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, i a head slider and

a netic di slﬁ i S, nfgunt ed og
attached to an'&cPIFEEHrMEFIHON TSSO /i RGPCSFIRCT SCFRh IR 2n oeeier ©6id
notor (bereinafter. called.V nd positi.oned . to a specified track
posi-tio oﬁenﬁ?fegoh’ﬁb%gqsftbonﬁ%d ?ﬁBPBB%CtPBE%WW&' and reproduci 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

pi ezoel ect fténtioheSaEt sleméhts Titisrealpie%PLsRAl EACh@hB RBuGtAEnRACH M, iy be

applied in various ways. To neet the 17 Decenber 2004 2 expectation,

pi ezoell@ct thieC pridactbiitys may ebe @epatly eitnrovdde bg nising i z@dicoadiosort procesRdir thow
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



vol tage drive possible and to generate considerabl e displacenent, and a

met hod of nmanufacturing thin filmis now exanm ned for the haRefembeni084 of
such elenents. In a thin filmmnufacturing nethod, there are two ngjor
problens. The first problemis that in 5 order to obtain piezoelectric thin
fil mhaving excellent piezoelectric characteristics it is necessary to
formthe filmon a substrate such as a silicon nono-crystalline substrate.
Also, it is necessary to |am nate piezoelectric filns in order to obtain
great piezoelectric displacenment. Accordingly, such thin filmis

manuf act ureggedistions ipierotinciric helements fare sepstedatoeba comlleiizay, table ke rémlet downg
met hod. Piezoelectric thin filmis first formed on each 10 substrate, and
then the piokizgeldsiverpassible and itpngengrate irongiderabls displaconends andfa ancthoditof one
of the substrates is_renoved by etching, then the bonded and | am nated
pi ezoel ectParuiagiyrng thindilm s roypexasained Agrithe manufachye ohsudygiements. In a thin

pi ezoelectric thin filmto let it have. a,specjfied i ezoel ectric pattern,
t he ot her é‘&bg’@f‘ grufiag metinde 4hasy ags Y7 H&,JOItPfQHQB’;F- n"éﬁ%?%tﬁﬁ?‘?lﬁla létg%thlpn
film pigezoel,ectri.c .el enent. Hoyev t he | am pated piezoelectric,thin film
(s very  dEoCblaRP oSt Tyt e e lent e g T GubPeeiotioe it ie
shorting tg e.place. The .secon rohl em as descyi be bove
ocours becsRE e KR P LA Gnar Sy ES BRP o R S iAlng SR s 1
state of s QggBJ],e ehy - ; d e; tra n ' il m
S forned%fﬁg‘}egl S, sfon(h:%mglgttg ﬁ?lg%{%%&r#%méélgewe? r?ctBe %ﬁ@n#@ hﬁ%‘é}g@f {tﬂirc ed
by a thin- §idm ufa Ai ih SEHME ' bfedt ' j |

pi ezoel ect rllsﬂc gﬁgﬁentgl&s&slg%g’rrrg%ée]gql%lPo%&?hlg_ %%‘gf? ?tg{eg, Bftﬁsgﬁeggg&r%sﬁg% f?fcul t
to nount igdubSiat®htiding tXRE Fstiowik hizeHdd. HiddoRRcHRBASHINRTRECformed o BadN ©
to set up an actuator 1n high mass-productivity. Wth respect to the
secondi(pr odubstmte, hap alsste bitzoelopao titafidins atdlonded 83 esbhsithers &sfterahat, one of
manufacturing method in that after nmaking a transferring | ayer made up of
thi n fil m th2Sulbeaics és sumliedby tichingf themther zonsled hod leinatgd Ipiozioelgetrie thia iilm
characteristics on a quartz substrate 17 Decenber 2004 3 or a heat

resi stant iglexpesedubdftemeishingibe expossd qriegonlgcirivythin ifidmt toalket fitehaveda oprcifical

substrate which ' is inexpensive and excellent in inpact.resistance, thereby =

real i zi ng Biefqelfistricpatight, the, gihgr sepstrate 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 - -pi'ezoelec,frié_elsement is separated ‘fr,o_inr the __substratjé', 1t bec'ornes: diffic_ult to 'mo_lunt_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



crack, and lowcost liquid crystal display unit. In this manufacturing
nmethod, the thin film device forned on a quartz substrate or a heat
resistant glass substrate is transferred onto other substr &l Peceamtbri2604
order to easily separate the thin filmdevice fromthe quartz substrate or
the heat resistance glass substrate, it i-s necessary to firstly forma
separative |a when a trate th S

E eparative o'rgiﬁg{at rﬁ%ﬂf@?ﬁia{s%ﬁg&;ﬁte @eggﬁ V%\rgéﬁe]f Fﬂmﬁmapaﬁ%w SEate % i
and”ther o &t eRtrve oy BB A Sl GRS n bl SRR b 'sﬁ'aéﬁﬁ
be obtai ng, gdo Wycog:h%ﬁ %'X&er& %Lﬂehpﬁ?ssrﬁﬁ{l fﬁ&ﬁ{&g {n%ﬁlodsthe %ﬁ{}q&d to

sol ve the above probl em I'nvention i I pr ove

repr oduci bide{,{c¥ f&%&f@?@%uéﬁk ﬁitﬁﬁat@q)r%fheat Fe%ﬁ?in?%fas%guﬂsﬂhf% i laf3f F&Q&io

prevent the generation of defects such as shorti etween the electro

hol di ng t hethep 'sﬁﬁsﬂﬁﬂee@{dmfbr&éi it eisﬁ%' Repaath ﬂfé tHﬁlrElB?@évﬁHeQ“r&ﬁ t}ﬁé”qdahk @uﬁshlaf@
pi ezoel ectric el ement with a two- ayer configuration of piezoelectric thin

filmin ordetheleapresiviatee gadsisubstfatd, 10 ip hexeeire el filsfly f@htaBdparative tdyefBY the
assure |l ow costs and high yield wi thout variation | n piezoel ectric

char act er i substwje. &lodvelves wirnafsabstrate withrsatihe depatativedayer danee thérebn &rusag,pect
of the present invention, there is provided a manufacturing nethod for
thin pi ezoekssal oensatiomein herd todergensiateg arhthe silmperiate inftbe vasegfpigroateatrict y
of first thin filmpatterns on a first substrate, wherein a first

pi ezoel ect thig flm, rﬂnﬁlthﬁﬁel ayisee lachTblowk Bt Zopd piezoplerimicetharactestitics agmtotded a
first opposed. electrode | ayer on said first substrate, and at |east a part
of said fi IOE 1T‘T”Ei n el ectrode |layer 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 patterns

Decenb 2004 4 d pi | tri
oh B e STHARY. OF IR NN Do TP 200 1 ayer ond b caceng
opposed el ectr gﬁ? rﬁl?%’ﬁ] iWenfigh ds SREA SURK BkSmbodd Dot FRE Wfhct of the

pi ezoel ectric
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



sai d second main electrode |ayer, and said second opposed el ectrode | ayer
are nearly sane in shape as said first piezoelectric thin film formng a
plurality of structures, integrated by bonding said first thiBe¢dnibarB6@4 ern
and said second thin film pattern opposed and positioned to each other so
as to be placed one upon another, and art Insul ating resin |ayer for

protecting said structures.: selectjvely renoving only said.second substrate
P or der "t SR atwoSr e S A i pelibetdednt el mpit ety 1515t aa a second

i nsul ati ng | ; il n | d insulating resin laver into a.s e
that  cover SPESR AdNle |T5E0) A 3Gt IRHE} A s SeneBlosl it Bt AR
first main . : ) ' r

connect | ng 5GP EERCoRE DL ST S E LeB R B Bl
layer, sai da®8¢P8tpaal §higiRe ble288edAY flin afd Ssai d second opposed el ectrode
| ayer to external equipnent; and selectively renoving only said first
substrate. By tfbingingRnwihaditlof SeaciRts)Qftegtah@ B BORiAE shill HrstwhidD fitrh $aliBind

el ectrode | ayer and the piezoelectric thin filminto specified shapes nmay
be i ndi vi duadlsyidpecdm thidfiindpattedh apposell and pbsigoded tareclpbthehso &4 foe placed
substrate and the second substrate. Accordingly, in a step of wet etching,
t he shape a@hetipen piatharehnetcarr insulatingrefinllapembyr phetedtomgsa] sthucturggpod
reproducibility. Also, in wet etching, it may be possible to elimnate
foreign matter schefivaly rameuingonly seid sskondsubsirate imakder $oekpse saidrplarlity of
etching, and to realize a thin filmpiezoelectric elenment which hardly
causes el ectTBFIHERS pspiected Ay said sisplabing mesin l8yers abi | i zed in characteristics. On
the other hand, .in dry.etching, .as conpared with the case of etching

pi ezoel ectric (PG 53l lq‘FHfﬂtlﬁé Tgsin dyer [0 & shaps thag soxers gnperiphgral portion of

duci bi | i f be | db | |
< et ched, SAHATIEE SioEEl L BB e MRRnSITBRES IR do vl | sur faces duri ng
hi b | d i zing th ducti f
ol cctricar shortriE 4 rbn L sielttRe Tt bt Phiskeie S et Qs laver
charact eri §hiqChygt Jo%g%l%ﬁfﬂ@&fod%qgger saiggsg@grﬁf :Equfél?]rp%f‘ec%&@ iYL AR sATREGn !
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the present 1 nvent ere I's provi
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.



