17 Decenber 2004 1 Thin Film Piezoelectric Element and Its Manufacturing
Met hod FI ELD OF THE | NVENTI ON The present invention rel at eslt Begmber 2004
pi ezoel ectric el ement used as an actuator or a 5 sensor for fine
positioning, and its manufacturing nmethof. BACKGROUND OF THE | NVENTI ON
Recently, el ectro-nmechanical elenents such as mcro-actuators are
attracting attention. Such elenents may realize very small and highly
accurate conmponent parts, and 10 the productivity may be greatly inproved
by using a sem conductor process in the manufacture of sane. Particularly,
a mcro-actuator USingilmn Emebl@@tnq Elegmeantrend dtsiManefacturigeMedaad| opment  as
an elenent for fine displacenent of a scanning tunnel mcroscope -and for
fine positioning of a head slider of a magnetic disk recording and
reproduci ng_unit hereinafter called a disk drive unit). 15 _
Convent i onﬁﬁ@, OFTHE BV ¥RNGIOVe unit, a nagnetic head for recording and
reproducing infornmatiaon on, netic di slﬁ i S, nfgunt ed og a head slider and
e tﬁlf:l

a

attached to an'&cPIFEEHrMEFIHON FPECSAI0 /i RIGPC'SP CHFLRA P 4P gereier Obia
notor (bereinafter. called.V nd positi.oned . to a specified track
posi-tio oﬁenﬁ?feftoh’ﬁb%@?sftbonﬁ%d?ﬁwg CUEREPEIARS- and r epr oduci ng
informati on by the nagnetic head. However, as the recording density is
inmproved, it is '20: now very difficult to assure. sufficient accuracy in

such. a copweRtGRA/ND MRIRRE IRYE \é/g\/; oning by VCM only. Accordingly, in
y

addition to a positioning nmeans techni cal devel opnents are now in

progress to reREéeﬁﬁr,hiew%trﬁﬂﬁ@dﬂaﬁi@ﬂ RiEnYs aRENT 2 emidPeatibRlN Nhe bXttrfa&tﬂ?g
driving of a head slfider with use of a fine positioning neans using

o i s e A o,
the productivity may be greatly improved by using a semiconductor process in the
manufacture of same. Particularly, a micro-actnator using piezoelectric elements is now
under__devclopment ‘aslr _an‘cl_ement for fine displacement of a scanning tunnel microscope
and for fine positioning- of a head slider of a magrlétic disk recording and -réprodﬁcing unit
(hereinafter called a disk drive unit).

15 Conventionally, in a disk drive unit, a magnetic head for recording and reproducing
information on a magnetic disk is mounted on a head slider and attached to an actuator arm.
The actuator arm is driven by a voice coil motor (hereinafter called VCM) and positioned
to a specified track position on the magnetic disk, thereby recording and reprc.)ducing
information by the magnetic head. However, as the recording density is improved, it is

‘ "20-.' ‘mow very difficult to as_sgrg_SuffiCicnt accuracy . in such a conventional n-lctih_oc_l‘ of
< positioning by VCM only. Accordingly, in addition to a positioning means by VCM,
technical developments are now in progress to realize high-speed and highly accurate
positioning by fine driving of a head slider with use of a fine positioning means using

piezoelectric elements.

25 Thus, piezoelectric elements are expected to be applied in various ways. To meet the



expectation, piezoelectric elenents are required to be snmall-sized, able to .
render |ow voltage drive possible and to generate consi der &bPecember 2004

di spl acenent, and a nmethod of manufacturing thin filmis now exam ned for
t he manufacture of such elenents. In a thin filmmnufacturing nethod,
there are two major problens. The first problemis that in 5 order to
obtain piezoelectric thin filmhaving excellent piezoelectric
characteristics it is necessary to formthe filmon a substrate such as a
silicon nono-crystalline substrate. Also, it is necessary to |anminate

pi ezoel ectexpectitidnppié¢zacioctdercleroenhtaat mequirdt topbe sumllesizad, abladis péralee dewt .
Accordingly, such thin filmis manufactured by using two sheets of

subst r at e wedlegr @irivg passiblee and|tp ogdnstpterongderabicedisplacernentc anfi s methed iof
first formed gn each 10 substrate, and then the piezoelectric thin filns

ar e bondedDpwirciungoheHlm i rasy examined fprcthe manufactuge 9k sucly dempnts, dhakia by
etching, then the bonded and | am nated piezoelectric_thin fil S .
exposed. . BangiaciHring metkode thess at B’Y‘éﬂ?é‘?rel?:fp&e&lst hike first rﬂr?lg]eme‘ﬁ thit iRave.
a specified i ezqel ectrigc patter t.he, ot her, sybstrate is remved by .
Sohi g tordscley g e RR Y Bl ing eplEY oRrblee o s er
t he | am nat i electric thin filmi ery. 15 Ick and its.etching is
i1 oul ¢ veceusB 6 REpERE S botie ShishatRiicondpdnk Gy iR bRl uRe,
second prabl; eschl 0 bec h n t .

pi ezoel ec?j ?ilgrﬂéelcgs?re tﬁJI ?\d@ﬁ%g?ﬁ%%iﬁcgﬁip#ﬂgms atili ié&gftbbg?t% g%e%gl.ﬂg%zgﬁlfcmc

separ at ed -dig0Metddat, SH&%E{iﬁ%lgh t@ﬂcﬁ"’@ﬁiﬁhﬁin@‘%s L%h%%/fh&ufcﬁfﬂ?%sfn fo | sheetS gIC€ @

thin filmpiezoelectric ele manuf act ur a thin fi manuf act uri ng

met hod i s $(@Etyaté AédRdrdihg td the fdliwing hletodD FéReRelrRahin BlnfisEisiforhéd s€paHAL €d
fromthe substrate, it beconmes difficult to nount it on other. substrate

W t houtQ gi submgatel i gleerd the pizzogleand thin @ibing atetbdried tp eah @Rdrl AT thal, Ghegdt
mass-productivity. Wth respect to the second probl em Japanese Lai d-open
Pat ent H11th2 8utfatts sctcomeed byetwhingf theh the pdee thd thnrinated piezaélbaric thikifiion a
transferring | ayer made up of thin film 25 device such as thin film
t ransi st orisaxpasedhadftog etching ahté expdsad qitaselestriccthinfila qulat itzhavebs sperificdl 7
Decenber 2004 3~ . .. .o R ‘
S - -piezoelectric pattern, the other substrate is removed by etching, thereby manufacturing a
thin film piezoelectric element. However, the laminated piezoelectric thin film is very
15  thick and its etching is difficult, causing troubles such as shorting to often take place.
The second problem, as described above, occurs because the manufactured
piezoelectric element in final use is in a state of being completely separated from the
. substrate on which the film is formmed. That is, since a thin film piezoelectric element
manufactured by a thin film manufacturing method is very thin, if the thin film
20 - piezoelecfrié_eleinent is separated fro_in the __substratjé', it bec'c)rnes" diffic_ult to 'mo.unt_it. on
e other .substrate without giving damage thereto, and unable to set up an actuator in high
mass-productivity.
With respect to the second problem, Japanese Laid-open Patent H11-26733 discloses

a manufacturing method in that after making a transferring layer made up of thin film

25  device such as thin film transistor array having reliable characteristics on a quartz substrate



or a heat resistant glass substrate, the transferring |layer is transferred
onto a substrate which 1is inexpensive and excellent in inpact resistance,
thereby realizing a light-weight, hard-to- crack, and | ow cbsDetanthar @004
crystal display unit. In this manufacturing nmethod, the thin film device
formed on a quartz substrate or a heat r ési st ant gl ass substrate is
transferred_onto other substrate nd in. order.to easily separate the thin
Fi 1 m devi o&" Ao PTRAT EHR sl (g Fansting & ep i fransfeied papcesugp e Which
substrate, it i [ firstly forma.separative | r. on.the
substrat e. 1%—1(%1\%%@33 rgl?/%%ﬁ(z%X%/?l%ﬁtbusltnl’ni%(ét){ﬁeﬁlﬁﬁn%u@ﬁr Y Ll N %I“é‘i}éht’ b
thereon is d r {4 :Qr | | | ﬂfﬂ . Ilm
surface in Ct g’ %néislé&{)‘%dsgﬁ uzlgec Q&C ?%S?%}t‘%n?th [ F&nﬁh Q%‘ﬁgcﬁlg@%gﬁlﬁ’sﬁg t%ﬂgirl%'bl em

t hat good pj S5dd d hiatd | ﬂ%&\%ﬁ( THE
| NVENTI ON '@ﬁgi%g?%sentéri{;%ggﬁf?g\tﬁ%&idﬁ% Zlne%ggb@{ggang giasga%lﬁgggggve pro 8%6 The
obj ect of toter shidneR! il inicddr@o bASHY Q¥Surith the tBRY MGVl fhdr 11Rf quaR2 RESstafd
etching of piezoelectric thin film and to prevent the genera(%l on of

def ect s suohtlmsheatwesikiang: fladswabdirdtd) 6t ie hegkdod asfiRa) difioa tdparative BRREbEA | C
thin filmin the manufacture of an thin filmpiezoelectric elenment with a
two- | ayer sulostifaiey ioateven wifen pi sebsiedt@oithisach hsepatativenlayer dodesd therepi 3visdd, a
thin filmpiezoelectric elenment which may assure | ow costs and high yield
wi t hout varedicaberignatjsings betdegothei generatesracthe filmtsucfece mrttie case ofimeroaletinici ng
met hod. In accordance with an aspect of the present invention, there is
provi ded a thifefiin, aeddbpiggrifes Ragoblsm thet gopd @ieserlsetrici ehasacteristics cannot be
conpri si ng gheﬂgfiteps of: formng a plurality of first thin filmpatterns on
a first sulStiefe, wherein a first pi ezoel ectric thin filmis held between
a first min electrode |ayer and a first opposed electrode |ayer on said
first substrate, and at |least a part of said first main electrode |ayer

di sposed at Im’ gﬂﬁ jde is larger in shape than said first
pi ezoel ect I‘SI C i ngéﬁﬁmfgﬁgéﬁﬂ st opposed el ectrode | ayer; formng a

plural ity of Semfiskebdh tnfdntiBhRQiriEidkd B"ofve>fieUBYvS WRSHIEA! Sne WBRCPLE ft 17

invention is to improve the reproducibility of shapes in etching of piezoelectric thin film

and to prevent the generation of defects such as shorting between the electrodes holding the
piezoelectric thin film in the manufacture of an thin film piezoelectric element with a two-
layer configuration of piezoelectric thin film in order to provide a thin film piezoelectric
element which may assure low costs and high yield without variation in piezoelectric
characteristics, and its manufacturing method.

In accordance with an aspect of the present invention, there is provided a
manufacturing method for thin piezoelectric elements, comprising the steps of:

forming a plurality of first thin film patterns on a first substrate, wherein a first
piezoelectric thin film is held between a first main electrode layer and a first opposed
electrode layer on said first substrate, and at least a part of said first main electrode layer
disposed at said first substrate side is larger in shape than said first piezoelectric thin film
and said first opposed electrode layer;

forming a plurality of second thin film patterns on a second substrate, wherein a



4 second piezoelectric thin filmis held between a second main el ectrode
| ayer and a second opposed el ectrode | ayer on said second substrate, and
said second piezoelectric thin film said second mai n el ectt Ddeenitey 8004 and
sai d second opposed el ectrode | ayer are nearly sanme in shape as said first
pi ezoel ectric thin film formng a pluraﬁity of structures, integrated by

[ id fi in fil d i d hin fil
R L T
P e BT
oLt ures GoLeSLehahy ol Mok k4SS BEERIOISH fho ey

sai d St ruCtshing £ ¥eeRhs %i@ﬁf&p&%oé@étﬁc‘fﬂiﬁﬁim”ﬁi n electrode layer; formng a
connecting el ectrode pad for connecting said first main el ectrode |ayer,

said first Opp%ﬁﬁn%hef?lhfaﬁ%ﬁof av®kures Ah@oBRUAMBH boRdiRs Shi8 Hrsofeh HaY Patterdnd
said second opposed el ectrode |ayer to external equipnent; and selectively

removi ng oniny saidisdedridrthin Slubpatiet eppdded ihd postHonddxotedth btherBd Ao, bel Plecedt eps
of finishing the main electrode |ayer and the piezoelectric thin filminto
speci fi ed ginampsn awgthdreanddi méudatalg rgsipéayfeo forpdotecting saidadtmctires; bei ng f or med
on the first substrate and the second substrate. Accordingly, in a step of
wet etching, tshlsciivelprenadvingenlyiseidosscend substrathiin ofddr ho eagosb saiklglnmtitynot h
good reproducibility. Also, in wet etching, it may be possible to

el i m nat e fSEREMERS Prele¢ted by paid insylatingpesin leperst i ck to  side wal |l surfaces |

n
dry etching, and. to reali Zf a thin filmpiezoelectric el ement which, hardly
causes el ect ri CHhEHY inylating ptie layen mte asshape that cavers acprripherabppgioncel  on

1 LI e Sk B R TS D, £ 01, o S

o et ched,  and BB R ERE R I0 R e Tot PRI G BRI re Rl BRE LR  ng

stehing Magalenf g)gbbaédrag&&%@qa%},e S50Yseb R bl G1d:RBad FME 4R sl second
opposed electrode layer to external equipment; and

selectively removing only said first substrate.

