac}%’other,

_ wherein a pitch p (m) of the finger-electrodes satisfies a relation

10 of 2Xp = vbi,

where vb (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.

2. The SAW device of claim 1, wherein the finger-electrodes of said
15  electrode pattern are formed on a top of a step prepared on said substrate, the

step having a pitch similar to the pitch p.

- 3. The SAW device of claim 1 further comprising a dielect_ﬁc film
disposed over said electrode pattern for covering at least _éaid electrode

20 pattern.

4. A surface acoustic wavé (SAW) device comprising:
~ a piezoelectric substrate cut out at a 'cu.t-éngle allowing the -
substrate to excite a leaky surface acoustic wave (LSAW);
25 | 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 mesfxing with each other; and



where vb (nfs) is an phase velocity of. a slow shear wave propagating on
said substrate, and f(Hz) is a resonance frequency of ltsryepéﬁ}%gggdé:e. 2.
The SAW device of claim1l, wherein the finger-electrodes of sard 15

el ectrode pattern are forned on a top of a step prepared on said substrate,
the step having a' pitch simlar to the4gi tch p. 3. The SAWdevice of claim
1 further conprising a dielectric film “di sposed over said el ectrode

pattern for covering at |least said electrode 20 pattern. 4. A surface
acoustic wave (SAW device conprising: a piezoelectric substrate cut out at
a cut-angle allow ng thé dialegricafidm dlispasietleovert emiig slectrade paidemt i forwave
(LSAW; 25 an electrode pattern formed of an inter-digital transducer

(1DT) el ect coHeripeatdeast sgad electrodatpatteane, the | DT el ectrode. having at

| east a- pair of finger-electrodes meshing with each other; and 15

Sept.enber 2006 41-a-(’thtl‘@mﬂimt(fhPlfmii,afﬁgséiilgﬂ@ﬂecﬂ;mttésés%isﬁeederq&aﬁbmrn
for . covering at least said electrode pattern, wherein a pitch p (n) of the
fi nger - el ectofoded Pl s SV 3 62 K016Nere0f 2XpXfbefore 5 vb 5 2XpXfafter, 5
where f before (Hz) is a resonance frequency of the SAWdevice before said
di el ectrPc fwhene § viwar (D), ist aaresondnte %‘resmenay of f theef SAW sdeiviced befoze teaiid
filmis formed, and vb (m's) is an phase velocity of a slow shear wave

pr opagat i ng deelestmieifilngis fameads £ ,5,0(Hz) iThbatssfafievsaid diéleairic fibe ioforaled, m 1

t hrough claim4, wherein the finger-electrodes are nade of one of al um num
(Al) and ne@®d ebfp/sisngn phasalvelotity efid slowelletiromavé propspating en said.
satisfied, where hL is a filmthickness of an |IDT el ectrode of another SAW
&}HCQ usi n@ubstrate. ) ) _

10 5. The SAW device of any one of claim 1 through claim 4, wherein the
ﬁnger-electrodes are made of one of aluminum (Al) and metal comprising
- mainly Al, and a relation of hL = hr is satisfied,
 where hL s a film thickness of an IDT electrode of ariother SAW device using
the LSAW and said piezoelectric substrate, énd hr is a film thickness of the
15 IDT electrode of the SAW device of which resonance frequency is set at
identical to that of the another SAW devicé.

6. The SAW device of any one of claim 1 through claim 4, whérein at

least the finger-electrodes are made of metal having a larger density than Al

7. The SAW device of any one.of claim 1 through claim 4, thel"ein at.
least the finger-electrodes are forined of at least two layers, namely, a first
layer is made of Al, and a second layer is formed of o'né'of Al and metél
.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,.