film piezoelectric element, conprising: a structure wherein a pair of

pi ezoel ectric thin filnms vertically oriented with respect to | ayer surface
bet ween mai n el ectrode | ayer and opposed el ectrode | ayer atEDbcambted 2004
bet ween sai d opposed el ectrodes, and each polarizing direction is
identical to the direction of said opposéh el ectrode layer; an insulating
resin layer fornmed so as t.o cqver the ri pheral portign of sai. :
structure; andolert"“‘C %@%‘E"eawﬁlwim‘é%&ﬂﬁwt ngﬁlgfﬁ’ét S lsd%ro‘flﬁ'éd aitias of
one of sai g, str.uctures, for connecting ach of ,said nmain el ectrode |ayer
ond sai o op BB olsdlont S APBRYEL R RGNSy HRRHE AP e BER IRy 4
structure ' e ' | l ectr] LR filmiis
Caper ed. ditis Shcany PR A BT 18 Bl SHRRSELFORT Bl e deyes ol

llayer to a psdeh %[bctr@ﬁ@%&@;az{rg b8k ngs?.ﬁcf ?ﬂ%sé@)ﬂ%é rod%@,danﬁa%g'lg}; g@l&ﬂﬁﬁl

el ectrode | ayers are bonded to each ot accordance wt t anoCher

aspect of 1di@ctRIESaMnticAV@Nthé Atectid?ebCsaid oppdR¥d REtrade f-a?l.eﬂi‘ ahlithfMating resin
pi ezoel ectric elenment, conprising: two sets of paired sfructures erein a

pair of pilgzpagbeedd k6 dshioncdvel NMhe Rfiph&al byrtiohi eMtAd sttubhird; esideat 1dast hayer
surface between main el ectrode | ayer and opposed el ectrode | ayer are
bonded bet wemectng @leoppds pall dhrety adths, sidans @actf pid atructinrg, fhrreahéding S
identical to the direction of said opposed el ectrode |ayer; an insulating
resin | ayeradhorinsail meinagedtwde daper amdisdid opposail dlepapdeiyst touxtama spuipnengt

| east a connecting el ectrode pad forned, at the corresponding sides of

sai d pai r edvherein seigr sisactyre rhas cp gertionainghapa ciuch fthatasadd pidzacletteict thind 8lthaiger
and sai d opposed el ectrode | ayer. to external equipnent, wherein said
structure Kapsred, §Hﬁlﬁl§h§5€rﬁﬁé’(lﬁﬁb drom 3 portion| redE EHdinEN sleghade layanie 2 persianof
said structures. has a sectiopal shape sych that sai | ezoel ectric thi
filmis t&FEY SoRoRed, P@ﬁﬁrw&aﬁaﬁer peid opppied el SisRERTe Sanedis fch

el ectrode |layer to a portion near said opposed el ectrode |ayer, and said
opposed eI@?%Tode | ayers are bonded to each other. BRI EF DESCRI PTI ON OF

I DRI g ka0 LS5 bR B 1 b
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



by the manufacturing nethod in the first preferred enbodi ment of the
present invention. Fig. 2 is a sectional view along the X 17 Regerber DRbwn
in Fig. 1. Fig. 3Ato Fig. 3D are explanatory di agrans showi ng the main
steps for filmformng of the first piezoelectric thin film3, the first
mai n el ectrode layer 2, and the first oppdsed electrode |ayer 4, and for
finishing theminto specified shapes, on the first substrate. Fig. 4A to
Fig. 4D are explanatory diagranms showing the main steps for filmformng
and fi ni shibpghd mamufagedhd irethod haprirstiprefeaed ymbadifdes: GraEOpdséat hskhtade. Fi 9.
5A is an explanatory diagram showing the first thin filmpattern and the
second thin fiHignZpstsestionalppes edng it Xe ddiwt showadn Figotlther by the

manuf acturing nethod in the preferred enbodiment. Fig. 5B is an

expl anat ory di dug 3 oHogi HY atcrexploatonddisgroms showing éhemainwstdpy forditovdmningy

the manufacturing, nethod in the preferred enbodinent. Fig. 5Cis an
expl anat or Wféheaé’fsgﬁﬁeé%%% thim 8lm s thefinshgainaeirods Jaer ngndatip disstvapposesy er

tched int ified sh by.th factur] thod int f d
enbodi ment SIERGIE BG4, 4nd Gy B A SR PG | |

i ezoel ectri : : | et he {irst b te by t :

D e oot T Mg R S Py SabaS s BE i G sy forming
expl anat or ydige ?@iﬁ%‘%ﬁk&ﬂe& pbfNifilkity B RicRpOSIRGL e ! ement 17 Decenber

2004 6 separat ec sel ectively renovi ng ~trrst substrate by the

manuf act uri ng nmg g id dh éﬂ@@anawaﬁgfaﬁ@s}wmﬁg HHEBAYSt thifl Slm fddter® addthe second
expl anatory diagram showing the first thin filmpattern tTorned on the

first substthiatfinbyattdne oppesel aad bohdg! Eédeh iliad byhthe Seeandnpingiaethed in the
enbodi nent of the 5 present invention. Fig. 7 B is an explanatory di agram
showi ng t hersferehembédimefi. | m pattern formed on the second substrate by the
manuf acturing method in the preferred enbodinent. Fig. 7Cis an explanatory
di agr am show ndFighdB fsiansexptanpiery dipgiapbshosing thegetand sybsittriselectively removed

by the manufacturing method in the preferred embodiment.

11
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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



thin filmpattern opposed and bonded to each other by the manufacturing
method in the 10 preferred enbodinent. Fig. 7C is an expl ahaPerybeli 2804 am
showing the insulating resin layer fornmed with insulating resin filled by

t he manufacturing nmethod in the preferrgd enbodinent. Fig. 8A is an

expl anat ory di agram showing the resist for insulating resin |ayer pattern
for etching the insulating resin |layer by the manufacturing nethod in the
preferred 15 enbodinent. Fig. 8B is an explanatory di agram showi ng the
thin filmpiezoelectric elenent conpleted on the first substrate by the
manuf act uPSHRERLeFE PY Sefestiy e%@ﬂfﬂvﬁgeﬂheéngs’éﬁ?@é‘&tﬁbﬁtthe ragufagiaring mgihedis aat or y
di agram sho%vi n tl’ga@t hin filmpiezoelectric elenent separated by

sel ecti veP¥f ‘?I;éfi%o‘?}? I0EY- first substrate by the manufacturing nethod in the
.preferred ‘errb_%xdi nt. DETAI LED H)ESCRI PTI ON THE ll\%/ NTI g\l he preferred

- embodi ment s of & H& Bra@BhlnaQie AR thowing, e fustihin, il pattqrp dorped erpieng

with reference.t.o.the .draw ngs. Jlnci nt al , like nuner,als, refer. to.like
25 compondil Sikbfiet B B BIARubBSHARN %t sehbilf pRRR RNl SCtme

EVBODI LQ.: k.s_a plan view of an actuator with two thin film
pi ezoeysy}ﬁggﬁe}ﬁeﬁ%@?é in pair made by the manufacturing nmethod in the

first exenpl gy eMBAdhAellandhs Al Bhwins Be afailh doPlik-Aedikaks f1ne

positioning of a head slider peci track position on a Iskin a

di sk dri vehdieicénd ﬁbﬁrﬁ@bgﬁ{e%aﬂtﬁad@lﬁﬁﬁg Hedodr e E%r@d%%dﬁﬁc&t,hi nfilm
pi ezoel ectric "~ elenents 54, and these elenents 54 are fornmed in symmetric

relation to tWep AC is afl exblaf@toryt didgraheoiving the fEQGRRAMIm Fdt@m #nd the@econd
sectional view along the X - X line shown in Fig. 1. The configuration
wi || be ddésiorfillmepationn bpposkdlandwondedoty tash ther hgshe magufaetiring Gndiiod hothe | n
Fig. 2, two pieces of piezoelectric elenents 54 are sane in structure.

Fi r st 1Pi e poedbmest emhbodiment. fi | m 3 hel d between first main el ectrode | ayer 2

and first opposed . )
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,



el ectrode | ayer 4 is bonded to second piezoelectric thin film13 held ,
bet ween second main el ectrode |ayer 12 and second opposed El Beakmbee004 ayer
14 by means of adhesive |ayer 6. Further, insulating resin layers 5, 15
are disposed at a side portion, and a sygructure 15 described later is
formed. The structure has via-hole 70 at the position shown in the figure.
Through the via-hole 70 is fornmed connecting el ectrode | ayer 26 which
serves to lead the first opposed electrode |ayer 4 and the second opposed
el ectrode | ayer 14 out onto the surface of the thin film piezoelectric

el ement 54 via insulating |layer 25, thereby formng the thin film

pi ezoel ectric element 54. 20 The thin .film piezoelectric elenent 54 is
bonded andIBSEEXEMBRARYEMBOAMMENT substrate, flexure 60, hy neans of .
adhesi ve resin Iayer 58 formed on the fjrst. mai n, el ectrode Layer 2.
Further,” conndég il 2eleeview e apagtiatorrviihise tin &l IBI?&&PFlﬁﬁf“Fﬁéem%%H’eE%‘Y ng

gLﬁﬁEE? de vy é‘ﬁa{ﬂ%ﬁ oA ri%t%%iﬁ ﬂgefyﬂ%s? S orRbRTEE) 16 A Pgsat%as 64
0

ool T on e foF pighiy i rzg Fae BosSRHERY A biAT SR R EFC%?& trask Yogliicdon 2

connect n%ﬁg RS GEENR, 138 b aPls BB AR D BiERS G 3 BlE LA

pad 28 of nai n electro rode

layer 2 i te?é?'#léntssfﬁf UGS ttRe LRRmefRMAGHL kit 8'11? %ﬂgﬁl&@ﬁtlgﬁ to m'étA' tA lifie 3hS©

possi bl e t orm the connecti ng el ectro er 26 at the portion as well

Further, tl@@gth\i?ﬁe‘s@éﬂléﬁﬁ FPgY Qlis 3%eétﬁmfaW18@¢1&@'ﬁieD@ Knghe S9WANnTFiRf 1.t MRe
second nmai n el ectrode layer 12, but it is also preferable to formthe |ayer

at the prohﬁE@ﬁﬁd)n R bd ﬂsscﬁﬁedtlhehetﬂalmwmglwx@ir@&ﬁ@ée&fgtxﬁdsc el enent as wel |
that is, int region where the insulating resin layers 5, 15 are forrred
As shaMh in FiAp shbwi imeFigl 2xawoepietesi ofgpicmbekcricsdlemdetts I3d| aé sgmp dn tsiroctufel
whi ch serves to hold a head slider (not shown) in the region further

ext ended fFitrpicaecleaye dhin iimr® held detwent fstmAin] eh:qjicndz dayee @t anidcfizst eppored 54
i's bonded. The slider hol.ding portion 61 is provided with a head eI ectrode
pad 62 f oreledwode tayered it bimded ta krsond picaeelprtrie thim fibn 13 heddyhefvieen Recead maiat

Shown) m)unt ed on the_head slider (not  shown). From:the head el ectrode pad
62, .- electrode layer 12 and second opposed electrode. iayer 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 layer 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 fomling
the thin film piezoelectric element 54.