By this manufacturing method, the steps of finishing the main electrode layer and the
piezoelectric thin film into specified shapes may be individually performed in a state of
being formed on the first substrate and the second substrate. Accordingly, in a step of wet
etching, the shape of the piezoelectric thin film may be formed with good reproducibility.
Also, in wet etching, it may be possible to eliminate foreign matter that is liable to stick to
side wall surfaces in dry etching, and to realize a thin film piezoelectric element which
hardly causes electrical shorting trouble and is stabilized in characteristics. On the other
hand, in dry etching, as compared with the case of etching piezoelectric thin film having a
two-layer configuration, the reproducibility of pattern shapes may be improved because
only one layer is etched, and also foreign matter that sticks to side wall surfaces during
etching may be greatly reduced, thereby realizing the reduction of electrical shorting

trouble and the stabilization of piezoelectric characteristics.



trouble and the stabilization of picezoelectric characteristics. 17 Decenber
2004 5 In accordance with another aspect of the present invention, there
is provided a thin filmpiezoelectric elenent, conprising: H Btcantien2804
wherein a pair of piezoelectric thin films vertically oriented with
respect to |ayer surface between nmain el €ct r ode | ayer and opposed

el ectrode | ayer. are honded. between said gPposed electroggg,.and_ ach .
polarizing di r@ATYAHARE Wb ARqURCr|aspest Oh BlChrpent nyRntm. Sherispyided)a thin

el ectrode lgver.. an insulating resin layer forned.so as to cover the.

peri pher al b rPATess etbent totbiiple amFiErs SRECL e Rl AR R RTe e Biode
pad forned, ' e ' I re fo 0 ti eagh of
o d mai e GasoriRat) 820 sARErRhec R B SR el o BPURE R e 3

equi pnent, opig&?a%iea%r?@émgyéﬁ LW BbHAGR aRed ﬁﬁ?ﬁéﬁb@@d e1%%ﬁ,%gmawg&aﬁ%

pi ezoel ectri hi n s tapered, dimnishing in roma portfFon

near said @RefticH RGUGRRE loAUE HirkQidh POdald BPposBElechd 9B A8 SHk ARG eade
| ayer, and sai d opposed el ectrode |ayers are bonded to €éach other.” I'n

accor dance Iayet foivgdd amaish@er caspaié peﬁ]phé}@l POEIDANGT bAY ¥ifucRFe; AdieR€1daSt a
provided a thin filmpiezoelectric elenent, conprising: tw sets of paired

struct ur es colercthg ekecpade pad forpiedz atethecdiddscoft drienof sdidBtructutes Ciirl gpnnédtiagt ed
with respect to layer surface between main el ectrode | ayer and opposed

el ectrode leagheof sarembmnelendrode fayee and sdidl oppyred etbcebde yeadesexternal @qaipotent,
polarizing direction is identical to the direction of said opposed

el ect rode Méipeain saignstryesure dhas iy seasionsl shape rsutly rthasdsadd pisroelecttiovtbin Sxohisof
said paired structures; and at |east a _connecting electrode pad forned, at
the corresRHd§maingbmegn wdfhy fom pegrtian neer srid gnain glectrpdm ket oy Peien of

said main electrpde | ayer and sai d oppaosed el ectrode | ayer tq external

equi prent , Hiffeilt APROAF e@???fget laves ﬂ%‘ggﬁaé’ﬁﬁﬁ?ﬁéﬁé{]ﬁﬁ%g? ilfﬁéfs %rS%PH ed Bnechwi se
segnent, an ereach of said structures has a sectional shape such that said
pi ezoel ect I thin filmis tapered, dimnishing in width, froma portion

near sai 0 T LEEAAHE | G B BB el A BEPRAS ik
thin film piezoelectric element, comprising: two sets of paired structures wherein a pair of
piezoelectric thin films vertically oriented with respect to layer surface between main
electrode layer and opposed electrode layer are bonded between said opposed electrodes,
and each polarizing direction is identical to the direction of said opposed electrode layer;
an insulating resin layer formed so as to cover each of said paired structures; and at least a
connecting electrode pad formed, at the corresponding sides of said paired structures, for
connecting each of said main electrode layer and said opposed electrode layer to external
equipment, wherein said structure has a shape symmetrical to the lengthwise segment, and
each of said structures has a sectional shape such that said piezoelectric thin film is
tapered, diminishing in width, from a portion near said main electrode layer to a portion

near said opposed electrode layer, and said opposed electrode layers are bonded to each

other.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a plan view of an actuator with paired thin film piezoelectric elements made



ot her. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is a plan view_ of an »
actuator with paired thin filmpiezoelectric el enents nade 17Peesebrd4 2004
5a by the manufacturing nmethod in the first preferred enbodi nent of the
present invention. Fig. 2 is a sectional view along the X - X line shown
in Fig. 1. Fig. 3Ato Fig. 3D are expl ana?ory di agrans show ng the main
steps for filmformng of the first piezoelectric thin film3, the first
mai n el ectrode layer 2, and the first opposed electrode |ayer 4, and for
finishing byehe mamefastpgng methddsh epdlst PefeirbdethbbditnefidTIhe giesent fiveatidhA t o
Fig. 4D are explanatory diagranms showi ng the main steps for filmformng
and fi ni shing iHg.Q is peedtivhad/ishajpeg tis Xi- PaliteshowntihEigsécond substrate. Fig.
5A is an explanatory diagram showing the first thin filmpattern and the
second thin fiHign3gatotEgmldpeosptinainy diagrded showieg the maineteps fort fiim forming
manuf act ur i '%31;1 thod in the_ .preferred_enbodinent. Fig. 5B jis an

expl anat or egg’fséﬁﬁeé%%%@%@hﬁéeH}ﬁ»’dﬁ@h‘@é’cnr@@@'oﬁiéIlfé@f Rvand the disg\apgosegly

t he manuf actl

oxp anator PRIl b PR bt 1 e
o e ot © SR eth BRSO IRSEAG R TRL D08 Ak KRBT el
pi ezoel ect rj,g ﬁ?ﬁsﬂygghto sseﬁg&g%@ge%n@%% f tseédfltassli.lf}%a e, by _the

manuf act uri ng ne In't erre I ment. 6 Bis an

expl anatory di gqgasn s axpthnkfdey HRbAnt SoRiRg BOMLEGI filtn SARIE Bbd éhﬁ: eSO er

2004 6 separated by selectively renoving thée first substrate by the
manuf act ur ithig fitet pacbrh Bppdsed apd ebadeEtd @rbthar®ytthe manufacturing method in the

preferred embodiment.

Fig. 5B is an explanatory diagram showing the second substrate selectively removed
- by the manufacturing method in the preferred embodiment.

Fig. 5C is an explanatory diagram showing the insulating resin layer and adhesive
layer etched into specified shapes by the manufacturing method in the preferred
embodiment.

Fig. 6 A is an explanatory diagram showing the thin film piezoelectric element
completed on the first substrate by the manufacturing method in the preferred embodiment.

Fig. 6 B is an explanatory diagram showing the thin film piezoelectric element



Fig. 7A is an explanatory diagram showing the first thin filmpattern
formed on the first substrate by the manufacturing nethod LhDedrenbseidohd
preferred enbodi nent of the 5 present invention. Fig. 7 Bis an

expl anatory di agram showi ng the second ghin filmpattern formed on the
second substrate by the manufacturing nethod in the preferred enbodi nent.
Fig. 7Cis an explanatory diagram showing the first thin filmpattern and
the second thin filmpattern opposed and bonded to each other by the
manufacturing nethod in the 10 preferred enbodinent. Fig.. 7Cis an

expl anat ofSPaFRie PR AtlsHBRINEEMaYang the firsh Substiate by ihe mpaviactgring ansthadhin the

I nsul ating resi ed by the manufacturing nethod in the preferred

fill
enbodi man‘fef?%?_ .31%694‘%’“%. expl anatory di agram showi ng the resist for
IS R Nt BAASER, o, B L L B S
| t oL ' ] he 1 hi Ll m pi | ect L.i | t | et ed
o’ the 1 1 Pt LBHER ST ARY LA chloebbd B B ERRE I pRER e o Be ©

enbodi ?E”@rcsgﬁtq vc%ﬁojf-ls an expl anatory di agram showi ng the thin film
pi ezoelectric ePerren " separated by selectively removing the first

substrate by ' ' AeT=Te 2 '
LETA LED. DESCH %%y%@%%ﬁéh@%é%%} %’% S—“%ﬁ"e”*‘%?‘é‘? géér%ég tﬁelﬁngb {Tﬁg%ths[ Rliied on
present i eRbbRNsubkstrate Bf_tl@ﬂﬁ&ﬂdf&ﬂlﬁiﬂg&n&tﬁ@d inftRE pRYENA epitoRih&fter ence to the

drawi ngs. Incidentally, Tike nunmerals refer to [ike 25 conponent parts

t hroughout . 1FidacerbarexgRadtory dhfam SSEAMALARYirdVBaOiVENttehi gnd theisscoadpl an
view of an actuator with two thin filmpiezoelectric elements in pair nmade

by the marthihd@tupattegn wppdsed and bohded ior sich extemblyathy neinbfadiusipptmethitie imtheuat or
' 10  preferred embodiment.
Fig. 7C is an explanatory diagram shoWing the insulating resin layer formed with
insulating resin filled by the manufacturing m_cthpd in the preferred embodiment.
Flg 8A .iS' an explénatory diagram'shdwmg the resist for.iﬁ'sulat-ing fcsin‘ Iéyér pétterﬁ .
for etching the insulating resin layer by the manufacturing method in the preferred
15  embodiment.
Fig. 8B is an explanatory diagram showing the thin film piezoelectric element
completed on the first substrate by the manufacturing method in the preferred embodiment.
Fig. 8C is an explanatory diagram showing the thin film piezoelectric élcmcnt

separated by selectively removing the first substrate by the manufacturing method in the

- 20 . preferred embodiment.

DETAILED DESCRIPTION OF THE INVENTION
The preferred embodiments of the present invention will be described in the
following with reference to the drawings. Incidentally, like numerals refer to like

25 component parts throughout,



5 used for highly accurate fine positioning of a head slider to a specified .
track position on a disk in a disk drive unit. The actuat o7 Dsepbenzotked
with two pieces of thin film piezoelectric elenments 54, and these el enents

54 are formed in symetric relation to yhe A. - A line, the I|engthw se
segnent. Fig. 2 is a sectional view along the X - X line shown in Fig. 1.
The <configuration will be described in the follow ng by using these

figures. 10 As shown in Fig. 2, two pieces of piezoelectric elenents 54 are
same in structure. First piezoelectric thin film3 held between first nmain
el ectrode | ayer 2 and first opposed electrode |ayer 4 is bonded to second
pi ezoelectric thin film 13 held between second main electrode |ayer 12 and
second oppgtBel FXENPLOBY EMBADRIMENEy means of adhesive |ayer. 6.  Further,
insulating resin layers 5, 15 are disposed at a_side portron,.and a -,
structure 15 &asdrisBaian wewrofiaa achrtpsvithrive Gin fim piscorlgarigiclemaie in7prin;

h iti h [ he fi T h th ia-hole 70 i5,f d .
connectt ngidotSaesplrbrnadnafipt o J Y85 xalaniufnety oo gy
t 4 t he d. d. el | 4 h
Curfacd ot sEhErEHEARy Fechri RS BRMUCRRY of S nEnEid-B s piRETea ronk sttt 45,

e SR R P 5 By o

pi ezoel ect secure rate,

flexure SQemhdBRNd MlesURERKSA £2 kil AYR bymBehR Rl fo HiS f-%ﬁhe,r?ﬁé n

el ectrode Tayer r, connecting electtode pa r

el ongat i nged hfwisé g%gﬁ%ft.i B, 0lieaEQRal AYS aloHg 4P X OX IR swwfnaﬁﬁesigf Lt
0}

i nsul ati ng lrayer I's connected, for exanpl’e by wire |lead 67,

pi ezoel ectdonfig@thG6it wilbe @6k if ksPRueHimgbylditefl thésefighrds, 25 thereby
formng an actuator for fine positioning of a magnetic head. 17 Decenber

2004 840 n Fi g.A?showheincRign2ctwagicedsedtt piaelecaicesleiibnts S4not shoe iedtracutdie
connecting electrode pad 28 of the first main electrode |ayer 2, and the
first mai nFiet piszodearit thinfild 3 heldlHetween\iigst mgint dlectrodn iayer i2napdefizst vppated pad
28, but it is also possible to formthe connecting el ectrode |ayer 26 at
the porti oecirodedayer 4 fubarided fo sagend pisaocieqtiigthin filn 13cheld betwiepp geconfynain t he
regi on S ‘ - - A T S -
reatol -~ electrode layer 12 and second opposed electrode. layer 14 by means of adhesive layer 6.
Further, insulating resin layers 5, 15 are disposed at a side portion, and a structure
15  described later is formed. The structure has via-hole 70 at the position shown in the figure.
Through the via-hole 70 is formed connecting electrode 1ayér 26 which serves to lead the
first opposed electrode layer 4 and the second opposed electrode layer 14 out onto the
suiface of the thin film piezoelectric element 54 via insulating layer 25, thereby forming
the thin film piezoelectric element 54.
20 The thin film piezoelectric element 54 is bonded and secured on the mounting
o substrate, flexure 60, by means of adhesive resin layer 58 formed on the first main
electrode layer 2. Further, connecting electrode pad 28 formed by elongating the
connecting electrode layer 26 up to the surface of the insulating layer 25 is connected, for

example by wire lead 67, to piezoelectric electrode pad 64 disposed on the flexure 60,

25  thereby forming an actuator for fine positioning of a magnetic head.



