;tue3dePp(PnBT(JMBTI TLE OF THE | NVENTI ON SURFACE ACOUSTI C WAVE DEVI CE AND

FI LTER USI NG THE SAVME 5 BACKGROUND OF THE I NVENTION 1. Field of the

invention The present invention generally relates to surface acoustic wave

devices and filters equi pped with the same such as a transmt filter, a
receive filter 10 and a dupl exer. 2. Description of the Related Art The SAW

device is widely applied to the band-pass filter and dupl exer of the

cel lul ar phone. [FATEECERt THRAFNVENTHON i | ter using the SAWdevice is

required to 15 have hi gheraqerdcoumnreenasst by eet | AN@Irfthane thaschirgber
per f or mance. O”esﬁia the requirenents for the SAWdevice is to inprove the

t enper at ure st abi |Fy because tenperature change noves the pass-band

frequency range of the filter. As is known, lithium?20 tantalite (Li Ta03,
herei nafter sbnpBgCreReunedr oregs iNVENTIOR pi ezoel ectric material having a

| arge el ectronmechanic c Lhg-cpefficient., which is advantageous for

real i zing broad fil te?ibhglrigg?eg;fsfg%slﬁ\ﬁ%%elvoé}, LT has a di sadvantage in

that it is inferior 25't% RAFEENE dpysphionnderermllof nedmiesattore stability.

The piezoel ectri suntteeiatohsasi A wgereral itendenays Df tdNe et e with
characteristics %H@hs£ﬁ@tmﬂﬁ{%ﬁj%l%r@ﬁgh@g k {9§Ee|§0 d é] Jf%yr coupl i ng
coefficients, such as LT and lithiumniobate ? I Nb03, herei nafter sinply 30
referred to A LR have R sHrat i vel y poor tenperature stability, while

mat eri al s havi ng good 4.enpesatipeist abf |tiltey Rleheadsaguartz crystal have
comparat i vely smal | elqd rameeanteat  CorptiNG Goaldd (RS, pIAHSpads

pi ezoel ectric ma%iaﬂeayl: haallcg_}%J both a _l aF‘ge 3? el ect ronmechani ca cgupF| ng
coefficient and a good TEhPelAtité Sfabifi F§Lhas* haditought £6FeYkars.
There are vari ou¥epFdpos stitldearealsiing hhtebhtdl devide is haduigea Itar ge
El ectr orre?:halrﬂ'\{cahae@wpidm greffirglagat apdiRe Q%ﬂlﬁﬁdmﬁﬁﬁ%ér %fﬁt abi :_ITt y.
or exanple, Ya i . _propose a strate.having a or :
substrate and arqﬁ%Pf%ﬁe}n%&mn%ﬁ‘i sérber o?/\nts”luftqheerree@r‘f%eglﬁagﬁa °f tBfperature
coefficient opposhf edqHidhdts 6P ENPSPVETERS cbenERR tyznsstatyd 1861 cs and

U trasonics., vabecSib8tenmrrailird7chdf§8)moNeKathy g £fs-dandachi eve

i mprovement s in tespeIpenskabl thy Py1form ng a.peharhzali epsifverted

region in tl&e0 LT substrate . ]
tantalite (LiTaOs3;, hereinafter simply referred to as

LT) is a piezoelectric material having a large
electromechanical coupling coefficient, which is
advantageous for realizing broad filter characteristics.
However, LT has a disadvantage in that it is inferior

25 to quartz crystal in terms of temperature stability.
The piezoelectric material has a general tendency of
incompatible characteristics such that materials having
large electromechanical coupling coefficients such as
LT and lithium niobate (LiNbQO,, hereinafter simply

30  referred to as LN) have comparatively poor temperature
stability, while materials having good temperature
stability such as guartz crystal have comparatively
small electromechanical coupling coefficients. Thus, a
piezoelectric material having both a large

35 electromechanical coupling coefficient and a good
temperature stability has been sought for years.

There are various proposals to realize materials




10 surface that has a depth I ess than the involved wavel ength and by
utilizing the electrostatic shortcircuit effect thereof (see Japanese

Pat ent No. 2516817). Onishi et al. propose to inprove the tenperature
stability by directly joining a thin 15 piezoelectric substrate and anot her
substrate made of a thick, |ow expansion material and thus restraining
contraction and pansion due to_change of the tenperature of the

pi ezoel ectric sugbatvrjé’tge 3( 48895 aphReEIFAGsad RaLeAt nappbrE L FbentNo.

11- 55070, or 20 HndSat goeti abmpePadere FtdEEEtW.t r asonkgsmSyaposi um  pp.

335-338, 1998). Yaum i { f th
two Subst rat e)s (556 ;Q%%Ehoﬁkh?i (PEFPE 5 GG AT g
98

Synposi unt', > r%@eﬁﬁ@ra“ 1@%) fiapanbieh 25s | gF ewmopdie @stnent
Appl i cation Né FN208399 apteppsest t e | aprifiesitche bickben tpeet ot RanCer by

joining two di ffenest kirndseof 18pbstfates din s$9li-d- QP glkﬁﬁg&%fgs kbmever

t he above-nenti oneq obl ens to _be so r opo'sal

p als ha
Yamanouchi et 30 ‘al. %g gzi’f?PCugf"y%'n i rol Vekamere ‘?%l%]r(ﬂe%%ll@ﬁ’@
quality of the SIOPIPVEREDtAi §nriesubeiatgiten sftrdduengy bde¥bani onsa of the SAW

devi ces. Furtherpouhelgéepaﬁainﬁéﬁﬂéd<¥%d¥a%vh%'@ﬂetE? §hb§€99 %X'de filmon
the conbtype, gl e¢t e (fj‘gé Qh {:erdl nsduc , 5 increasing
t he SAW propagation [0Ss. e‘tsﬁe EF‘BpBESI lﬁﬁ9lﬁ% applied to

only limted SA\/\I”&éf@lléégthTﬁ@dp?bpd@a]ll?d@gcﬁhl@edlentﬁapaaue Favetnt No. - 2

2516817 has a prebkemithatféte fiodsrdzatdeen supuaetedphaygpt gffects the
performance of the;gAydevigea gnd yer 3_[ fbgg depth cl()Hr11troI of, the

pol ari zation inverted |layer 1I's requir ere are ro‘f)efetrlf’s in the
proposal s descri Bgﬁ‘pFﬁaH‘éb%n%%‘%b{]dﬁd’ Gj/eﬁilpﬁf?éﬂw Aepnﬂeatiioﬁhm 11- 55070
and taught by>Onpshroeteatridheulmayrzofe jaoidnangthbe bowexpansimiusubsty ate

to the piezoel ectﬁh@ksu%‘pr@}g g I Is u eal 1 ng that
follows the 10 step %hoglmégt&ysﬁte:}éggsgﬁﬁp%% }Elg?g?olre rc‘ng red to

use, as the |ow exptéﬁa rHR&NSE 0T FEEr EPeC]H%W?\gOB Skl | Young' s
nmodul us such as §FBERBST#auBe def the wievestletheiwabebsftranebesag broken

during the annealikpgn®secessd- oBBhS Pa(ile%ItO%bQBcQH@oBONéh911,155§6ﬂ°d°e gnee in

t hermal exp iop c icie Ween rat es thus jolned is not
transferreda%% tﬁe %%H)l %ﬁbgl% ‘at er%Cqul ci eEﬁ‘tthi} G SRS MEPECERERL PR-t he

tenperature st ab???ﬁ/?’%anh%%)be ExnrppPeeti vt 1al Theramtdrod-cofusieoi ni ng t he
pi ezoel ectri c subsheates 2fbit 0j diif HOWhexpaBSEQPs SHREL S at §e@t room

tenperature by n@g‘r@n&jc}lry&urqhadh\%l L€ r%dggggeﬁéess b)y the adhesive at

t he joi nt |nterf$ Howeyver |s reduces SO roverrent in
tenperature stabPlTRYS19¥he &R 369 8|4|3|rn§°?ﬁ]@b§ﬁbs%?%$bs |Jr¢ptaﬁ@5§ol i d25
phase reacti¥n destdilezh e tlapanepd itatdopra. Pat 208 3 Appb it GRid<an tNo.