- 20 The thin ﬂlm plezoelectnc element 54 is bonded and secured on the mountmg' '

~ | substrate flexure 60, by means of adhesive resin layer 58 forrned 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.



head el ectrode wiring 63 is arranged over the flexure 60 between the thin
filmpiezoelectric elenents 54 and is led to a connecting pabedember 2Kbwn)
for the connection to external 15 equi pnent (not shown) the sanme as for

pi ezoel ectric electrode wiring 65 led figom piezoelectric el ectrode 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
el enents 54, the slider holding portion 61, receiving the power then
generated, is _finely displaced to the rigpt and 20 left (in the direction

of Y - Y Iine)nFind: thgsprispting plectipdsdayer 20He aet foagredan e pnaetineplectipde
ot hodof RERSOIRS hGA et es 1HF B PO P LPRICeIet Bty E4 Heltiscras
ey orty B et A o1 5 R gl i b e PR AP o
i a0 ar SR gt IR Dol dsSyelly Frthel oft indolalit [py 2 BARRRE Ry BEBEFien e
st Bethe S AL fyel 12 Bt Rl TROnELARIL Qb U efr A0 "

shapes on e?@nh%rgf i iSHOShE Aif fihﬁ"g%ér%o?lleﬁkﬁ eléifint s Fefl, thfﬂﬂs, lthe Féémnf\gﬁérg ry

di agr anms e mal n steps m formng an I nishing™n

specified tﬁ@ﬁﬁ@ﬁﬁﬁéf@ﬂ;ﬂﬁ}eys onsthefsrmeand substrate. 5 First, the
description is given by using Fig. 3Ato Fig. 3Dwith respect to film

form ng and fiAd siewndin@ig.tl)ehd fletire 60 batudes a.slidegholddgootién 61 shadhesetvest hat
the first main electrode layer 2 and the first piezoelectric thin film3
are | am natpdobldn htdiesliler Gibt shdwaf) imtle tgioarfdrthdrextdnded fionetheatgion mherepthtt er n
resist 30 is formed for finishing the first piezoelectric thin film3 into
t he shdbe thiofilm ipiezfélectria eleb@nT 64 ghbandeds hEh¢ slidsr holding gogiomy 61 it piomided| m 3
havi ng good_pi ezoel ectric characteristics, it is preferable, for exanple,
usi ng magn®Bh ahcad plgetredsrndcGd for dhg conmeetipystor the avifing @ortiahek ¢ axegpeticshaade
first subsijrate 1, to forma Caxis oriented plati numlayer (Pt Iayer% as
the first (el hERIRMBIRS Pmist hoadiidgr (nosrsheynl 1 EFmdhe fead deirdestidsé-at e

and to., ‘

TR S8 viring 63 is armanged over the flextire 60 between the thin film piezoelectric
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 |

“ | 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



zirconate titanate (PZT) layer on the Pt |ayer by way of sputtering. Wen
the PZT layer is 15 forned, a vertically oriented PZT | ayer 1Tiycepdediitdi ned
by setting the tenperature of MJO substrate to about 500C. As the first
substrate 1, besides MJO substrate, it I8 possible to enploy strontium
titanate substrate, saphire substrate or silicon nono-crystalline substrate
(Si substrate). Also, as the first main electrode layer 2, it is possible.
to enploy one selected fromthe .20 group consisting of platinum(Pt), gold

0 e S B s o it
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i ezoel ect t executed 17 Decenber
2004 10 thfiiedrlge\he{%]ﬁlrtélgﬁ'f'.%ﬂe‘ﬁfszhgr'32 t gflg%gh?l{;@? trs'lc"éco[ht8 %lhn @Eﬁ m 3 is etched, using

the fimst pi eqq@teﬁlterde%cﬂawnersn /88 1651 ustfe %m&k}v D5 '@tﬁr}'ei]ﬁctofo

etching can be executed as the tch| g operation. rtlcu

et chi ng i SoARaindd@sstEng BnltBE FEst GhbiRss - PIOIUCHHoWst ¥ sthRCAUES thbgirdeNiine 5
is sinple and capabl e of finishing the etching operation in a short tine.

Wien a PZTeléande liyar Pand @St piyzostictrid tal figh 3 ate lamidatel o dblRstistbitet B
m xed solution of hydrofluoric acid and nitric acid, a m xed sol ution of

hydr of | uoradnd the fidst piezoeleatriapatteramebisa 36tis formed dor fnnsmﬂi@ﬂle fimsppdekoslettit itigins
diluted with pure water. Since the first piezoelectric thin film3 is about
3 [.min ﬁlmgm@wsmn@smm@all shape after dry etching or wet etching
Is generally 10 trapezoi dal. However, in this process, since. only the
first I8 ezoel ek phiaim the ﬁlf&tml%oslepglcébmrfém 3 hatiag @p@mpwgo@gémphmpt@mcsse
easily controlled d.it is possible to lessen the side etching

greatly i npidpreieiaBies for,ex %ﬁ%ﬂ%ﬂg Fragnesjum pxige, F%OWYS%HIP%@‘@E@W G\gg@he

LT P SRRt Bl P e lCEEh BB T b e’
S first- main electrode layer 2 by way of sputtering 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 cons1stmg of platmum (Pt) gold (Au) 1r1d1um (Ir) rhodlum (Rh) ruthemum (Ru) o
- silver (Ag), rhenlum (Re), molybdenum (Mo) tantalum (Ta), and palladxum (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



15 finish the first main electrode layer 2 into the specified shape. At the
time, first marker resist 32a is also fornmed for positioni igDtdesbaadider ns
to each other which are fornmed on the first substrate 1 and the second
substrate 11. However, the marker 32a i3$0not forned sonetines in case the
positioning is executed by other nmethod. The first main electrode |ayer 2
must be exposed fromthe first piezoelectric thin film3 in order to use a
part of it as 20 the connecting el ectrode pad 28. Therefore, it is

necessary .t o ke the first main electrode layer 2 different in shape from
t he firstt$?gggﬁlectric thin film3. Also, to achieve such purpose that a
part of the fi

. Di ' hip.fil . th hem cal .
.sol ution - use h?g}r Irpg%ﬁ%\%ieﬁ tctr-thgl Tf‘lln'lf gtls Itﬁg]“sdﬁl”%g?ﬁeeﬂé ﬁlg%ociiqcirﬁen%tt%?q qu’s"'t f)ne, |
f. th ff Iy nake the first hn el 2 alitt
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functioning as the connecting electrode Is s Iclently expo
fromthe fi pﬁice@b@b?e\bac‘étéﬁiﬁg,tib isprefdrabld to hEea IIRBE sAhitidD6f hydrSfludiR bid

el ectrode | ayer 2 etched by using the first lower |layer 5 €lectrode
pattern r eadsiitridZci aamixes koluSios O WRdioflubtig acid GritrWhatid bh@ addtic Hcidyer these
electrode layer 2 is etched, since the layer is thinner than the

pi ezoel ectmixed sdlntiods dimted With puieswater. fiacd ihe dirstrpiguoeletieicahinrfilai 3 keibodr ¥
etching or wet etching and it is possible to freely nake the selection in
accor dancemy mhthi¢knesmat the i sectibual shiape aiftec t drpdeschiag eor. Wb etchimgs is hgeneralln
Fig. 3D first thin filmpattern 44 is manufactured by formng the 10
first 18ppdimpezaidal c Hoseaer, i this proegss.sirecefontysthe Siryt pirzpeleetric ghin film 35 etehed,
Further, the ipsulating resin layer 5 is fornmed in nearly sane_ thickness
as the heitEmPtCBﬁgtqpew@nfan eaﬁgbe rollgyl apd lotePosHlerto dessons the pider gtelyng

d el de .| 4.1t i ferable t terial f
Che Tirst i heeruk Tramee meybrprePfuebTee °c'Gi 6 metal |ayer such as .
Wi o mat ori b scREL A e Rle il Wipoelhig Pin il S Bo iBrare

pattern resist 32 is formed by photolithography process as shown in Fig. 3B in order 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
o -1a‘tye.r 2 different in'shapc fforﬁ the first 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



Also, as the insulating resin layer 5, it is preferable to use a polyam de
| ayer prepared by, for exanple, coating |liquid polyande w thDsgmbere200&nd
heating it at about 350C after drying, and also, to use a |ayer forned by
heati ng and hardening after applying orggnic resin thereto. As is obvious
fromFig. 3D, since the insulating resin |ayer 5 conmes into 20. contact
“with each of the first main electrode |ayer 2, the first piezoelectric thin
film3 and the first opposed electrode layer 4, it is required to have
adequate el ectric insulation property and also to be a material that can be
etched. Al Biszoslsediiethin fiin 3 a5@ vhale.iand pashown BoFignd and Kig: 2. hggattemshape is
insulating.resin layer 5 is partially _formed on jhe second opposed i

el ectrode foIfp&d In sichcmegner thd dherpartigh ﬁ&ﬁt%mgaagséfw BOMECHRE, EEHadls grd 28 s
entire surface. includi

-t he, i | ati resin.17. Decenb 2004 12 |l a 5
‘and the fi? lcﬁﬂ%?@d’sgqg@@fﬁ%%g% Eéé‘l?e[fe%,trgcfeﬁi‘é{]gé?gco?rgl eteir ng the necggg;ry
TS or ot er api i el B b MivebhE1iRlt 8L 2roratle o Hitof BRORIL o Rl
after bg ”d}e{égllx%u%;';?att%& R3ft g? g?%%%kqs Hovin " ?%PBE. SRS keCrirs PRGN ?lg(ﬁfb%a' 'y

enpl.oyed. SO poOSSI 0 use organic resin or photo resrs avi ng

5 adhesi ve1pEopet teycg]gﬁlﬂﬁ]éﬁice fh@%?&r%@sthigﬁerf ﬂhhﬁntﬁ@gﬁkﬁae&ﬁf 4G HRC . és o

pi ezoel ectrirc thin ti 3, the secon mal n el ectrode [ ayer 12? an
second oppag@dulet obleafan leAN& dry étcBRE of it &Bmﬂg ahd @1Fs pbisible PRSIy mekk MBapes
on the' second substrate will be described with reference to Fig. 4Ato
Fig. 4D.  ifledfiod.in 4écosdmes withehsmewrial fot thieeddcaold lager, pattern resi st 34
formed for finishing the second piezoelectric thin film13 into the

speci fi ed shap®leaf, teshdvanimBiizi 310, filsetlde fibm patrein¥4 Blmatufatieed by éormizk thed
second 8i ezoelectric thin film 13 on the second substrate 11 the sane as

i n Fi glU3Afirstioppesed stegtradihiayerat en the, firstepicrnglestriothisl film 8o dwrthery the idshatimgd
second piezoelectric thin film113 may be fornmed by using same filmformng
met hod as #esin layeratisrfoamed & Reartky sange thieknepss as éhfbgﬁghtt wp 10 the fisst apapyed

el ectrode 2 _and_fjrst piezoelectric thin film3 shown in_Fig. 3A Further,
the secondekrEobeleyett i &S $a first APPOsed glectsads Loyt js preferable {0 use a material

