TI TLE OF THE | NVENTI ON ACOUSTI C WAVE DEVI CE AND METHOD OF PRODUCI NG THE
SAME 5 BACKGROUND OF THE I NVENTION 1. Field of the invention The present
invention relates to an acoustic wave device and a nmethod of producing the
acoustic wave device. 10 2. Description of the Related Art In conmunication
systens today, highly stable frequency sources and filters with high

sel ectivity need to be enployed to realize highly reliable and high-speed
information tr SSi.0 ﬁgygﬁT re are 15 only limted types of
frequency res @P§ﬂt 8 icioh —ﬁ—MﬁV%§§EVICES utilizing crystal vibrators or
surface acoustic M\MQWC AT rREGFEE (b METRR (8 ¥MRUehYodit% he

hi ghly stabl e §seguency sources and filters with high selectivity. These
acoustic wave 20 devices are essential parts that determ ne the

per formances of conmuni cati on devices today. Meanwhile, in response to
demands for> snBACKEROVNBhOEr THRNENWERRIEEr f or mance conmuni cati on devi ces,

nore and nore enphasis hqgl@e%& Q%k qmvgngnkﬁ;egration 25 of electronic
devices, with achlegbwg a so-ca sten} n chi t he, ul timat

Goal C R "aystem on i FrSRR b RN ST T e ot | FrRbs e R e

si ngl e chip. Hieevee, anﬂ asmdthbdcqftproduQLBgrahe acoeet¢onvenﬁlonal
acoustic wave degyice W th another electronic device, not to nmention the
fact that "syste on chi devi ce cannot_ he achi eved with the

conventi o acoust i 4} 2en Alerd e e Pddsons for this. The
first reason is the thfdomunicB85af $psvemy eopapcthtahlacousble wave
devi ce di rect! yr8RucAc5ebapaOUCL Al §H?§E5§tQltﬁhﬁlﬁhhgélééﬁ§9@tbs that a

conventional acoustic wave device requires a s
need to be employed to realize hE h&y reliable and

high-speed information transmission, though there are
15 only limited types of frequency resources.

Acoustic wave devices utilizing crystal vibrators
or surface acoustic wave (SAW) filters are those
devices that embody the highly stable frequency sources
and filters with high selectivity. These acoustic wave

20 devices are essential parts that determine the
performances of communicaticn devices today.

Meanwhile, in response to demands for smaller,
lighter, and high performance communication devices,
more and more emphasis has been put on the integration

25 of electronic devices, with achieving a so-called
“system-on-chip” being the ultimate goal. A “system-
on-chip” device has all the functions integrated on a
single chip.

However, it is difficult to integrate a

30 conventional acoustic wave device with another
electronic device, not to mention the fact that a
“system-on-chip” device cannot be achieved with the
conventional acoustic wave device. There are two
reasons for this. The first reason is the difficulty

35 of forming a practical acoustic wave device directly on
a semiconductor substrate. The other reason is that a

conventional acoustic wave device requires a special



- 1 package that is hernetically sealed to prevent performance degradation
caused by absorption of npisture and gaseous nmaterials. These two reasons
are based on the fact that an acoustic wave device is 5 normally fornmed on a
pi ezoel ectric substrate and the fact that an acoustic wave device utilizes.
acoustic vibrations. Fromthese facts, it is apparent that the use of
acousti c wave devices has been a great hindrance to the production of

Sl | et communpgakhop feylops ndfalesLhe foLLovengoexapRla.st ruct ures of

convent i onal packag ave een deve for surface
acoustic wave He¥ %E@aﬂFPId%%raH%EE?Pbéﬂusﬁﬂtﬁyr@Pé@éﬁééoﬂooﬁhe acconpanyi ng
drawi ngs. Fi gsmoidtand dBdagesseati nat¥renssof Ehepckage rddsdfP0atdhat is

the st conmon, exanph ey ALY BELLT Eya bULLI 2100-PORJl g Ces  ThL exanp! e

wll be hereinafter erre o as Prior | A, the
package 1000 ofCPRasty Aprmedhes a piezeeleetrie substrate @OQSthaced on a
20 substrate 16@&tnaﬂetoancetaﬁheec(ﬁév@eaebiceEhe@n&eegsaéeaataee attached

to the substr nd att.ern 004 of. conb- Ilke electrode
(her ot nat tor rebeitotops” A PRUFITR Frtea th L he h Eo5ef ob et bt r at o
1003. These sﬁ%@t@ﬁté@oaﬁeleOwdea teviegeh behebeaint B gne2s hdhdsiavee The

| DT pattern 1004 ®RetpeoRi18Z06he6tr bhal SHPSELRNBN1098ibe akesteical |y
connected t he this structure,

el ctrode 0
a cover 6 is meldg i fi#%k?%ﬁ]?§aﬁﬁ%% %?rTﬂéugﬁﬁs?fate 1001, as
shown in Fig. qgnveeteODaQOP@heaepacehBEtheea bhensdbytiabtedl60d and t he

cover 1006 isutibiedawebh dnyrBEEr 0880s0hci Rab¥aguateds ardii set hen
hermetical ly sgaled ealed structure, Prior Art 1

vt o ot or TabEEHRRGT nei he S EREE R R LTk “dg-o88=1'd gt Srata adsor i on

by the surface acouskfigs walde and 1B are section views of a package
15 1000 that is the most common example structure-
utilizing bonding wires. This example will be
hereinafter referred to as Prior Art 1.
As shown in Fig. 1A, the package 1000 of Prior
Art 1 has a piezoelectric substrate 1003 placed on a
20 substrate 1001 made of ceramics (or metal). Electrodes
1002 are attached to the substrate 1001, and.a pattern
1004 of comb-like electrodes (hereinafter referred to
as IDTs) is formed on the piezoelectric substrate 1003.
These substrates are bonded to each other with an
25 adhesive. The IDT pattern 1004 on the piezoelectric
substrate 1003 is electrically connected to the
electrodes 1002 with metal wires 1005. In this
structure, a cover 1006 is welded to the side walls
1009 of the substrate 1001, as shown in Fig. 1B. Here,
30 the space between the substrate 1001 and the cover 1006
is filled with dry nitrogen or is evacuated, and is
then hermetically sealed.
With this hermetically sealed structure, Prior
Art 1 prevents deterioration in the characteristics due
35 to moisture adsorption by the surface acoustic wave
device (or the IDT pattern 1004), and thus achieves
sufficiently high reliability. The package of Prior



device (or the IDT pattern 1004), and thus achieves sufficiently high
reliability. The package of Prior Art 1, however, has a probl em of being
much larger than the piezoelectric substrate 1003. To solve this problem
with Prior Art 1, a package structure shown in Figs. 2A and 2B, which is
called a 5 "flip chip" structure, has been suggested. This exanple
structure w |l be hereinafter referred to as Prior Art 2. As shown in Fig.

2A, the packag g f Prior hArt 2 has.a pigzgelectrlc ﬁbstrat%hZOOS
pl aced on a 1 st F3F873601"PRaf PEORAGE 8f EEFAH B Por 2kEEal Fhan
El ectrodes 2002harélaﬁpa¢hedrug shessubter 406832001, and an | DT pattern 2004

is forned on the piezgesectiichisubsthats ¢PP8- pHese. athe1l DI patkegp 2004
faces the subs ratg 2001, The,substr at ZOOé 2nd tg é |ezqﬁ%%atr|c
substrate 2003°aFHCEPERt PRRYPI §0¢ Mt & EenvBLREr L% €A F bunps
2008 or thedli Ré&sipThbipflesakrubtinps,2B88 &Bkso fSupgbstrdas Tikass to secure
Lhe i 20! ECLELALSUDSLEREEL2A0G4 1hNpENhS - SURUCLUECroTe (BOYC 2000 15

wel ded to the % 2009 of strate , as shown in Fig. 2B
By enpl oyi ng thé&* ﬁﬁt%F banps 2008 instead of the netal wres 1005 for
bondi ng, the space saveshdéwon iheFigetah, mthesPéﬁﬁégészeDDnbﬁapedokn Prior

Art 2, so thatpa,the Héﬁkég 1%98%18@@r9% %%EEE%E%gggg3ap§5%%d9 5ht 2 the

slightly | ger %han t ezoelectric substrate
hei ght of E E&@étéoé Yilsthp§olsnfiéHes il FEE APRSS tﬁétméﬁaﬂﬁe Prior Art
1. To realize EmeetendSHaEDez paekageacaest tucthee subsllrad ea 200, pasidze

package’, - showg,i Aok g5« (3fnandodBs s 30,38 Bgenydeyskoned ., Fis. examl e

structure will inafter referred to_as in Fig.
3A, the packagéu§6®635ﬁ PPPer ¢¥es Hae BDPikaberret £PR4stiBseFatBe3003
pl aced on a sebhbtratee3Q00it harhdossbaotab@veo@l side wakl and is

15 piezoelectric substrate 2003 are electrically connected
to each other with metal bumps 2008 or the likes. The
metal bumps 2008 also function as means to secure the
piezoelectric substrate 2003. In this structure, a
cover 2006 is welded to the side walls 2009 of the

20 substrate 2001, as shown in Fig. 2B.

By employing the metal bumps 2008, instead of the
metal wires 1005 for bonding, the space saved for the
metal wires 1005 is eliminated in Prior Art 2, so that
the package 2000 can be restricted to a size only

25 slightly larger than the piezoelectric substrate 2003.
In Prior Art 2, the height of the package 2000 is also
much smaller than that of the Prior Art 1.

To realize an even smaller package, a structure
called a “chip-size package”, shown in Figs. 3A and 3B,

30 has been developed. This example structure will be
hereinafter referred to as Prior Art 3.