9- 208399 requi r esmpFesd hardred; jtiga
mel ti ng does not T%ge c!oﬁl llte @%%rﬁgnég c%é?{nﬂk Eﬁo Wayf\/ﬁhaﬁge sone

e st
constants of the Brezod ecli%& agﬁﬁsﬁpaﬁgfgﬂap? S %%a%%th%‘és vel ocity
change, so that frequéwtigvéavi dhroabovecntioned proposals have

problems to be solved. The proposal by Yamanouchi et

30 al. has difficulty in controlling the thickness and
quality of the $i0O; film, this resulting in frequency
deviations of the SAW devices. Further, the proposal
requires providing the silicon oxide film on the comb-~
type electrodes (interdigital transducers: IDT), this

35 increasing the SAW propagation loss. It follows that
the proposal may be applied to only limited SAW devices.

The proposal described in Japanese Patent No.




SUMVARY OF THE INVENTION It is a general object of the present invention 35
to provide a surface acoustic wave device in which the above di sadvant ages
are elimnated. A nore specific object of the present invention - 3 is
to provide a surface acoustic wave device that has reduced frequency

di fferences anong the devices, reduced propagation |oss, inproved
frequencytenperature characteristics, and inproved productivity. 5 A
further object oféX4s81gr8&ent PRYRIET dHhals the podeirdeéasipnl teverted pped
with such a surfdegeacadistiteswane gleviemanthe cabeve ehjpeatsi0& Lhe present

[ nventon are achicedihy 8.t age: ACOUS LG, Mue Jdeviee comprising: 10 a
pi ezoel ectric suhstrate having a first surface on i“Eh conb- 1 T ke

el ectrodes are f d, 18nd©99&ERSNnd surface; and a support substrate joi ned
to the second5surface Bhetdieayps groddlents iia shbsprapesalbedpseznsteci i C

substrate bei ng nagenekel L&b&uﬁ%éﬁ!‘éeﬁiéﬁt‘?,Agiﬁi%ﬁ@ibﬁ?mé‘ﬂpﬁ?ﬁ?%?§‘7‘5’5£z5|:ﬂ ec

bei ng made of sapphire, the follow ng expréssions _being satisfied:
1/3 (1) T/ (err) Ecafﬁg‘gz?ymﬁ%%%h# s aglt hi%E‘En@@g of 1P HreAdE dttic 20
substrate, t is @rhinsknrssubftties suppird seskiateriandudstsate wavel engt h

of a surface acoustyuérbil hegnPtonsgaiad Alongthe f khst syifase of.the
p|ezoelectrlgosub%trag%.wThe above oq%§%%§ of the present invention is 25
I

achi eved by a filter conprtatng: i pi HEEri cLSub3t 4R A ng a first
surface on whi chr€8rbTRikEC eleet roteharlevarexgagedososasstoaterma transmt

filter and a receuvetkhtéenavangd 2 sec0NdcsWghacRoqandsassupPRstgsidistrate
phned Lo, e sedind gt abs, sl e ot RLERSSgRl Ll ol
substrate bei ng fiGe2BRe8hbphiRErCaIRe f EhHow AbSexprwsidins teitis
satisfied: TiP <difBe¢ddc85id/thermn) (Xpankend TokSraciBheknesseaf drhe
pi ezoel ectric subghbbatred {ﬁUé:&ﬁh&Kﬁqﬁ§n%E tDeSPRPRLL SYPSLLalSn a4 —
substrate sufficiently, so that improvement in the
Lemperature stability cannot be exhibited well.
The method of joining the piezoelectric substrate
20 to the low-expansion substrate at room temperature by
means of UV cure adhesive reduces stress by the
adhesive at the joint interface. However, this reduces
the degree of improvement in temperature stability.
The way of Jjoining the substrates in the solid-
25 phase reaction described in Japanese Laid-Open Patent
Application No. 9-208399 requires the thermal treatment
at 1000 °C or higher at which melting does not take
place after the step of joining. This may change some
constants of the piezoelectric substrate and thus
30 causes velocity change, so that frequency deviations
occur.

SUMMARY OF THE INVENTION

It is a general object of the present invention

35 to provide a surface acoustic wave device in which the
above disadvantages are eliminated.

A more specific object of the present invention



and ~ is a wavelength of a surface acoustic filter propagated al ong the
first surface of the piezoelectric substrate. 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS Ot her objects, features and advantages of the present invention

wi || becone nore apparent fromthe follow ng detailed description when read
in conjunction wth the acconpanying drawings, in which: 10 Fig. 1 is a
perspective view of a nodel of a joint substrate used to explain an

enbodi nent of t he' prigsditCvilifernt PERIAFF g2CRUsE1 G WreapHaHeR frgathBapesul ts
of anal ysis si mulet¢dwredisimguiecheyf iDEferehependmerd hotkk farvitdag, 15 j oi nt
substrate equi ppe ! j ectric.su | _hi ckness (T) of
100 um Fig. 3 i speadu%ap%r?ﬁ%g%gﬁhg’gsetsuﬁfﬁsfﬁ‘%ee%@é;@%ﬁﬁ mul ati on using
the finite el enen?er?FgﬁW%FhﬁﬁécfﬁFh‘ét%%Fbst"i‘%ﬁ LTRSS P TRIdtR LA VILY .

pi ezoel ectric >substrat & ZOrhherngbaetthicknass (rBseoft 30 venribhgis4tds a
graph showing the,r@sild S of;i 12821 ¥gh$psiaW, ati o, U8 NG e L piLe el gment
nmet hod for the joint sdubs,t rate equipped wth a piezoelectric substrate

havi ng a thi cknes5{®r)“of“50 um 25 Fig. 5 is a graph of the results of
anal ysi s simul ation fofheokhtveubsi¢ctesintttie preaygper tingebstrat erende of

sapphire; Fig. 6 dshiewapy of shbealseguensy: & espanse.Afc2 Spdevige
having a 1. 91g—|z-abanidezso,%werc%sogat o% on_a :zir(i ﬁ%nt substrate having a 42
Y-cut LT substrate ‘Having & thrckneds 3 22 Ui %rf rssé:pﬁﬁ’irfé‘%uﬁgort
substrate havi ng HiHi claiesd it sdecunpdes @pr formedyr gpll ef sehenflr equency
response of a comerfiddenalangAW deypeet 3o tatd S Oraphknshewkpgat hat
the anplitude of g, spwd Qys t5185§9%§§ef’$§1?£1\’§d dbns Fiagc.e Gt%eépends on the

t hi ckness of the pji ezo0el ect ric substrate; - 5 Fi 0. '9 1S a perspective
view of a SAW deWHE&F Sc&oitditfg SLEShR2ERbBEL RBNT28E P hel prlebent tamvektion;
Fig. 10 i s algrapmdofthcheubpequentystesponseiof ndwe SAWsdepheeeshown in