the LSAW and sai d piezoelectric substrate, and hr is a filmthickness of
the 15 IDT el ectrode of the SAWdevi ce of which resonapogpid.arrensy s set
at identical to that of the another SAWdevice. 6. The Sm&bdevice of any
one of claim1 through claim4, wherein at |east.the finger-electrodes are
made of metal having a |larger density thgn Al. 20 7. The SAWdevice of any
~one of claim1 through claim4, wherein at |east the finger-electrodes are
fornmed of at least two |layers, nanely, a first . layer is nade of A, and a.
second layer is fornmed of one of Al and netal conprising mainly A, where
"the netal has a greater density than Al. 25 8. The SAWdevice of any one of

claim1 through ai rein _said ubstrate .i,.s made of single crystal

of LiTaCB. 15 Se([?!fe gfsé%%W%Oéaaﬁﬁgf g 5d sybsizatg %ﬁ@,aﬁﬁ/ﬁ plagte sai d
substrate i% g?of’ﬁ@d'gl e crystal of LiTaG8. .5 10. The SAWdevi ce of
claim 6, ‘whereln sard sibstrate is nade of - 'single crystalof LiTaG3. 11.

The SAWdevice of claim7, wherein said substrate is nade of 'single -~ . .
crystal of LiTaOS. 10 12. The SAWdevice of claim8, wherein said substrate

made of gingle vstal QfiwkiJal8 havjn cut-face cut out at_a rotation
angle r aﬁgi ng betC1 \?Eeﬁen%fm*él?gmteh%ﬁd?ég]a%d retp faid pubstsater ivmadeast s
to. Z-axis W re: t -axis of the single-crystal of LiTa(3, and

sai d substrgﬁeéiglcﬁgs&gf%ﬁt%ioﬁg the 15 LSAW 13. The SAWdevice of claim9,
wherein said substrate made of single .

} '11.. The SAW device of claim 7, wherein said substrate is made of
C single crystal of LiTaO,.
10

-~ 12. The SAW device of claim 8, wherein said substrate made of single

“crystal of LiTaO, having a cut-face cut out at a rotation angle ranging between

1ot less than 26 ai.nd_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 substl;ate 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 - toX-axis _ofthe_,si;_iglescfystai of 1iTaOy, and said substrate-allows exciting the s

14. The SAW device of claim 10, wherein said substrate made of single

crysfal of LiTaO, having a cut-face éut out at a rotation angle ranging between

25 not less than 26 and not more than 50 from Y-axis to Z-axis with fespect
to X-axis of the single-crystal of LiTaOa, and said substrate allows exciting the

LSAW.



crystal of LirTa®3 having a cut-face cut out at a rotation angle ranging
between not less than 26 and not nmore than 50 from Y- apg Seplehtér 8906 W th
respect 20. to X-axis of the single-crystal of LiTa08, and said. substrate
allows exciting the. LSAW 14. The SAWdevi ce of claim 10, wherein said
substrate nede of single crystal of Li 3a® having a cut-face cut out at a
rotation angle ranging between 25 not |ess than 26-and not nore than 50
fromY-axis to Z-axis with respect to X-axis of the single-crystal of

Li TaG3, and said substrate allows exciting the LSAW 15 Septenber 2006 43 -
15. The SAW device of claim 11, wherein said substrate nade of si‘ngl e -

crystal of Li Ta ayi.ng t-fac ut out a, rotatiaon angle ran

"bet ween not gxsili] ﬁhma‘ﬂﬂ% Oﬁﬁiﬁémtlilaﬁﬁmem émd\&ebatsaueonzdmfg@mm h

respect 5 to X-%I single-crystal of LiTaO3, and said substrate-
AEL i

al | ows exci t9H avigg agi-igpe\r ko at @ﬂoéﬁﬂomﬂégbfr@gaﬂmb&twm%h

claim4, Wnerzln %ﬂnaég sub trate i s made of :single crystal of LiNbO3. 10 "
'17. The sAwifbJpsat A ARROLSFR THABAY o o8t Nt © 4adis with wspelt:
‘crystal The SAW deyi ce of claim 6, wherein said substrate is
made of 15 9%6@@ %’%b@@&!gléfcrﬁtmb LiTaf);, pnd sopdhsubsoinese ellopsmxaiting the
wher ei n sai trate is made of single crystal of LiNoG3. 20 20. The SAW
devi ce of cl- 16, wherein said substrate nade of single crystal of

Li.NoGB having a cut-face cut out at a rotation angle ranging from not |ess
than 50 to not nmore than 80 with respect to X-axis of the si ngl e-

C

o

16. The SAW device of any one of claim 1 through claim 4, wherein
said substrate is made of single crystal of Limos.
10 |
17. The SAW device of claim 5, wherein said substrate is made of

single crystal of LiNbO,.