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 6rganic
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_icl thin film 3 and
“ | fhe first oﬁposéd eiectrode layer 4,. it ié lrequired to have adequéte eiec.tric insﬁlation
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



shape as the first piezoelectric pattern resist 30. Al so, the second

pi ezoelectric thin film13 is etched by sane nethod as forl7heehbersi004

pi ezoel ectric thin film3. As a result, the first piezoelectric thin
film3 and the second piezoelectric thim2film13 can be fornmed into nearly
20 . sane shape. After finishing the second piezoelectric thin film13 into
the specified shape, the second main electrode layer 12 is finished by
phot ol i t hography and etching process. A state of second | ower el ectrode
pattern resist 36 fornmed for, achi eving the purpose is shown in Fig. 4B

Al so, the Rypemdithetisspepnosetelearadedater Antherely campleting thedsenseary pipsgssing

el ectrode 25 patterpn pesi st 36, Is opvious in EFig. 4B, is nearly sane or
alittle |SREHEIONOR t@%ﬁﬁé@gﬁw 153‘50&15& zﬂmfaysr %dh!gafé%r Wﬁ%u%ewemgteeglnd_
-piezoelectric. thin film213. .ue to,such a s e, It becones easief to. -

D ot ect & Ho=Cis i dreph SBbeTisUEY el ool AR 6 Ve g e eRPiEARLS S0neR o
used when rate. LS d by wet et.ching.. Al so,. second
v ke rostaitt SEERNY SRR i ok BoSIR MG Mo Yrall o845 B Bar it nabiE
posi ti api ngy géiniogglrt substrate 1 and the second 5 substrate 11 opposed to
each other. en p €1 oni ng of the first substrate 1 and the second

substrate 11 iﬁcﬁ%&%‘é&e@ﬁ' of\fﬁﬁﬂ’feﬁﬁing%mﬂe Eé&%ﬁ@g&@&m&ﬁ@m]ﬂl ih';lslspnﬁfs%&am e to

use the second piezoelectric pattern resist as It Is for etching the

second mai pafl @&ckrofs Bybrd hnd the sEBéhdf c'bpj:b§élii d1ECctRE el DNgndOfnisHige SRMOAE
substrate 11 shown in Fig. 4A to Fig. '4C 10 differ fromthose on the first

substr at e gpetifietl BRdpet be tieaeond dubstiate el be delribad &ith IXerAct folRg. SerROFd.
pi ezoel ectric thin film 13 are nearly sane in shape as descri bed above and
also the 4bape is nearly identical with that of the first piezoelectric
thin film3. A so, when a narker is used for positioning, the marker forned
on t hel&econd Eigb4#Ar shows 1the isscondt piezdelegtriadpitfesn aesistidd fommpd forr Hmshihg the
formed on the first substrate 1. 15 The second opposed el ectrode |ayer 14
i s formed #sonhpicsealestir Winetibe L3 dntpitee spechiedfshapp after famipgtingrthe sccpathmaict ur e
the second thin filmpattern 4 .,After,th@;,,the i nsul atin resin_|ayer 15
is forned 8RO 18 doandusrsondipiezecleqitie Rianinnd3ian the gecosp subsiets L dher
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 - S.amelshape._ | | _ |
~ After finishing the second piezoelectric thin film 13 into the specified 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



adhesive layer 6 is formed over the entire surface including these. It is
shown in Fig. 4D. Thus, the necessary finishing operationsldbetdhdes®édnd
substrate 11 are conpleted. .20...- The steps of manufacturing a thin film
pi ezoel ectric el ement by positioning betgyeen the adhesive |ayers 6, using
a substrate shown in Fig. 3D and Fig. 4D, will be described wth reference
to Fig. 5A and Fig. 6B. Fig. 5A shows the first thin filmpattern 44 and
second thin filmpattern 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 eQApFEY avithathersscadapiezoglcirist thgr Hired 3t oDBR v Achaa shangl & begpmes
that is, adhesive layer 6. In this_ bonding operation, 17 Decenber, 2004 14
posi ti oni nEASe texpEeisEletherspensi pigzaptackiicy din Sidm ki from e ehgpical igelution used

pi-ezoel-ectric thin fil are._accurately placed one upon .another. It is
al so pref e?”;‘ Qletsﬁc‘?‘lﬁ]rﬁr’:‘gftﬁéc Qdﬁé%‘?l%c‘jg’%’ﬁ&ft Higo (&l SRyfsceqrd Taafhey fesipteida is
according to the type, of adhesive ent used. . n.MyO.substrate . is used as
Che firer Eimietin PURE CmpRinEie AduRRE SR Fighinbt5e figt SRR R dhe St be

used for pQsitionin use.the substrate is transparent. In the case of a
tran-spa$en l%sshrgféﬁrla@&%eﬁt%?as(:hﬁé i pl e, for exanple, to use a positioning

anspaf ent BRI ble, fon . i .
2 L or posi 11 onrn " Bropfoling O i b SEHle ot B S ELEL R RSl R o

are shiftediGbRSeind heGRfRerdshen iDGERLDIORNAE MR othﬁiez@éiéL@ﬁ& ﬁﬂtéreﬁgsﬁstfi-

Al so, positioning can be executed on the basis of the shape of"the 1

pi ezoel ect B &s ths forletdhiighhd SRbhd MeinecABle BgEkE, at all. In this way,
pi ezoel ectric thin film held between the upper and | ower el ectrode |ayers

is lam nated amile iffiishiignbmdations adhde isvend| saparatd 11 ahdwh HerrY4A ao [Higr &Ci ty
of structures 50 are manufactured. In the present exenplary enbodi nent,
two pi éQes differtfiven gitosel oh trecfirsEibstrae lise thabtheaepmidrmaintelechodslagal 122ahdothe
paired structure. 15 After formi ng a shape with a plurality of structures
50 surr oundeapngpidzaclattaic ithig flmslidrare hearkyrsems in shapea |dgsaribed sbexsramdsalisstheat e
11 is selectively rempved as shown in Fig. 5B. As _the substrate renoving
met hod, et 8PANSgis a1l dhentigal with dhat frige dstepicznsloctis Wip £idmad.s pise.f When a
thi ckness can be executed. . . ' S 5 P

: . marker 1s used for positioning, the marker formed on the second substrate 11 is naturally

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.

- 220 | | The steps of manufacturing a thin film piézqelectric element by pos_itionihg‘bgt\ween -
S the adhesive layers 6, using a substrate shown in Fig. 3D and Fig. 4D, will be described
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,



After renoving. the second substrate 11, the insulating resin layers 5, 15
and the 20. adhesive layer 6 are etched in order to separat@&Dtdeebpl2004l ity
of structures 50 conbined ,by the insulating resin layers 5, 15. Fig. 5C
shows a state of the insulating resin | ayers 5, 15 and the adhesive | ayer
6 etched after formng the insulating resin |ayer pattern resist 38. Wen
the insulating resin layers 5, 15 and the adhesive |layer 6 are etched, a
via-hole is also forned at the position shown in Fig. 1 and Fig. 2. 25
Next, the insulating resin |layer pattern resist 38 is renpved and the

i nsul at i ngPYsEipEmELy etfge@ﬁtﬁ?é(rusmartsrs 132 apdi 2¢ s Hat thericzeplsetricsbd filmpare (not
Por t b of S TATIOMIEIRSE WD deTT S Stﬁééiaké’xﬂﬁm% R AR APTILBRENT  od
T ot o R PH St BolY 80 A0 R ARARERALE: eiiﬂﬁ&ns!‘ﬁ“”;?’g' %and Fg. 2

completed on” tWEGH éﬂ? bl asE 7 1R el Gt e s o bRt 1%
surfaces of é@&‘sctﬁes%o W;ﬁ%ﬁﬁﬁ{ 'b%cﬁtsgtﬁ’enstub§a té g5, sﬁﬁége%%é&b wgx or

ot her resin e pur ose O protec I on, rst strate

1is renoy ?rﬁlns?)trcﬁlt mg@a&e 1F5:§ h;sclaﬁme bt AR ¥ BQ aaﬁtstnf %’hl@ﬂloﬁ & Widh Q'

other resin stfcking to surface of the thi ezoel ectric

el ement  S54mirdr ik $irP IRl bﬂn e ptr&ietbl?ﬁlﬁieﬂ posiiohéd and, iakte? pddi RCHhE infin aRE Nt
54 in the formof being conpletely separated fromthe first substrate 1
and the semést is tdnsdvedtagd e substrdtésearashiifiba clogéd to Gactedthodbdforetioadigasenht
exenpl ary enbodi nent, since the insulating resin layer is fornmed in a
state wi t hadhesivé ilayst & hiAdsdf ipositipaing eran tenelxdchied smc tirdbdsis of fife §hiapengfathter n
already formed, it is easy to check for defects such as bubbl es and dust
gener a{@d piszaekestriotsin Bl witheetsising anyenatkendatall- n dué elypiprastestric thirefilm
structure. Further, according to the nanufacturlng met hod in the present
exenpl ary beidbetvesmthe upgrand W@zel@fst&cterlmrt i laminafedsang integratedehyadiicsiver ode
| ayers 2, 12, osed el ode_| ayers 4 14 forped on each of the
subst r at esélier %1 aatf dhEERhet tst plo cirretigs sifapies manutaRred: mePuihenpresent

exemplary embodlment two p1eces of the structures 50 are used as a pair, which is called a

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 adheswe layer 6 are etched in order to separatc the plurahty of structures 50 combined by - E
e the msulatlng resin layers 5, 15. Fig. SC shows a state of the insulating resin 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