Fig. 9; and the following expressions being satisfied:
T/t < 1/3 (1)
T/A > 10 (2)

where T is a thickness of the piezoelectric
20 substrate, t is a thickness of the support substrate,
and A is a wavelength of a surface acoustic filter
propagated along the first surface of the piezoelectric
substrate.
The above objects of the present invention is
25 achieved by a filter comprising: a piezoelectric
substrate having a first surface on which comb-like
electrodes are arranged so as to form a transmit filter
and a receive filter, and a second surface; and a
support substrate joined to the second surface of the
30 piezoelectric substrate, the piezoelectric substrate
being made of lithium tantalite, and the support
substrate being made of sapphire,
the following expressions being satisfied:
T/t < 1/3 (1)
35 T/A > 10 (2)
where T is a thickness of the piezoelectric
substrate, t is a thickness of the support substrate,



5 Fig. 11 is a block diagram of a dupl exer according to anot her enbodi nent
of the present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 10 A
description will now be given of enbodinments of the present invention with
reference to the acconpanying drawings. Fig. 1 is a perspective view of a
nodel of a joint substrate 100 used in a first enbodi nent of the 15 present
invention. Figs. 2 through 4 are respectively graphs that show the results
of anal ysi s sinulad éndsf 8r vetelfodrt slbstamtfeck0@cbysthe fihtee el enent
net hod. Referri ngaﬁdpaﬁbgedlalbhg omslet i 0ft the da@lNtb r2Qneupstrat e-¢00; has a
support substrate, gg -2 Main substrate or a piezoelectric substrate 10.
The support substrate is 1.0 mmlong in the SAW propagation direction (X
direction), 0.6 mmlong in the direction (Y direction) perpendicular to the
SAW pr opagat i 6n 2R IdiFr eEcCaRDpTaod OF 3rHEndfdwaicisn t he t hickness direction
(Z direction). The pie o LD 0 a_give h| ckness is
joined to the main surfégg%leo(%gi%ts Sftegﬁl%gébsb %d %%t q“%e p?e el ectric
substrate 20 has Pée[SFP&lgﬁ‘?lfigé%ﬂ0%1%|Qﬁ?0gtesw|ee§§ﬁatr@pt3©r@rgeféheg,o Fig.
9) is formed, andodlset¢opddsuaibed ddwiriirs ieppesehertadt he Ebnsinstidmce
and i s joined tokhe %HQDQ&&oﬁﬁQﬁ}IﬁE‘dL%Q%@%e 3palygLa. similation using

0

the finite ehﬁment ]1zes ft estructure of the

nodel , and conput es thgt‘%‘ml st s PHPES bb’lent’éet"re‘égu‘?‘erﬂloql?]orﬁﬁt?e origin
(X, Y Z) that igctihé eehserané el fia stxpdurihaee ehbbhquanEZ@El‘ﬁGérl c
substrate 10. Th@»trelsénttbﬁv@;ﬁtgcb[{l has coordl nates (0, - o, 0) . The
pi ezoel ectric substrat 10 é n. t he nod iumtantalite (LT),

It
whi ch has a thermal Ea%m on coef¥i%E ﬁ?‘BH%HEGtﬁepbﬁ‘t{]%%oo FEUGIS 5
modul us (E) of 2§3meiba iTheusiphorhe dibsitteatdepentnnehbedofer Wes nade of
Isapph. re. |nladdijbiian, sabseried seqiigyed ham_hsgppmbﬁsew&ery%eflury@tut(%tétave a
i near expansi on i i 35.,p nd a Young's nodulus (e
falling wthin tﬁggrgg% a ﬁ?&i@{(%; {’[3 %(% g &Pa. That is, two cases were
simulated. In the firs l%a§e i Re aPN0SBPYLRG Woringe s et R s 1o ishe
pi ezoel ectri c substndteidd msmrtgheth\éotfngll$enadafnuﬁtemethbdmef@ﬂptpwt

bstrate 20 (E/ 8)iWwaSs f Wi®n9,:82; sed th
(S:(l;nts)l ;Zt |eon Qé Ig%hﬁﬁfn %@?;‘?@eag e 318 E%Bm ré ?gkr;g% ggf%?n%ﬁ?&b% (reeate ©

100. Further®®in"#h&"S] MF SIS h(g t RifcRAe¥8/ (T) of the piezoel ectric
substrate 10 was stepwise dhamg@dgtr@pﬁosttwlﬁ@ une anes U000 W afadtysiis, t he

I’ﬂ.tl(k) of t?e)th;@h{tﬂ@wtiaﬁ tﬂsfnicjg&k@ in@tglgﬁctaﬁbﬁeﬁblbﬁéfﬁéﬁ ﬁ@réﬁqé hg 58
thi ckness (t) o support_.substr.at e s_stepw se changed to

0.17 and 0. 33. ?\Bt@ﬁ% ésj‘lptprru ford Ltlt%’rer?al‘”lgﬁr @sglgﬁﬂefﬂ%t Jrfgush‘tbsbtfmte

def or mat i on that hagtny f\’/m@hlct]ﬁ‘@%sen(ﬁ‘ér &fus€ umiraised by 100 C fromthe
junction tenperature imvol veds B gheppi ezoeh@Ci:éé@ltZs‘S Stubaidata s10 and the
support substratg; 2t {i fbd N, 2AB5aNGe Qbs$LLEES 8, def ormmiion).

substrate made of sapphire;

Fig. 6 is a graph of the frequency response of a
SAW device having a 1.9 GHz-band SAW resonator on a
30 joint substrate having a 42° Y-cut LT substrate having
a thickness of 21 pm and a sapphire support substrate
having a thickness of 300 um;
Fig. 7 is a graph of the frequency response of a
conventional SAW device;
35 Fig. 8 is a graph showing that the amplitude of a
spurious response observed in Fig. 6 depends on the
thickness of the piezoelectric substrate;