5 of the second main electrode layer 12, but it is also preferable to form
the layer at the peripheral portion of the thin film pi ezo&l Bedember 30¢énment
as well, that is, in the region where the insulating resin layers 5, 15
are formed. As shown in Fig. 1, the flegure 60 includes a slider holding
portion 61 which serves to hold a head slider (not shown) in the region
further extended fromthe region where the 10 thin film piezoelectric

el enent 54 is bonded. The slider holding portion 61 is provided with a head
el ectrode pad 62, for the connection to the wiring portion of a_nﬁggetic

head (not shdWhjg rothfrcennestng plectirisdayarizgds nptiormediene compentingrriectiadel
between ¢ HBARIGT ths I B e bieanter 2eohlie e mi IR o dare 8 15l oRTER L ng
‘pad (not shawn). for. th Ct | . al. 15 equi t (not shown) th
Came. a1 i Syp8TinETEoR it Pbdut i F i el SR astdediiE e 1"
ot e oe B R B P G5 PR BRI El bl S SRl
ar tne c! e e > PR . | g
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t he di t Yof 1 in ; , ti ;
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shown) . Thae RERAAS RkinTayHd SClsWré Rgmede thin film piezoelectric el ement 54
will be described "in the followwng with reference to Fig. 3Ato Fig. 6B.

I n the expl anaAoghowa iadria g tief fiéiuge 60 SRlides ki tideOblding REMN6T Kdicharhicgnal
portion along the Z - Zlinein Fig. 1. 25 Fig. 3Ato Fig. 3D are

expl anat ortyp Inldg hemissldbofaionshawn) imdieregiva fsrtharextdndml fionnihegedidn Bdeenther
2004 9 of the first piezoelectric thin film3, the first main el ectrode
| ayer Y0 athih filve piszoddecttip stepeat Séliebondsde They skidet hwbding gortianndk ks prgvidedm
into specified shapes on the first substrate. Also, Fig. 4Ato Fig. 4D.
are expl anwitbeyread slgetaens pAdov 19§ theheonmastipnstocths Winipg OFH#AL of himegneitedhead

finishing jnto specified shapes simlarly on the _second substrate.
A (not showrS mounted on the head slider (not shown). From the head electrode pad 62,

' ‘head electrode wiring 63 is arranged over the flexure 60 between the thin film piezoeleciric

elements 54 and is led to a connecting pad {not shown) for the connection to external

15 equipment (not shown) the same as for piezoelectric electrode wiring 65 led from
piezoelectric electrode pad 64.

Since the actuator is expanded at one side and contracted at the other when a reverse
voltage is applied to each of the paired thin film piezoelectric elements 54, thé slider
holding portion 61, receiving the power then generated, is finely displaced to the right and

. .20 .- left (in the direction of Y - Y line), and thefcby,_ the magnetic head may be very accurately |
‘\_l 7 | pc;sitioned to the speéified track position on the disk‘ (nof shown). I

The method of manufacturing the thin film piezoelectric element 54 will be described

in the following with reference to Fig. 3A to Fig. 6B. In the explanatory diagrams of Fig.

3A to Fig. 6B are shown the sectional portion along the Z - Z line in Fig. 1.

25 Fig. 3A to Fig. 3D are explanatory diagrams showing the main steps for film forming



5 First, the description is given by using Fig. 3Ato Fig. 3D wth respect
to film formng and finishing on the first substrate. Fig. 13Reshbas20844
state in that the first main electrode layer 2 and the first piezoelectric
thin film3 are lamnated on the first s@bstrate 1, and the first

pi ezoel ectric pattern resist 30 is fornmed for finishing the first

pi ezoel ectric thin film3 into the shape showmn in Fig. 1. 10 To obtain the
first piezoelectric thin film 3 having good piezoel ectric characteristics,

s D ST DRy OB e RS, PO IR st al e
oey o <o R TG S B St B SRS S Bt
T) 4 2 I f .sputter.l the PZ
VLyarete SRV 0% Bhel Y8l bl APYLPECROr B IGR ST
setting tq%igtgg%%(zéﬁ%g- fSh%QSiIﬁHﬁﬁ}(%rﬁh@ sé&nﬂggl:ﬂ%ra 00C. As the first

substrate _ substrate, it I's poSsSi 0 enpl oy strontium

titanatse substgiake I b t - Sk G - §RyY. | L rate

(S “subet rate) e RS B ER R ing i 720 (TN SDYSHA et B R

to enpl oy f@ﬂﬁin%%lﬂcﬁlﬁﬂliﬁg O thd) @irst 2bEr A PFROBA ot Shtehhabh B fthaingo! d

(Au), iridium (Jr), rhodium (Rh), ruthenium (Ru), silver (Ag), rhenium

(Re), ol yieterodeldyeby and eet fedstyie£obbectricoth fiad B agh luifidaRd) on @& firdtSubstrsiede .-

Further, it is possible to enploy a multi-layer configuration including

t hese net ang.the fitst pezpeledtac phitan tresidt 8010s formbd fadimsiing the lfasteiczoeiettriashiRZ T

or lead | anthanate zirconate titanate (PLZT) on the first main el ectrode

| ayer 2 nddle 3 indenthe shapestionn indlipct.ed from 25 these metals and to obtain

pi ezoel ectric characteristics through heat treatnent executed 17 Decenber

2004 18 t her eake ebtain thp irgtipiegoelsrisieshindil 3 baving gopd pieroelperie charedioristics.ng
ic pattern resist 30 as a_nmask. Dry etching or

the first ,Ei,ezoel eg‘tﬁr ) wet
et chi ng cah 1h&TdS@RlR doF SE WSiBhIMANEHER 2% ioh monp-arystalling spipiratretMeO
etchi r_19 .I Ssu%gt\{a_etz?sgtﬁg ?i%stls;lrxlbsttr%i{enf, tgffonrrrif1 %%—_B{ig%lrjigitltleg Ip{a i_mtx)r% gglzjesf?Ptt lrgiser gs\;/ tlh(t:ae

firs‘t‘-mai:n clectr(')dc‘ iayér 2 by 'way of -éphttcring on the MgO substrate and to. form a lead |
zirconate titanate (PZT) layer on the Pt layer by way of sputtering. When the PZT layer is
15  formed, a vertically oriented PZT layer may be obtained by setting the temperature of MgO

substrate to about 600°C.

As the first substrate 1, besides MgO substrate, it is possible to employ strontium
titanate substrate, saphire substrate or silicon mono-crystalline substrate (Si suﬁstrate).
Also, as the first main electrode layer 2, it is possible to employ one selected from the

20 - group cl:_onsistilng of platinum (Pt), gold (Au), iridium (Ir), rhodium (Rh), ruthenium (Ru),
. silver (Ag), thenium (Re), molybdenum (Mo), tantalum (Ta), and palladium (Pd), or its
oxide. Further, it is possible to employ a multi-layer configuration including these metals.
It is preferable to form a piezoelectric layer such as PZT or lead lanthanate zirconate
titanate (PLZT) on the first main electrode layer 2 made from a material selected from

25  these metals and to obtain piezoelectric characteristics through heat treatment executed



5 is sinple and capable of finishing the etching operation in a short tine.
When a PZT | ayer is processed by wet etching, it is preferabl Bedcombas004

m xed sol ution of hydrofluoric acid and nitric acid, a m xed sol ution of
hydrofluoric acid, nitric acid and acetil@ acid, or these m xed sol utions
diluted with pure water. Since the first piezoelectric thin film3 is about
3 [.min thickness, the sectional shape after dry etching or wet etching
is generally 10 trapezoidal. However, in this process, since. only the
first pie oel%ctric thin film3 is etched, the etching operation can be
easily COER?%H?qéd and it is possible to | essen the side etching and to

ly i h h duci bi.lity. | | S,. Y [ hing. th
il X S
is f d. It ] ' - hown in.Fig. ' 1o 15
ofSh S Skl PSRN BY RT3 R A0 B ARG Bl
T LATEES, el £8P I PR ARSNGB

substr at e jd dimJroNRY bl b fﬁ%hhg thg’gt%hg% dehati R ShorP AR Wik d&gz? B ! he

posi-tioning 1S executed by other netho h irst main electro yer 2

nust be expprResstd B whtetdliinStit B FRREANE td use i hiRed bdifich bhRi8@ioriCaise @
part of it as 20 the connecting el ectrode pad 28. Therefore,” it is

necessary aha nigikecid)a hixes tsohibi of hedioriastc atidygitriadil hi®aedhic acil, shapres f rom
the first piezoelectric thin film3. Also, to achieve such purpose that a
part of t meixtd scltitipnsedibeddowith iparetater. f $inoe Sieditpqriedeleotrichkindliad adbout 3
solution wused for renoving the first substrate 1 is not etched, it is one
of the ef fisetinvthickngss tho sestitmnltdhepé iafst dipii etcking con vut dichyeg i9 ganérally | e
wi der than the first piezoelectric thin film3. 25 From such point of view,
the filfst teapezqidaldElopeyer imthiserpesss.Finqepnlythg Sirstpirgacleetric thin £im B7s Bishedber
2004 11 piezoe|lectric thin film3 as a _whole, and as shown in Fig. 1 and
Fig. 2, tHBe patingrapesatiopesapde sgjieentiolled ga “rr’érl’r‘i’é?‘bl{eﬁﬁtlcsﬁ%thﬁéﬂf?ei Pehing
functi oni fr;]g zs thﬁ connecﬁi n%flel ect rdod.%. Rad 28 is sufficiently exposed
fromthe ALY eisatly Saproge theshaps wPRdpEPEYThe shape of the first main

electrode laygp gefehed, by ysi ngd Be il bieb @il BHE"3, first fower electrode
pattern resist 32 is formed by photolithography process as shown in Fig. 3B in ordér to

15 finish the first main electrode layer 2 into the specified shape. At the time, first marker
resist 32a is also formed for positioning the patterns to each other which are formed on the

first substrate 1 and the second substrate 11. However, the marker 32a is not formed
sometimes in case the positioning is executed by other method. The first main cléctrode

layer 2 must be exposed from the first piezoelectric thin film 3 in order to use a part of it as

- _20 - the connecting electrode pad 28. Therefore, it is necessary to make the first main electrode
‘ B -1a‘1ye.r 2 different in'shapc fforﬁ thlelfirst ﬁiezoeleétrié fhin“film 3. Also, té achieve sﬁch
purpose that a part of the first piezoelectric thin film 3 exposed to the chemical solution

used for removing the first substrate 1 is not etched, it is one of the effective means to

make the first main electrode layer 2 a little wider than the first piezoelectric thin film 3.

25 From such point of view, the first electrode pattern resist 32 is larger than the first



5 el ectrode pattern resist 32 as a mask is shown in Fig. 3C Wen the first
main el ectrode layer 2 is etched, since the [ayer is thinn&rDedeahertdoed
pi ezoel ectric thin film there is no particular problens in either dry
etching or wet etching and it is possiblig to freely nake the selection in
accordance with the material for the electrode |layer. Next, as shown in
" Fig. 3D, first thin filmpattern 44 is manufactured by formng the 10
first opposed el ectrode |layer 4 on the first piezoelectric thin film 3.
Further, the insulatin resin layer 5is formed in nearly sanme thickness
as the hej Wowt%themglm Pras wilosad as shown ot 1 4y Fige 2, the patemshapstis

' referable to use a material sane as for

the f ie(rj_sf | fPﬁHﬁg gl?é{lﬁ y%éﬁ#é@%ﬁﬁépgrépn dening asithe Fennesting clegiinde pad 28 1as

o 2 il b B Il Dl b8 ok 0”5 Chcse hater af s
Cayer prepared ioginp ot thE M A Flectogd, Ilef 2P B0 heink foa R iR ¥
noat i o> angCRutiienPRisCa B o i i thodilfh R SC, | Wtk ot Pl GO O

from Fig. ?a?er 51;0 GRehbdCsih&S e Ak Gs gﬁﬁ%& h3Y he ?ﬁ%@&?&ﬁ& Mg A0 kQ0L&%h
0) I e . e

wi th each the first” nain electro ayer 2, first piezoelectric thin

film3 and Faﬁi@ﬁ’_l_af problenRAR ARG dRY Behing e weB¥hing and it i§ Podshiflsiid R&kly Makdihe
adequate electric insulation property and alsoto be a material that can be

et ched. Al sélectiondh @ccdidmes with thambictibll fof theplebb@dlagsen in case the
insulating resin layer 5 is partially formed on the second opposed
el ectrode | ayeiNeity amshoval in Fig53Dhfirsathhe fil gattayetd B manufatured by femidgthe
entire surface including the insulating resin 17 Decenber 2004 12 |ayer 5
and t h&0f i fisst opperod etbctrbdatayardkon thedirstipiczdetactrinthinofilph 8t Fugherhtherinudatingr v
processing operation on the first substrate 1. For the adhesive |ayer 6,
it is pref &siblayex § igsterraedvin aparly same ghickriess py de height yp de dkg Sisstiappesed
after bondipg and to use an_organi c_or inorgani ¢ adhesive agent generally
enpl oyed. Flectredeaser 4088tk Brst grppsed s}eafa?ﬂfclayg At BrerpifE0l (o $MHENIng
" same as for the first main electrode layer 2, or to use a‘single"‘metal layer such as nichrome.
(NiCr), tantalum (Ta) or chrome (Cr), or to use a configuration with a material such as Pt,
15  Au, Agor Cu laminated on these materials.

Also, as the insulating resin layer 5, it is preferable to use a polyamide layer prepared
by, for example, coating liquid polyamde with spinner and heating it at about 350°C after
drying, and also, to use a layer formed by heating and hardening after applying organic
resin thereto. As is obvious from Fig. 3D, since the insulating resin layer 5 comes into

20 contact with each of the first main electrode lajer 2, the f'irs,tfp_iezoelec;tr_ic thin film 3 and -
. the first opposed electrode layer 4, it is required to have adequate electric insulation
property and also to be a material that can be etched. Also, there arises no particular
problem even in case the insulating resin layer 5 is partially formed on the second opposed

electrode layer 14 as well.