18. The SAW device of claim 6, wherein said substrate is made of

15 - single crystal of LiNbO,.

19. The SAW device of claim 7, wherein said substrate is made of

single crystal of LiNbO,.

20 . 20. The SAW devme of clalm 16 Wherem sald substrate made of smgle S
crystal of LszO havmg a cut-face cut out at a rotatmn angle ranging ﬁ'om
not less than 50 to not more than- 80 with respect to X-axis of the smgle-

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

25 ' 21. The SAW devic_:e_ of claim 17, wherein said substrate made of single
crystal of LiNbO; having a cut-face cut out at a rotation angle ranging from

not less than 50 tornot more than 80 with r‘esjﬁect to X-axis of the single-




~crystal of LiNoG3, and said substrate allows exciting the LSAW.25 21. The
SAW devi ce of claim 17, wherein said substrate nade of ﬁﬁ%'t bef bYGG al  of

Li NbO3 having a cut-face cut out at a rotation angle ranging from not |ess
than 50 to not nore than 80 with respect to X-axis of the single 15

Sept enber 2006 44 crystal of LiNbOB8, agg said substrate allows exciting
the LSAW 22. The SAWdevice of claim 18, wherein said substrate nade of
single crystal of LiNbG3 having a cut-face cut out at a rotation angle

rangi ng from nqt. - thgan 50 to no re than.80 w spect to X-axis .
of the si ngF‘@’-S?@T@.;flmﬁf aﬂal\?@ég,suﬁﬁfd'a%eagﬂogﬁﬁé‘ﬂt&i‘%ﬂé‘? Lg\ﬁ&ﬁexci ting the
LSAW 23. The SAWdevi ce of claim 19, wherein said substrate made of single
crystal of Li NbO3 having a cut-face cut out at a rotation angle ranging

from 10 not less_.th 0, not re. than 80 with respect to X-axjis of the
~'si ngle- crystal g?L’?RBgA‘WM%? lmggr&%@r%qw@@ é?ﬁalt?iﬁlﬁﬁﬁé)f@m 24,
A surface acoustic, waye. (SAW device, conprising at | east..tw SAW. devices,
as def i ned FSROLHINGP: Eaxing & qutrfae RUE IRt rAtaa el aagleoranging fuom
ot her and fornmed on ong chip. . 25. A nobile cq ni cati on_appar.atus , ~
enpl oyi E“‘s tH@tNERWtE“@Fi s’%%;é% nofdnpre ghaw 8%, wath regpegt e &K-axisrplothensizgls-m 4.
20 26: A nobile c i catiqn appaJatus enpl oyin _th&;Agldevice as . '
defined in EVEtehodLaNpRs andszad pubsiants algweiexcrsing the L88Ws defined in
any one of claim 1 through claim4. 25 28. A nethod of designing a surf-ace
acoustic wave (SAW device which conprises: 15 Septenber 2006

C 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 LiNbQ,, and said substrate allows exciting the LSAW.

24: A sﬁrfaicé acouStic wave (SAWjdévice i_&ompﬁsi_hg at-least two SAW B
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:tr'1-obilé 'cbmmilnit:ati(.)n é.ppafatiis’ emﬁl@'iﬁg it'h'g SAW device _as" o