Fig. 2 is a graph that shows thermal stress obtained by sinulation of

anal yzing the joint substrate 100 with the thickness (T) of the

pi ezoel ectric 30 substrate 10 equal to 100 um Fig. 3 is a graph that shows
thermal stress obtained by sinulation of analyzing the joint substrate 100
with the thickness (T) of the piezoelectric substrate 10 equal to 50 um
Fig. 4 is a graph that shows thermal stress obtained by 35 sinmulation of
anal yzi ng the joint subfd@rafelF0d WR¥FPede. tehieress @THABf denéce

pi ezoel ectric substeatdint tequal ehbodmeit A e gAY e nE@hRYsSHsi gn)
regions _ 7 _ along t veptica (st ress a)) of the graphs, the
support substrate_ 20 quE?t'i ggshgo‘lﬂr s%?naic;% et%earéﬁlggﬁl)e%)lfyt ﬁ%sgf’gi%e‘?ictri C
substrate 10 due 15 t¥Hp&LGFeSPPER. 1R nF T het/ visids, stress occurs in the
5 direction (toward thé&igri gin}sia mhich dxpansi @f af dupeepkezoel ectric
substrate 10 is residg@iined tohah 0L V& i : in Fig. 2, for
T/t equal to O. 33invm) t.nggg t he FEF%{E %E%és{?lrrg%g!sqi%dcr%tsﬁgr&?ﬁgn the joint 10
substrate with the sedb 0ft substrate 20 of sapphire show that thernal
stress that occurs at positions close to X = 400 um nanely, at positions

that are approxi regselnspiQQuueyi gk derd FomRihenedsvaiyrihe j oi nt substrates
1 00 is approxijmately equal To.zero or. J]g positrve values. This neans that

expansi on of the piezoel €Gtricy stiBst'Hatle PRY & FoIPPi BhsSPRCTHECNEEI ¢ ty of
X = 400 umis notthedtnegiensdipvaethen wittessferenero)oothes facilitated
(thermal stress hascuppesihgveryalsgy. In order to inprove the tenperature
20 coefficient of freq cy,of .t W devi ce by usi.ng the joipt substrate
100 with positive t,her#g?'s%rjésssyeq%% ! rvéesgﬁéf"o?f:% I(‘%‘?% 9) Shoul d be
formed in a regi oRit wHPEhTEher hY wiedsy ixs fagat ewbodéneatr e§i bhet hat i s
further in than thresposi thoastitat arigs10Q umrbnghde 2B fromdde whip ends.

ronever. b1 S 2 angAme B SRt SoMAI L, o, L AN GG gyl et

as shown in Fi gs.fOS %$d 4, .even when e 'S’ 0 coﬁ%ar atively
smal | val ues, if ‘e “Y6uAg* "hotthTsrate sl Py that filgitenelemersd Ee is 30
| arge, thermal sfme&dsdthat occurs fromthe chip ends (X = 500 um) is small

at positions of X = 40feper£HQP wnpinsi de fth%”}ntaaélcgkptﬁ@dféir?ﬂz fa”t Ee
itate the

hor el _expatdi of oF SCEhbobi i3bel GUAE et APES1 8058 Hne Bepor ¢
substrate 20 has S¥P§RERFEr ©¥ouryt szardddtus o e)batdaser @fucethe hiuppress (t),
in other words, asbtheatat?o £ el bRy in the SAW propagation

direction (X direction), 0.6 mm long in the direction

{Y direction) perpendicular to the SAW propagation

25 direction, and 0.3 mm thick in the thickness direction

(2 direction). The piezoelectric substrate 20 that has

a given thickness is joined to the main surface of the

support substrate 20. The piezoelectric substrate 20

has a first surface on which a SAW resonator 30 (see

30 Fig. 9) is formed, and a second surface that is
opposite to the first surface and is joined to the
support substrate 20. The analysis simulation using
the finite element method utilizes the symmetry of the
structure of the model, and computes thermal stress at

35 points measured from the origin (X, Y, Z) that is the
center of the first surface of the piezoelectric
substrate 10. That is, the origin has coordinates (0,




| arger and the ratio T/t becones |arger. This phenonenon is distinctly
exhi bited when the ratio E/fe is equal to or larger than 2. In contrast,
when the support substrate 20 is 5 nade of sapphire, the thernmal expansion
that occurs at any positions between the chip center and the chip ends has
a negative value. This shows that the conbination of LT and sapphire for
the joint substrate 100 stably restrains the thermal expansion of the

pi ezoel ectric 10 Guidstrate 10. This can be seen froma graph of Fig. 5,

whi ch shows t he on-chi FIJhBOﬁiét@élléi@mﬂﬂ@L&%thatthUmh shtessadhatapccurs

in the joint subsisal e 09.horAed.hY.t e Qg@' natlon of LT and sapphire.

Further, Fig. 5 shows the resu rsivHdiht '8 'R
condition that tHEHEZ68| 88???(’:%%%&?% 10 BpEde CofndTaj ¥oudgle t hick. It
can be seen fbomndumlalsoV&)t hat 28hecrher mak exppost 0sulEt e piezgel ectric

substrate 10 Cantﬁkﬂ@kﬂegewﬁgsﬁgééngg e th?npégéogl§Ctrﬁé%.%%EﬁFrate
10 is 20 made of o he sup Eort substrate 20 ? iTe,” and

3) the thickness (tY Pﬁesi‘BB oF ¢ ‘”é%ﬁfsﬂsétde Wi’(}qhs hlaé[?gérltlﬂaﬁrt hree tines
t he thickness (T)eX@fantShenppezﬁéiemmt oBuhsty e /EQ GhAt a<vdhdy’ s Next, a

description will nbﬂquer@e@f fél@pyglwﬁu% t%%m}% neat JEhat ggx ﬁ&@é’sed

Wnenthejm P Str%fr? 100 is forned }é’ he conbi nati on erent
ki nds of substrates P s WY FEGGEnES T PeSpBRsR Bt - aIS‘A\F\P&e\]filEétllO
havi ng the foll oﬂaﬁgrsﬁéél firtarioh. tikhe/ oing/ selmeciilne 8ubst thte 10, which

|sba par t ﬁf thepaazp@nat:twm%u%&acﬁe tlhf@e t%A%%e“fEﬁﬁ 1%0moa§1@s4@ o C% LT
substrate having.,a_c a t hi ckpess um e
support substrat é:%fo%g\gggjﬁ ngbSé%% (%ts/ gf e F‘SPH? s%ﬁ%‘?rét% %% a
sapphi re substratle ﬁavﬂ?ﬁf aset%f@&m%@ (lﬁ)?dothgowwnat*éld'rheﬁs&wu’res@nat or
30 (see Fig.1l9) fennmediva sthe pimzoeledtdd ehsuhsthat euddtrhascaido 9 GHz
band. For the purpose ef;carpariisae i1, SHOW pa. Lhe, Trequency o0 —

response of a comnpar ative SAWdevice conven ion sed s Tef
can be seen from €6nBAFFRRReHeL ipettistgetes LAnyas ﬁﬁapwasgp@mmgd r‘esponse
occurs on the highR smfreguencynsild® gin.t hehantisy etstwlaﬂmﬁcf IE0 U@IRC Y

(antiresonance p@hﬂ&kné@sthﬁ) faﬁw@@aez%%@g%@l Eﬁgggﬁg%?ﬁ%ﬁ%eﬂ OA\SA;OW

in Fig. 6. T § SPHEI %us reigons results romﬁF

More particufarly, Sl k- actustic SHaPe Tt FF@EIea%Ot‘P’\%S 19-RAMSS i e as
the SAWis enittéfanasd s Hrbpadhtldd sinat 6 .8Re pirezdet ecimilatiwbst rate 10.
The bul k acousti ehwenel i strefd eciedrat aEnB@nltnbfrBéﬁérﬁgﬂ‘@ﬁntﬂéle occur

pi ezoel ectric sufst d t.he Support s 20, _whi ch have
di ff erent acoust?c llrlfr{p@%;"%% Valves T éa%éFHé 35§5 (gufﬁor&c tic wave is

i nci dent to the éBRBE}PRet BRI OTFES WWOﬂHQdSAWFbSOPa@WEB@thMS as the
spurious resPonseubeduses B drie thicczapbeetr sGhsubstéate 10nind hi cker, and

in turn, increasgss@scdtof Ssdhidnen g deformation) .
Fig. 2 is a graph that shows thermal stress

obtained by simulation of analyzing the joint substrate
100 with the thickness (T) of the piezoelectric