25 The adhesive layer 6 is formed over the entire surface including the insulating resin



5 adhesive property. Next, the steps of filmformng of the second

pi ezoel ectric thin film 13, the second nain electrode | ayei7R&emhard0dhe
second opposed el ectrode |ayer 14 and finishing theminto specified shapes
on the' second substrate will be describgd with reference to Fig. 4A to
Fig. 4D. 10 Fig. 4A shows the second piezoelectric. pattern resist 34
formed for finishing the second piezoelectric thin film1l3 into the

speci fied shape after |am nati ng the second main el ectrode |ayer 12 and

second piezoelectrjc thin fi]m13 on the second substrate 11 the sane as
in Fig. 3Aayerpeanddbotisst %RH%?dr elegrope layes dofgrehi completing Hsdecessape progessingnd

7ot hod a TH6FAIDS ORRERIsLpbstely Hor e sdhesivs LOeC il PR f IR TR | |
el ectrod t ctric t ' 3 sh Fi 3A.. Furth
he second Bkttt yREERRHEF ft%f“bsqngtngsad i b P ot e

137 7e ot cinelt BPCtEbagENR, Be peh Wiy 15 BERRART BROG Bt ialiE,.

a resul P ezoel ectri c thin film3 and t he second piezoel ectric
t hin fi% %L@%%lg%{)%ée?orrred into nearly 20 . same shape. After finishing

the second pi egog! eletstegg of Il thhiéﬁgjo% thé‘Eé?:oﬁd‘?ue%Qﬁ@étﬁé gﬂ% zﬂgﬂﬂ% te'Rcomecond

mai n el ectrode [ayer i's tinish by phot ol i't hogr aph et ¢hi ng

process. Amamiedctroé la56CT) dnd BhdectldesipoSdieclBaidde Idyef EF iRt firdhih@hHRRGintcOr
achieving the purpose is shown in Fig. 4B. Also, the shape after etching

I s shown igpekifigd sHdpes dhehesecamicsubstrae will Be deaibed WithaéfeRnce todFig. SAA BFFigas |1 S
obvious in Fig. 4B, is nearly sane or a little larger in shape as 17
Decenber 2€DA 13 conpared with the second piezoelectric thin film13. Due
to such a shape, it becones easier to. protect the second piezoelectric
thin f10 m 13 fFigndahshovisehe sedondapiendetnetrios pajtenh aesist 3¢ foswerh dorsiishingtlee 11
is renmoved by wet etchin Al so, second marker resist 36a is formed in
order to memdawm%wglm&tmﬁkn f3/intgdke spesiicd ghapreafier jaminatingshe sacend mai t he

second
electrode layer 12 and second plezoelectnc thm fﬂm 13 on the second substrate 11 the

- same as in Fig. 3A. The second substrate 11, second main electrode layer 12, and second
piezoelectric thin film 13 may be formed by using same film forming method as for
15 materials similar to the fist substrate 1, first main electrode 2 and first piezoelectric thin
film 3 shown in Fig. 3A. Further, the second piezoelectric pattern resist 34 is same in
shape as the first piezoelectric pattern resist 30. Also, the second piezoelectric thin film 13
is etched by same method as for the first piezoelectric thin film 3. As a result, the first
piezoelectric thin film 3 and the second piezoelectric thin film 13 can be formed into nearly

20 - same shape | | . |
e After flIllShlIlg the second piezoelectric thin fllm 13 into the spec1f1ed shape, the
second main electrode layer 12 is finished by photolithography and etching process. A
state of second lower electrode pattern resist 36 formed for achieving the purpose is shown
in Fig. 4B. Also, the shape after etching is shown in Fig. 4C. The second lower electrode

25 pattern resist 36, as is obvious in Fig. 4B, is nearly same or a little larger in shape as



5 substrate 11 opposed to each other. Wen positioning of the first
substrate 1 and the second substrate 11 is executed w thoull7 Dstendpet 2064
marker 36a, it is preferable to use the second piezoelectric pattern resi st
34 as it is for etching the second nmainjglectrode |ayer 12. The finishing
operations on the second substrate 11 shown in Fig. 4Ato Fig. 4C 10
differ fromthose on the first substrate 1 in that the second nain

el ectrode |l ayer 12 and the second piezoelectric thin film13 are nearly
sane in shape as_described above and al so the shape is nearly identical

wi th that efmpsed Mithsthegieeondapieroelecict thimfibg [1g 3Duetaes suchwh ehapg, iteldcemes s
used for positioni n% the marker forned on the second substrate 11 is
natural |y ezferftarRIAtect theswapns piesnelectin thin fiti dl fomntherhemical splitipatused . 15
The second gppgased el ectrode ] ayer 14 is formed on the second piezoelectric
Chin filnhe fic Sspondsupytalibl R Aemered et ittt PrfeqndinggkeL EHRt g 1s
After that . the.insulatin resin | r 15.is.fq d.o he ,secaond

subst rat o ToFERdn Oiee RLmaftackits a st S pRiticBingrthe i SShetiG e, v hegeend | o
formed gve tir rface d ncluding these. It is showm in Fig. 4D.
Thus, t%e %\%t%:sggts? ay{)ppgﬁel%lsé%?%éoct}beé'r ations on the second substrate 11 are
conpl eted. . 20 . p, fﬁ‘n Iqi thin f1i L. ezogl '

el enent by pos?'“{lllctl)1 Jr%glc@g?\/\gfeﬁg e%gﬁégilvégﬁ glfegras:&td, é‘@.‘%‘g% §u s%‘?ﬂg e
shown i 1 Fyginod kbl d B6ah b preRrRSRTIsRask sitbhdplesd At paldn Ele SA
and Fig. 6B. Igi'g. A shovrvs thg’ f:ll’%t trhi n fiSI m psatterﬁe44 an _Easeconggstthi n
fil m pattensad i9RRERhANGsdRONTIRintelechdgdlaQéer by the adhesive layers 6,
using a substrate shown in Fig. 3D and Fig. 4D. At the tinme, the adhesive

| ayers 6 are 2Fhtfirégigy estritonbeache second ngbgrdtay ershowhdh Hig, 4AdbeRigVvaeC

| ayer 6. In this bonding operation, 17 Decenber 2004 14 positioning is
execut @d biffesifrogn feusk en shelf?at substrdla 1 dothahtite sebmdpnain edctrode lagert 18 and thkens
are accurately placed one upon another. 1t is also preferable to formthe
adhesi ve 6senong pigroelaetriothin fidmsl3tase nearyssame dn shidpegs tdesarived abhore apd Adsihtbsi ve

agent used. Wien MO substrate is used as the first substrate 1 and the
second sub&hapstis mearly gdentical with that of the first piezoelectric thin film 3. Also, when a

markef is used for positioning, the marker formed on the second ‘sﬁbst'raté 11 ‘is na:tﬁrall-y '
different in shape from that formed on the first substrate 1.

15 The second opposed electrode layer 14 is formed on the second piezoelectric thin
film 13 in order to manufacture the second thin film pattern 48. After that, the insulating
resin layer 15 is formed on the second substrate 11 the same as in Fig. 3D, and further, the
adhesive layer 6 is formed over the entire surface including these. It is shown in Fig. 4D.
Thus, the necessary finishing operations on the second substrate 11 are completed.

- 20 ' The steps of manufacturing a thin film piézqelectric element by pogitionii;g‘bghween _
S the adhesive laycré 6, using a substrate shown in Fig. 3D and Fig. 4D, Wili be .déscri-f)éd |
with reference to Fig. SA and Fig. 6B. Fig. SA shows the first thin film pattern 44 and
second thin film pattern 48 opposed and bonded to each other by the adhesive layers 6,
using a substrate shown in Fig. 3D and Fig. 4D. At the time, the adhesive layers 6 are

25  integrated to become a single layer, that is, adhesive layer 6. In this bonding operation,



5 m croscope can be used for positioning because the substrate is
transparent. In the case of a transparent substrate, it is poBsdichiber,2006r
exanple, to use a positioning nethod in which a mrror is first fixed in a
predet erm ned positioned and, after posifioning to the mrror, the mrror
I's renoved and the substrates are shifted closer to each other before
bondi ng by the adhesive |ayer 6. Also, positioning can be executed on the
basis of the shape of the 10 piezoelectric thin filmw thout using any
marker at all, |In this way, piezoelectric thin film held between the upper

and | over RISEIORHEIS cxeqpieA Dy usingaparkers dda andi2s pe Bt teddezsylegigisdhindms) asg e
o ecent caeanpielroesdismininin fnotiro Vb a8 Bl do B ALE Gtss TS ewonga as
& Dhur a1 19 el fitaRindB i But R B S nedlntdd ng tosin ") Byerans, 15,
e e or S FRE IS Bidd & SaRERP R A ML o e SRR P 118 A
econd SunoiiieaREEhieited sof XBifhe 1RB.E DEOUREE s Bhislrod TR th{base b
adhesi ve | ayefspbredf QibSkADEHd fhs@bHE forlXamBRAIALE 4 itﬁﬂﬁ{sgainlfggbdgfléymgxca

structures 50 Conbined ,by the insulating resin layers 5, (
shows a st afirorg firdl Fire S8 b PrédRerm@RdHosRIORES am, aktdr pEMbHiR}E1ANE ST \Ge, tlhs\%er
en

6 etched after formng the insulating resin |ayer pattern resist 38.

t he i nsul aimg i &sicovel ayé tis: substidtesadrel shilfied atdeastb\eecH agher bdotRndingt8othe a
via-hole is also forned at the position shown in Fig. 1 and Fig. 2. 25

Next, the adissivatlayey 6r egilso, Ipayiionipgtdaerbe exesuwt @Bthiesbasisnof/ éd sirge tdfethe
I nsulating | ayer 17 Decenber 2004 15 25 and connecting el ectrode | ayer (not
shown) 1Qr epieenelasticothin filen witboutdusing anyehaberaal. Ih thiewayopieznslegttinthin fibn
portion of via-hole (not shown), followed by etching these into specified
shapes to helfbetxeen the wpebamklomen sleerede: lpyak isdamingish angraiganated biepdheiva

film piezpel ectri | ement 54 havi a shape as shown in Fig. 1 and Fig. 2
is ¢ Om& et %at_ar _héﬂ_?? t gr_eby, a .p?ura ityr OP %tructurcs pﬁ)_ are manufactured. ) the prcscntg

' exemplary embodi'ment;-two piecéé of the structures 50 are uséd as a pair, Whiéh is called é
paired structure.

15 After forming a shape with a plurality of structures 50 surrounded by insulating resin
layers 5, 15, only the second substrate 11 is selectively removed as shown in Fig. 5B. As
the substrate removing method, etching, polishing, or etching after polishing to a specified
thickness can be executed. |

After removing the second substrate 11, the insulating resin layers 5, 15 and the
20 adhesive layer 6 are etched in order to separate the plurality of structures 50 combined by
e tﬁe insulating resin layers 5, 15. Fig. SC shows a state of tlhe insulati;lg resiﬁ layers 5, 15 |
and the adhesive layer 6 etched after forming the insulating resin layer pattern resist 38,
When the insulating resin layers 5, 15 and the adhesive layer 6 are etched, a via-hole is also

formed at the position shown in Fig. 1 and Fig. 2.

25 Next, the insulating resin layer pattern resist 38 is removed and the insulating layer



5 thin filmpiezoelectric element 54 in a state of being conpleted on the
first substrate 1 is shown in Fig. 6A. After coating the sufbaezembaf20bhe
thin filmpiezoelectric element 54 thus. formed with wax or other resin
(not shown) for the purpose of protectigfn, the first substrate 1 is
renoved by etching. Further, by dissolving and renoving the wax or other
resin sticking to 10 the surface of the thin filmpiezoelectric el enment 54,
it is possible to obtain the thin film piezoelectric elenent 54 in the
form of being conpletely separated fromthe first substrate 1 and the
second sui3tangtceennccting flactrederiayar feat shpwg) Awst fesmed wntthe seroad anain elasirpiar y
enbodi nent, si.nce tEe insul ating resi.n Iaﬁer is formed in a state with the
first thi iAYeF L ipepiBEnhs Rerioi of gishrle lphshesvm); foHomed: oy stchingethase e med,
it is easy to.check for defects such as. bubbles and dust, generated jn. the
nsul at  ngprele SR aRaBE: Beolargingrtucte Bhd G0r thartheteny pral

oo pr @vgarBRe RERG e inPile TR al Rt T e T o st R
ot ehod i ni A AR Semel'sd RLIBACST BT oBhpkld BSAE Syt ™ ©

f or med Onsh&ﬁnﬁf‘ﬁﬁ%ﬁf es 1, 11, it is possible to make the patterns on.
the substrates 1, 11 identical in shape with each other. Accordingly, even

after |am nat iATr coitingl the R@FSIDIANE PhiflBHE piBLodMBIOBkREh §£tﬁu§ﬁf&ﬂe’d' Wh 3.
13 sane in shape. That is, the thin film 'piezoelectric elenment 54 has a

sectional veRape ofhe€ Resimdhott Stwai)efopahe Gukpdse T profectiod, e fIrdt satisBate 1 is
respectively tapered, dimnishing in wwdth, fromthe main el ectrode | ayers

2, 12 to temodd hyppcitingl Birdetrydissobyies sndirenbdingathe wiaR@r ofieo ssth sickapntede
| ayers 4, 14 are bonded to each 17 Decenber 2004 16 ot her, and al so, the

i nsul d0i nghe safage lofiyler thirk filnk PienoelctmicodteraenttHe itpis rpoissibiectb @btain thet thin film
adhesive layer 6., Further, the shapes are nearly symetrical wth respect
to the surmicteelectrisghrsenb y4 in&ealoraif\bsingspmpleclyGepaeigd drom the fivsesubatrate
voltage is equally applied to the first piezoelectric thin film3 and the
second pi éz@glﬂé%ﬁetc? sybstateillm 13, the strength of _

‘In the manﬁfacfufing méthod in the pfésent éxempla:jf erﬁbodiment, since the
insulatiﬁg tesin layer is formed in a state with the first thin film pattern and the second thin