As shown in Fig. 3A, the package 3000 of Prior
Art 3 has a piezoelectric substrate 3003 placed on a
substrate 3001 that does not have a side wall and is

35 made of ceramics {(or metal). An IDT pattern 3004 is
formed on the piezoelectric substrate 3003, and the IDT
pattern 3004 faces the substrate 3001. The substrate



35 nmade of ceramics (or netal). An IDT pattern 3004 is fornmed on the

pi ezoel ectric substrate 3003, and the IDT pattern 3004 faces the substrate
3001. The substrate - 3 3001 and the piezoelectric substrate 3003 are

el ectrically connected to each other with nmetal bunps 3008 or the |ikes.
The netal bunps 3008 al so function as neans to secure the piezoelectric
substrate 3003. 5 Further, a protection |ayer is deposited on the surface
of the piezoel ubstrate 30 [ n _thi truct ~ _the substrate 3001
and a cover 30§gbare én??re%lezggvgfgalgné %g?%EEIC§Pﬁ§ §édled with a nold
3010 that is nBdecérippadti @Oaﬂeﬁé§dnt0a§a§howﬁh|err Riigh BBtalobWms t his
structure, PrigooArbr3teanipkeyi derhbenepackage §0@Qohaxwg alinestohhe sane
size as that of the gi zoelectriﬁgsubstra%g %83 AI h tgﬁnﬂgckage of
the acoustic wave dévice® EANUHE MdFePas *Snart §§ctﬁ€ r% §i 2& Prior Art
3, 15 the ol Jurhberef apbastiectdprr ésiyrrcasnderosiplest eny tdlrutsuaftacehe air

(especially ”Ub$t%h%)pi@%d%l%%%&ﬁkﬁsdﬂ%ﬂ%&Her§ﬂ03““|ﬂﬁ3ﬁﬂfbt§%fﬁbéﬁre,
noi st ure absore i on. ifficult to maintain

us
sufficient rel SbFPPF? % %Qgéeaﬁﬂe?ecﬁvﬁﬁdgpgei§rﬁoﬁﬁ§&rﬁ9ﬁ?0 arrangi ng
the package andoyemedother heemetdrdldtyoseafiepl wirthome meulst3Cdtte.that such a
case, It s nesessay Le peBkqk 88 exmensi ug RELARLLG sl for, the entire
nodul e nﬁiudlng th coustic wave, devi ce. .25 NNARY OF “THE INVE | ON It
is therefore an obje fCRhe PFEYEhETer nGBAPFoATL 0 pFati BECXAYECEHSti ¢ wave
devi ce i n whi chackhgeaB00® tevadganflageti $hel isrimzatsdcte Asrahatspecitfiec

obj ect of the pigsentkAYaR!LaABs3qcks saaprovide an acoustic vave device

that is herm |callg seal ed wthout an increase in size. Another specific
obj ect of the presen FHQBﬂPlBBe PECKaIBr 8Ei BBSa2RBLRGACol2BE0AEEIAE a snal
and highly can be made as small as the chip size in Prior Art 3,

15 the mold made of plastic or resin cannot completely
shut out the air (especially moisture). This results
in poor reliability in terms of moisture absorption.
Because of this, it is difficult to maintain sufficient
reliability in a case where a module is formed by

20 arranging the package and some other semiconductor chip
on one substrate. In such a case, it is necessary to
employ an expensive hermetic seal for the entire module

including the acoustic wave device.

25 SUMMARY OF THE INVENTION
It is therefore an object of the present

invention to provide an acoustic wave device in which
the above disadvantage is eliminated.
A more specific object of the present invention
30 is to provide an acoustic wave device that is
hermitically sealed without an increase in size.
Another specific object of the present invention
i1s to provide a method of producing a small and highly
reliable acoustic wave device that can input and output
35 electric signals without the use of metal wires or the

likes.

The above objects of the present invention are



reliabl e acoustic wave device that can i nput and output 35 electric signals
w thout the use of netal wires or the |ikes. The above objects of the
present invention are achi eved by an acoustic wave device conprising: a
first substrate that has a vibration unit that generates solid vibrations
based on an input electric signal, and an electrode pad unit that
introduces the electric 5 signal into the vibration unit; and a second

substrate tha&eﬂ%év&ﬁrBPQth8E§§sE9Er%89@98E%@Qetgﬁmgkg%ﬁﬁgdeap%q synit to

external electro e vibration unit st substrate
bei ng her net i caFPytEahredhabyhBanai HaLERE PP §R1SUBSRaLE SR tERe second
substrate 10 tsoeaahvabhatloM%tbabhHSOﬁtauC&upat kel cbecaresigpessi bing to

i nput and outp Lan I t hout met mnres and to provide
a hernetlcallyg}sleghgéICE %%VHE cg Wi T 8Et15ﬁr°§%gF3a§é i s lcThe above

obj ects of %hesbgééén@ntﬁvéhﬁu@hbaﬁélom5uan§@ aﬁﬁaevéGC@pdaﬁU§@6a§$ﬁc wave

devi ce conpri stRgt ﬁasfth%bu%ﬁbﬁb&@%efbﬁabohﬁéc@1ﬁ@bkﬁbl@Qe@&&bd@h®%d
generates solid vkbgatlons

e an lnpu ectrl SI a second
S et iee thnt dnYkpEatEaRe RaRed) 2R 2B IR LT RS Ehst valRaiare: ond
third substratén@hanZDhesfb@ﬁ@edubétﬁhﬁelbﬂengfaeém@ﬁlpﬁélm s ledgbst r at e,

the second suBgtpahaing the EH&%Q §UE§EE§E% Bﬁﬁl&aeaseb%a@u&@baqh%thor
electrlcaI%y cgnnect su bstrate an external electrode, and

at |east t |b?3Fho thﬁFf o# Tthe ???s?tgﬁﬁg?Fﬁte ePRGOB8 her met i cal I y
seal ed by bondinagsthées&condrstbsndavetand eflkettrhiced sulgsiadst evittdioutte fir st

substrate. Theaﬁpoﬁgtggl@QE@SOEthQOpr%%QHe'BV%@&h%&l%%Qlya%%%l%%h|eved by
a met hod of prﬁgwcgg .an acggst c_wave device, conprisingthe step of

bondi ng a seco SgtVé ot 3“V|F§Fr§68§t9§télzﬁhe first substrate
having a vi bration ubh¢ &¢hategehgeatesofothd wrbeantonsvebésed emei nput

electric sjgnak)anpdadniekedt b9denPadoustic wave device comprising: a
first substrate that has a vibration unit that
generates solid vibrations based on an input electric
signal; a second substrate that is bonded to the upper
face of the first substrate; and a third substrate that

20 is bonded to the lower face of the first substrate, the
second substrate or the third substrate having a
through hole for electrically connecting the first
substrate to an external electrode, and at least the
vibration unit of the first substrate being

25 hermetically sealed by bonding the second substrate and
the third substrate to the first substrate.

The above objects of the present invention are
alsc achieved by a method of producing an acoustic wave
device, comprising the step of bonding a second

30 substrate to a first substrate, the first substrate
having a vibration unit that generates solid vibrations
based on input electric signal and an electrode pad
unit that introduces the electric signal into the
vibration unit, the second substrate having through

35 holes for electrically connecting the electrode pad
unit to external electrodes, and the second substrate
being bonded to a face of the first substrate on which



unit that introduces the electric signal into the vibration unit, the
second substrate having through 35 holes for electrically connecting the

el ectrode pad unit to external el ectrodes, and the second substrate being
bonded to a face of the first substrate on which - 5 the vibration unit is
formed, to thereby hernetically seal at |east the vibration unit of the
first substrate. The above objects of the present invention are also

achi eved by a pethod. of . producipg.an_acousti vi ce r|S|ng t he
Sepe of: hondrhg 2o BenRERCHELP 120 =BRAEY, oL hEF Puc BEsPoR FR
substrate on @hiéhat LEbpat bhei §ibopfredn Unetvpﬁraﬁ@rﬁyyﬁawﬁuhﬁrraﬁﬁid

vi brations based on ?ﬁbléw6$e€% &t§ St PR ; @@Qen@ODHVQQtQOthEQ substrate

to the | ower fa e of ﬁhe 1% é Bstra% e third substrate having a
through hole ? POcBhlact FAgPY hd @? Prodd Bza Hﬁ?PgtBHaﬁcogfgéFn§Pve

el ectrode, at ﬁeastetheompbmatog bhet heepsr of : buobdtingt @ beicrgdhernetical ly
seal ed throughsﬁbgtrgeéeeﬁtagtﬁ&eﬁﬁpe}5f?B&EEfDESGBEBI'QNb@ErL%% BBAMVNGS

Q her objects Leatures and advant ages o resent inventiqon will becone
more apparent PROfit AeViPBRFBH hY éergﬁﬂedtagsaﬁpﬁﬁﬂtaﬁ fRERTPEAA Y n
conjunction 20selifl vheractonpabysad dnaenndgsputnelbcthic BigsaltAaard 1B

are section viguaashgt becythueiLe; 0t R cBAEKAOS ol AcaakTAACR Y Lh Priof

Art 1, Flg_ 2A. an are section views of structure of a package in
accor danc %utﬁlPFFo?uEPFréte 25hEi §81rdASHRE TR B3FdEM 6n HiTEHSTof the
structure of ahpaek@ige conaecoddgncaewelbcPricdr Antl 3nitFitg. adA is a top

bl ectrode (| DF CERiter nptEBskiqnE Pealei ikl SIoRIKER B A o ment
of the presentSPHgEﬁ?FSn,elng hermetically sealed through the

foregoing steps.
15
BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features and advantages of the

present invention will become more apparent from the
following detailed description when read in conjunction
20  with the accompanying drawings, in which:
Figs. 1A and 1B are section views of the
structure of a package in accordance with Prior Art 1;
Figs. 2A and 2B are section views of the
structure of a package in accordance with Prior Art 2;
25 Figs. 3A and 3B are section views of the
structure of a package in accordance with Prior Art 3;
Fig. 4A is a top view of the piezoelectric
substrate of a chip on which a comb-like electrode
(IDT) pattern is formed in accordance with a first
30 embodiment of the present invention;
Fig. 4B is a top view of the cover of the chip in
accordance with the first embodiment;
Fig. 4C is a top view of the chip formed by
bonding the piezoelectric substrate and the cover to
35 each other in accordance with the first embodiment;
Figs. 5A through 5D are section views
illustrating the production process of a package that