30 substrate 10 equal to 100 um. Fig. 3 is a graph that
shows thermal stress obtained by simulation of
analyzing the joint substrate 100 with the thickness
(T) of the piezoelectric substrate 10 equal to 50 um.
Fig. 4 is a graph that shows thermal stress obtained by

35 simulation of analyzing the joint substrate 100 with
the thickness (T) of the piezoelectric substrate 10

equal to 30 um. In the negative (minus sign) regions




20 A description will now be given, wth reference to Fig. 8, of a fact
such that the anplitude of the spurious response defined in Fig. 6 depends
on the thickness of the piezoelectric substrate. Fig. 8 is a graph in which
the horizontal axis thereof denotes (the 25 thickness of the piezoelectric
substrate)/(the wavel ength of SAW, nanely, T/1~, and the vertical axis
denotes the spurious anplitude. Fig. 8 exhibits that the spurious anplitude
i ncreases abr upt 13} QierrPEhEEF AL Fal TA1eS bbxioiRes SMERD ér ofhahel0rafhés means
that the 30 bul k Edeousippervayebssrgteatd yrurefdiecledcatrekheaknt erface

between the p'eZQQ&ﬁﬁk 09 §§b§ﬂéaﬁfégé%fggkéf§3 RROLL SY pﬁérgf 20. The

spurious response woul d cause serious pro m When Ie SAW
resonator 30 is Jseért?er%%ﬁeFls%eﬁ“nmtﬂeﬁl HOSARY 35LFRSHNAEBELS afe tised to
forma filterSsuchmmstiaoduptexerd tihe epiyirusr @spensexpaysabhest the

adj acent pass ba Thys tﬂ [ t [ uf{Qus response.
- 10 It is thggeézgnc l(j ded ¢ §%k?§?£hgé@érja%?o T?Eth%lrgl%rggf zgaﬂh‘% set equal to

or larger than 10 ﬁvﬁuFF?b‘P%SSAWresonators 30 are used to forma filter
such as a dupl exer. 5 Asdelseri pti dhigm 12, fow Détgeyeal ofo the3 SAWEayi ce 110

desi gned taking tJfe tSRURLOHE £@SPORSEd Nidy %%%' d%ghl Qﬂe f@gnﬁ I's a
perspective YbeW %}SEhe SAW device 110, which | oys cut

X- propagat i on- LT “T0°SGBSEr &t & 117C Vit RHP S S stuﬁétﬁﬁ i g@lbgfrﬁ?%phhﬁ%i an
Rpl ane sapphire $tigst thee phermai ot jes héaguppontssabspeat eioMhecldse

substrate 11 hasta Ki reanoexpansdmy £ 06eftf |p@5qmlogg 1Bad ppai C i n the SAW
propagation direg The ph| re, substrat 1 has

| i near expansi on %}gggfi%?gﬁy%d@ %" ppi rtoﬁ‘e%gﬂV\? ?Bpﬁga&‘ nj%l}rritectl on
(X direction). TREP8ATRFEShA oS ﬁpﬁr@}ﬁ#@hede’de@ﬁaﬂ»hbow@m surface of the
LT substratelil. pThétSAY vebonat orh3@ hasnanthat esthgidaln tgangducer havi ng

comb-li ke electr osed f ctlon
el ectrodes. The Q(ig%?{egéétf:ﬁ% ﬁ%sﬂsgg%ll% S'@f LTEg@?gééM%D{ﬁ JE he' taYstl c

stiffness (Cl1) 81’E app e‘“i‘sls4€5‘7O £S5 tRdeedt neheara b E“é%% Ja% very
smal | as approxi garel yod. 7. fathiel iISAWerce Sdhatror 136t fos srellla ona tihes 1T ve

substrate 25 11 Lunge) ONsiA% rdet- QoCHaLPaREPASS fddiflar e SAWhas a

wavel ength of,ap natel Nm The LT substrate 11 i1s 30 umthick, and
t he sapphi rgisubgg’rggkE JZ‘Zin %%%W}’CQ %E‘ °t Af*¥ ‘g% Eethe 39 9 . s

14 and the thi ckﬁ@é§t0$u1t’$1‘éfagﬁ€ezlé)é] edtthi posabdveatieeddal sstascdar ggre80 as 14

times the SAW wagekengitndtor Hog. (FliQ.showshauf Heguensynd@sponse-&fi dhe SAW
device 110 shown;jn, £ gy @nelﬁh S_Lplérl Qus response.due to the reflection of
the bul k acousti¢ wave cause i€ Sntér a83 £CbbeerVed Bt h

hi gh-frequency si8efbfthte 35 tr*@é’or’fé’ﬁcé’oﬁéfchpnsl-@h\;@\?e@re|10%thIJd15blede
appreci at ed 2hat frhe shpardoiys aresponsewtse NPt tigl DSE g nte$eRIREE sPOI Nt S

and the anti-res@panse, pol Mr Al the yellce.

Further, as shown in Figs. 3 and 4, even when the
ratio T/t is set to comparatively small values, if the
Young’ modulus is small, that is, the ratio E/e is

30 large, thermal stress that occurs from the chip ends (X
= 500 pm) is small at positions of X = 400 pm (100 pm
inside from the chip ends).

It can be seen from the above that thermal stress
that functions to facilitate the thermal expansion of

35 the piezoelectric substrate 10 as the support substrate
20 has a smaller Young’s modulus {e) and a reduced
thickness (t}, in other words, as the ratioc E/e becomes




anplitude of the spurious response is sufficiently small. It can thus be
said that the SAWdevice 110 shown in Fig. 9 has a good frequency response.
In the SAWdevice 110 shown in Fig. 9, the 5 tenperature coefficient of
frequency (TCF) at the antiresonance point is as small as -20 ppmiC, and
that at the resonance points is as small as -10 ppmiC. In contrast, in the
conventi onal SAWdevice, the tenperature coefficient of frequency at the
anti 10 resonance' rEJueEy the radipphf € begrmahaiazgen-heThégonance points
is -30 ppmi C. |t Wamderseendsf dastthet apoven thiated R eSAMEeviage ol £Pehas

i nproved tenperat i & f08f fdLient 205 frequency. According to the present
enbodi nent of the 15 1 ventoi gn, ?héet nperature coefficient of frequency
t