15 film pattern already formed, it is easy to check for defects such as bubbles and dust
generated in the insulating resin layer and to precisely protect the structure. Further,
according to the manufacturing method in the present exemplary embodiment, since
piezoelectric thin films 3, 13, main electrode layers 2, 12, and opposed electrode Iéyers 4,

14 formed on each of the substrates 1, 11 are etched into specified shapes at the time when

_20_ - thgy'are resppctivé;ly fotmed on t}_;e Substratés 1, 11, it V_‘is pdssiblc to make the patterns on
. B the substrates 1‘, 11 icienticél iﬁ silapc with each (IJthrer. Accﬁrdingly, éfen after )Iarﬁir.lating,
it is possible to make the piezoelectric thin films 3, 13 same in shape. That is, the thin film
piezoelectric element 54 has a sectional shape such that the piezoelectric thin films 3, 13

are respectively tapered, diminishing in width, from the main electrode layers 2, 12 to the

25  opposed electrode layers 4, 14, and the opposed electrode layers 4, 14 are bonded to each



5 electric field applied to each of the piezoelectric thin film3, 13 is
i dentical. Accordingly, the piezoelectric thin filns 3, 131aDe&csbee0dh the
anount of displacenment, causing no deformation due to bending or the liKke,
and it becones possible to allow only thg generation of expansion and
contraction, thereby realizing highly accurate actuator operation. 10
Further, since the piezoelectric thin filnms 3, 13 and nain el ectrode | ayers
2, 12 can be nade into specified shapes by wet etching, there is not
probl em of foreign matter sticking to the side walls that often takes

pl ace in dPYichtanfi #sp, Badnsulatingpsim lyerstd Lhere thigk Bbthicpartionedescote thenny
be prevent%ﬁ@ Frgmthis_paoint of view, according to the manufacturin

method in # SWPQ@@F. ‘e @?ﬁﬂ‘sa‘rh;‘? SBRRSS ArPrBRATLY SYmMEtricRlswith Tespeer 19 the SHiagene

o RindhR D5 ABhTte ot Rl Sy e I ey cAreed to he
| ectri | 1 {. hl b | ectrod th by.. || th
ot nct or B PigeERetc R B e VR e toPhhd PRt R i i iHebieh il oh,e
t } LT i LNG.Lesin | ] 15 X
Pahost va 1 SRR L BRRUTE Bhch Ve bBHeBUHE SRR, B fenicr ABORT, ||

is also pr ﬁfe:;tﬁi%c?ectr?co iR H1REm, ﬁ?%ﬂe? ajér-ﬂg%'x{ A% Bmb eﬁfsdigﬁgél nﬁd&‘ﬁﬁh%ﬁlg

property on | east one surface o I rst substrat the sec

substrate Bebahfidodnd it0bedindner bﬁhndiikBﬁ ahd' 8t foebdthes Bostitlé |t8) @M Sy aRnd
the second thin filmpattern to each other. SECOND EXEMPLARY EMBCDI MENT 25

Fig. 7A togtiegatiodCoflréxp@igibm im0 tynt ccEl g, 2 FrerdtyT rédtisingl Bighly tab&urate actuator
manuf acturing steps in 17 Decenber 2004 17 the manufacturing nmethod in the
second exenpdraign.enbodi ment. An exanple of a pair of thin film

pi ezoel ectric el enents used as an actuator as shown in Fig. 1 and Fig. 2
al so i W0t he naBuftlzas sindearthe piszbdectiin thim éilps 8 shandenanplatypdelpod2pthtanid |
be described. Fig. 7A shows a state of first thin filmpattern 440
manuf act ur Bldpyntp spegifies shepes by wet etshiggpiisredis ok problage of foyeign Agptige stigking

etching the first n'%fn el ectrode | ayer 2 and the first )
, - to the side walls that often takes place i dry etching, and a trouble due to shorting between

- electrodes m'aj-/. be prevented. From this point of view, according.to the manufacturing
method in the present exemplary embodiment, it is possible to prevent the variation of
15 piezoelectric characteristics due to the difference in shape of the piezoelectric thin films 3,
13 and the generation of electrical shorting trouble between electrodes, thereby enabling
the manufacture of highly reliable thin film piezoelectric element 54. |
In the present exemplary embodiment, the insulating resin layers 5, 15 a;nd the
adhesive layer 6 ére separately formed by using different materials, but it is also preferable
20 - to form insulating resin layéfs ha{ring adhesive :propcrty'on at least one sﬁ:che_of the first
. | ‘substra.tc-and the second substrafe beforé positioﬁfng and bohdiﬁg the first thin film péttern :

and the second thin film pattern to each other.

SECOND EXEMPLARY EMBODIMENT

25 Fig. 7A to Fig. 8C are explanatory diagrams for describing the manufacturing steps in



pi ezoel ectric thin film3, forned on the first substrate 1, into specified
shapes the sane as in the -manufacturing nmethod in the fir$1Dexaipl oy
enbodi ment. The first opposed electrode |layer 40 is nmade up of two | ayers
of first Iower layer 41 and first upper iffayer 42. Al so, Fig. 7B shows a
state of second thin filmpattern 480 manufactured by form ng the 10 second
opposed el ectrode | ayer 140 after etching the second nmain el ectrode | ayer
12 and the second piezoelectric thin film13, formed on the second
substrate 11, into specifjed shapes_ in the sane way. The second opposed

el ect rode ‘&lﬁﬁ%ﬂrﬂ“gﬂ&bﬂ% mgtaes deé s¢rond £xempiary) epRqdiment. Letexmmplonk: Paingkr

PR (L e e R R R e

o1 ezoer cot PRRERiFting peltbd if B P S et s e bBpEre R el ettt 15, the
i posel bl e tof B ogols ¢ ot Rl el OGRS AR B R By SR e Bt i ng
o1 QCesss 0oty LUSRSIRSE! Hiafel Dkl Ty SYTARLYA® TRRFTR g f
present exsERlddhi AP S i8N ormk 8n fthe Afst Qtﬁi%&ﬁt%ldl, %Ltsggéc@ﬂ@d élﬁé?sr tggga,f}ﬁgs the

second opposed el ectrode |ayer 140 are of two-layer Structur

material s fnOthet MandfaétGiing URNARSd aMRY ¢ GRthily SRSRINEeMPPThe |BYChppadd

di sposed respectively at the surface sides "thereof are characterizZed by
such conbi elasticzia lijeat0dnmaisupof tvAglagers O firancwiteydthendifistippelayded2. As
for the first |ower layer 41 and the second | ower |ayer 141, tlgere IS no
parti cul ar AB®, Fis 7Bi shbwen statoof decdnd et filinepdtiayre480 masufactheedibyefotmingahd of
t he piezoelectric thin films and 17 Decenber 2004 18 the thin filnms using
t he nal@r i sdcendreppdsod ckesods laferr 148xaftep lctehinghidbe rsacandi mais adestrodé baydr 1hand he
first exenplary enbodi ment may be enpl oyed. Also, as the first opposed

el ectrode thgyseeondopigerelactiic dut bim o fomied en dhe sesemd subsliate1 g inta spheified
present ex | ar y. enbodi nen only needed . is to conmbine the first upper
|-ayer. 42 aﬁ% e 88 SHnt “@pfptél}hclsasf@ﬂ opposegh eleqirods lagigr A4 & alsqimadsyp pi

material _S {grgl:[s 'of Qgc%ng li’c?v\v/eer’lég%?qéﬁ Qr?& géc'(r)llfg ﬁﬁ‘ﬁe‘? lzllyser Tﬁ zlﬁlsgs] zgp%gregig ﬁgmtlé/llg.-fiA B

and Fig. 7B, also in the present exemplary embodiment, regarding the first main electrode

15  layer 2, the second main electrode layers 12, the first piezoelectric thin film 3, the second
piezoelectric thin film 13, the first opposed electrode layer, and the second opposed
electrode layer, it is possible to employ a film forming method, photo lithography and
etching process same as those described in the first exemplarf(‘ embodiment. Accofdingly,
the description of these are omitted here.

20 . " In the present exemplary cm_bodimeht, the fi;ét opposed éh_é‘ctr_ode layt;‘r 40 and the

. | éecoﬁd Vopposc(i cledrodé layer 140 are of bwo—-lz-iyerl.struc‘:turc, and the matcriafs for the ﬁrét
upper layer 42 and the second upper layer 142 disposed respectively at the surface sides
thereof are characterized by such combination that one is Au, Ag or Cu, and the other is Sn
or Cd. As for the first lower layer 41 and the second lower layer 141, there is no particular

25  restriction provided that the layers are adhesive to each of the piezoelectric thin films and



| ayer structure as nentioned above, but it is possible to enploy a
three-layer structure or a four-layer structure as needed. 1ADs@mbblin04
materials for the first upper layer 42 and the second upper |ayer 142 are
not limted to the conbination of materigls nentioned above provided that
the material conbination is capable of netal bonding at tenperatures |ower
10 than 400C. Wth the first upper |layer 42 and the second upper |ayer 142
maki ng the opposed electrode |ayers having the above materi al
configuration contacted each other and heated, the first upper |ayer 42

and the sdBeHun ibpsusing jhe matepialsraeniion ghate. oFer sxamales theipaterdale descebesein.  For
aver 5 o sk 6bumon B i eted 5008 o TR abtie SRS
1 hen Bt RS S SSRGS ool <
oonor on, STk el i SO5HRe: oo BB eona et 15 B
where tno ey sEREAHh B nace s Hiifone bRl 8 th anlilt M1k Bt 06 o80T 00

1 and the %ffr%ﬂqctﬁk@&txﬁ%tﬁ)n@&a , bis & Eibfeetgiegisbilﬂfa R R2GFer stlGuRRAGE

region is led wth resin to fofrminsulating r | ayer 150. A state of
t he i nsul afgupghyee Stnittie ¥R nebadl. f A4 dhd SnabdiRY fdr NhEifEst upPer lafm_@ﬂ yapg thhe
first min eleCtrode |ayer 2, the first pi ezoelectric thin fiTm3, the
first uppegechayeppetlayet 1uDerd hotslimbapasthd cdmbidagioh o deatdrayemedithned ABoveet al
bondi ng | ayer 45, the second nain el ectrode |ayer 12, the 17 Decenber 2004
19 second mioeiied Itlet tthid matehinhcdmbinatics, is aaphbidef mezbhondigywrteinpgreturck4dwef t he
second opposed el ectrode |ayer 140, with specified patterns forned thereon,
a plurH)i tthan#081G.uct ures 500 are nanufactured the same as in the first
exenpl ary enbodi ment. Since the structure 500 is about 10 m.in thickness,

it is necessarWithotheifirst uppst daventtd and the,secopd appeeliygnl 43f malgag theoppossd hi ck

bet ween two substrates, .and the purpo can be,
.electrode layers having the abovg ma?msé configuration contacted each other and heated,

" the first upper Iéyer 42 and the séCond upper layer 142 are alldyed and bonded wilth cach- )

other. For example, using Au for the first upper layer 42, and Sa for the second upper layer
15 142, when these are heated at about 280°C or over after cleaning the surfaces, then eutectic
reaction takes place between Au and Sn, which will then become an integrated metal
bonding layer 45. A state of metals bonded in this way is shown in Fig. 7C. Incidentally,
during the bonding operation, markers 12a, 2a are used for positioning the same as in the

first exemplary embodiment.
‘ '20 S V'Thu‘s,__a configl:-{i‘a'tion including one r‘e_gjcm where two piezoelectric thin fllms are
.. | ‘t:r»ondred between the first sﬁbétféte 1- land the secondlsubsfrate 11 and the otﬁer region of
space. The space region is filled with resin to form insulating resin layer 150. A state of
the insulating resin layer 150 filled is shown in Fig. 7D. Including the first main electrode
fayer 2, the first piezoelectric thin film 3, the first upper layer 41 of the first opposed

25 electrode layer 40, the metal bonding layer 45, the second main electrode layer 12, the



achi eved by properly selecting the viscosity of the resin that enables the
penetration by «capillary phenonenon. Also, it is preferabl & Decerber 200day
of forcible penetration by sucking up the resin fromone side. Wth the
insulating resin layer 150 filled in, tpe peripheral portion of the
structure 10 500, except the portion contacting with each substrate of the
first min electrode layer 2 and the second main el ectrode |ayer 12, is
covered with only the insulating resin | ayer 150. After that, the second

substrate 11 is renpved etching. Since the structure 500 is conpletely
prot ect ed SFFAMH PiREolesHln tam fﬂjﬂ Adsiml thypesonddower haerelthphiiessrand @mposid |

not reach .the s ruc therefore, the structure 500 i
af f ect ed . HJeqIREe eh %Wé‘gﬁa%qlﬁ?ﬁd pajisTng fornedthergon, gepl h@[lmf SBPCtPEfﬁé\Bpﬁbc t he
second subst etchin t he gg&eﬂ net.hod as described in the first .

exelrrpl alry R fﬁ‘iei?‘rtﬁ%lthe#ﬁ eﬁ@“’e If]6§7§6 ‘E;rF“E‘?? “E%‘Eond s]thbstrate 11 rerrgvgd
The §neul a i no PRLitE Hhgilie 20,3 Eof BERE tp 1cRhen FlicrsRlaenS S HERR R
150 is 5et Ctlﬂgggﬁc% %g{&ﬁr ta%oﬁthﬁ% %‘”Elﬁ!:l& bitwln B%EH 53, 200 thefg régs% éainﬁe

tinme, Vi a not S and conne I'ng e ect rode

shown) ar eacfh%l?@%g \A#P&f,i!esefe%ﬂfﬂﬁo@migcos Qﬂ"tﬁ@?&%n? EHa't‘%f.éHlé‘s ﬁl@opeh&rﬁf%eﬁei‘a'

equi pnent (not sh a state of Insulating resin

pattern r e@dpﬂlarﬁ%ﬂeﬁdﬁﬁéﬁﬁﬂ f RlsoLHtCRI fBfebdbfe kdase at wgg of &didible %iéﬁétralﬁﬁ% by The
insulating resin |layer pattern resist 380 is fornmed. w der than at Ieast

the first suekidgeplteCickindrdnbbme §idd.m 3, the first lower layer 41 of the first
opposed el ectrode | ayer 40, the 25 metal bonding | ayer 45, the second | ower
layer 141 of tWithsthe dusdlating ocsiul 1ket50 fitled imthe périplsed grution D04 Hicldd,
and the second piezoelectric thin film13. By form ng such pattern, each of
the st& uctifh excHothecportibe competingt with bychesubbiiraig ob tieyTitsh eaaim slettaedenigyeredi n

| ayer 150, and thereby, the etching conditions are sinplified. Also, with
such shapeafddheserond mieelesieods lexer ﬂgdé coveyed With @npi the inshlabing resin lawr ]fﬁOL m
are protected hy the insulating resin layer even.in g state of

conpl et ed, AFEr Hiabuthe seespdetup étﬁ% © fdi BtIGROViEEy RS DRFC %‘efﬁtl@ét“f‘? 599 IS

deteri or at | %]pletfely protected with the msulatmg resin Iayer 150, the etchmg solutlon will not reach

the structure 500, and therefore, the structure 500 is not affected by the etching solution.
15  Also as to the method of removing the second substrate 11 by etching, the same method as
described in the first exemplary embodiment may be employed.