20 they are respectively fornmed on the substrates 1, 11, it is possible to
make the patterns on. the substrates 1, 11 identical in shapPeasirbbr 2a¢h
ot her. Accordingly, even after lamnating, it is possible to nmake the
pi ezoel ectric thin filnms 3, 13 sane in ghape. That is, the thin film
pi ezoel ectric el enment 54 has a sectional shape such that the piezoelectric
thin filnms 3, 13 are respectively tapered, dimnishing in width, fromthe
main el ectrode layers 2, 12 to the 25 opposed el ectrode |ayers 4, 14, and
the opposed el ectrode layers 4, 14 are bonded to each 17 Decenber 2004 16
ot her, and- #Mmd FonpeEing pisetrade fayer eaatshpypbpee frmed oz the segoar radintelestrode t i on
close to herlgqgesiye | ayer (6., Further, the shapes are nearly symetri cal
t

with resp ﬂ@d’é‘ﬁrtpéd@m%ﬁﬁéf&'wet(ﬁ%t sheneyi {llowsgeby gtchingnibespuinie | vy,
RN NI O W ORI
Accor di ngBiroape sleFaRPERRTRE % Siefc b Phevin T 1,380 Eand FrborieadoThE of
SS9l AL 4R O P Ao L
Furthor . oo el ectTic thin fi1ms 3. 13 and main el ectrode |ayers

2, 12 can be ArRd@odtiieOthe R8Fhdd Gthe MRRTAMDYicYRlcciC RSNt SNBIS fbSnedOith

probl em of foreign matter sticking to the side walls that often takes
place in dvax & ethengesi@ifotasiowai)biog tHe Hughss AT pioftetibet e efrsebathRdess my
be prevented. Fromthis point of view, according to the manufacturing

met hod i n réthevadrtgsetelting xBurtearby dissobdngemd renidvingsthp 0&sioblothet eesfir @icking tb he
variation of 15 piezoelectric characteristics due to the difference in
shape10f tthresysfase of thecthin &l hpiezokictiris @ementtP4auitdis tpoesibjerte robtdio theothin film

el ectrical shorting trouble between el ectrodes, thereby enabling the

manuf act urbiczetleeirigiglomang it dpthe forprofeing gpmpletelyseparpicd dtammthet firsusubbtmate he
present exenpl ary enbodi nent, the insulating resin layers 5, 15 and the
adhesi ve |lAp8dihgSesprd sbstatstldl v forned by using different materials, but it

is also preferable 20 to formipsul.ating resin |ayers having adhesive
or oper ty|on i I BEPADHR g FUhG iR HOF PGt exciplary cmbodiient, Since the

insulating resin 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



substrate and the second substrate before positioning and bonding the first
thin filmpattern and the second thin filmpattern to eachlpbéemberSIBEOND
EXEMPLARY EMBODI MENT 25 Fig. 7A to Fig. 8C are explanatory diagranms for
descri bing the manufacturing steps in 17igecenber 2004 17 the manufacturing
met hod in the second exenplary enbodi nent. An exanple of a pair of thin
filmpiezoelectric elenments used as an actuator as shown in Fig. 1 and Fig.
2 also in the manufacturing nmethod in the present exenplary enbodi ment will
be described. Fig. 7A shows a_state of first thin filmpattern 440

manuf act ur @@ebwngoélﬁﬁﬂaeﬂﬁ@lmgs fesinslaypisoseld @reéhislogb thapertionoclaget tor the
etching the first main Iectr&%e | ayer 2 and the fjrst ﬁiezoelectric thin

film3, foffheavedatchd. 1 Frdiersthpshpisarg near SyRBeiicnl wih Shpgeistorhe syd#ee as
oo " PURRR P SRR 6 b B B BT AT el b
?‘1' m pat t oF i 4B6 SRR Shin i o€ piraeiond Ri26948E SR i 2 BEGTBREb ot
on el o, BEAE I RS2 GR0 BCEHESH R 2005 Bl adfiggone

speci fied tlﬁhﬂeﬁléc&ict ﬁﬁll'i SEAR 3 a%hﬁr?j@ﬁgvﬂ\%r &Pm%lﬁ%ﬁﬁée@%? éaﬁ%ﬁ% 70

is al so made up of two ayers of secon ayer and s€con pper

llayer 142. dépmh&ichPRaE @8 bdndRP bt Ghe The, andl iFitBeont& padsie ith d1Rfy RLAS e
exenpl ary enbodi nent, regarding the first main electrode 15 layer 2,7 the
second nai gerh@vnr oflecxlpay«ds ahd, céditactibn,S thepdtsz ealiekib! hiphtyhiabedritk Mictuatéhe
second piezoelectric thin film213, the first opposed el ectrode |ayer, and
t he secondoppptimed el ectrode layer, it is possible to enploy a film

form ng nethod, photo lithography and etching process sane as those
describéd i n t Hertlidry sincecthe piskoglycteotin filmes 8. 13 owlonainretgcirode lagers 3ot candtd on
of these are omtted here. 20.- In the present exenplary enbodinent, the
first oppoBide éttespected shepes by wehpighingethsecis mat piphleseal farelgn mniter sticking 140
are of tvvo-l&iaer structure, and the paterials for the first upper |ayer 42

and the selola sispelisithaiaften dskegplise Suery g ARY 8 fpulle dupdo shartneheraraes

“electrodes may 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



t hereof are characterized by such conbination that one is Au, Ag or Cu, and
the other is Sn or Cd. As for the first lower |ayer 41 ant? bkensecood

| ower | ayer 141, there is no particular 25 restriction provided that the

| ayers are adhesive to each of the piezgglectric thin filns and 17 Decenber
2004 18 the thin filnms using the materials nention above. For exanple, the
materials described in the first exenplary enbodi nent may be enpl oyed.

Al so, as the first opposed el ectrode | ayer 40 and the second opposed

el ectrode |ayer 140 jn the present exenplary enbodiment, only needed is to
conbi ne th'é‘efffi*arn&%wgrm?th‘gfgw tho Segand eranplagonebadipent. (Al eramplooka painef 5
surface sides mﬁ%ﬁFége material s %pntioned above, an%ﬁthe structure i s not

limited t o HilgyPICPRIeRtiG plpments pard s apaniiplon atshosmia Fig JrandiFig.2 alipsisiths e t o
npl a'three-| a tre f - | . Strugct.l ' ded. Al so,
R il
that the mat e(rallgigl 9%%#@?’%%% %)cn&ifgg{ggﬁlafgﬁzp%{cmn%@afﬂaﬁu AR B Of'aiﬁﬁgl?eaﬁﬁiﬁges

| 0 _ | ha . retal

| ayer Tho SHRedQtEirodd ol 45 dfef SlonitRPfe BAY Hard B1lad Meh SUANEHIORIL,

confi gur at hiepfRBiAmtEHIE 3C hrRENSh tﬁ@ﬂrsb@tﬂstsgr%tﬁ 15%!&8 sgéc\r/i\nﬁ%dr]éilte&gﬁthls g%(ﬁée ?sﬂZFor

and the second upper |ayer 142 are alloyed onde ,
exanpl e, Ul fi@ Mdndfaétutile théthéd in ARS Tirdtad@m @bdffedtor ThEGirseepiedPPEr

| ayer 15 142, when these are heated at about 280C or over after cleaning

t he surf acesctrddedayeed0ésinade up 0A640 Dfers @K Eisst fbwerclafe AR fAst wpper 1fer 42hi Ch
will then beconme an integrated netal bonding |ayer 45. A state of netals
bonded i n AlsosFigayBi showhavatate of féognd Tiin filmcpatient 430 mnanufdetateddhyt foemingritié ng
operation, markers 12a, 2a are used for positioning the sane as in the
first Hkenssicand oppasediciestiode rgerTii@safter gtabingf thgseeandanain redéotrdiln dpyent2 ardji on
where two piezoelectri c thin filnms are bonded between the first substrate

1 and the Secsmpdpiszacieettic thin il 3adommeadepn thegsespnd substipteckl, imaespsgified

regionis filled with resin_to forminsulating resin_|ayer 150. A state of
the insul a?l'm‘aﬂ‘@?’r”e'gni: fams ey 186 seranderpppscdstientiods haser 440 Trelsq mafkup AW e

first main.el et LO38d lower layer 141 and sccond uppet layer 142. As is apparent from Fig, 7A

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 2, the first piezoelectric thin film3, the first upper |ayer 41 of
the first opposed 25 el ectrode |ayer 40, the netal bondi ng lapetendss200he
second nmai n el ectrode |layer 12, the 17 Decenber 2004 19 second

pi ezoel ectric thin film 13, and the secggd | ower |ayer 141 of the second
opposed el ectrode | ayer 140, with specified patterns forned thereon, a
plurality of structures 500 are manufactured the sane as in the first
exenpl ary enbodi nent. Since the structure 500 is about 10 min thickness,

it is necessary to fill resin into 5 the space region of about 10 pmthick

bet ween t vi8e &b dimapsiag thsmaterals gusnsionabevs B exa@%lee%dnwiaésv geseribsd in

sel ecti he, vi Lt n i n that bl th trati b

api || ar'y BRI SEORIS e Gbotient S b GEIOV.  Biis &8 SIS0 Bps Creptde
enetrati.qn b cking up the resin f one.side. Wth t ' l.ating .
eain | ayarerd TRt onmse  SP Pite R BAF bR iseet helrep ol PRl 50,
ol et ode Py ap B8 ERTEARET R NPT 0 2P e Srahd Babde BerdBeBspe ¢

only the i yk‘%?%i?%?‘ﬁfgﬂ? | ﬁnht@éﬁ@% n‘i!e%gonecfgbtogé,ggx 3he sthﬂ&r?%‘i{q?grﬁééﬁ% Lakg 11

IS renove I'nce e structure I's conplete protected with

> remvec ! " ! . .
the insul af, %i?ktﬂx@t%i‘é"asl Iﬂ&gfonlé‘a?%&e, ButSt C?s'{itd@ﬁ’ibﬁﬂb‘é&ﬂsp@cﬁr}(oét/‘&hlrée—lﬁ?ér s&ﬁaﬁﬁt%teahe

structure 5 and therefore, e stru re 500 1 af fected by

et chi ng sofouidR8r sthictie SR Reddd e, TRE hetkrRls fR Y ifid Jpper REONH spdilsd rat e
11 by etching, 'the sanme nethod as described in the first exenplary

enmbodi mentsezbyd Bfpet 1B/coVaD ardMbttithhed &ethednibibtion af enaltcrialeemtshed above
plurality of structures 500 are exposed in a state of being conbined by

t he i nsul apioniyled ¢lsit thd myteriall &inbifathmeiq wepdbley of bl boslikgati tappemimsdsioweary er
150 is etched to separate the plurality of structures 500. At the sane
time, ¥ vitard00°Gol e (not shown) and connecting el ectrode |ayer (not
shown) are forped for_ the connection_ fromeach structure 500 to external
equi pment  ( not Watiothe firstrinper &ayes Héwad 4he segoad aapper layern ki makipg ienoppayed
pattern resist 380 formed for etching, the insulating resin |layer 150. = The
i nsul at i ng®eeieds lpyyehaviag fhsrq«lporf%&%ﬁrlaiag@nfi%lrwr@a%cwﬁ &éﬁr’]‘ ?tﬁarnanélt hepieds

ggg ofs ie GSte| g@ii}ergtglgg%g ; {:rc ﬁ ?IIICF Hf{gl srecr:rc])n%’ uﬁp@? ‘lafyierr ﬂ2 'lar% a gyéda Qﬁ%rboﬁglccp Ivilth rt]ag.cl]; irst