e
can be inproved by using CABUFOPht Codistigt SWPRATHg SPREtETt8UBet 8t e and
sapphi re substx ateadindsatpshyirag ekprelssimnl (dRpanFitor< thhal etpur20at
According to the presei didwenbeeleet Neldal, §XRANSIQN 20d t%%nkhﬁgt éﬁ&so“
the piezoelectri assu%st reat%.can bg reli blﬁy %gntrolled wthint chip. In
addition to the above, TH&84g8Gr 3 EeresT%d sECHEt LapFebhs FARP RGNt pass
band can be rest r&f ddd 225! Bppeatirsf §ongtlexpreissi eubE2)rat® T00>st6b(2). The
SAxv devi Cﬁ 110 Wiﬁehsﬂrfa&_nl%ymﬂ@r thgy@ﬁlr@iﬁearzslifamt‘éﬁ:hqfhgs%P@Q%Qel:eryéefEl g 8
enhance the pgwer ity rticularly, for the duplexer hayjng the
function of ggparséﬁgﬁggttﬁetltﬁfaﬁ@lﬁsf and bre)elégle\?ef&oﬁnﬁl 8PP eact otter in
the cellul ar phor€1oG Fevsapphi Po-Halw ptife arhslependeongueti ¢heymg dbout
40 WnK) nore tharteers tthaesotbatsoin Lihd apotc JuWstkhties 109edokRefopym t he
support substrat , : ENEEQYr g r 35 at _the conb-lik
el ect rodes of thgc%i\?vctfngg%%gégﬁ g{(:) IIYTS ﬁlieﬁa?ﬁt%&%é%caﬁ‘érﬁﬁ?%g%lﬁh§5 support
substrate 21. Thi¥'P&alPreseahhhRcel Faders idursdBulatyonayndsipahed to - 12
the devi ce wilbh tdeadiTisubshrat ehal piwezodlhe-timve pubiss rhave 10onbHe ned t hat
the 1.9 Gz SAW dupliexan havipg-khe joint substrate of LT/ sapphire has

hi gher  power durabl||t¥ttcgg gQQNggp%%Q%:%ﬂglagg geéggtw%£2 %ﬁﬁ}égi

expansion of the piezoelectric substrate 10 can stably
be restrained when 1) the piezoelectric substrate 10 is

20 made of LT, 2) the support substrate 20 is made of
sapphire, and 3) the thickness (t) of the support
substrate 20 is larger than three times the thickness
{T} of the piezoelectric substrate 10 (T/t < 1/3}.

Next, a description will be given of a spurious

25 component that may be caused when the joint substrate
100 is formed by the combination of different kinds of
substrates. Fig. 6 is a frequency response of a SAW
device 110 having the following specification. The
piezoelectric substrate 10, which is a part of the

30 joint substrate of the SAW device 110, is a 42° Y-cut
LT substrate having a cut angle of 42°, and has a
thickness (T) of 21 pm. The support substrate 20,
which is another part of the joint substrate, is a
sapphire substrate having a thickness (t} of 300 pm.

35 The SAW resonator 30 (see Fig. 9) formed on the
piezoelectric substrate 10 has a 1.9 GHz band. For the
purpose of comparison, Fig. 7 showing the frequency




5 substrate alone. The present invention is not limted to the structure of
t he above-nenti oned enbodi nent of the invention. The present invention is
not limted to the SAWdevice with only one SAWresonator, but includes 10
mul ti pl e SAWresonators, which nay be connected so as to forma | adder-type
filter, a dual-node filter, and a dupl exer using these filters. Expansion
and contraction of the piezoelectric substrate due to thernmal stress is
restrai ned nore ef$HRAIFelOf &t CIPBPPEITETONIAY wetHer awayehtommbabeychi p
ends. This enabl essarllits plegcBA¥AIr esponators to be arranged on the single
chip to achieve a desiged.Ljlter r eristic. For _exanple,.a transmt
filter and a recej vde_)‘ili%t S‘fﬁhr% (fgeé}gr}ﬂgoﬁngé:c?mgﬁrtlﬁgnspﬁg?’gg%hFJpgS Fiy. 11
shows a 20 dupl ex8t® 7 F&Gng 3PEFAPeHi ¥eFransy doguasdoa tbeehvghfilter |b,
these filtersSbeifpdusnmedsodeacsi nigt earchi-prd shnabsedeseriubad abgye; -t he

support substrat edsprizgde g85; sapphir he _Young's | u qual to

or 25 larger thargje%/.z of1 hﬁat g? ﬁl}e@ﬁ (I;%Jeecilgegjtc&i ceg’BBEg?a?g?ggﬁdg‘%‘vﬁe

t hi ckness of the PierSelr&lt Fre"RubitFide 95 $be epuniowsd wspasse t han 1/ 3

of that of the syFSertsshbenratieul Ahdsowrahl esvedi SBARY i oMeiue t o

tenper at ure changertacheatt anspid tigeh it oactgh%tqice%gg%eg%r LG;substrat er%i 30
the tenp T Y%

Thus, the vekgcit f . the SAW. s anged so that . erature stability
can be achi eved. Séénr%t it(l:ﬁlFa?fwh%\AﬂF'g% the FEFGEr e@PFi &5 sBBePrat ket simgtle of

LT, the tenperat (i€ 8t8BPEIEGtBEC thSAWdelilce Tise faurltihercdumrioyedye35

WAr pi ng may occurisi medlpotad Stibstid at dA4¥ 20 %ch@@n%ﬁéﬁ@ﬁ? 1& Substrate
I's joined to thessuppoLi.sypsifatg having a re}pa Lvely,s ;U9 S

nmodul us - 13 uring the process of FAbFicat ﬁgrf‘E% Shw geifl &1 ror

exanpl e, war pi ng r’r@egﬁ%ra?%l%allﬁ Agrsidanesi seliast helhphoted licdtegr aphy
process or i#h5thbudkyaetesing Wpraceass . inldideheseoprrReesses-1ihe j oi nt

substrate recei vescot 8PS &t ULE ) ing~i s .caused by the
difference in thernmal expansion coe fi(‘}%isg\r??rtg&ét \%%'en Tt%r!i]es’s&ﬁs%épgt es | oi ned.

The occurrence of “War pihgt MR FsgradeseehaspEbauetsoreleetitior damage the
joi nt substrate. SHo@evate tthd prdsenter, nwent iontthal 1d-tidddzess tihe

conbi nati on of Lisandisapphire is capable of avoiding the above problem
Warping in the LT/SaanbiJeesérqi r%t. subsiiate can be restrai ned. The SAW
device with The LT/ sapphiTe J8irdfslbstrBP® Rarf e pr sdidded sy reReepr ocess
for the conventibhaliBAWdefi Ge fEStwistkhathaghtipe ogtyetitordeyicef dheThe
thickness of thespierzoed ectdbonssubstriate d8f Figd aceyHg 4.0 de present

invention inprovegitpe.dd response. _The piezoel ectrjc substrate and
the support substrate r esgog_fgt%i@l\%ﬁg §$geﬁ1tﬂ%rs ety 261Bor Sobfaf ni ng

strong j oi ni ng TR Fhe'dGk theohstisonhwdt asis eftfertad dandthee i(ther f ace
formed by t R j otlneckmigy @f suef pcespcandt i sci g dentcd)o tdie conb- 1 i ke

el ectrodes. Thi sy£adi85 1N rSRELH OUS ongnt , Whi degrades .t he .
frequency responge, The thinner " e %Qghzgﬁbcﬁ% gtmseuﬁ%tr%dtcg,l s
stronger the ref?én%éﬁf the spurious amplitude. Fig. 8 exhibits that

tﬁg:spurious amplitude increases abruptly when the

ratio T/A becomes smaller than 10. This means that the

30 bulk acoustic wave is greatly reflected at the
interface between the piezoelectric substrate 10 and
the support substrate 20. The Spuricus response would
not cause a serious problem when the single SAW
resonator 30 is used. However, when multiple SAW

35 resonators are used to form a filter such as a duplexer,
the spurious response may affect the adjacent pass band.