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 acﬁustié wave (SAW) device which

comprises: -



45 a piezoelectric substrate cut out at a cut-angle allowng the substrate
to excite a | eaky surface acoustic wave (LSAW; and an g &gtdnasde20@d tern
‘formed of. an inter-digital transducer (1DT) electrode préepared on said
substrate, the IDT electrode having at least a 5 pair of finer-electrodes
meshing wth each other, the nethod det@ém' ning said el ectrode pattern and
the cut-angle to satisfy a relation of 2Xp S vb/f, ,r where p (m is a
pitch of the fingér-electrodes of said el ectrode pattern, vb 10 (m's) is
an phase velocity of a slow sheay wave propagating on said substrate, and
f(Hz) is a resonance fReRigepRloctsic substaply get ot atre. cyt-amgleoallowings theni ng
a surface acogstic wave (SAW _device which, conprises: 15 a piezoelectric
substrate cHpPgigpteto excitn 2 adivesuniacnraeystic meavedliSAWhtemd o excite a | eaky
surface acoustic-wave (LSAW,; an electrode pattern fornmed of an '
inter-digital transduced® ¢legirpde pattersddomrednfeanombenidigisabsransdacet he - -
1 DT el ect roiﬁxﬁavi ng at least a .pair of fi nger*-.el ectrodes meshing with
each ot her; elgcigode prepatedon saidhsubatpate dhe IBT ale¢tiods bavinghst lpasttar n.
for covering, at, | east. said electrode_ pattern, the nethod determ ning said
“electro paﬁ%reqfrﬁn%@eé@pd%meéhmmwﬁﬁmwhQﬁmenf said dielectric filmto
satisfy a relation of_ 2XpXfbefore 5 vb 5 2XpXfafter, 25 where f before (Hz)
is a resonance frequdheynethodidetegnpiniagisaid slacorodespatéerniand abe rout-aiiglen i s

formed, f after _(gz) i.s that of after said dielectric filmis forned,
to satisfy a relation of _

C“ 2Xp = vbif,
- where p (m) is a pitch of the finger-electrodes of said electrode 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, Amethod of designing a surface acoustic wave (SAW) device which.
comprises: | |
15 a piezoelectric substrate cut out at a cut-angle aﬂéwing,the
substrate to excite a leakjr surface acoustic wave (LSAW);
| an electrode pattern formed of an inter-digital transducer
C} (IDT) electrode prepared on said substrate, the IDT elecfrode having af; least a
pair of finger-electrodes meshing with each other; and
20 - o o a " di:_e'leéti*_ic'f" film disposed _over _‘s'é;i(:i- l_ezlectrbde “pattern for - |
| coveriﬁg at least said elecfroile ﬁaftern, | - -
the method determining said electrode pattern, the cut-angle and
material of said dielectric film to satisfy a relation of
2XpXf e = vb = 2XpX£,, .,
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 finiger-electrodes of said electrode pattern, vb (m/s) is an




p (m is a pitch of the finger-electrodes of said el ectrode pattern, vb
(m's) is an 15 Septenber 2006 46 phase velocity of a s{py 298¢ €
propagating on said substrate. 30.. A nethod of designing the SAWdevice as
defined in claim28 or claim29, wherein the el ectrodes of the SAW device
are made of one of 5 alum num (Al) andggetal conprising mainly A, the
nmethod determning said electrode pattern and the cut-angle to satisfy a
relation of hL 5 hr, where hL is a filmthickness of an IDT el ectrode of
anot her SAW devi ce,usj ng. the LSAWand sai d pi ezoelectric substrate, and hr
is a filmtRtagselogty ‘gfribslo AT SF YORROPGRating @pswidenbstrass. whi ch
resonance frequency is set at 10 identical to that of the another SAW
device. O '

30. A glethod of ‘designi_r_lg the SAW device as defined in claim 28 or
‘claim 29, wherein the électrodes of tile SAW Vdei}'ice" are made of one c;f -
5 aluminum (Al) a_nd metal comprising mainly Al, the method determining said
electrode pattern and the cut-angle to satisfy a relation of hL = hr,
where hL is a film thickness of an IDT electrode of another SAW device using ‘
- the LSAW and said piezoelectric substrate, and hr is a film thickness of thé
IDT electrode of the SAW device of which resonance frequency is set at
10  identical to that of the another SAW device.