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



25 netal bonding |ayer 45, the second | ower |ayer 141 of the second opposed .
el ectrode | ayer 17 Decenber 2004 20 140, and the second pi etoPkeatbrd 2004 hi n
film13. By form ng such pattern, each of the structures 500 can be
separated by etching only the insulatinggresin |layer 150, and thereby, the
etching conditions are sinplified. A so, with such shape forned, since the
el ectrode | ayer and piezoelectric thin filmare protected by the insulating
resin layer even in a state of 5 being conpleted, it ensures excellent
noi sture resistance and is free fromdeterioration of piezoelectric
char act er i §epndspiggasteciitethin Sy 13sand theisacand) lawey byeiel Hcok the seradernposed g.
8B shows a _state. of Hblen ilmtpi ezoel ectric, el enent or med-on the first
W1 1 tﬁ

subst r at e “°GOAB IRYRT 11Ye Withsprdlich PatemS JPIRP %re%élnlg{é lwfgofr_segﬂﬁrqsép@@relso |
T e e LR N
Phutating roshcH & sh08ut 08'aBof 1o g o MRS BORPeSH TR LI ip o
ot hod ot -1 SHadsCRbfn b6k 10%r ik BEwELE TN0 BoSERAT B e piposehbar 6
cpeci 11 e SSEd byiRopdlelccli T MOy L HRE el MoV Inlis e nSRUNA by ©
vi a-hol e 1&pangy PReddi®end8COARO MR B HLREAIOUS ubk@¥eWayl &f fofcible pRAsSPitidneby O

execute the manufacture by the sane steps as in the first exenplary
enbodi mentsucliag uphhdrebinlfronpogzsigd.ectric el ement 540 manufactured is
different fromthe thin filmpiezoelectric element 54 in the first
exenpl ary enb@dthntha tinsslating resin Fygr 130 &itied fi,ghe pexiphicyali portidradf tHeestadivesi ve
| ayer 6 is nmetal bonding |ayer 45, and there is no difference between the
two with r#hescent thevpartipm centhdtingswitingachnsiibstzge of thehfirse malki electrgrieolapart2 ng
the surface of the thin film piezoelectric elenment 540 thus fornmed %ﬁ@
nmeans of raush the serond srednplyctendetaes ek covaned With oplysthe srsplatiag 1esinslayerPed by
etching and_ further wax .or other resin sticking to the surface of the thin
film pi ezoeftetthat.cthe seeradt subsigpte 1d 1§ BV by Shching i mines: Be SUaRyre AEY dby,
the thin filmpiezoelectric el enent. 540. 25 etely separated-fromthe
Subst rate FRpPBEBaBRLF Ryt Fe FEtRlingiinarar dUghE ciching SRR0R wifl ot Féaeh

_ 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 '_ hblé (not shown) and connecting electrode la'yer.(nlo,t; shown) are for'med for the connection
- 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



17 Decenber 2004 21 The section of the thin film piezoelectric el enent 540
t hus manufactured has a sectional shape such that the piezoeDeeinbe2004i n
films 3, 13 are respectively tapered, dimnishing in width, fromthe main
el ectrode layers 2, 12 to the opposed ehgctrode | ayers 40, 140, and the
opposed el ectrode | ayers 40, 140 are bonded to each other, and also, the 5
insulating resin layer 150 is thick at the portion close to the netal
bondi ng | ayer 45. Moreover, the shapes are nearly symetrical with respect
to the netal bonding |ayer, 45. Accordingly, when a voltage is equally

appl i ed tol‘icheanfiith@tse%ﬂ@zwémmmcthﬂrhifﬂmfHv-mBaf tomening, suchs peitasg, each of fhe

pi ezoelectric thip film 13, equal g%[ength of, electric field will be

appl i ed t oS'EEHEHP00 €38 .ErSPP@%tGE_%éf Imgcqnly thedipsulating rgsin laycy 16Qcanddbhergby,

R
Gof or mat 1 ol GBS BEl PR PR e b octed ti T SR Ehe FRE RV en 3haF RS 95y er
45 is formpd,, tAS RRLAY: e}.iéurgﬁéﬁ}c%ﬁmﬁ%&stﬁfbdresis{aﬁfe{]ﬁdofs e?ﬁélﬁ'dé%@%ﬂ)% of

alignment 1's FREn possi bl e. us, even 1 n case e p05|et|on| ng accuracy

i's not hi ggieih&lmé LR R D RBRT Bk s(;%ﬂt ek igﬁ’ ieirftelerhéf}. t 0 €ach

ot her, highly accurate positioning an I ng e executed due to the

sel f al i gnment Fipade sHowst Qtatd FE A R plcAskleckit ElRGlent SUOIFBAAE oh i the trirki N
filmpattern and the second thin filmpattern are bonded by alloying the

opposed el egistraidesthisduigh tIRoRdhs hﬁﬁovih?ﬁxefihﬁﬁitirtgn@ﬁﬁ @@eﬁh_ﬁ@b? eftfidgdwRkingnd
20 . the. second opposed, electrode. Tayer may be electrically’ short ed,
and t her eby vid-lde (riot shivods, fofmingant HipishirgciesdatingrlayaaR50 gnd oomectihg glectrode
el ectrode pads out of these electrode |ayers can be sinplified. Al so,
since fifle fdyemfuot stiowm)i Miris preftrebln tafidishike wiedwolattthe senié timepaidnestching the
bonded by a netal bonding nmethod, it is possible to enhance the rigidity as
a pi ezoel eésplating egsaniayar 13Adandaplioaprsterablie nesformthoeiching of i insdating 1esifl so,
this bonding can be executed 25 without using_any flux or the I|ike, and
t her ef or e, 1a¥ef B andehpsiachorseparatedy aAe Eribacmctiod ob forminge epppectipg elgctrode
""" 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.



22 and there is no generation of gas during use. Further, the structure may
be precisely protected by the insulating. resin | ayer, andlhDeeber2004he
finishing operation may be executed with good reproducibility because only
needed is the etching of the insulating2iresin layer. 5 In the second
exenpl ary enbodi nent, the first upper |ayer and the second upper |ayer
formed on the surfaces of the opposed el ectrode |ayers 40, 140 are all oyed
wi th each other for the bonding purpose but it is also possible execute
t he positioni and bondi ng after orm an adhesi ve |layer only on at

| east one sur fﬁ’éescé‘f‘m% 19é the (thin Bb%d-‘é‘*e"d‘e@Pg@t plemeny agdthusqmapwfacturd Bascand
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first iy "inEdlétfH pfé% {Tg dra'PE’q Eé‘ﬁu GOk %HM& fél £Q Paairggﬁﬂ%ta?rb%nﬁ’ﬁﬁgﬁf%gd/s.t he

. adhesi ve layer y on he op 0sed ayer

structure ¥graBd, aRNsH esoﬁletlﬁﬁﬂfgwﬁfe&cw“ﬁﬂﬂeregﬂb%m@f r}ﬁetmeedﬂaumégér Aqat

is a single matefial. Also, the freedom of ectlon

i ncreased Mddobdif dg§,peﬁén 4 Qo i btﬁtﬁ&ﬁlgz%ﬁﬁéﬁ@ thé Eiedt nﬁ&eelhaﬁe&hlﬁrmm@encﬁﬁeond
e

opposed el ectro | ayer. Further I's possible to | ower the heating

t enper at urgecdml piedveRdirigthd filnd 18x& il Srénigth GRdletitig flaid Wil teedppliedpeethwres,
enabl i ng the suppression of 20 . deterioration in characteristics of the
pi ezoel ectthe irst pieaodledtric thih ibm 3 andtthesdcbnd piceodeptiathin firhdd; adrit isgossiblee
second exenpl ary enbodi nent, the opposed electrode layer is formed after
form n) t e make e epiereslectiicaaytbin dibeis pB.ed3ebamed rincthet Amouit lofn dspladement.r st
substrate and the second substrate, followed by finishing theminto

speci fi ed Aerapaglypenly |35P417§1%I ad qonEpetionnay be sisgly esal Jéef?rlé’ﬂth@'éi trqublhancht he
main electro 25 | ayer zoelectrjc thin filmand opposed el ectrode