With the second substrate 11 removed, a plurality of structures 500 are exposed in a
state of being combined by the insulating resin layer 150. Subsequently, the insulating
resin layer 150 is etched to separate the plurality of structures S00. At the same time, a via-

20 '_hole (not shown) and connectmg electrode layer (not shown) are formed for the connectlon
- from each structure 500 to external equipment (not shown) Fig. 8A shows a state of
insulating resin layer pattemn resist 380 formed for etching the insulating resin layer 150.

The insulating resin layer pattern resist 380 is formed wider than at least the first
piezoelectric thin film 3, the first lower layer 41 of the first opposed electrode layer 40, the

25  metal bonding layer 45, the second lower layer 141 of the second opposed electrode layer



pi ezoel ectric characteristics even when used as a thin film piezoelectric
el enent. Fig. 8B shows a state of thin filmpiezoel ectric elebemrinbbd04
formed-on the first substrate 1 through the' steps of renoving the
insulating resin |ayer 150 by etching, mpgking a via-hole (not shown),
formng and finishing insulating |layer 250 and connecting el ectrode 10

| ayer (not shown). It is preferable to finish the via-hole at the sane tine
when etching the insulating resin |ayer 150, and al so preferable to

performthe etching of the insulating resin |ayer 150 and the via-hole
separ at el y140snddhe ispeondepipenglestricr hinifibg 13 C&Yné&mﬁﬁg suqhe paticsmecashdof( st
shown) by formn connecti n% | ectrode | ayer (not shown), after, form ng
and fini sﬂm?&lf\‘?g?@%aﬁ SEPIEOL RY ST oY, ei‘ﬂ%&iﬂtg’tgifﬁ@}nl_l%)gﬁ’éﬂs%ﬁwddherﬁ%_ o
s possi bl s Boriein e SR B A DsBy i g hoskes LoEsd. sacs fk eciidest

I di t.. The thin fil ' l.ectric..el t 540 f act d
e oY BT e B35 FELEl Gl B D MRS

I : wn i Fi . : o t :
Fierr 25Y oBIPSPhTEN RN Bl o Elfiond 401 40 AU DB AR,
t it h Y : _ L PO ) tecti
b o TapEERPASAC RS SR IEh 0G0 e RN 0l oot 10

means of resinNFENEE SN sBHCHE Bn Mk pleBRIddiS blefldiB 5@ Brred SnltRETNEd bY
etching and further wax or other resin sticking to the surface of the thin

film pi ezoektrahteilahflugheid steAf réfodhs 8@l iMadatidesh il4ien25@ By etththgl hﬂkﬂigK
d fromthe

the thin filmpiezoelectric elenment 540 25 conpletely separate
substrat e awja-lde (lot shoved, fokhingand Himiwhinginfilgingd&yer 230 Bad eofrecti2QOdct2ddeThe
section of the thin film piezoelectric element 540 thus manufactured has a
secti ol ¥ysp@otsieiwm)hitis prederpble 2o Einisbithe viathiolaatfthe smngtime3vimmectching the
respectively tapered, dimnishing inwdth, fromthe main electrode |ayers
2, 12 to t HsulgpppEst leyadoPound dlwypeterable topegformike ethbing 9 Hircinsdpiing resiie
| ayers 40, 140 are bonded to each_other, and also, the 5 insulating resin
| ayer 150 jaye Rlaoddhe yReolopraiele| 43 Brithe madokef Sormiesma orpecEpe plegisode
.~ pad (not shown) by forming a connectiiig electrode layer (not shown), after forming and
finishing into specified shapes of the insulating layer 250 on the side portion of via-hole
15 and on the second main electrode layer 12, it is possible to execute the manufacture by the
same steps as in the first exemplary embodiment. The thin film piezoelectric element 540
manufactured is different from the thin film piezoelectric element 54 in the first exemplary
embodiment shown in Fig. 1 and Fig. 2 only in that the adhesive layer 6 is metal Bonding
layer 45, and there is no difference between the two with respect to via-hole finishing and
20 shape. , o
A After protecting the surface of the thin film piezoelectric element ‘54.0 thus formed by
means of resin (not shown) such as wax, the first substrate 1 is removed by etching and
further wax or other resin sticking to the surface of the thin film piezoelectric element 540

is dissolved and eliminated, and thereby, the thin film piezoelectric element 540

25  completely separated from the substrate may be obtained. It is shown in Fig. 8C.



Mor eover, the shapes are nearly symmetrical with respect to the netal
bondi ng | ayer 45. Accordingly, when a voltage is equally appDeeehbt@0bhe
first piezoelectric thin film3 and the second piezoelectric thin film13,
equal strength of electric field will bejapplied to each of the first
pi ezoel ectric thin film3 and the second piezoelectric thin film13, and it
I's possible 10 to nake the piezoelectric thin films 3,. 13 sane in the
amount of displacenment. Accordingly, only expansion and contraction nmay be
sinply realized without trouple such as deformation due to bendi ng and the
like. Al so, wids feRdomefdhe sbindfily niegpelecis clemenl pdly thyshmapweginradshasent ed
once and, thergefore, self-majchin lignnent_is th possi bl e. Thus, even
in case-t_ﬁ@ctﬁ’c?éfﬁﬁ?ﬂ‘?i ﬁl&%lg‘-aééﬁﬁrpéizgﬂ%%“ o{ﬁ?‘hifﬁwsif’r gsﬁ\r@ iTBHReAYY et darspisbs ed
el ectrode J.ayer,s 40, 140.10 each other hi ghl ccurate positioning and
bondi ng. mlyEvgs oLw R i 15 Bl d&tods b R oBeRT elecan e
melting. E r ' i hi I Lm pattern.and the seco t hin
filmpatt e%ﬁg@eangéhgégpésgg ei’flcfrgéﬁ irlaé“:‘l;?h‘{eol’ %g%&fs"'eb néjle %g? r %C&'e‘g[h% Tl cgi]i%’ the
other, g h | 0 3 e . e
- el ect r_c?éle.%%d%%&g %g@l E’ggreﬁge(gtq gr :El@glfla;?%ghgﬁbgd?lg%ngj pﬁerrng%?,%%p élg\eligge-%ho ‘e.
fini shing PHREESS eddha %ﬁﬂ%%eﬁxﬁ? QGRhchital WG Qe RAHS Mith %ndﬁrfé?l??er 45.

el ectrode layers ' can b sinplitfied. Also, since the first thin m

pattern angcdobdin@9ownsh & PoMaghiit %Mztaﬁﬁﬂe@ftheM%%io_@éctﬁc Rih #H1mPP Rl ;e

method, it is possible to enhance the rigidity as a piezoelectric elenent
and to | esssednd piezoehictrid thinfilnn 18] sphbasmpii of Atdge fikld willtsabpligd eaeachef

executed 25 without using any flux or the like, and therefore, defective
bondi ng i sthhéirsd picaotladtec thia fitm B/anDahesdeond gleddel@riatidn fihmrd, dml in3 possible
generation of gas during use. Further, the structure may be precisely
pr ot eckled toy make thaspiczeslestric rtbini dilinay3yr 13 asamerdnethee amotite of i dispdadentent.
operation may be executed with good reproducibility because only needed is
t he et chi ncerdipgly, oy grpansiog m%ecsﬂnﬁasttwemay e pinpli scalized withewtetFqybie such
enbodi ment, fhe first er Jayer angd the second er |ayer
o ! as Jefonna!uon du.'éJ g)pbend{ng%nd the I?ke. ‘ HPP Y
Also, when the metal bonding layer 45 is formed, the metal is melted once and,
therefore, self-matching alignment is then possible. Thus, even in case the positioning
15 accuracy is not high in positioning the opposed electrode layers 40, 140 to each other,
highly accurate positioning and bonding may be executed due to the self-alignment made at
the time of melting.
Further, since the first thin film pattern and the second thin film pattern are Bonded
by alloying the opposed electrodes with each other, the first opposed electrode layer and
20 - the second op;ibs_ed‘ electrode Tayer may be electrically shorted, and thereby, the via-hole -
. finishing process for taking connecting electrode pads out Of these electrode layers éan be
simplified. Also, since the first thin film pattern and the second thin film pattern are
bonded by a metal bonding method, it is possible to enhance the rigidity as a piezoelectric

element and to lessen the variation in displacement. Also, this bonding can be executed

25 without using any flux or the like, and therefore, defective bonding is hard to take place



formed on the surfaces of the opposed el ectrode | ayers 40, 140 are all oyed
with each other for the bonding purpose, but it is also possDbleaibercmout e
t he positioning and bonding after form ng an adhesive |ayer only on at

| east one surface of the first opposed ebectrode |ayer 40 and the second
opposed el ectrode | ayer 140. Also in this case, since bonding by the 10
adhesi ve | ayer takes place only between the first opposed el ectrode | ayer
40 and the second electrode |ayer 140, a configuration such that the
structure 500 is covered with only the insulating resin layer 150. can be
nmanuf act urddd Byrepisung ggneraliom of ged duries ypuc Furidgh dhe sueirEemay s preeisely
substrate 1 and the second substrate 11. In the case_of this nethod, the
first thirPTPieried dast ther msuisting Hesia davsmaand mpregyicrn Bt fimiphing apersiprdmsbpet he

adhesi ve | ayer: 15 .forned onl 1.t he opposed el ect.rode | ayer, and the
Tt ur e SSwed vl eaal ppbe ey degRbpbhacerd it i pstvg st Ry syuRtogar
Is a single .material. Also, the freedomof material selection wll be
i ncreased Wit ayrﬁé'spect to the first opposed el ectrode |ayer and the second

Obposed & ect M SRURS exEIbAUnpollmdrd, RORRL Bhfe iRl AP he B SRM R er

tenperdature for

bling t ' ' ' 94 i g
enabl i ng f%ﬁnéd‘ﬁﬂ'i}?esﬁfr%@es%fstg? oP%os?ﬁgfegtrrb&r 13vdr40! fhoczﬂglrgrg@; Iﬁ:r\%ln éa%ﬁé)ﬂ{eﬁ ©

pi ezoel ectric thin fi I rst exenplary e e

second exefgplgy Uoﬂﬁg)?ﬁﬁ%%, but es aRBARIEGIexE&E Alepdsitidling sd wﬂa{tﬁ%eﬁ;e}rregt

formng the main el ectrode | ayer and "pi ezoelectric thin filmon

substr at e fndidghe &Hesine 15/ePshlyaineat 1E0L bavadfdey of iy SRt BEpdsBealettide layer

specified shapes, but it is also preferable to enploy a nethod in that the
mai n el ect4@aed e deaymd ppposed eldcaodd lagedt M0 Aldoninathid cpQGIed Windiikdbe

| ayer are first fornmed and then finished 17 Decenber 2004 23 into specified
shapeslO | nadhesivé iayst tabsepiptcaonty bethedi therfirstarpposdiecl samdn dhyex 40rpidithy second
embodi ment, an actuator using two pieces of thin film )
pi ezoel ect ¢le@radedaysitldOag configiptionsudhetbat the stmictyesl J00 iucoviered Witk oalyt the
invention js not limted to this. Even in case of .using one or three or
nore 5 actBaglating resinsilatier 450 maphsdmppyfagiarednby GowdENg Hesin [do ik SPasetgeion
~Al'so, not:only in the o L : : S
NS0 nq 'ger%w%cﬂ&c f};ll%t substrate 1 and the second substrate 11. In the casé of this method, the
first thin film pattern and the second thin film pattern are bonded by the adhesive layer
15 formed only on the opposed electrode layer, and the structure formed can be protected only
by the insulating resin layer that is a single material. Also, the freedom of material
selection will be increased with respect to the first opposed electrode layer and the second
opposed electrode layer. Further, it is possible to lower the heating tcmpcratﬁre for
bonding or to execute the bonding at normal temperatures, enabling the suppression of
: 20 - deterioration in cha‘racteﬁsticé of the piezoelectric thin film. _
. Also, in the first exemplary embodiment and the second exemplary embodiment, the
opposed electrode layer is formed after forming the main electrode layer and piezoelectric
thin film on the first substrate and the second substrate, followed by finishing them into

specified shapes, but it is also preferable to employ a method in that the main electrode