Fig. 4Bis a top view of the cover of the chip in accordance wth the first
enbodi nent; Fig. 4Cis a top view of the chip forned by bonding the

pi ezoel ectric substrate and the cover to 35 each other in accordance with
the first enbodi nment; Figs. 5A through 5D are section views illustrating

t he production process of a package that - 6 is fornmed by conbining the
chip shown in Figs. 4A through 4Cwth a circuit board; Fig 6Ais a top
view of the piezo Iect

& sub trate gh % p gn whi,ch -2 Ilke
“electrode 5 (FDT pQFFe A 6?%@8 €aECoPdERCE Wit T'h agge enbodi ment
of the presentthnosahi 8R; Wth.a651rsuattbpavdem1of t he cover of the chip in

accordance with the @gﬁonggegpogig@@tVIg%gOnghéspaegQ@lgbeg&gf the chip
formed by 10 bo ﬁ ng_the ?lezoglectrlc substrate and. the co%er to each
SE TR

other in accor h&8 S8iBndlelBdd n@nFome}d§e FASCRIEGGh 7E are
section views i EDm$tpattﬁgnthe prodadt ionapcocesscef vathaekageondat s

formed by conbLRbagihiR:CBED:RIOMCLEAE! ghyelfs L through BC with a cirouit
board; Fig. 8Ais a top view o e upper cover of a chip in accordance

with a third enbodi nBh¥- ofBthe apteRehteVn9EntPBncOERy. ©8BERE §NEBp 1Y ew of
t he bul k wave mcbpratiance2@ioh the ebipninecabedidence with the third

e it i e Thg; 26 0Ps vh et ol v1bg bovehecanep elrha oohip |0
accordance E the third éenbodi men the chip
fornmed by %on Pﬁ&lPﬁet86p89668§éﬁcéﬁactﬁébﬁéﬁéFec69€rtP& FW@EHUFP 25 wave

vi brator in acearctlanteew tih theotlkndecenthati rart sekiogel @dobimeugh 9D are
section views "'USF%QE'nQAtPﬁrQuQQU§§ Qpepéggeignoglgwgackage that 1is

formed by conblnln chi own
ustratlng the productlon process of a package that

is formed by combining the chip shown in Figs. 6A
15 through 6C with a circuit board;

Fig. 8A 1s a top view of the upper cover of a
chip in accordance with a third embodiment of the
present invention;

Fig. 8B is a top view of the bulk wave vibrator

20  of the chip in accordance with the third embodiment;

Fig. 8C is a top view of the lower cover of the
chip in accordance with the third embodiment:;

Fig. 8D is a top view of the chip formed by
bonding the upper cover and the lower cover to the bulk

25 wave vibrator in accordance with the third embodiment;

Figs. 2A through 9D are section views
illustrating the production process of a package that
is formed by combining the chip shown in Figs. 8A
through 8D with a circuit board; and

30 Figs. 10A through 10D illustrate the production
process of chips in accordance with a fourth embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
35 The following is a description of preferred

embodiments of the present invention, with reference to

the accompanying drawings.



through 8D with a circuit board; and 30 Figs. 10A through 10D illustrate the
production process of chips in accordance with a fourth enbodi nent of the
present invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS 35 The fol | owi ng
is a description of preferred enbodinments of the present invention, with
reference to the acconpanying drawi ngs. (First Enbodi nent) Referring to
Figs. 4A through 4C a first enbodinent of the present invention wll be

first describgg 4A through 4C illustrate the 5 structure of a chip 1
into which a s %583 QQBBQ%WEHt%ave device in accordance with this
enbodi nent is incorpefateingMoeFspeci dacahtyugki ¢C, 44 £srattop view of a

pi ezoel ect ¢ suBgkake:10:00yhlshogncorhybhke grelgahr ode (LOD) pattern 12

is formed. Fi IS a d? em/o a cover is a top view of
the chip 1 fo?ﬁﬁHIBPeﬂon %@Fth%Ap?%ﬁ%%g%cﬂgl%l%ﬁ%§¥?5?etﬁé and the cover
20 to each Bt hetruAsushowi knchkig. 14Antbthehibh pa@heﬁacblac@MStekectrode pad

unit 12, and a,eti gheial TR akcLausholdyichS e LOLIRILAA NS

plezoelectrlc substrate I'S producéd by processing a sem conductor
waf er. The | DTingarperated- |sMcpa@tsra@cafW%%brroﬁlam fAt Rt 2gefBr ¥£8Y solid
vi brations based anpiapdtlekeetri gubks@iraks. 10hen @heehr eadedgpad 1unkd 12

electrically CQQP %%dghzlb§1|§0t$atteﬁq 11 %%r%h% ou%?gde4§oégs tQ,

i ntroduce the ric eri heral et al yer &urfBunds
the | DT patQerHiey Qﬁdatﬁ@VéKeéprodEl@ad4Gni§ aipop| wieni sfsthacehie, the

| DT pattern lliafdriBe bel B@hﬁ@d@ m@ whlelzokd eC@RSl s ta a3 flacemroustic

25 wave (SAW |t rdin peripheral netal [|ayer 13 does not
have an electr%% cgﬁﬁggtggngmng %Ph t%F Eattern 11 and the el ectrode pad
unit 12. The periphkpathaenain| Byer 48,athredBT nastsuehld,shape as

electrode pad unit 12, and a peripheral metal layer 14,

15 are formed on the piezoelectric substrate 10 that is
produced by processing a semiconductor wafer. The IDT
pattern 11 is part of a vibration unit that generates
solid vibrations based on input electric signals. The
electrode pad unit 12 electrically connects the IDT

20 pattern 11 to the outside so as to introduce the
electric signals. The peripheral metal layer 13
surrounds the IDT pattern 11 and the electrode pad unit
12. In this structure, the IDT pattern 11 and the
electrode pad unit 12 constitute a surface acoustic

25 wave (SAW) filter. Accordingly, the peripheral metal
layer 13 does not have an electric connection with the
IDT pattern 11 and the electrode pad unit 12. The
peripheral metal layer 13 at least has such a shape as
to surround the IDT pattern 11 that forms the vibration

30 unit. The IDT pattern 11, the electrode pad unit 12,
and the peripheral metal layer 13, are made of aluminum
(Al}), gold (Au), or the like.

As shown in Fig. 4B, the cover 20, which

functions in cooperation with the electrode pad unit 12

35 and the peripheral metal layer 13 so as to hermetically
seal the IDT pattern 11, has through holes 21 that
electrically connect the electrode pad unit 12 to



to surround the IDT pattern 11 that forns the vibration 30 unit. The IDT
pattern 11, the electrode pad unit 12, and the peripheral netal |ayer 13,
are made of alum num (Al), gold (Au), or the like. As shown in Fig. 4B, the
cover 20, which functions in cooperation with the electrode pad unit 12 35
and the peripheral netal layer 13 so as to hernetically seal the IDT
pattern 11, has through holes 21 that electrically connect the el ectrode pad

unit 12 to extg %@g& $ﬁ2%§ré% §90wg 'R Ethﬁﬁé P gd gﬁ?%ihpﬁ% %prtlon 22 that

mai ntai ns an i nt érna acefor Fow A %o vibrate. The
hol | ow porti oRCZRips Qérﬁéétoma@héasnéeaha@mﬁgrnﬁé sppicezdelrectric

substrate 10, amdohasgsueb aD@egbhté§ann tbov&%%gﬁetheThgﬂhéﬁiéﬁrn 11 that
m nutely vibrates, .The e se m cr.ons to gp m crons, for

exanpl e. The CBVEF 25 ?g 6?0385&89b9n ¥58e§§ g LA n9n&hfating wafer nade of
gl ass, cerani cpiespredekitecon subsg8rre i emdnpbe sTké pi eepéhects inot

substrate 10 that r8gr¥esnhasidr bhtskraubst kake %EQuEQQyC%K%&a%%sihat Serves
as a second s gftratgpare p%t on top.of each other, sqQ that e chip 1

shown in Fig. depbPnBgy 8 ﬁsffsﬂf@.ln@lﬁéﬁepst &OF°Ys mgﬁomm 5D, the
production proegsspof.a Paekages1 000t hat prsdanedcbusprocenavegdeni ce forned

by combi ni ng tQﬁsﬁ@bﬂl$gWM5@e§ mﬁHECBEt 93@%@ %%r@hhbs, oqe%Qthﬁgr Figs. SA
t hrough 5 ?ﬁ %n Vi ews a en along the'lines A-A" of Figs. 20 4A

t hrough 4 85u8¥?8ﬁ frocess of the package 100 in accordance with
this enbodinent an TneupaeznglesubstratbsﬂndEeoﬂOgtaas seerasi as, aor

silicon (Si), &%steéagek%atbs ahii" $hePLOGEsSOd Lahr aduce d e cover 20 25

(the second substrate) aV|n% | ow port t he surface and the
through hol es 5%°PBF SHRAELE] Rgarél BBttr 86e§,opa§fsﬁé‘\%1 .Oﬁhreirg. oA EhAt t he
next step, thethe chip 1 shown in Fig. 4C is formed.

15 Referring next to Figs. 5A through 5D, the
production process of a package 100 that is an acoustic
wave device formed by combining the chip 1 with a
circuit board 30 will be described. Figs. 5A through
5D are section views taken along the lines A-A’ of Figs.

20 4A through 4cC.