I ayer are qslqc‘ig{ B?‘PTQEF ’r‘i‘gr"i‘ng th Wed 17 Decenber 2004 23

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 oonded
by alloying the opposed electrodes with each other, the first opposed electrode layer and
20 - the second opposed electrode layer may be electncally shorted and thereby, the v1a-hole, 7
“ finishing process for taklng connectmg electrode pads out of these electrode layers can 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



into specified shapes. In the first exenplary enbodi rent and the second
exenpl ary enbodi nent, an actuator using two pieces of thinlfDbkdanber 2004
pi ezoel ectric.elenents as a pair has been described, but the present
invention is not limted to this. Even ipp case of using one or three or
nore 5 actuators, a simlar nmethod nmay be enpl oyed for the manufacture.
Al'so, not only in the case of using the elenent as an actuator, but also
in the case of using it as a piezoelectric sensor, it is possible to
enploy a simlar manufacturing nethod and structure. TH RD EXEMPLARY
EMBODI MENTMOthetseisnigh geawretion A§ sardroes fse. thirthes jthensphelisemay thei preeibdyrent s
in the third exenplary. epmbodi nent, as conpared with the first exenplary
enbodi mentPIaisEteE ey Sast Bisulaling iptinrlgyere pish dnaredtier, ths finihing aperetian amay Ret h
respect the nmethod.of fjlmfornping .and etching on . the fiyst supstrate and
e secondEeed suttoeohipoBobif trRsE ol ReRd it diueichag el the Hukiipg:
piezoelectrinlthin film and the first opposed el ectrode | ayer are

| ani nat ed "§H8 '#%6Fned on 15 the first substrate in this order. After that,

e 1151 DD, S A Mo 16 1 o T SELBELRSRA G
et chi ng pr)?:?x‘ﬁéé pn ?Hﬁs?ﬁﬂﬂ f e oﬁ%esk&@ﬁhtr@de“l?gérs a9, %@Sﬁr{@ 'taﬂ@efiirﬁfig{‘ea%h Qtdr0de

layer is finis y etching into a shape larger

pi ezoel ect oy ghd Bc'bxﬂiiﬁ%' bpasd bhb & if lalsdposGPRAEELE 'tlf‘e%&sﬁﬂﬁxiﬂnga%ﬁr bon'dﬂ}glt dhet

way, a plurality of Tirst thin filmpatterns are formed on the 20 rst
substr at e, foamthgt dheadhesivt 14yl Bnllyl dnMatPedst Bhdsiried of BBt bpdsetealettele 1hykr

shape to the first exenplary enbodi nent and the second exenpl ary
enbodi ment40 dhd the dchend eppusdd riictiodd Rger dile Adyoein, thisheass estitive boptimg sl thet ri C

thin film and the second opposed el ectrode | ayer are | am nated and forned
on t hel(s ecaolhdsise bayer takes placa dnly betwrede the ikt apposdubdiecttode $ayet 4§ endsthasecond
finished by etching into nearly same shapes as for the 25 first
pi ezoel ect ¢lperadailaydri 148 preopfiperption syaby thatathg| struature H0dis eavsoaddwithionlyf them
patterns on the 17 Decenber. 2004 24 second substrate. The steps thereafter
‘are sane a@sylating,gesin lager 438 mon ey mapwiaeiuradnby RAWing Fesin it fhe sRachEaion
~enbodiment,; and therefore, the description is onitted here. . . =~~~ -~ =
B oo 'betwccn‘tt:hc fgrst substrate 1 and the second substrate rﬂ tIn %Ler case 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



In this manufacturing nethod, since the "Main electrode |ayer, the

pi ezoelectric- thin filmand the opposed el ectrode | ayer at®De@nberndodis|y
formed on each of the substrates and 5 then finished into specified
shapes, it is possible to precisely pregyant the positional deflection of
patterns between the opposed el ectrode layer and piezoelectric thin filmin
particular. Also, the main el ectrode | ayer, piezoelectric thin film and
opposed el ectrode |ayer can be continuously formed, nmaking it possible to
realize efficient filmformng on a continuous filin form ng apparatus.
Furt her, sinfrepeeifiedeghapiss.n fil m shapes are finished every 10 substrate, it

I S possible to obtain shapes with gpod reproduci bility by either_ of wet
etching and ditythet Bt riggemplage saphogaaend pae thersagrrg RODEHBTBLMENT
-The nmenufacturing.method for thin filmpiezoelectric elepents in the fourth
15 exenpl a*SMARTSHERR Piecesf dhindHm Pigrpelseli demags @égimgﬁwgﬁeq desergheded by
using a regsi mat eri.al _havin dhesi,ve .property on at .l east opne surface of
the Tirst Qs Poe deyeptan is ot Bmiter g Thikc EVen tofcast,pfusing fpconthiee 9 10% he
first bstrate and. t.he second substrate rf.ace. i.ncl udi t he second thin
11 m pat o cpgionfesy | SimblhE sFeiRey frad B2 eatsthpalibt IR Somirunter A tF cBS B dfii ng
of the fir ' i and enSe Lo 1 : :

ot her and ?Eﬁgto? ?Bﬁnééﬂ}%lﬁ%%féﬁ{st e r?ic&r g?[i éfilgonfr?‘e%?ﬁ ca(ilfedr&%glrrtlggé%&&?ﬁlg&ﬁg

si mul t aneoysky BXEHLkEk W dnfhlofSsi HRfaciiBhE Heflod AAGRLALRY! V. the
operationaﬁﬁk%??cfgncy ca55ﬁé&§rgg?%§ﬁﬁnpﬁgvehg Xlso, I n tﬂe formof a
thin filmpiezoelectric elenment, no adhesive |ayer having different quality
is placed between the insulating resin layers as is done in the first

exenpl ary THIRDIEMFMPLARK EMBODIMBN et el y nonol ayer, and it is possible
to inprove the characteristics as a 25 protective |layer and to execute the
et chi ni0 oper at Themahtfactgdog medmddouthirbiilm pigzocisttidedembrts ii? MB4hidbedRafptargnce
Nunerals in the Drawings 1 First substrate 2 First main el ectrode |ayer
2a, 12a Maewbediment, as compared with the first exemplary embodiment and the second exemplary
embodiment, is little different with respect the method of film forming and etching _oq_the
' first substrate ‘and the second substrate. That is, the first main. electrodé 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



5 3 First piezoelectric thin film 4, 40 First opposed el ectrode | ayer
5,15, 150 Insulating resin layer 6 11 Adhesive | ayer Second?Budzsibecat0e410
12 Second main el ectrode layer 13 14, 140 25, 250 15 26 28 30 32 32a 34
20 36 36a 38, 380 41 42 25 44,440 Secppd piezoelectric thin film Second
opposed el ectrode layer |Insulating |ayer Connecting el ectrode | ayer

second substrate. The steps thereafter are same as in the first exemplary embodiment and

the second exemplary embodiment, and therefore, the description is omitted here.
In this manﬁfacturihg:xhethod, sincertAhIG main 'electrodé layer, the piezoelebtric thin’
film and the opposed electrode layer are continuously formed on each of the substrates and
5 then finished into specified shapes, it is possible to precisely prevent the positional
deflection of patterns between the opposed electrode layer and piezoelectric thin film in
particular. Also, the main electrode layer, piezoelectric thin film, and opposed electrode
layer can be continuously formed, making it possible to realize efficient film forming on a
continuous film forming apparatus. Further, since these thin 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 _ ft_)r_mi-n_g' of fhe insulating resin léyer can b_é simuit_ang‘ously executed with use of same
e _' | maferial. Accordingly, tﬁe operational efficiency can ﬁe greatly irﬁproved. 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.



Connecting el ectrode pad First piezoelectric pattern resist First |ower
el ectrode pattern resist First marker resist Second pi ezoel &Dtdeimbefd@4 er n
resist Second | ower electrode pattern resist Second marker resist
Insulating resin |ayer pattern resist FiSrst | ower | ayer First upper |ayer
First thin filmpattern 17 Decenber 2002 26 48, 480 Second thin film
pattern. 45 Metal bonding |ayer 50, 500 Structure 54, 540 Thin film
pi ezoel ectric element 5 58 Adhesive resin |layer 60 Munting substrate
(flexure) 61 Slider holder 62 Head el ectrode pad 63 Head el ectrode wring
10 64 Pi eZdtrentaNumedabsah tledBravdnlgs 65 Pi ezoel ectric electrode wiring 67
Wre lead 70 Via-hole 141 Second | ower |ayer 15 142 Second upper | ayer

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



20 25 17 Decenber 2004 27 What is clained is: 1. A manufacturing nethod for
thin filmpiezoelectric elenents, conprising the steps of {DDiehfe2004
plurality of first thin filmpatterns on a first substrate, wherein a first
5 piezoelectric thin filmis held betmegg a first main electrode | ayer and
a first opposed electrode |ayer on saifd 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
patterns d8, 480 ecbeabnd tikis filmtpattersher ein a 10 second piezoel ectric thin
filmis held between a second main el ectrode |ayer and a second opposed
el ectrode #ayer oMetdbandiegber substrate, and said second piezoel ectric
thin film__ said second main el ectrode | ayer, and said second opposed
el ectrode Pay¥t aP&uGi&Er |y same in shape as said first piezoelectric thin
film formng a plurality of structures, integrated by bonding said first
thin filng%ag¥%rn b dilmyrezoglegiricedanent « hi n filmpattern opposed and
positigne 8to each .pther so as to be placed one upon another, and an
i nsul ati ng°resin ﬁgﬁgpeﬁﬁ?HHWBEecting said structures; selectively rempving
only said_.second L[ a i der .t o expose said plurality of structures
protected6§y saidﬁ®ﬁ§%kﬁéﬁﬁgﬂ?§%ﬁﬁﬁpayer; etching said insulating resin
| ayer intgja shagghkpﬁ%wgpvers a peripheral portion of said 20 structure
except a part of sard first main electrode |ayer; formng a connecting
el ectrodegpad forygpriesldpgagai d first main electrode layer, said first
opposed el ectrode | ayer, said second main el ectrode |ayer, and said second
opposed ekgct r odeHtqlydéctiode Q4@ Nal equi pment; and sel ectively renoving
only said first substrate.

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 28 2. The manufacturing nethod for thin film

pi ezoel ectric elenments of claim1, wherein the process of f{Dbb&iehljers@nd
plurality of first thin filmpatterns on said first substrate, and the
process of formng said plurality of se(i?nd thin filmpatterns on said
second substrate include the steps of 5“formng 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
t hi n fil mW@hatdatkdiniedist substrate, and finishing at |east a part of said
first main electrode |layer into a shape larger than said first

pi ezoel ectri ¢ It hibnmfanbfaptusing Méhédfod thgn dilpl pieadaldcyriotlegranndoibiising ithen
patterns on said second substrate, wherein said second opposed el ectrode
| ayer is B&pAeH on said second piezoelectric thin filmafter |amnating
said second main electrode | ayer and said second piezoelectric thin filmon
said second demgung & plugghidy of dirsthibi flmepatistsnen aefinyt sibstratco wdheteiy er fizshd

sai d second gli ‘ezoeth,ecé i G i{h' n filmi nfLo a shape nearly identical as
conpar 8d A€ thivy {m pf E’G‘e‘l’"é&’??l‘ré rgEmag) glegiredp lager aba fiplupprased i ng
thod for, thi il [ I i I ts of clai wherein th
process. oP PP ot MG TEHGHP st e PR of b it BRI GHOGRIRer 1 5
bstrate,;: t f ' id, pl | t.y Of d 1 hi i
patterns Sipdade o8 BSESRPe SR e bl i St s RSB gy am
plurality .pf s%iﬁ‘ﬁ%toh@&%%dfeiécﬁbﬁ)@fag&r- ns on said first substrate, wherein said

first main electro ayer, saild first piezoelectric thin film and said

first opposedf@hfif hOSArliRY 8F sehnf thBAM R R0 o22h Deddnbi Séubﬁ:}g?f;t\kﬁérgmi g
el ectrode

this order, and at least a part of said first main ( ayer s
finished isedondpichapericahi@efin 3 IRNBPEWeBRRA s6cnd thdih SlecRbOZROECHI ] Gcbid N

film 25 and said first opposed el ectrode layer; and 17 Decenber 2004
- 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