Thus, it is desired to restrain the spurious response.

- 10 -



bul k acoustic wave incident to the conb-like el ectrodes. However, the

pi ezoel ectric substrate according to the present invention is set
relatively thick and has the reduced spurious response. Thus, the SAW

devi ce has 30 the good frequency response. The use of the sapphire support
substrate realizes the SAWdevice having the superior tenperature stability
wi t hout degrading_the original electronmechanical coupling coefficient of

LT. 35 The presentt iivéitisoscacdsdndt tiusle e mitic i doxisderkdyperband t he

pol ari zati on i nvesdtecehayero bhesarhayefisahami Rhedi ffui1Gulde kARt he
production proce Sk h r t. invention.dges not. utilize the

sol i d- phase reac?&%ﬁ) y%Fﬁe3§hgfﬁa§§%$o%%§%¥n%ﬁhg?%ﬁgiﬁngeﬁf fnventi on
does not have fréﬁﬁgﬁﬁfrdeviations and great propagation |oss. The present
i nventi on doe$ not havé Bedctlipeubt ywill trher preoduetinonrpepeessw d&ei ¢ esent

invention does not;d agddiithate tLhey d i gzoel ectric
substrate but stabl ,cgﬁgﬁols tEe gﬁ%?%a exﬁgﬁéﬁ%ﬁ&&??%iﬁngﬁe chip by
using the joint s PSHT@SPPLT and sapphire and designi ng the SAW devi ce

so as 1D to satisfy expigssPons & lpewmmkdtdve Wiew blfetbAVWHBViceisati sfies
expression (2), tihe, SRWic@Usn §§99”§?4§ﬁanﬁn{%§-r%!%%%tiEHeLErese”t

i nvention is1 ot Hjnlte% tg t ehﬁgeclficaléy_dis | osed enbodi nents, and

variations and 15YSdiFit€ationt ey b2 TRRICAHT KOS t[désart AR§ PRoRTt he

scope of the presemng peerthion. sThet priesehlt, iwnient iien the bagpdron Japanese

g_at ert Appl i ?a&j{]%ﬂﬁ@-razg()zb'ﬁ@ﬁﬂg 5&55@@&1@@2%@0%3@65 Zlnggpzex%%}?sl%ﬂv\h&? s
i sclosure o i i ngor pora . reference. -.

CLAIMED I'S: 1. Acg%Flggggggoégt?g'{_ m{éﬁf%%ig%hﬁﬁ&gpﬁﬁpaﬁaﬁ?89oelectric
substrat e havi ng @Hictdens ¥f dEEest bvnwhi Ehecepbrhike shlestrates? lartes

formed, and aSseeondnsutf agpanabn coefficient of 5.3 ppm/°C in the SAW
propagation direction (X direction). The SAW resonator
30 is provided on the first surface of the LT substrate
11. The SAW resonator 30 has an interdigital
transducer having comb-like electrodes that is
20 interposed between two reflection electrodes.

The elastic stiffness (C;;) of LT is 233 GPa, and
the elastic stiffness (Cy1) of sapphire is 497 GPa.
Thus, the ratio E/e is as very small as approximately
0.47. The SAW resonator 30 formed on the LT substrate

25 11 functions as a 1.9 GHz bandpass filter. The SAW has
a wavelength of approximately 2.1 uym. The LT substrate
11 is 30 pm thick, and the sapphire substrate 21 is 300
pm thick. In this case, the ratio T/A is 14 and the
thickness of the piezoelectric substrate 11 is as large
30 as 14 times the SAW wavelength A.

Fig. 10 shows a frequency response of the SAW
device 110 shown in Fig. 9. A spurious response due to
the reflection of the bulk acoustic wave caused by the
interface is observed on the high-frequency side of the

35 resonance point. However, it should be appreciated
that the spurious response is not close to the

resonance points and the anti-resonance point and the

- 11 -



a support substrate joined to the second surface of the piezoelectric
substrate, the piezoelectric substrate being made of |lithium 10 tantalite,
and the support substrate being nade of sapphire, the foll ow ng expressions
being satisfied: T/t < 1/3 (1~ T/A > 10 (2? 15 where T is a thickness of
the piezoelectric substrate, t is a thickness of the support substrate, and
1, is a wavel ength of a surface acoustic filter propagated along the first
surface of the pidFdéltader PE thpstpariu0repponise $ur batéiatenusivc wave

device as cl ai medsman icl aitndan Whereibe thedptazeet et sag Sapstd at® is a Yeut

X- propagati on pi ectri.c_supstrate. surface acoustic wave

devi ce as clalnegégﬁkcﬁglﬁg gh%reln CHXi§HFPQSEC§CSﬁ§PPESﬁave device is a

filter. 4. Afilter cobpriks rﬁﬁW:§¥W}Qﬁ dZifdebbevni énstibgt rat etmvi ng a first

surface on whbch teopbrhikee et eet f DelesmaIE FrkangadyseTas)t ocf oram ads-ansmit

filter and a recg;%g e d; C surfa an oft substrate
harahrrsbai 30T SR gl 228 pBRY Ber PR et Pt

joined to the sec sur e plezoelect
pi ezoel ectric sufh rﬁ?EOB%P%% PRt Df19 achisdmltanfat 1P epPBAICE hdmsuppor t
substrate being medéreft, 16 the sapphimtdontahe shal Hewipg, expeessi ons bei ng

satisfied: T/t <t%h§e;é%5r€ é&é f@%ﬂﬁ%-gf F@qhghggng§SFR %p?rate

pi ezoel ectric substrate, is a thickness o and 1.
is a wavelen%?h 5FSSD§H??a£E?%RﬁﬁE%|%§'F'pt@PmérSpa@Q@eHhéFoﬁb e first
surface of the pirézoehectriecisubsts atd pbh/"Cl7 It can be seen from

I'NSO/ No/ NN/ N/ N/ NhBY B HIEM NN/ NN Mo Ne/NeBPh Yo has improved

temperature coefficient of frequency.

According to the present embodiment of the

15 invention, the temperature coefficient of frequency can
be improved by using the joint substrate having the LT
substrate and sapphire substrate and satisfying
expression (1):

T/t < 1/3 (1).

20 According to the present invention, thermal expansion
and contraction of the piezoelectric substrate can be
reliably controlled within the chip.

In addition to the above, the spurious response
that affects the adjacent pass band can be restrained

25 by satisfying expression (2):

T/X > 10 (2).

The SAW device 110 with the support substrate 21
made of sapphire is useful to enhance the power
durability, particularly, for the duplexer having the

30 function of separating the transmit and receive signals
from each other in the cellular prhone. Since sapphire
having the thermal conductivity (about 40 W/mK) more
than ten times that of LT (about 3 W/mK) is used to
form the support substrate 21, thermal energy generated

35 at the comb-like electrodes of the SAW resonator 30 is
likely to escape through the support substrate 21.