In the production process of the package 100 in
accordance with this embodiment, an insulating
substrate made of glass, ceramics, or silicon (S5i), for
example, is first processed to produce the cover 20

25 {the second substrate) having the hollow pertion 22 on
the surface and the through holes 21 for connecting
electrodes, as shown in Fig. SA. In the next step, the
cover 20 is bonded to the pilezoelectric substrate 10
(the first substrate) on which a SAW filter of a

30 surface accustic wave device is formed, as shown in Fig.
5B. Here, positioning is performed so that the hollow
portion 22 of the cover 20 is located over the IDT
pattern 11 that generates mechanical minute vibrations,
and that the through holes 21 of the cover 20 are

35 located over the electrodes of the electrode pad unit
12. The hollow in the chip 1 formed by the hollow
portion 22 is filled with dry nitrogen or is evacuated




cover 20 is bonded to the piezoelectric substrate 10 (the first substrate)
on which a SAWfilter of a 30 surface acoustic wave device is forned, as
shown in Fig. 5B. Here, positioning is performed so that the holl ow
portion 22 of the cover 20 is |ocated over the IDIT pattern 11 that
generates nmechanical mnute vibrations, and that the through holes 21 of
the cover 20 are 35 | ocated over the el ectrodes of the el ectrode pad unit

12. The hollow_ in_the chip rmed by the Ilom/ portion 22 is filled with
dry nitrogen oS 8 etgctdrEdnate Sy ehe s Sreiietive: B ¢6 ARTIARRES. on

t he propagati orf eshirdackacecastist wavwaves. | n bonding the cover 20 to the

pi ezoel eciric  substeatgohling BREALUBLCRDAL(EAE B?E%BQQ%@ltr%t al 5 |ayer
13) is directly ass, ceramcs, 'icon he cover 20), so

onded t
that the hoIIoRPBBFFFGE %Q ﬁe@ﬁ&@#c@@ﬁ?r§€élé&hgn@%ﬁ%HQQ£ﬁ$jW§ﬂﬁh of f from
the external aderyerl A3this eibveditiynbenided def @dtasisn tdeardwdrawgt icr 10 sea

of e hol L ow panuion dukel acihe 9af Delnenn. Rae plvagel catrlepylistrate 10

and the cover each othér, i s solve g? he cover 20 to
t he perlpherapeﬁﬁﬁéﬂcﬁéﬁéfSfﬁl@ﬁ-Pﬁ@ §§W@lﬁﬁﬁéWhé§¥§x9ﬁﬁ1 romfthene
el ectrode pad emtierh?2] adrt.he gap between the 15 piezoel ectric substrate 10

and the cover 20 hasshney ;Wi diBoBONLYR! ephe! QoL ! BLOkRESH O of et ode

pad unit 12. However, tructure in which
the hol | owtpor Ee8k € §@§| é‘@l\?ﬁ%P@rt@P@sWEr |tt° Gﬂleargaédt’?&ﬁ‘ﬂ?@”rréd@ of an
ul traviol et cupiiego2Qecesiis, sfu(mrstecm:réplm anfdl ¢heCadvefd 20 edddedsig of f the

o the Preerr oyl Sles) - iR ehiodd'By ME180Re QI WAL AP ddSuld) ORTo0S

of the electro th the above rater] i's soft before
the solidifi cé’ﬁréﬁ’hetrﬁé H@lt|adwl|9dretﬁ d off tthe caing icktlaﬁcﬂ@esszaawetrhﬁtu cally
seal ed. Since olfethli ekresscae hel unit 12, as the gap between the

15 piezoelectric substrate 10 and the cover 20 has the
width equivalent to the thickness of the electrode pad
unit 12. However, it is also possible to employ a
structure in which the hollow portion is sealed with a
glass frit or an adhesive made of an ultraviolet curing

20 resin, for example, which can efficiently shut off the
alr (especially moisture). By filling the gap
equivalent to the thickness of the electrode pad unit
12 with the above material, which is soft before the
solidification, the hollow portion of the chip 1 can be

25 hermitically sealed. Since the thickness of the
electrode pad unit 12 is wvery small, the hermitic seal
can be surely maintained by filling the gap with an
adhesive or a glass frit. With this structure, the
size of the chip 1 can be reduced by the size of the

30 peripheral metal layer 13.

It is also possible toc employ other structures.
For example, a metal film may be formed beforehand in
an area on the cover 20 that is brought into contact
with the electrode pad unit 12 and the peripheral metal

35 layer 13, so that metal welding can be performed
between the metal film and the electrode pad unit 12
and the peripheral metal layer 13. Also, the bonding
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el ectrode pad unit 12 is very small, the hermtic seal can be surely

mai ntai ned by filling the gap with an adhesive or a glass frit. Wth this
structure, the size of the chip 1 can be reduced by the size of the 30
peripheral nmetal layer 13. It is also possible to enploy other structures.
For exanple, a netal filmmay be forned beforehand in an area on the cover
20 that is brought into contact wth the electrode pad unit 12 and the

heral metal 35 hat netal  wel di b f or ned
et wben (he mor&PoFi P B3 LREZBPLELFBAE PHRSGRPES130 AR FRE FeFRpher a

nmetal |ayer 1320Am8yg, beheebdrndi hg eatB oaheas of the-piezoelectric substrate

10 and the cover ZQaf@arb@hwgépggoéPe@@fbcogasgtréiéeiotQﬁd Phezoel ectric
substrate 10 and the_ cover are bonded to each her as descri bed above,

5 netal bunps $2VARdE%ofTGoPANERIsbPdERCT BENEX ARSI EES&FePEFURPONED t he
t hrough hol®s R&tefl bthepeosérmaBe bdr goédanpl epldsrshdwr iemxakipd.e,56reThe

through hol es Zhcatgeosealedntbhint Na 108t ah Bymppc3Lo and Johe der et i c seal

of the hollow portion is strengthene bove mannér, the hol | ow
portion of the®XgRPpe1 P§ RBPHBt iLBaFlg- sé&ledTh%mE%F@Vﬂbl9°l?ﬁe2éhﬁﬁel can
be regarded assaaleddependent sevkCeb(hApanizng thadt theherenes ino skadd to

prepare a Specb§|tﬁQVEB?EH§n§?r§H§H lgssgrgwﬁgﬂgh%BV|ronnent or a dry N2

at nosphere 1 for the 1 ere hybrid nounting is
performed 1%ith somel®t Hee %%%V%oﬁﬂﬂ@?ér H%@lb@l%ﬁﬁdéoéFlSP Bf thgAs), it is
al so unnecessacytipolt akehtknubliealloy Beanetdi.c seabribhegleyi eRei BRlipgding the

CTPTy i heroLELRobE rERSLLALE Lh XokBpdRRON RELLAE daLltdnpl ean be

greatly increase I'reui t
el ectrodes 33 APE&Ehéd PReREEE ﬁ? poRBadet 8 ﬁﬁ@céﬁdeG@WlHHQEQQﬁveﬁUZ@ on
whi ch the net aksbanpscdtmaeaviRyhinedt or a dry N; atmosphere, for the

15 chip 1). In a case where hybrid mounting is performed
with some other semiconductor device {(made of Si or
GahAs), it 1is also unnecessary to take trouble to
hermetic seal the device including the chip 1.
Accordingly, the flexibility in designing the device

20 can be greatly increased.

Further, the packaging circuit board 30 having
electrodes 33 attached thereto is bonded to the side of
the cover 20 on which the metal bumps 31 are mounted,
as shown in Fig. 5C. Here, the metal bumps 31 are

25 brought into contact with the electrodes 33, so that
the electrode pad unit 12 is electrically connected to
the external wires 32. Thus, the package 100 is
completed.

In this embodiment, the package 100 may be

30 covered with a mold 40 made of plastic or resin, for
example, as shown in Fig. 5D. By doing so, the
hermetic seal is further strengthened. In that case,
the area to be covered with the mold 40 may ke the
entire device, or only the bonding areas of the

35 substrates. In this manner, a surface acoustic wave
device can be put intc a very small package, while

reliability is maintained in terms of moisture

- 11 -



as shown in Fig. 5C. Here, the nmetal bunps 31 are 25 brought into contact
with the electrodes 33, so that the electrode pad unit 12 is electrically
connected to the external wires 32. Thus, the package 100 is conpleted. In
this enbodi nent, the package 100 may be 30 covered with a nold 40 made of
plastic or resin, for exanple, as shown in Fig. 5D. By doing so, the
hernetic seal is further strengthened. In that case, the area to be covered
with the nold 48 na tbe the entire device, or only the bonding areas of the
35 substrates. *PR°tRr&§°Ranner, a surface acoustic wave device can be put
into a very snall pa%kQQEUQMMaI%AWré$¢ab$¢¢t&0$88hﬁthaVﬂédfihtEErhﬁ of

noi sture 11 abs@ppbi;eR. inAthBough 315%MV£§HEf@ﬁ%oéQRB%%'CaW§V%khEk|ter i's
enpl oyed in th chi ggo i ment , %hOt er eV|c§ havi ng

vi bration unit ﬁéFg é@ﬁ%ngoabgl rﬁEFﬁEtPEéFI 8Lalr&geal o enployed in the
present irvenhetonetExampleseoafietthoge devempioyrd ude theSAWEseegonator, a

FBAR (Fi| m Bul kndGRuSbhe Reponsiof)os atha EEARLLIIAEILLD 8 saRe of

enpl oyi ng one of those devices, at e_shoul ? made, of
silicon 10 (s.fesaaPFPan1argéﬁﬁdéFeéﬁAgylk ﬁcavé§§c Trecertedilr B8& & 30,
whi ch serves aEBARtﬁu&dersubsmraieaseSOE.@@ph@ynmgubBErafethosepackaging in

this e”bOd'”EHEv1EQ§eV%Ee Tarbﬁ gh %%%'g§§uﬁa BEPEAY e o £Sislinqn

substrate or trate into active device is
i ncor por at¥d. A§lﬂesaﬁﬂﬁé6ma66§§nlﬂﬁléGéﬁﬁédlﬁénﬂ BE6vi des an acoustic wave
device that can be iThedcatelytusedras3an whhdrpsadeat asnponentd This

enbodi nent al s S i h
devi ce. Thus 9u8§9¥5@%legs gggggngEdgéggggﬁ?%h%%% ﬁ%%k%iabllﬁ%lwgg% be
obt ai ned. embodiment. However, it is also p0531b1e to empl oy a

silicon substrate or a GaAs substrate into which an
15 active device is incorporated.

As described above, this embodiment provides an
acoustic wave device that can be immediately used as an
independent component. This embodiment also provides a
method of producing such an acoustic wave device. Thus,

20 a smallest possible device with high reliability can be
obtained.