25  layer, piezoelectric thin film and opposed electrode layer are first formed and then finished



case of using the elenment as an actuator, but also in the case of using it
as a piezoelectric sensor, it is possible to enploy a sim l'ADecember 2004
manuf act uri ng nmet hod and structure. TH RD EXEMPLARY EMBODI MENT 10 The
manuf acturing nethod for thin filmpiezegglectric elements in the third
exenplary enbodiment, as conpared with the first exenplary enbodi nent and
the second exenplary enbodinent, is little different with respect the

met hod of filmformng and etching on the first substrate and the second
substrate. That is, the first main electrode |ayer, the first

pi ezoel ectinfaspepifisd Shapss. and the first opposed el ectrode |ayer are

| am nated and formed on 15 the first substrate in this order. After that,
the first oppo®etheefist gxsmplary rarbodiment ands thessecopy exemplaey rembodimest,f a0 m
-are al'l together finjshed into specified shapes by photolithography _and
etching pr&teY usglﬁ)?éhﬁ‘&?ﬂsl‘Sf,thlétfﬁ%%%oeé“ﬁ&'r?ele‘BF“tﬁ [f& afAardias pEemdsstrRedy ode
| ayer is finjshed etching intaq shape_l arger than.the first

bi Soel oct PHahe Aresent Hnentin et RS W5 Bt fctast P Brite ot Bep o pagre
way, a plurality of.first thin filmpatterns..are forned o he. 20, f.irst
oubst b, S stmildr Mool hay i Bl 07 ol Mpr AR, Asbydiy opty it
shape to t fi ' d. t C . .
arbodi mant a5 55ing QR GTRRIRCE Bl B0 HE AR HER Bisfostequic, 1
thin film : : r.eql.-anipat ed and f or ned
on the sec%%g& 5 EE%??%?’?@%’@%%§ﬁg]rlﬁtﬁﬁh%%?gph?ﬁ%&@taﬁgg e tg%é'r s are
finished by etching into nearly sanme shapes as for the 25 first

pi ezoel ectric thin filmin order to forma plurality of second thin film
pat terns OTHIRP EXENMPLAREEMBOBIMENIecond substrate. The steps thereafter
are sane as in the first exenplary enbodi nent and the second exenpl ary
enbodi bént, an@h¢ manefhcueng tethoddscthirpfiino pickeclatmid ¢lemeis iethelthird édesaplary
manuf act uri ng met hod, since the "Main el ectrode | ayer, the piezoelectric-
thin fil remhoditieat, ep pospared wdthttho fiest lesgraplagr embsimentsod $he/secondrextmplargach
of the substrates and 5 then finished into specified shapes, it _is

possi bl e t empedigicaklis lishecdierent with pespeatithmmcthod of &ilm; forming and etcdingonyle ween
t he oppose '

d electrode | ayer and piezoelectric thin fiilmin. . -
first substrate and tlie second substrate. That is, the first main- electrode layer, the first

piezoelectric thin film, and the first opposed electrode layer are laminated and formed on

15  the first substrate in this order. After that, the first opposed electrode layer and the first

piezoelectric thin film are all together finished into specified shapes by photolithography

and etching process. Subsequently, at least a part of the first main electrode layer is

finished by etching into a shape larger than the first piezoelectric thin film and the first

opposed electrode layer. In this way, a plurality of first thin film patterns are formed on the

20 first substrate, and the first thiﬂ film pattern then'formed is identical in shape to the first
o | exémplary exﬁbodﬁncﬁt and the second exeﬁélarj embodiment. |

Also, the second main electrode layer, the second piezoelectric thin film, and the

second opposed electrode layer are laminated and formed on the second substrate in this

order. After that, these layers are finished by etching into nearly same shapes as for the

25  first piezoelectric thin film in order to form a plurality of second thin film patterns on the



particular. Also, the main electrode |ayer, piezoelectric thin film and
opposed el ectrode layer can be continuously formed, makl ng 17 Deqadsi 200 t o
realize efficient filmformng on a continuous filin  form ng apparatus.
Further, since these thin filmshapes ajg finished every 10 substrate, it
S possi ble to obtain shapes with good reproducibility by either of wet
etching and dry etching as descri bed above. FOURTH EXEMPLARY EMBODI MENT
The manufacturing nmethod for thin filmpiezoelectric elenents in the fourth
15 exenpl ary enbodi ment is such that an insulating resin |ayer is fornmed by
using a rés¢ond sipstrte. alhensiepsribersalie sire same apisrthy figh caemplerysembdémentrahdce of
the first substrate surface .including the first thin filmpattern of the
first subdhesecendgrgmplasy §@é@¢iﬂle§m§§@ therefozey the gleecriptipe is.amitted here: second thin

filmpattern of the second substr By usi n such material, the k bonding
of the first thilHs ManHiaclrngmeth SE’W@ tg"e FFF‘chf fw% (aatpwpﬁe%tac@aeh
ot her and form e i nsul at.in e

o el ¢ ane i dﬁﬁ%em‘)é SeQids et BR g‘ﬁ\[i’tfz? E&?ﬁ}eﬁgwﬂtwﬁ@d

Chin O”%‘%@fgésﬁacﬁ 370 TRPOR b “ﬁdﬁ@%ﬁ@%f’%ﬁ%ﬁ%&. eV tF%rPé’ﬁ’E“’H%}al ity
s bl aceq belygen LG n%ubéew B0 B3R ARS8 b 9@9&1%&4 B il

exenpl ary e ete yer I'S p055|ble
to inpr ng;ahﬂ%lﬁh%é&ttﬁé Eﬁct%&d alayc%SPREQélé'&ﬁé Ytﬁn os&i QPéa e the
et ching operation w th good reproduc Ity. 17 Dece 4725 Reference
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2a, 12a Marker 5 3 First plezoelectric thin film 4, 40 First opposed

el ectrode doasigious filthForndinf appreatu@t Firther,e5nde thé¢@kin film shapes are finished every
10  substrate, it is possible to obtain shapes with good reproducibility by either of wet etching

and dry etching as described above.

FOURTH EXEMPIARY EMBODIMENT ;
The manufacturing method for thin film piezoelectric elements in the fourth
15  exemplary embodiment is such that an insulating resin layer is formed by using a resin
material having adhesive property on at least one surface of the first substrate surface
including the first thin film pattern of the first substrate and the second substrate surface
including the second thin film pattern of the second substrate. By using such matcﬁal, the
bonding of the first thin film pattern and the second thin film pattern to each other and the
"__20 _ formmg of the msulatmg resin layer can be 51multaneously executed w1th use of same
e _' | material. Accordingly, the operational efficiency can be greatly 1mproved Also, in the
form of a thin film piezoelectric element, no adhesive layer having different quality is
placed between the insulating resin layers as is done in the first exemplary embodiment,
making it completely monolayer, and it is possible to improve the characteristics as a

25 protective layer and to execute the etching operation with good reproducibility.



6 11 Adhesive layer Second substrate 10 12 Second main el ectrode |ayer 13
14, 140 25, 250 15 26 28 30 32 32a 34 20 36 36a 38, 380 17DectZibdx044, 440

Second piezoel ectric thin film Second opposed el ectrode |ayer |Insulating
| ayer Connecting el ectrode | ayer Conneaglng el ectrode pad First
pi ezoel ectric pattern resist

Reference Numerals in the Drawings
1 First substrate
2 First main electrode layer
2a,12a  Marker

5 3 | First piezoelectric thin film
4,40 First opposed electrode layer
5, 15, 150 Insulating resin layer

6 Adhesive layer
11 Second substrate

10 12 Second main electrode layer
13 Second piezoelectric thin film

14,140  Second oppbsed electrode layer
. 25,250 Insulating layer

26 Connecting electrode layer
15 28 Connecting electrode pad
30 First piezoelectric pattern resist
32 First lower electrode pattern resist
32a First marker resist
34 Second piezoelectric pattern resist
20 36 Second lower electrode pattern resist
36a Second marker resist

38,380 Insulating resin layer pattern resist
41 First lower layer
42 First upper layer

25 44,440  First thin film pattern



First | ower electrode pattern resist First marker resist Second ,
pi ezoel ectric pattern resist Second | ower el ectrode patter 7 Deshtr 208¢cond
mar ker resist Insulating resin |ayer pattern resist First |ower |ayer
First upper layer First thin filmpatteggn 17 Decenber 2004 26 48, 480
Second thin filmpattern. 45 Metal bon@Fng | ayer 50, 500 Structure 54, 540
Thin filmpiezoelectric elenment 5 58 Adhesive resin |ayer 60 Munting
~substrate (flexure) 61 Slider holder 62 Head el ectrode pad 63 Head

el ectrode wiring 10 64 Piezoelectric electrode pad 65 Piezoelectric
el ectrode 48 43(hg S&pnW\hie flllmadtté@d Vi a- hol e 141 Second | ower |ayer 15 142
Second up%%r | ayer 20

Metal bonding layer
50,500  Structure

54,540  Thin film piezoelectric element

5 58 Adhesive resin layer
- 60 Mounting substrate (flexure)
61 Slider holder
62 Head electrode pad
63 Head electrode wiring
10 o4 Piezoelectric electrode pad
65 Piezoelectric electrode wiring
67 Wire lead
70 Via-hole
141 Second lower layer
15 142 Second upper layer
20
25



25 17 Decenber 2004 27 What is clainmed is: 1. A manufacturing nethod for
thin filmpiezoelectric elenents, conprising the steps of fDDedemfjera004
plurality of first thin filmpatterns on a first substrate, wherein a first
5 piezoelectric thin filmis held betvvegg a first main electrode | ayer and
a first opposed electrode |ayer on said’'first substrate, and at |east a
part of said first main el ectrode |ayer disposed at said first substrate
side is larger in shape than said first piezoelectric thin film and said
first opposed el ectrode layer; formng a plurality of second thin film
patt er ns Okhat iselapmd isubstrate, wherein a 10 second piezoelectric thin
filmis held between a second main el ectrode |ayer and a second opposed

el ectrode | aydr énnsaificmeognuethodgor diie filmnpiesailaiceknin| eaoptisaf the
thin film said second main el ectrode | ayer, and said second opposed

el ectrode steggef: are nearly same in shape as said first piezoelectric thin
film formng a plurality of structures, integrated by bonding said first
thin film pat f@mHngdplunasity of irstethim dilmhpatterns] on pafitse substpiso ydgreamd first
ositigned.to each ofh so.as, o be placed one upon another,_ and an

Pnsul ati né’l%%lleﬁ“f:atg’@rg;nérls }B‘F@t btvvesy astastimatn gleeigedss layerenst o firsl gprosedvi ng

orot cot o B ERT Ll vy "pESATE o MR8 il sl Pl bt

' ' I.ph L ' . t ur
R T T T R R e o
el ect rOdeaﬂ@gaitfigéstfbgegsfeﬁteiéaﬂgéﬂage;i rst main electrode |ayer, said first

opposed el ectro sal d second main el ectrode | ayer, and said second

opposed el ect kQdfing aVRltraiy 8Xk&oAad! thROHIR FaRkoms 3ada SElBA K& Ne, M FHRYLNY
only said first substrate.
10 second piezoelectric thin film is held between a second main electrode layer and a second
| opposed electrode layer on said second substrate, and said second piezoelectric thin film,
said second main electrode layer, and said second opposed electrode layer are nearly same
. in shape as said first piezoelectric thin film;
forming a plurality of structures, integrated by bonding said first thin film pattern and
15 said second thin film pattern opposed and positioned to each other so as to be placed one
upon another, and an insulating resin layer for protecting said structures;
selectively removing only said second substrate in order to expose said phirality of
structures protected by said insulating resin layer;
etching said insulating resin layer into a shape that covers a peripheral portion of said
20 structure except a part of said first main electrode layer;
o forming a connecting electrode pad for connecting said first main electrode layer,
said first opposed electrode layer, said second main electrode layer, and said second

opposed electrode layer to external equipment; and

selectively removing only said first substrate.

25



25 17 Decenber 2004 28 2. The manufacturing nethod for thin film

pi ezoel ectric elenents of claim1, wherein the process of ftoPmantpesHiod
plurality of first thin filmpatterns on said first substrate, and the
process of formng said plurality of sec#)gm thin filmpatterns on said
second substrate include the steps of 5Tormng a plurality of first thin
filmpatterns on said first substrate, wherein said first opposed

el ectrode layer is formed on said first piezoelectric thin film after
lam nating said first main electrode |ayer and said first piezoelectric
thin filmon sai dThé mstnufchsingamethodnfbr thinnifidhi pigz@dectialentenpaol dfimsaj d
first main electrode |layer into a shape larger than said first

pi ezoel ect whereinhihe piocess efh forting eridi plyraditylofirfadsi thin ofilns getierds tdn saifli finst
patterns on said second substrate, wherein said second opposed el ectrode
|l ayer is fabasdeomndtiedreess ol pmeips spidcpinraditt f secon thiaf Egm pattems watsaid
said second majn el ectrqd Layer and sai d second piezoelectric thin filmon
said secofrd® B@F%"Pé‘lﬁ‘ﬂfﬁt Pﬁ'ierh?fgg the second nain el ectrode | ayer and

sal g sseond PR SoLE WA bt BT e S SRt g
t hod f i i i | ectri l. t f iml in th .

e Bl S5 B S ST e e SHRE B o
bstrate, f } i . i in fil
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plural ity @hiskihg S idaft dpdrt bRp@ L MSn eRcfMLIaldr iRlo ék&?%}eﬁ%?ﬁ thh SR fseal d

;
first main electrode layer, said first plezoelectric m and sald

first opposieghetcid thadeim;aner are lamnated on said first substrate in
this order, and at least a part of said first main electrode layer is

fini shdd into fenshepeplatigest secorsithpefilbhpantesas ¢h faid Skofd ameehteClvhérintdaid
film 25 and said first opposed el ectrode |ayer; and
second opposed electrode layer is formed on said second piezoelectric thin film after
laminating said second main electrode layer and said second piezoelectric thin film on said
second substrate and finishing the second main electrode layer and said second

piezoelectric thin film into a shape nearly identical as compared with said first piezoelectric

15  thin film.