This realizes enhanced power durability, as compared to

- 12 -




Z #, T>\WA3$%
&l &++}w nmhb] X] ca] ca] c™a] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] c*a] ca]
ca] ca] ca] ca] ca] ca] caV]ca] ca] c”a] ca] ca] c”a

+..-/./%$3-3+9, 9: : AAPI ZI PPP~WN "~ f fiij np" oaoko} xrmhc”Y]] ca] ca] ca] ca] ca] c*a]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca! koFpl pPp. / $3- 349, 9: : AAPI ZI PPP~WN " f fiij no" oaoko} xrmhc”Y] ] ca] ca] ca] ca
] ca] cha] ca] ca] ca] ERE cRF EHI &1idd] ddpc Alcapbatcateadbatea] dAEcaprantatea) cal c
a] ca] ca] ca] caN 1{ NaHSE&M I OAR () -tOlt&IHE&MI 10%H & $Aw Oaxhpb-ﬁs%l\érml%vll&;g( Xhe*!

S&M 109%& () - 0*! % ). Q* | HS&M 10%x<<& (
) - 0*! HS&I\/I( )10%]J&' J’pro(éﬂ éﬁ)s%%ﬁ#gaoc%&f) %ggwhégﬁ% %L( &M 109%==&' () -
0*mx {Y7!!1 Hpi ! 109gEyeRl {5 19135 Iti’G%FP&V(S?t}PH% @@Plexer w1th the LT

10| 9109&' () - | Ho&MFUOIATR: € )aIBrieHSEM 10% - & () - 0* W

WU3{ Y7! Hoi | 109 ()-]/! Hpid Qéese&t(znlféntpénaos/«ﬁhée i JaeE () 11 ol
L0%OC& ()-1/1 Hpi | L09KCXC& () 11 #) 4, { V71T 3H, 10% % v&() ]1& 10
10 10C9109%&’ ()- ! r Bbf Fi0%%e (SE ]t/“eyﬁBPWfob}@val@)le T/ vipedy Wfﬂﬂ of ¢daee ()-H
10% & ()-] & H 1094 0€e)idral HThOht &5 ¢t | i verit0ios (i) ntH110%8d to the

fg (gal%og;?y?;j th;%ﬁiﬂo%h%(é )Vfﬂﬁlgo%ggl . %h?)s%worl%%/’fé@ato v WAV 1 109% o:

t " () () -

0& ()-1/! H ! T0bmH%" Pﬁ% |cﬁ fﬁ&«ﬁ“ggoﬁr 6’%?%3’ &% ]9%—%}%@% S& EP-1/1, Hi

1109 ()-]/\Ow [ M/® Hf9Ir0% dae‘id@@ZZymeZleter, a dual-mode filter, and a
duplexer using these filters. Expansion and

contraction of the piezoelectric substrate due to
thermal stress is restrained more effectively at

15 positions further away from the chip ends. This
enables multiple SAW resonators to be arranged on the
single chip to achieve a desired filter characteristic.
For example, a transmit filter and a receive filter may
be arranged on the single chip. Fig. 11 shows a

20  duplexer 1 having a transmit filter la and a receive
filter 1b, these filters being formed on a single chip
1A.

As described above, the support substrate is made

of sapphire that has the Young’s modulus equal to or

25 larger than 1/2 of that of the piezoelectric substrate,
and the thickness of the piezoelectric substrate is set
equal to or less than 1/3 of that ¢f the support
substrate. This enables distortion due to temperature
change to be transmitted to the piezoelectric substrate.

30  Thus, the velocity of the SAW is changed so that the
temperature stability can be achieved. Particularly,
when the piezoelectric substrate is made of LT, the
temperature stability of the SAW device is further
improved.

35 Warping may occur in a joint substrate in which
the piezoelectric substrate is joined to the support
substrate having a relatively small Young’s modulus
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WY& ()-z/ of avoiding the above problem. Warping in the

LT/sapphire joint substrate can be restrained. The SAW

device with the LT/sapphire joint substrate can be

produced by the process for the conventional SAW device
15 with a high production yield.

The thickness of the piezoelectric substrate
defined according to the present invention improves the
frequency response. The piezoelectric substrate and
the support substrate respectively have mirror surfaces

20 for obtaining strong joining force. The bulk acoustic
wave is reflected at the interface formed by the joined
mirror surfaces, and is incident to the comb-like
electrodes. This causes the spurious component, which
degrades the freguency response. The thinner the

25 piezoelectric substrate, the stronger the reflected
bulk acoustic wave incident to the comb-like electrodes.
However, the piezoelectric substrate according to the
present invention is set relatively thick and has the
reduced spurious response. Thus, the SAW device has

30  the good frequency response.

The use of the sapphire support substrate
realizes the SAW device having the superior temperature
stability without degrading the original
electromechanical coupling coefficient of LT.

35 The present invention does not use the silicon
oxide layer and the polarization inverted layer, these
layers having difficulty in the production process.
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invention does not facilitate thermal expansion of the
piezoelectric substrate but stably controls the thermal
expansion within the chip by using the joint substrate
of LT and sapphire and designing the SAW device so as
10 to satisfy expressions (1) and (2). When the SAW
device satisfies expression {2), the spuriocus response
can be restrained.
The present invention is not limited to the
specifically disclosed embodiments, and variations and
15> modifications may be made without departing from the
scope of the present invention.
The present invention is based on Japanese Patent
Application No. 2002-349749 filed on December 2, 2002,
the entire disclosure of which is hereby incorporated

20 by reference.
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ol 0" oaoko{ Y70! I H10% 8ﬁ§) !]ﬁLgﬁé ége acoustic wave device comprising:
a piezoelectric substrate having a first surface
5 on which comb-like electrodes are formed, and a second
surface; and
a support substrate joined to the second surface
of the piezoelectric substrate,
the piezoelectric substrate being made of lithium

10 tantalite, and the support substrate being made of

sapphire,
the following expressions being satisfied:
T/t < 1/3 {1)
T/A > 10 (2)
15 where T is a thickness of the piezoelectric

substrate, t is a thickness of the support substrate,
and A 1s a wavelength of a surface acoustic filter
propagated along the first surface of the piezoelectric

substrate.
20
2. The surface acoustic wave device as claimed
in ¢laim 1, wherein the piezoelectric substrate is a Y-
cut X-propagation piezoelectric substrate.
25 3. The surface acoustic wave device as claimed
in claim 1, wherein the surface acoustic wave device is
a filter.
4. A filter comprising:
30 a piezoelectric substrate having a first surface

on which comb-like electrodes are arranged so as to
form a transmit filter and a receive filter, and a
second surface; and
a support substrate joined to the second surface
35 of the piezoelectric substrate,
the piezoelectric substrate being made of lithium
tantalite, and the support substrate being made of
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(1)
T/x > 10 (2)
5 where T is a thickness of the piezoelectric

substrate, t is a thickness of the support substrate,
and A is a wavelength of a surface acoustic filter
propagated along the first surface of the piezoelectric
substrate.

10
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