Also, with a semiconductor substrate made of
silicon or GaAs, instead of a ceramic packaging
substrate, an acoustic wave device can be integrated

25 with a semiconductor circuit. With such a structure, a
“system-on-chip” device can be readily realized.
(Second Embodiment}

Next, a second embodiment of the present

invention will be described in detail, with reference
30 to the accompanying drawings. This embodiment aims to

simplify the structure and the production process

through elimination of the hollow portion 22 of the

cover 20 that is the second substrate. This embodiment

also aims to increase the mechanical strength of the
35 cover 20 and to reduce the production costs.

Referring now to Figs. 6A through 7E, the
structure of a chip 1A of this embodiment will be

- 12 -



Al so, with a sem conductor substrate nmade of silicon or GaAs, instead of a
ceram c packaging substrate, an acoustic wave device can be integrated 25
with a sem conductor circuit. Wth such a structure, a "systemon-chip"
device can be readily realized. (Second Enbodi nent) Next, a second

enbodi mrent of the present invention will be described in detail, with
reference 30 to the acconpanying drawi ngs. This enbodi nent ains to sinplify

the structure ?Egcgggegrgguagkgglprthég éErQHP %ig%ga&*ogtggtthe hol | ow

portion 22 of cover second Sub PsT8rbodi ment
al so aims to i hBreSEUEhErReChanii€alhdpr dAgt HMofet Aregbitevbty20Fagd to

reduce the proeucusoa @@@t §1iewReferr pngzagwechrElcg%ub%ﬂam@qm O the

structure of a,, wi || escrlb d in detai
oo oAt oneFIER A 3y BeR e TROal R R £lfkuegr Ridanth IR
specifical |y, Figw O6Aai sogerop Odi-ewF bf - a6©|ezoelEQprvceHub§ttheecm®A on

whi ch an | DT paht ebaméa by behmedy Fha. p@@zb%l@cttQBCSS\Ub%Wr%ftea 19pver 20A.
Fig. 6Cis ato y bondi ng the piezoelectric

substrate 10A Eﬂ gﬁe°83§§r2§gA@Poeég hogﬁﬁéf The piezoel ectric substrate
10A shown in Fig. 6AThhagsi¢htaleetalcfslibsti@peahdrl3Ackvor redFag.aRA

electrode 10 Bad whih 2:andraiperipheraly MBhaledAuel ol3 dhan R ddie sare
as those oi the |ezoglﬁ tric substrate 1 sho The cover 20A

shown in FIYy. BBYhHE? 88fle AsPRECPORE 24s ERE &€5F1285%H@Wﬁ it SFi g. 4B,
except that thé&hkobkow perthose22fi sheepieedeltbtTie mefatfatens 012A and 13A

each has a thigkpgasinOkigevanal fh&r88§e£028§ §h8&9n§n E@% exanpLe, and
constitute a hghlom/ ortion for allow ng the tern 11 to vibrate

after the pi ez68Felf ?cS§6B§FP§Feasléﬂeaﬁ8VPHeZQO@QPW?OA“aFE@boﬁH%d to each
ot her. The except that the hollow portion 22 is removed.

15 The metal films 12A and 13A each has a thickness
of several microns to 90 microns, for example, and
constitute a hollow portion for allowing the IDT
pattern 11 to vibrate after the piezoelectric substrate
10A and the cover 20A are bonded to each other. The

20 metal films 12A and 13A can be formed by depositing
metal films through plating, vapor deposition,
sputtering, or the like, after the IDT pattern 11,
which forms the vibration unit, and its surrounding
area are covered with a resist or the like.

25 In this manner, the electrode pad unit 12 and the
peripheral metal layer 13 are made thicker than the IDT
pattern 11, so that a hollow portion spacious enough to
allow the IDT pattern 11 to vibrate can be formed as in
the first embodiment.

30 The bonding for creating a hermetic seal is
performed between the insulating face of the cover 20A
(or the metal face of the cover 20A, if a metal film
were deposited thereeon) and the metal faces of the
metal films 12A and 13A. The other parts of this

35 embodiment are the same as the corresponding parts of
the structure of the first embodiment, and therefore,
explanation of them is omitted herein.

- 13 -



20 netal filnms 12A and 13A can be formed by depositing netal filnms through
pl ati ng, vapor deposition, sputtering, or the like, after the IDT pattern
11, which fornms the vibration unit, and its surrounding area are covered
with a resist or the like. 25 In this manner, the electrode pad unit 12 and
the peripheral netal |ayer 13 are made thicker than the IDT pattern 11, so
that a holl ow portion spaci ous enough to allowthe IDT pattern 11 to

vibrate can be formeg,pg r{pngtﬁgwfiésﬁ oyﬁn§€%0u$ ? bopdi ng for

creating a hernmetic seal 1S of red- atlng face of the
cover 20A (orPEREURELEP Pé@@eéﬁ PﬁeacﬁéékaEGAlopﬁ éoﬁ@ﬁélbﬂ'ln1 wer e
deposi ted thereomnpiandgt bRenehap flacestnf at bercogtabobiringolZAlandel3A. The

other parts of qLbLs;B3acTbRLINY g 4 9y P, 89 Lhee cgh sopONdLng garts of

the structure 0 I'rst dlne or e éxplanati on " of them
is onitted therailfng-thg lReferAraf ABWEE 6 SFi §s. thAOpﬁho@§h 7E, the

production process otlas@acgﬁgghéﬁﬂﬁaﬁorﬂgd by §opbENsAYitheoshin A with a

circuit board escribed., . F E are s ion views
taken 5 alongggﬁe heﬁg§0% Apagfu3365596ﬁn9thﬁg gépKEFéét 3? shown in
Fig. 7A, a resksverslforwbdcbnarehehel eemeods padseniotf theand t he peri pheral

netal layer 1§lew@b@eC@E@ctBabgegst381bh9§etaé tthe stplazeeligeilt.c substrate
10 of the f or dep03|t|onﬁ&epgﬂ&gr|ng or the

RPSE R (R SE-el R T ARSI T Sl eR et Nl 0 hi s
manner, the pi éreal perfpecmsdbsbr deposdA ithe fietmdd filhe dRBerngarlt3®.of the

structure are thetﬁﬁgemaﬁﬁekhetﬁ@rE@é&%@@b&ggﬁég%%b%ErEQ% ﬁmaﬁhsenboﬂlnﬁnt
emis_om e erein as snown I n

d 15 th f t
B g el egrugin, et oL ey Sr olhes SErOChER  ert hbe. SmPon T

and silicon as the correspondlng parts of the first embodiment, and
15 therefore, explanation of them is omitted herein.

Next, as shown in Fig. 7B, an insulating wafer,
made of a material such as glass, ceramics, and silicon
(Si), is processed to produce the cover 20A (the second
substrate) having the through holes 21 for connecting

20 electrodes. The cover 20A is then bonded onto the face
of the piezoelectric substrate 10A (the first
substrate) on which the IDT pattern 11 is formed, as
shown in Fig. 7C. Here, positioning is performed so
that the through holes 21 of the cover 20A are located

25 over the metal films 12A on the electrode pad unit 12.
By doing so, a hollow portion having a depth
corresponding to the thickness of each of the metal
films 12A and 132 is formed above the IDT pattern 11
that generates mechanical minute vibrations. Here, the

30 hollow portion of the chip 1A formed between the
pilezoelectric substrate 10A and the cover 20A is filled
with dry nitrogen or is evacuated, so as not to have
adverse influence on the propagation of surface
acoustic waves.

35 In bonding of the cover 20A to the piezoelectric
substrate 10A, direct bonding is performed between
metal (the peripheral metal layer 13) and glass,
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(Si), is processed to produce the cover 20A (the second substrate) having
the through holes 21 for connecting 20 el ectrodes. The cover 20A is then
bonded onto the face of the piezoelectric substrate 10A (the first
substrate) on which the IDT pattern 11 is forned, as shown in Fig. 7C
Here, positioning is perfornmed so that the through holes 21 of the cover
20A are located 25 over the netal filns 12A on the el ectrode pad unit 12.

By doing so, achehl@wsponti gnihayhngiiedenihy 6001 esRondi RGL ¢ 1the thickness
of each of the netaL fil'ms 12A and 13A i's formed abové the 1Dl pattern 11
that gener at es®HBERAREEA ninute vibrations. Here, the 30 hol | ow portion of

the chip 1A formed betwkenalbe ppserobtecdrempsupshrateut@irandnt he cover
20ais Tilled iR drgoRbhr@gen 95 k8 RUACHREEderSAAT kO Ak e adver se

i nfluence on the propagation 0O rface acoustic waves. I'n bondi ng of
the cover 20A PB thE pPrE¥2el8bt pEctoshBsiparentgat #ilftécthsonditad is
performed bet weennsnetal agthe 3per bphlebahdigyabeltaven h@raandighass,s - 14
ceram cs, or sili he i h [N di It is also
possible to en%%%%ggmggfqug¥§£?%9%%ﬁ?ih gh%953$a$ﬁ%n??gggo?gggﬁgeforehand
in such an ar eB1e808hechka igovabs2oatas 104 pad fheomoaer WioOFhmalye beetal fil ms

1ﬁA gndd13A, andlb@?ditﬂg ea@hwaeﬁleafet athéi bgﬁeksstepéf QﬁneﬂehAl ternatively,

t he bondi ar ' i tric _substrate 10A _and.the caover. 20A nmay

b el dedtd o Ba3R8GERAR pRRERERL B Lhi s R RERrd Bran el Ga Hens of

thi s enmbodi menthér €crrespareiag sthesconr &bpordionycdtiops pneasss wrfoduct i on

process of thehti Fstseneadomeiken tand niheheherre.rEXRixpNakiaean @f ot hemis

omtted hereinthg%;g the.%Qove structure, formng the hollow 15 portion 22
s omitted her

in the cover becones ufhecessary. —thus, the
With the above structure, forming the hollow

15 portion 22 in the cover becomes unnecessary. Thus, the
production process is simplified, the mechanical
strength of the cover is increased, and the production
costs are reduced.