29 formng a plurality of second thin filmpatterns on said second
substrate, wherein said second nmain electrode |ayer, said $ebeethber 2004

pi ezoelectric thin film and said second opposed electrode |ayer are

| am nated on said second substrate in thigs order, and said second main

el ectrode | ayer, said second piezoelectric 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
claims, whereih tTke praowéssirbi foothotnfyr sthind fih upiakdelectdd ehdnidmed of efaimnd,
insulating resin layer for protecting said structures includes the steps
of : 10 forwhergin Hwuprcessgol &yiming ayidr pluraligpod finmt thin cilive pettarss sai caidli first
thin filmpattern and said second thin filmpattern respectively on said
first substybstdesaid heerrafash of dpaning said pluratity pf Feaopdtthiar filup patemsl ohi sasd
substrate forned thereo nﬂ on sajd second substrate surface wwth said
second thisr?c?‘irlzrﬁ‘ﬂbﬁgﬁt?é‘?cgu‘%ﬁ Q8°BS Yecond substrate formed thereon; and
form ng an adhgsive | ayer. on.at | east one surface of said insulatin esin
| ayer gurface E’i‘%" a]i(‘ﬁﬁl@' ‘Pfﬁ’é?f tht“h?lh“ﬁ’?‘ Wﬁﬁ??@ﬁﬁ%ﬁﬁ“ﬁ%@evo‘?ﬂ’%ﬁpéaﬁi tﬁr§§
substrate, i.d 1 at i resin.l r . surface and sai.d second thi

i m pat ¢ pies P AR Ront SR St ni Her B etimh P o FR0SH g
posi ti oni i ' thi il Sy - c 4. hi i attern
to each ot S‘Z?iag%aaegé%dg lggé}p%‘gc%lép gﬁéﬁﬁe%%éﬁl@%ﬁgt Igrfﬁgln%?g%lgg? rn&gé%ﬁgétgi %HCF
adhesi ve | gyigfing 4P1cast alpiet OB BFdk Widif 91ePRONCLyErAhtd Dk fe'l&xg%np#h%ggildq‘ﬁrs{ Ic
el enents of any one of “claims 1 to 3, wherein the process ormng said
plurality gifzceldcuid tieSingngdi nsul ating resin layer for protecting said
structures includes the steps of: formng insulating resin layer with
adhesiMe pr opefotyingra gtraligastsecore] thinr flacpateinssal Rid decord subshst RhaemWaiace
including said first thin filmpattern on said first substrate, and said
25 second ssatrst pppesed waldctiode ilaps Udifognehiod st ecwnt hpiezdeldemiq it efilm aftesai d
second substrate, 17 Decenber 2004 30 followed by bonding said first thin
fil m patt dpmmaiassaidscemdonaintelicirods layempandt saichsespirbpiszoelentidc this il enedido

as to be pl ace oge upon a%ot_ her, sinultanpeously executing the formng
. . '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



and bonding of said insulating resin layer. 5 6. The manufacturing nethod
for thin filmpiezoelectric elenents of any one of clains 17 DeceBibenitd@d ei n
the process of formng said plurality of structures and insulating resin
| ayer for protecting said structures inébudes the steps of: opposing and
positioning said first opposed el ectrodé”l ayer of said first thin film
pattern and said second opposed el ectrode | ayer of said second thin film
pattern to each 10 other so as to be placed one upon another, and form ng
said plurality of structures by netal bonding between said first opposed

el ectrode | aydormaing aphirdlityet ecdnapiiases patiess badsid skay@rsubane, iWakrinsigai d
insulating resin layer by filling resin into space region between said

first substondtmaiareccsailel layes snid sodst piateelechit thin Abpendssaipasrordepposed

thi ckness of said plurality of 15 structures. 7. The manufacturing nethod
for thin feldckeds layeeiredamingted] amnsaid sccofd awlystreteeindhis arderi aml $aid sec®nd wiedn ei n
the process of formng said plurality of structures and insulating resin

| ayer for e&‘ﬁ?%@%%ﬁﬁ@%ﬂ pifeeeledsc thie fillmeand said secepbopsfosed@edtndeilapgr an
adhesi ye | ayer. on .at | east one |ayer of said first opposed el ectrode | ayer
of saPd Ff%lﬁ?‘s?ﬂg]l 1H%Ofar ??WP%B‘F‘F rifferical asfomnaesdomdh %?@%Eé*éﬂle@@@%tﬁéﬁén fiper of
said second thin film pattern; opposing and positioning said first thin
filmpattern and said second thin filmpattern to each other so as to be

| d ] ' i | litv. b
Pondi ng_sai d 11 o bRkt RIS AR R pllBukiioRteriont G et T ine”
el ectT 0de @ fing Ml WhdBif ¢ ocgsg%g§'§#1i#§| a&ég?flmﬁéﬁ oPABERNS a P HRhfa AR

formng said inSulating resin Tayer resin into space réegio

bet ween saésth fayérSfor pRyhiSing 34id sBOGuRA itk GRS MR rat e, which depends upon
the thickness of said plurality of structures.” 5

10 forming insulating resin layer in same in thickness as said first thin film pattern and
said second thin film pattern respectively on said first substrate surface with said first thin
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,



8. The manufacturing nmethod for thin film piezoelectric elenents of claim®6
or 7, wherein said first opposed el ectrode |ayer of said fitBecentber200# m
pattern and said second opposed el ectrode |ayer of said second thin film
pattern are respectively made up of mul 1i,- |ayer structure, and the surface
| ayer of one opposed el ectrode | ayer is metal selected 10 fromthe group
consisting of gold (Au), silver (Ag), and copper (Cu), and the surface

| ayer of the other opposed el ectrode layer is tin (Sri) or cadm um (Cd),
whi ch are bonded b% alloying the netal |layers with each other di sposed on
t he surf adellpegdby bolingkmd fastuhaclor pattermend eald fseconidrthin fiint putpire oppdsedt ri ¢
el ements of claim4 or 7 or 15 of claim8 when dependent on claim?7,

wher ei n sdind pasitiesd e asdpeie Haesd cwadpon odthyr, sibdultadeausiynefechimgthe fomhiagt r i ¢
el ement, conprising; a ,structure wherein a pair of piezoelectric thin filns
verti cal | Y8 PPRERg 8sap tsulaispessin layg. | ayer surface between main el ectrode
| ayer and opposed el ectrode | ayer are bonded 20 . between said opposed

el ectrodes, and each polarizing direction is identical to the direction of

id d el d , [ | at.i in_l f d
Cover Phe per CphaPar uFEl Eiveofowa? 3ot Bl Bie-asieetaF st af b Ae g
| ectrod f .t i ..sal d..st t f ot
Connecti ng anzr o eurdenbE speEs of i S hirtull B k@R ol bnvlitoe
layer to ?;é‘stil?fa?@ﬂ fot ro%@iﬁ%@ﬁﬁ sa'gaﬂreggnc%’&gsmﬁ@ﬁé sofNerein said structure

has a sectional shape such that said piezoe ecﬁ%lc'thin filmis tapered,

di m ni shing i Bppbsiid and HOEMiANIAL biONrsPBPoed! dediRP J%&C&ﬁ Q48 @Vl ggna

portion near said oppoSed el ectrode |ayer, and sai d opposed electro

layers ar gabended saill er6fid oppaiel @lectrdde et BT Baill isk&Brdl BZPBIAGlalbG B &ENT,
conprising: two sets of paired structures wherein a pair of piezoelectric

thin 01 nothee st asal beyplacedi e tupdn whother; esd fetnitsdidyRialiybf seenhes BeeaRaai n
el ectrode | ayer and opposed el ectrode
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



10 |l ayer are bonded between said opposed el ectrodes, and each pol ari zi ng
directionis identical to the direction of said opposed el €&EDemthbed 2894r ;
an insulating resin layer fornmed so as to cover each of said paired
structures; and at |east a connecting elictrode pad forned, at the
correspondi ng sides of said paired stré tures, for connecting each of said
mai n el ectrode | ayer and said opposed el ectrode 15 |ayer to external

equi pnent, wherein said structure has a shape symetrical to the | engthw se
segnent, and each of said structures has a sectional shape such that said
pi ezoel ectuse of $4xd ndiiesivenlayer;tander ed, di minishing in width, froma portion
near said main electrode |layer to a portion near said opposed el ectrode

| ayer, and saifemeipgesiddnsilatiogresie ldyay/lsr §lliag eediomde space remahbatber sai@@ird5 17
Decenber 2004 33 ABSTRACT THIN FI LM Pl EZCELECTRI C ELEMENT AND I TS

MANUFACT URPREtratieamdomids soone silsiratss whighudependsy wnng the thickness phsaid phuodityetfr i c
el enent, wherein main electrode |ayer, piezoelectric thin film and
opposed elSEEtMESe | ayer respectively having specified shapes are first
formed.on first substrate and second substrate, and after that, the opposed
electrgdes are opposed and bonded to each other, and insulating resin |ayer

cubstrate i s fenoboHA pRELHH §@%§%§°?@5¥@é}eﬁfeFﬁ%ﬁﬂ?s Bebhice oo or 7

{
Femoved P%V%tﬁﬁﬁﬁﬂiﬁéﬁﬁﬁwdgﬁéF%‘c%é%a%ai?l"af R B b P Sl
By this bb‘é&@LeiéeﬁoH@la?@ﬁéﬂéﬁic?se’c@nd{H?ﬁg}éﬁ Ben PRI BY mdde B orifiERES

and to prevent trouble Such as shortin tween t
t he pi ezogdyee sirictuteiand fthd BarficBahRRYOFTENEI dipobdd elﬁ&ﬁﬁeqla?ert@ PERMI Q,@ze@teah' n
filmpiezoelectric element that may assure high yield without 15 variation
in pi é@oelfient theqrolmeaststng sf pold, (Aandilves(ABnaHdesippérd (Th),reidnie 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
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equipment,

-wherein said structure 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.

11. A 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 oﬁposed 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 layef 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.