3. The manufacturing method for thin film piezoelectric elements of claim I,
wherein the process of forming sai& plurality of first thin film patterns on said first
substrate, and the process of forming said plurality of second thin film patterns on said

20 - second substrate include the steps of:

e forming a plurality of first thin film patterns on said first substrate, wherein said first
main electrode layer, said first piezoelectric thin film, and said first opposed electrode layer
are laminated on said first substrate in this order, and at least a part of said first main
electrode layer is finished into a shape larger in shape than said first piezoelectric thin film

25  and said first opposed electrode layer; and



17 Decenber 2004 29 formng a plurality of second thin filmpatterns on
sai d second substrate, wherein said second main el ectrode FaperembaadOfds
second piezoelectric thin film and said second opposed electrode |ayer
are | am nated on said second substrate ?p this order, and said second main
el ectrode | ayer, said second piezoelectrrc thin film and said second
opposed el ectrode layer 5 are finished into a shape nearly identical as
conpared with said first piezoelectric thin film 4. The manufacturing
method for thin filmpiezoelectric elenments of any one of the preceding
cl ai ms, wher eifornhing aplwreibty $f eécohd tiith TidmSattemp bl saildiskabn@fsubitfats; tihefsin §hd
insulating resin layer for protecting said structures includes the steps
of : 10 f orsa¢and thaiselextrore layes isaidl sey@rd pinzeebrrid thit flmkagssidsecend dpfdsest
thin filmpattern and said second thin filmpattern respectively on said
first subglachede yer atedaminatedsm whid secend swbstratef inlthispaddreaml smid serodd fiaist
substrate forned theregn and on said second substrate surface with said

second t histeeipeisrdayen said second pigzaeledtne thin filmmsandaeid seepnrbeproned deostrodanaer
form ng an adhesive | ayer on at |east one surface of said insulating resin
| ayer Jur ﬂmgﬁf-? B0 Pan?4r5f§fle%fw4ﬁ3fqomﬂa%m prid first aicaodipriga thin filmst
substrate, and said insulating resin layer surface and said second thin
filmpattern surface on said second substrate, followed by opposing and

positioning sai i iR fil tern.and.said second thin film tern
to each ot he?" ggﬂeaﬂs}ﬁéuga ‘%’éﬂnpé Qgéﬂg@%&% ﬁ%gﬁngﬁ%ztoﬁlg?mé‘iﬁgﬁ“ﬁ%“&u ?ﬂﬁlyb es‘ﬁ?[be
adhesi ve | ; ; : r -t hi i i electric
cloment s Oratine chifts, WRFGIIRL bACL ' RtlEL W0 ol Rics 8 bl RRFERIGRE L G
pl Ura'”Yr&ﬁnﬁl?réM%I’yfo@&tiﬁ daiti RE B MebludB A Stk AWgr for protecting said
structures includes the steps of: formng insulating resin layer with

adhesile propésiningnsalatihg assin BRer Bahca thicksab ds sdill Fét (RO pltRrs Uhd ace
including said first thin filmpattern on said first substrate, and said
25 second saidiss¢andttbinsfiind pateern resperdively @nsaid Siest euiskifatel surfatd Withahidefit &in sai d
second substrate, 17 Decenber 2004 30

film pattern on said first substrate formed thereon and on said second substrate surface with

- said second thin film pattern on said second substrate formed thereon; and
forming an adhesive layer on at least one surface of said insulating resin layer surface
15 and said first thin film pattern surface on said first substrate, and said insulating resin layer
‘surface and said second thin film pattern surface on said second substrate, followed by
opposing and positioning said first thin film pattern and said second thin film pattern to

each other 50 as to be placed one upon another and bonding by said adhesive layer.

20 5. The manufacturing method for thin film piezoelectric elements of any one of

e claims 1 to 3, wherein the process of forming said plurality of structures and insulating
resin layer for protecting said structures includes the steps of

forming insulating resin layer with adhesive property on at least one surface of said

first substrate surface including said first thin film pattern on said first substrate, and said

25  second substrate surface including said second thin film pattern on said second substrate,



foll owed by bonding said first thin filmpattern and said second thin film
pattern opposed and positioned so as to be placed one upon!labetdmber 2004

si mul t aneously executing the form ng and bonding of said insulating resin
| ayer. 5 6. The manufacturing nethod forasthin film piezoelectric elenents
of any one of clains 1 to 3, wherein t%g process of formng said plurality
of structures and insulating resin layer for protecting said structures

i ncl udes the steps of: opposing and positioning said first opposed

el ectrode | ayer of said first thin film pattern and said second opposed

el ect r ode fhhgwed by beading sad st thini fillnf patterpand eaid standathin filhd patdie opseseds t o
be pl aced one upon another, and form ng said plurality of structures by

met al bondinfd@opitionesesp asaiobefnilacst cnpppser dnether; sinudantaystr exedtinpihe formiopd
opposed elegkro_e | ayer; and forming said insulating resin |ayer by
filling r&8fongipg ofpud msplafpgreshcley®@en said first substrate and said
second substrate, which depends upon the thickness of said plurality of 15
structures. 7. The manufacturing nmethod for thin film piezoelectric

I f | f ' 1 wherein. th ! f ' id
ol ural Pry or -t r 0B aveuthidobib? iy tmpit@rerm”ne%gré?&%%%?e}feaﬁsee% il

t t ncl St ' .1 j - . t
one | ayer RS G VR BB Tatess B Rl Py B BRO RS Ga BCn PRl
pattern angs e ﬁgg%@ﬁgﬁgggﬁa@%@[{&ggﬁ s'tﬁé’&éﬁscgf- said second thin film

pattern; opposing a osltioning sai irst thinfilmpattern and said

second thin fiohpaduad bed PositiOniBRCRIPOHRE rop?@seﬁseléé?rog@ lgﬂféf'cﬁdsag:{]?iréigﬁﬂl film.
I 2 sal d Tirst

another, and formng said plurality of Structures by bondi ng
opposed elpattérnomd saily sicord dppaicd ckraods 15pPO5 edld %E&ﬁfdrmﬁ?ﬁlrﬁgﬁﬁeﬁﬂ foheabil

Decenber 2004 31 use of said adhesive layer; and form ng said insulating
resi n10ayethebyo hs td begacedsing upnt ansthers end Eginity déd wiealitg af strifdhires by metal
bonding between said first opposed electrode layer and said second opposed electrode
layer; and ‘
forming said insulating resin layer by filling resin into space region between said first

substrate and said second substrate, which depends upon the thickness of said plurality of

15  structures.

7. The manufacturing method for thin film piezoelectric elements of any one of
claims 1 to 3, wherein the process of forming said plurality of structures and insulating
resin layer for protecting said structures includes the steps of:

20 forming an adhesive layer on at least one layer of said first opposed electrode layer of
“ said first thin film pattern and said second opposed electrode layer of said second thin film
pattern;

opposing and positioning said first thin film pattern and said second thin film pattern
to each other so as to be placed one upon another, and forming said plurality of structures

25 by bonding said first opposed electrode layer and said second opposed electrode layer with



substrate and said second substrate, which depends upon the thickness of
said plurality of structures. 5 8. The manufacturing net hotl7 Desenibbxi 20041 | m
pi ezoel ectric elenments of claim6 or 7, wherein said first opposed

el ectrode | ayer of said first thin filnhﬁattern and said second opposed

el ectrode | ayer of said second thin filmpattern are respectively nmade up
of nmulti- layer structure, and the surface |ayer of one opposed el ectrode

| ayer is a netal selected 10 fromthe group consisting of gold (Au), silver
(Ag), and copper (Cu), and the surface |layer of the other opposed

el ect r ode usaypésaid sdheisive(@rer;)andr cadmi um (Cd), which are bonded by alloying
the nmetal |ayers with each other disposed on the surface |layers. 9. The
manuf act ur i ng fammingdaiflgrsulating rédih taypr ez HBing cesin inte beare kgobetokan mid fiest 7
or 15 of c]aim8 when dependent on claim?7, wherein said adhesive |ayer
has condudtpsfaigand gpid acqoRd substtatp, pihéchodapends yronehe thipkness ofrpaid plugfity of
structure wherein a pair of piezoelectric thin filnms vertically oritented
W th respé@PmnFﬁ'layer surface between nain el ectrode | ayer and opposed
electrgde | ayer are bonded 20 . between said opposed el ectrodes, and each
pol ari Zing direction is identical to the direction of said opposed

| de | ; i i in | f t t
oriphor ol on® TR RS AL D hABH Bor'it iy Blefide e BmieBit gt B e h
A _ . . _ =
pad o Tk e Q1S BAUAGELEN UL B o 25 SANGEENR SR
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shape such that said piézoelectric thi mis tape

width, frdamed sposthied And €l siirddcd 18R IR CIPpRstal LiaMRdet1yd RO fe@ sclRERH
sai d opposed el ectrode | ayer, and said opposed el ectrode | ayers are bonded
to eadfi from the group consisting of gold (An), silver (Ag), and copper (Cu), and the surface layer

of the other opposed electrode layer is tin (Sn) or cadmium (Cd), which are bonded by

alloying the metal layefs with each other disposed on the surface layers.

9. The manufacturing method for thin film piezoelectric elements of claim 4 or 7 or

15 of claim 8 when dependent on claim 7, wherein said adhesive layer has conductivity.

10. A thin film piezoelectric element, comprising:
a structure wherein a pair of piezoelectric thin films vertically oritented with respect
to layer surface between main electrode layer and opposed electrode layer are bonded
20 -between said opposed electrodes, and each polarizing direction is identical to the direction
" of said opposed electrode layer;
an insulating resin layer formed so as to cover the peripheral portion of said structure;
and
at least a connecting electrode pad formed, at the sides of one of said structures, for

25 connecting each of said main electrode layer and said opposed electrode layer to external



5 other. 11. A thin filmpiezoelectric elenment, conprising: two sets of
paired structures wherein a pair of piezoelectric thin fil nt7Deretbedloby
oriented with respect to |ayer surface between nain el ectrode | ayer and
opposed el ectrode 10 |layer are bonded t ween sai d opposed el ectrodes, and
each polarizing direction is identical to the direction of said opposed

el ectrode layer; an insulating resin |ayer forned so as to cover each of
said paired structures; and at | east a connecting el ectrode pad forned, at
t he correspondt&g sides of said paired structures, for connecting each of
sai d nai n “@HEERGNGde | ayer and sai d opposed el ectrode 15 |ayer to external
equi pnent, wherein said structure has a shape symmetrical to the | engthw se
segnent, and &¥EReInsridssiugtues hace sectiondsbape swbitherald sihagsdeotricc thin Fism isai d
pi ezoelectric thin filmis tapered, dimnishing in wdth, froma portion
near said ‘TRff "r‘ff é#“@ﬂ’tlﬁhb%lq ‘é(yﬁ]ih é%maf‘ PUtieR drarmseit man electipslsJavad telackartionie

| ayer, an i.d.opposed,el ectrode | gyers are bonded, to each other. 20 25 17
Decenber %ﬁ%ﬁ!;aé% © ﬁ%&ﬁkﬁo%ﬁﬂeﬁl@%sﬂ #ode) iypERrpreaRgndeddo each
MANUFAGTURNG METHOD 5 A met hod of nenufacturing a thin film piezoelectric
el ement, wherein main electrode |ayer, piezoelectric thin film and
opposed el ectrode | ayer respectively having specified shapes are first
formed on first substrate and second substrate, and after that, the opposed

el ectrodes ar q1omﬁlﬁpﬁz@awﬁ&ielfegleﬁ@%ngﬁé]?éy and insulating resin |ayer
is formed over the peripheral portion thefeof, and then the second

substrate is negoesdof pited fiatthats Mheddn RESHIN of F¥belestriB BN BIm@RErtically
connecting electrode pad is formed, and finally, the first substrate s

removed t eriebtediwitteresprepiehgtrysuspabeativeen aimelbittatielhpe @Al @phbded eRlcatBa!t -
o hll(s) layer are bonded between said opposed electrodes, and each polarizing direction is
identical to the direction of said opposed electrode layer;
an insulating resin layer formed so as to cover each of said paired structures; and
at least a connecting electrode pad formed, at the corresponding sides of said paired
structures, for connecting each of said main electrode layef and said opposed electrode
15  layer to external equipment,
wherein said structure has a shape symmetrical to the lengthwise segment, and each
of said structures has a sectional shape such that said piezoelectric thin film is tapered,

diminishing in width, from a portion near said main electrode layer to a portion near said

opposed electrode layer, and said opposed electrode layers are bonded to each other.

20

25



method, it is possible to inprove the reproducibility of shapes and to
-prevent trouble such as shorting between the el ectrodes whithedvoiber 200¢

pi ezoel ectric thin film thereby making it possible to provide a thin film
pi ezoel ectric el enment that nmay assure hﬁgh yield without 15 variation in

pi ezoel ectric characteristics, and its nuf act uri ng nmet hod

ABSTRACT
THIN FILM PIEZOELECTRIC ELEMENT AND ITS MANUFACTURING METHOD

5 A method of manufacturing a thin film piezoelectric element, wherein main electrode
layer, piezoelectric thin film, and opposed electrode layer respectively having specified
shapes are first formed on first substrate and second substrate, and after that, the opposed
electrodes are opposed and bonded to each other, and insulating resin layer is formed over
the peripheral portion thereof, and then the second substrate is removed, the insulating

10 resin layer is etched, and connecting electrode pad is formed, and finally, the first substrate
is removed to obtain a completely separated thin film piezoelectric element. By this
method, it is possible to improve the reproducibility of shapes and to prevent trouble such
as shorting between the electrodes which hold the piezoelectric thin film, thereby making it
possible to provide a thin film piezoelectric element that may assure high yield without

15 variation in piezoelectric characteristics, and its manufacturing method.

Figure 2
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