(Third Embodiment)

20 Next, a third embodiment of the present invention
will be described in detail, with reference to the
accompanying drawings. In this embodiment, a bulk wave
vibrator such as a crystal vibrator is employed,
instead of the surface acoustic wave device of the

25 first embodiment.

Referring to Figs. 8A through 92D, the structure
of a chip 2 of this embodiment will be described in
detail. Figs. 8A through 8D illustrate the structure
of the chip 2. More specifically, Fig. 8A is a top

30 view of an upper cover 512 that serves as the second
substrate. Fig. 8B is a top view of a bulk wave
vibrator 52 that serves as the first substrate. Fig.
8C is a top view of a lower cover 51B that serves as
the third substrate. Fig. 8D is a top wview of the chip

35 2 formed by bonding the upper cover 51A and the lower
cover 51B to the bulk wave vibrator 52.

The upper cover 51A shown in Fig. 8A has a groove
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production process is sinplified, the nechanical strength of the cover is
i ncreased, and the production costs are reduced. (Third Enbodi nent) 20

Next, a third enbodi nent of the present invention wll be described in
detail, with reference to the acconpanying drawings. In this enbodi nent, a
bul kK wave vibrator such as a crystal vibrator is enployed, instead of the

surface acoustic wave device of the 25 first enbodi nent. F@ferring to Figs.

8A t hrough 9D, ructure h this enbodi be

described in talfiofl%or %Pt%?%ﬁ %gﬁtﬁli ?9a?ev%ﬁ5a ?ru?%ure of the
chip 2. Mre sbb@i&t%aﬁmythFl@ldﬁmﬁ®sba prcgotaﬁémWchahhapbéﬂkc@ﬁ@ﬁ 51A
that serves asyibeaese08g. subsalfade, . 18R Scdrd OPs Vb eyh@n aidul k wave

vi brator 52 that es as the first s rate qpP view of a
A U PTG A el L AT e L RS S
of the chi P 35tRkefoidedtbybbondi ngnthetuppeh tbwebubkAwamd whberktwer cover

51B to the bul k>waws; Mifuat of é?roJé}? HPRETs $ONSF Sllé-Shpm iy Fig. 8A has a
groove - 15 ortio | owi n 53 vi br at or t vi brate
i

(a hol | ow A 5
on the side toc%%n?ﬁt&BEtEE? QPfh %ﬂgebﬁF rﬁEQE bPafBr 83 Pkewi se, the
| ower cover 51Bishowm formé&ilgin8thhascaegroover(azhol | Dive poutkowa®dB) for ned

on 5 the side yopbechp coBLACt VLY. LBE BULk #BVE KLOEBLOLS BRacFucther, a

t hrough haql e 5% for electrically ¢€onnecting the bulk wave vibrator 52 to an
external M r oIPERFey PR AL ERBL PGwRr SEBYEPTAPELOThEAEE K wave Vi brat or
shown in Fig. 8B hasnhm&dmtntﬁmmtﬁibxrmmelBolDo&opasdlbyspaEAeanﬁng a

sen conduct or S‘@ﬁeéa AN §uﬁ1rHC&Eg€ %Eetg%h?}é’wp%ﬁe' 0n% 240,208¢ 548

each has such a dep t as to a rat or to vibrate. The depth is
sever al nlcrongotﬁlgéaﬁ?crd%ge depth is several microns to 90 microns,

for example. The three substrates are stacked and

15 bonded to one another in the same manner as in the
first embodiment, so as to obtain the chip 2 shown in
Fig. B8D. The other parts of this embodiment are the
same as the corresponding parts of the first embodiment,
and therefore, explanation of them is omitted herein.

20 Referring now to Figs. 9A through 9D, the
production process of a package 200 formed by combining
-the chip 2 with a circuit board 30 will be described.
Figs. 9A through 9D are section views taken along the
lines A-A’ of Figs. B8A through 8D.

25 First, as shown in Fig. 9A, the insulating upper
and lower covers 51A and 51B (the secend and third
substrates) having the hollow portions 54A and 54B,
respectively, are prepared. The upper cover 51A and
the lower cover 51B are then bonded to the upper and

30 lower faces of the bulk wave vibrator 52 (the first
substrate), as shown in Fig. 9B. The bonding technique
is the same as that employed in the first embodiment.
The through hole 53 for inputting and outputting
electric signals is formed in the lower cover 51B.

35 After the chip 2 is formed by sandwiching the
bulk wave vibrator 52 between the insulating upper and
lower covers 51A and 51B, a metal bump 31 made of gold
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for exanple. The three substrates are stacked and 15 bonded to one anot her
in the sanme manner as in the first enbodinent, so as to obtain the chip 2
shown in Fig. 8D. The other parts of this enbodinent are the sane as the
correspondi ng parts of the first enbodinment, and therefore, explanation of
themis omtted herein. 20 Referring now to Figs. 9A through 9D, the

production process of a package 200 formed by conbining the chip 2 with a

cirouit board 3p whikebe dBSCLIBRg:e, FiSpMHRLOUD 9D AG o gRHO AT evs

taken al ong the nes A- as showrd in
Fig. 9A, the |ﬁ§ﬁ|Q@Fﬁgdaﬁbebonﬁh69|bﬁthe6v§?§fsxmﬁandaélsheWﬁel§econd and
third substrareg) havi By tdweidwldow 1oF taions H4és adile SdBicalegpecti vel y,

are prepared. gggggﬁg& 88\/%55‘%@{@?% %hgﬁdo%rtﬁg er g,],ggz § hen bonded

to the upper an ower faces wave Vi br At or e first
substrate),> astSHEWA PAPFLgateB. Hhetlbondrampeechimeurackageheldand as t hat

enpl oyed in theekir shatMbedimengnlyThelt Broughrhekg153ibeatbrpulhni Be and
outputting el eg%rlc §| gnals is forned in the | ower cover 51B. 35 After the

chip 2 is f or n@ hdwi ching the bulk wave vibrator 52 between the
i nsul ating upper andTh¢ ot ka@v e7 @0 1y apel saBzradmeiah dumpldlifadesof gol d

- 16 or soldeého&ﬂrlﬁxamglegnls T A9 E@ebéh&@vgbe@owﬁtﬁ3theamgld
f ace- dovvn ndl rrred so, the

e o AP ckP gy, b BaR L LRE 5= RatE PRyl Prosaly e BhrRuR o0ns 1%

fourth substraﬁéeaBnOﬁhtberranhetrathe pd@kaigetkz@mﬁda‘love&yvsnﬁll and

hi ghly reliabl §m§MSEiélva.télebbé&ﬁégéaaaﬁebeo%ﬁ'l@%@d Theipackage +2QQ immy be
covered with a_no ecove dW|th

d 4
e ot 10 B Bh BRI ARy IR FarkaRra0siaroen SoehETa e e ens of

t he substrat esotwerhSt:hesrmhdthe paocderyion process of this
15 embodiment are the same as the corresponding steps of
the first embodiment, and therefore, explanation of
them is omitted herein.
{Fourth Embodiment)
A fourth embodiment of the present invention will
20 now be described, with reference to the accompanying
drawings. This embodiment aims to collectively produce
hermetically sealed chips or packages of any of the
foregoing embodiments.
Referring to Figs. 10A through 10D, the
25 production process of chips in accordance with this
embodiment will be described in detail. In the example
case described below, chips 1 of the first embodiment
are collectively produced.
First, as shown in Fig. 104, a semiconductor
30 wafer 300 and an insulating wafer 400 are prepared.
SAW filters 301 in the form of an Al or Au electrode
pattern are then formed on the semiconductor wafer 300
that serves as the first substrate, as shown in Fig.
108. . Meanwhile, through holes 21 are formed in the
35 insulating wafer 400 that serves as the second
substrate. More specifically, the through holes 21 are
formed at the locations corresponding to the electrode
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smal | device package can be realized, while maintaining high reliability in
ternms of noisture absorption. The other steps in the production process of
this 15 enbodi ment are the same as the correspondi ng steps of the first
enbodi nent, and therefore, explanation of themis omtted herein. (Fourth
Enbodi nent) A fourth enbodi nent of the present invention wll 20 now be
described, with reference to the acconpanying draw ngs. This enbodi nent
ainms to coll ectiuel y;prodyc h ' a hi C of any
of the foregthM'géﬁggiggnggg Eéggk%?%gh¥5ggig%ea%O&%?ﬁ?%ug% %%%?%fhe 25
producti on procB¥stdttenspsOiln aBcEPARACENERt Withi $heembSderemt WS be
described in detdi filkershaoexanpl e case described below, chips 1 of the

first enmbodi nent ar (o] cl i d d i , S A s L0+ -10A, a
sem conductor 30 maf%% %% géﬁgg% ?ggugg iﬁggmé?%rtg%B E?gqﬁﬁng?eé? SAW
filters 301 i nfeRE 8L 6fthan  ARNEr aAg bradefode epatt &gy dvhdhef or med on

the sem conductameWakehn3CPie GRAthSEr aplaydde ] iy Sibst rafiged aseshown in
Fig. 10B. Nba@ggige mtqrgughsho es 21 are for%%d i? tgg 3§_£ngggghhng waf er
400 that served©is°fREPIELondS SUSYY af'e Fifur & “Spectfi BaFRY *PhEFAtough

hol es 21 are Ponddddati st kaplovetd onsnesedespdmdistigutlsl tife feled ode -- 17

pad units 12 apdrbhRenped RRerah otdkabnl ayers sbdnefinigheo AW fddrdns 301, in

conpliance. th _the shapes.of the. SAWTfilter 1. The two wafers 300 and
200 ar o Lhbh pOTPE: SRed N0 108 ALl LSrnArY ZAR arE HOHUAT (3 ach of her
(by the sanme tew¥kmi-que as that enployed in the first enbodi nent, for

exanpl e), as shown ipArkLg. bdQkg bbnABHALo! 828R 8khebON@hR] wiaZ c@Pl30YEd, a
retal fi1m shoyld e f grred, beforehand at a locaton corfesponding, to the
bondi ng ’
Fig. 10D. Here, metal bumps may be formed in the
15 through holes 21 in the insulating wafer 400
immediately after the semiconductor wafer 300 and the
insulating wafer 400 are bonded to each other. 1In that
case, the wafers 300 and 400 are face-down bonded to a
wafer having circuit boards 30 formed thereon, and are
20 then cut inteo packages 100.

Through the above production process, a large
number o0f hermetically sealed chips or packages can be
produced in a much simpler manner than in a case where
positioning and bonding are performed for each

25 individual chip. Although SAW filters are employed in
this embodiment, it is also possible to employ other
acoustic wave devices, instead of the SAW filters.

Although a few preferred embodiments of the
present invention have been shown and described, it

30 would be appreciated by those skilled in the art that
changes may be made in these embodiments without
departing from the principles and spirit of the
invention, the scope of which is defined in the claims
and their equivalents.

35
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10 area on the insulating wafer 400 that serves as the cover. After being
bonded to each other, the wafers 300 and 400 are cut into a nunber of chips
1, as shown in Fig. 10D. Here, netal bunps nay be formed in the 15 through
holes 21 in the insulating wafer 400 imediately after the sem conductor
waf er 300 and the insulating wafer 400 are bonded to each other. In that
case, the wafers 300 and 400 are face-down bonded to a wafer having circuit
boards 30 for”ﬁQA%h?EGEEAIﬁEB e 20 then cut into packages 100. Through the
above productionmprocess;atarge nunber of hernetically seal ed chips or
packages can be produced in a nuch sinpler manner than in a case where

posi tioning and bonding arm perdosimed foFe Qﬁékhic?é &dstﬂl[j;]yigly@d_;; chi p. Al though
SAWTfilters are enpl gy t hi ossi.bl e, tpo enpl oy
ot her acoustic maveg e%{%%ssu?%éfead g?ng a%m@VY Pfe?lo Afpﬁgugﬂ s few
preferred enbodPReEREsesf sphed pibsakionaveasednohars b@@@tsﬁdwwtéﬁé

described, it ssgnm@ul Qnaeaapené@t%ae p¥at L’lﬁi@ %kﬂaltl g6 tifdduke saithet hat
changes may be ga fFln t hese. e out Eartln fromthe
pr

et ol oo and®LBrEFE8of LERaL RRYEntron T LPhatLEEpETg s defined in
the clains and theia @q9®M®IeubstraseVEMHtlEaElﬂhNEthShOleSAﬁoacoustic
wave device COEthébBQngatEbréﬁeé%?@ﬁéabﬁdthﬁ&th%% @x¢iehrghi on unit that 5
gener at es I|d V|Qrat|ons based on an input electric signal, and an

el ectrode % GAFETFREESt ntroduces the electric signal into the vibration
unit; and a second sabsteate that vhlasathenughibhobésther ficennecti ng the

;elhec]grod;a pad dibkriatexbeingl néPnekeehnodescadbd 88Shding i@l ion unit of
e rn1irs

first substrate and the second substrate to each other.

15 2. The acoustic wave device as claimed in

claim 1, wherein:
the first substrate further includes a peripheral

metal layer that surrounds at least the vibratioen unit;
and

20 the vibration unit is hermetically sealed by
bonding the second substrate to the peripheral metal
layer and/or the electrode pad unit.

3. The acoustic wave device as claimed in
25 claim 1, wherein the second substrate has a hollow for

allowing solid vibrations of the vibration unit.

4. The acoustic wave device as claimed in
claim 1, wherein the electrode pad unit and/or the
30 peripheral metal layer are thicker than electrodes of
the vibration unit.

5. The acoustic wave device as claimed in
claim 1, wherein at least the outer periphery of the
35 Dbonding area between the first substrate and the second
substrate is covered with a meld made of a

predetermined plastic or resin material.
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substrate being hernetically sealed by bonding the first substrate and the
second substrate to each other. 15 2. The acoustic wave device as clained in
claim1l1, wherein: the first substrate further includes a peripheral netal

| ayer that surrounds at |east the vibration unit; and 20 the vibration unit
is hernetically sealed by bonding the second substrate to the peripheral
netal |ayer and/or the electrode pad unit. 3. The acoustic wave device as
claimed in 25 claim 1, wherein the second substrate has a hollow for
allowing solid vibrations of the vibration unit. 4. The acoustic wave device
as claimed in clainfi, whErRiFHFTHE & SR FOAELPEEE URF tS P the 30

peri pheral netabaliayer anherthhckBe tbabnédl eabkedas<ofis the ivisnattiion unit.

5. The acoustigug?¥§ device as claimed in claim1, wherein at |east the
outer periphery o {Re~35 bondi ng area between the first substrate and the
second subdtrate is covered with a nold nade of a predeternined plastic or

resin material. -- 19, 6. The acoustic wave device as elaimed in claiml,
wherein the segggqmsgbs%%ate.is an insulating substrate. 5 7. The acoustic
crarmed i

wave device as I |ner895fn11, wherein: the first substrate is a

pi ezoel ectric substrbbe; fangt sgbsheavebiatponiaAarelestalisupstiheéragsustic
wave resonator zgH a surface acoustic wave filter. 8. The acoustic wave
devi ce as féained inthclggg}%tigﬁereig:.15 t he %irst subs%nate i s made of
Si | I con or gal | I um uni 15 a surlace acoustlc wave

resonator or a surface acoustic wave filter.

8. The accustic wave device as claimed in
claim 1, wherein:
15 the first substrate is made of silicon or gallium
arsenide; and
the wvibration unit is a film bulk acoustic

resonator or a film bulk acoustic resonator filter.

20 9. The acoustic wave device as claimed in
claim 1, wherein the second substrate is made of at
least one of silicon, glass, ceramics, and plastic.

10. The acoustic wave device as claimed in
25 claim 1, further comprising
a third substrate having wires for transmitting
the electric signal,
wherein
the second substrate is face-down bonded to the
30 third substrate, and the wires are electrically
connected to the electrode pad unit by virtue of metal
bumps that are put into the through holes.

11. The acoustic wave device as claimed in

35 ¢laim 10, wherein the third substrate is made of

ceramics or is formed by a semiconductor chip.
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arsenide; and the vibration unit is a filmbulk acoustic resonator or a
filmbul k acoustic resonator filter. 20 9. The acoustic wave device as
claimed in claiml1, wherein the second substrate is nade of at |east one
of silicon, glass, ceramcs, and plastic. 10. The acoustic wave device as
claimed in 25 claiml1, further conprising a third substrate having wres
for transmtting the electric signal, wherein the second substrate is
face-down bonded to 0 third substrate wires are electrically

"connected to the ele tod Thefth Ui ana/%tQﬁftﬁerﬁﬁ%ﬁrl%dﬁ%slthat are put
into the through hol&sfiggt Fihesooistlloawaves deviterasiehainetl Fhat35 cl ai m

10, wherein thgehbihflegubstiat @ihsatBERs0bagBAARKC ANOK nbeitl enEed rhy: a
sem conduct or chi 20 12. An acoustic wave device conprising: a first

substrate that® ﬁggaé’V|brat|on unit that generates solid vibrations based
on an input>electrica stgoad ; sGbat setonthaubss riavedetdatoi shbondedrto t he

upper face of ¢fhg gfrghesgg§ggaggbsgggt@ thi,gd substrate that is bonded to
the lower face of the first substra e.second substrate_or the third

substrate 10 having & t%t%ﬁgﬁu%%?éa?%rt%@%c%?lE%P@? cbRAnEEBi AgYEhe first
substrate to afaext efnaheeféectrcodebsandtat | east the vibration unit of the

first substrate belggehgégg%&c $¥t§§@%99 thQOEHEEQ LBt $6€Nd substrate
and the thjrd substrate to $+rst i trate. 13. Tﬁ acousti c wave
devi ce as M ai RBY*pH @ through hole for electrlcally connecting the

first substrate to an external electrode, and
at least the vibration unit of the first
substrate being hermetically sealed by bonding the
second substrate and the third substrate to the first
15 substrate.

13. The acoustic wave device as claimed in
claim 12, wherein the second substrate and the third
substrate have a hollow for allowing solid vibrations

20 of the vibration unit.

14. The acoustic wave device as claimed in
claim 12, wherein at least the outer periphery of the
bonding area between the first substrate and the second

25 substrate and the outer periphery of the bonding area
between the first substrate and the second substrate
are covered with a mold made of a predetermined plastic

or resin material.

30 15. The acoustic wave device as claimed in
claim 12, wherein the second substrate and the third
substrate are insulating substrates.

16. The acoustic wave device as claimed in
35 claim 12, wherein the second substrate and the third
sUubstrate are made of at least one of silicon, glass,
ceramics, and plastic.
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claim12, wherein the second substrate and the third substrate have a
hol | ow for allowing solid vibrations 20 of the vibration unit. 14. The
acoustic wave device as clainmed in claim12, wherein at |east the outer

peri phery of the bonding area between the first substrate and the second 25
substrate and the outer periphery of the bonding area between the first
substrate and the second substrate are covered with a nold made of a
predeterm ned plastic or resin material. 30 15. The acoustic wave device as
claimed in claim12, _wherein the second substrate and the third substrate
are insul ating subst Fates.Th®. 3GPeSBEOUITE ARVECHeIPcElaimeFaifed in 35
claim 12, wher eilaithé 2sedamd heubstonatird sdamey t he third substrate are made of
at | east one of siligogou?£ﬁ3§ bsE?é@Eiﬁﬁa apdsplLagti . for 21 - 17. The
acoustic wave device as c alnea LN c,ainLEZ, Purt her conprising a fourth
substrate that tHFesRifties she slecigdm Stigmglvhe el ectric signal, wherein

t he second substrat ewherehe third substrate is face-down bonded to the

fourth substrate, andyLhe-wirg oL BPLEELT LeaLhy eanuactgd o the el ectrode
pad unit by 10 virtue of a ne aP unp t at i s put” into the through hole.
18. The acoust if@Radevdepicggess tel dihved durthe|santratashermsd Fhehe’isurt h

substrate i s nade eQfectld ce@namcesnneictiesl ftor re@d Ry« tS@&HL Quiuaimre ¢y p.  19.
A et hod of ,pr ing an_a ti v evice, .C risi e ep of
bondi ng a i%con lﬂ(s\tﬁf%stogfataei;[i%t)é%éL %)iul‘ t%gt?%s;irsa él,t }ggc{ﬁ%{gi%@ioﬁ strate
havi ng a vi bratiod®-unit that '

18. The acoustic wave device as claimed in
claim 17, wherein the fourth substrate is made of

15 ceramics or is formed by a semiconductor chip.

19. A method of producing an acoustic wave
device, comprising the step of
bonding a second substrate to a first substrate,
20 the first substrate having a vibration unit that
generates solid vibrations based on input electric
signal and an electrode pad unit that introduces the
electric signal into the vibration unit, the second
substrate having through holes for electrically
25 connecting the electrode pad unit to external
electrodes, and the second substrate being bonded to a
face of the first substrate on which the vibration unit
is formed, to thereby hermetically seal at least the
vibration unit of the first substrate.
30
20. The method as claimed in claim 19, further
comprising the step of
forming a peripheral metal layer on the first
substrate, the peripheral metal layer surrounding at
35 least the vibration unit,
wWherein

the second substrate is bonded to the peripheral
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generates solid vibrations based on input electric signal and an el ectrode
pad unit that introduces the electric signal into the vibration unit, the
second substrate having through holes for electrically 25 connecting the
el ectrode pad unit to external electrodes, and the second substrate being
bonded to a face of the first substrate on which the vibration unit is
formed, to thereby hernetically seal at least the wvibration unit of the

first substratgetd® 2QyefhgnApbhodhasetbaiBdel Bagl ahit19¢of Uhkheby
conpri sing thehsteg of ;Ernln a erlggeraL nmetal, | ayer on the first
substrate, the BERFpHER Ynﬁ?%ﬂ FgﬁeV GRFo6GRdPAG at - 35 least the vibration

unit, .wherein the second substrate is bonded to the peripheral - 22 netal
layer and/or the elegiroderpadiinidg 40 dhereby jhereigcpd) vriseahethe
vi bration it. 21. The nethod as clained in claim19, further 5 conprising

the step of’ f oF"RGL&1REI 8% 8hePh8fsecond substrate, the hollow al | ow ng
solid vibrations of fhemimdprathohlomi dn 2Re Fheondt hodsasackai tkd in claim

20, further 10ce@pri3inghiessien ofokarabag a-meal ofibldhan.d g el ect rode

pad unit and/or the perip nmetal layer, wherein the second substrate
is bonded to the netal film 15 to thereby hernetically seal the vibration
unit. 23. The nethodzas clEigmteitibd| s MIlimédriheslatonpd) stugthde step of

covering afgle 1e.qut er periphery of the 20 bondi ng area between the
first substratgggﬁéggﬁgﬁsgégngEbguggtrate with a nold that is made of a
predet er m ned forming a metal film on the electrode pad unit

and/or the peripheral metal layer,
wherein
the second substrate is bonded to the metal f£ilm,
15 to thereby hermetically seal the vibration unit.

23. The method as claimed in claim 19, further
comprising the step of
covering at least the outer periphery of the
20 bonding area between the first substrate and the second
substrate with a mold that is made of a predetermined
plastic or resin material.

24, The method as claimed in c¢laim 19, further
25 comprising the steps of: _
putting metal bumps into the through holes; and
face-down bonding the face of the second
substrate on which the through holes are formed, toc the
face cof the third substrate having wires for
30 transmitting the electric signal, to thereby
electrically connect the wires to the electrode pad
unit.

25. The method as claimed in claim 19, wherein
35 the first substrate has a plurality of vibration units
and a plurality of electrode pad units formed thereon,

the method further comprising the step of
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plastic or resin material. 24. The nmethod as clained in claim19, further

25 conprising the steps of: putting netal bunps into the through hol es; and
face-down bonding the face of the second substrate on which the through

hol es are forned, to the face of the third substrate having wires for 30
transmtting the electric signal, to thereby electrically connect the wires
to the electrode pad wunit. 25. The nethod as clained in claim19, wherein

35 the first substraterbhasgaot Usabityadityi brabbensunkt gadpdgavpbyeal ity of

el ectrode pad units formed thereon,..the nethod further conprising the step
of - 23 cuttiﬁﬁeoéy anﬁruféﬁi?§u5?lé%8uggfécﬁé9§l&eV@@@sde&ﬁgeﬁy one, the

plurality of abausnpcbeavefdewpdeshrhaghnghbeénregoieg tshegugh the foregoing
step. 5 26. The nethod as clained in claim?24, wherein: the first substrate

has a plurality of vipratigon units and a plurality of electrode pad units
formed t hzér eon, t hebgecon %d?)%ﬁhrorf?easbe‘?ﬁ@”b%%dje% ‘Fjoa’tlﬁeg‘?i r‘élPeP%h’B'st rate;
and 10 the face of thieestcosd substrate baswhi phuthgéittyhpdughbhekésnare

formed is facendovg BARIGALOrLNS:,! 82COLARBALNELY SUBRIS dena Whi ch (he
W res each palhggﬁmnth ﬁ?correspondlnggone of the electrode pad units are

formed, 15 the® 88’ f GRENEFCEBHPFLERRGtRebeLag brndeg tiondheut igst

plurality of aeubistretwavendevices one by one, the plurality of the

acoustic wgye devi cesoNgy;0gobeen. oL Eryt bRUBD, LI LOLAYANGS eps. 20

27. A nethod of producing an acoustic wave evice, conprising the steps of:
bondi ng a secohB*SUB5t PaL&SoRts tREMEPper face-6Prvnabrnded dehdteate on
whi ch a vi br at éecescofotiedrhtilkd substrate on which the wires each

paired with a corresponding one of the electrode pad
units are formed,
15 the method further comprising the step of
cutting out a plurality of acoustic wave devices
one by one, the plurality of the acoustic wave devices
having been formed through the foregoing steps.

20 27. A method of producing an acoustic wave
device, comprising the steps of:
bonding a second substrate onto the upper face of
a first substrate on which a vibrator is formed, the
vibrator generating solid vibrations based on an input
25 electric signal; and
bonding a third substrate to the lower face of
the first substrate, the third substrate haﬁing a
through hole for connecting the electrode pad unit to
an external electrode,
30 at least the vibrator of the first substrate
being hermetically sealed through the foregoing steps.

28. The method as claimed in claim 27, further
comprising the step of
35 forming a hollow in the second substrate and the
third substrate, the hollow allowing solid vibrations
of the wvibrator.
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vi brator generating solid vibrations based on an input 25 electric signal;
and bonding a third substrate to the |ower face of the first substrate, the
third substrate having a through hole for connecting the el ectrode pad unit
to an external electrode, 30 at |least the vibrator of the first substrate
being hernetically seal ed through the foregoing steps. 28. The nethod as
claimed in claim?27, further conprising the step of 35 formng a hollow in
the second substrate and the third substrate, the hollow allow ng solid

vibrations of the vhbralofne p2yod%.o The, IRLAOR 281 6La! 990 Enl ehalm 27,

further conprising the step coverin eas out &r perlp éry of the
5 bondi ng area 5 ﬁ“@héhﬁ ﬁ§FPS&ﬁétrate and the second substrate and the
outer periphery of tbevbﬁmdgngtaneastbehﬁeantbhep%tﬁ@he&gb%Er&h% and the

third substeat I a determ.n ast i c
resin mat er?al Bop 8{ g% %'F%% rreit%%% as c %ﬁr’%’(} ﬁl%cﬁec iFhSAD Cf&ﬁr[)%esrecon
conpri si ng t he S3& ade: a@@tﬁmﬁgoﬁtﬂétﬂeqymﬂ@nmﬂQftﬂh?thﬂﬁﬂﬂﬂgtﬂﬁﬁa
face- down bondicegwiche fraee fafrsthe ubhithd tsubsty Q:th% tlcﬁzQin Migh-4the through

hole is forned f rth ol bstrate ha n mn or tr mtting the
electric signal Tt B % %ér eby %I &8t MecE R @grﬁ’rﬁf‘ E\I’ngltaos th*lg”fi r st

substrate. 20 EPSth@aﬁéﬁH@d -as clainmed in cIa|n127 mhereln the first
substrate,10o0 which the second substrate and the thlrd substrate are

o oS pe st gpY OTrHBRAREE 19T IREiROST RN AR B, MOE LRLE S

comprising the steps of:
putting a metal bump into the through hole;
face-down bonding the face of the third substrate
15 on which the through hole is formed, to a fourth
substrate having wires for transmitting the electric
signal, to thereby electrically connect the wires to
the first substrate.

20 31. The method as claimed in claim 27, wherein
the first substrate, to which the second substrate and
the third substrate are bonded, has a plurality of
vibrators formed thereon,

the method further comprising the step of

25 cutting out a plurality of acoustic wave devices
one by one, the plurality of acoustic wave devices
having been formed through the foregoing steps.

32. The method as claimed in claim 30, wherein:
30 the first substrate, to which the second
substrate and the third substrate are bonded, has a
plurality of vibrators formed thereon; and
the face of the third substrate on which the
through hecle is formed is face-down bonded to the
35 fourth substrate having the wires each paired with each
corresponding one of the vibrators,

the method further comprising the step of
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25 cutting out a plurality of acoustic wave devices one by one, the
plurality of acoustic wave devices having been formed through the foregoing
steps. 32. The nmethod as clainmed in claim 30, wherein: 30 the first
substrate, to which the second substrate and the third substrate are bonded,
has a plurality of vibrators forned thereon; .and the face of the third
substrate on which the through hole is forned is face-down bonded to the 35
fourth substrate haviigtihe whtes gaghapatyedrwatbueach waokr @spendsng one
of the vibratorg, he method fusther compe sing the step ofoy; 23 cutting
out a plurality of "acousti C Wwave devices ~one by one, the ﬁluraellty of
acoustic wave géVﬂ@Gsbeﬁavﬁﬁngéeﬁhfrgiuﬁédthﬁr dogls goHE I GItEwsi-ng steps. 5
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