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;  e3e FV86nTc 1 Thin Film Piezoelectric Elenent and Its Manufact
Met hod FI ELD G: THE | | ON The present invention rel ates to “\“\M\\\\ \\
pi ezoel ectfi c \MM as an actuator or a 5 sensor for fi

positionin ct uring nmet hod. BACKGROUND OF THE | N\/ENTI P
Recent |y, Iectro mexgdtani cal el ements such as micro-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 seniconductor process in the manufacture of sane. Particularly,

a mcro-actuator zoelectrig ele i nder opnent as

an elenment for fi %QB] g@éﬂ’é}ﬁgn&fﬁl& gE%E ité I\iﬂﬂ'#éyF ]Bﬂei%(bi and for
fine positioning of a head slider of a magnetic disk recording and
reproducing unit (hereinafter called a disk drive unit). 15 Conventionally,

in a disk i c head for recording and reproducing
|nfornat|oﬁﬁ%n a nagngiygﬁgﬂﬁﬁ is mounted on a head slider and attached to
an actuator ﬂxe[ ﬁ%@%&b‘gﬁlgﬁ BlaBs! éj@ie\é%le&}ﬁcaeléiﬁ gls%&'ds AP LQhator or a

(hereinafter ca ositioned to a specl track position on

the magget kéhs@l‘t%l‘fmé gk?s'it ﬁ@ft@'hﬁﬁufﬁ&qﬂ d%ﬂfcﬁﬁ'}dc' ng information by the

magneti ¢ head. he recordi ng nsity is inproved, it is 20 now
very difficult to assure suff|C|ent accuracy in such a conventional nethod
of positioning by VCMonly. Accordingly, in addition to a positioning neans
by VCM t eBAGKGROUNIE OSTHR INVENTIOBNW i n progress to realize high-speed
and highly accurate positioning by fine driving of a head slider with use
of a fine posi Reantlpg eheeroanechamigalp icknoatse shich cae | mivesrhstuatdts Tdrvels attracting

pi ezoel ectric elenents are expected to be applied in various ways. To neet
t he 2 exrfyentiont Soeh) clpments @hayoealize vsryesmalt andihighlysagaunatedcanapdsent parts, and
smal | -si zed, able to render |ow voltage drive possible and to generate
consi déPablthe groductisdenany  bagmeatly mmmevedoby resing Ac sumicarduckern PRICES s thiow
exam ned for the manufacture of such elenents. In a thin film mnufacturing
met hod, t h@ra@u@rs@ret Absams: oParticelarBrs mlqrﬁeacmamtusmgowr:@ﬁlq%mf Risments i oMy er
to obtain pi %FIFIC thin filmha cel | ent |ezoelectr|c

char act er i SPId FHSpReH s Ay F Snfismbcemenl o d sCaBie: wapd wiseprogae o
silicon nono; CrYs ne. su nat e

o1 €206 ect AR TiraportOEng AP 35ah Bt of Gmdshetif DR SFTRY b resf PRy
Accor di ngl er?H%ﬁkrtcg'l;léaz{(?]E@ uf actured by using two sheets of

substrate ccor ng nmet hod. Piezoelectric thin filmis

first ferned Oglggg&{ﬁt f{%glys"ﬁp td'is'%td?r vealﬂﬁit tahﬁz{(%r&ﬁ@ hPALFR Gt & dink Gnli REfolbdinp

are bonded to ter th
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 reproducing
information by the magnetic head. However, as the recording density is improved, it is

20 now very difficult to assure sufficient accuracy in such a conventional method 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



the substrates is renoved by etching, then the bonded and | am nated

pi ezoelectric thin filmis exposed. After etching the exposed piezoelectric
thin filmto let it have a specified piezoelectric pattern, the other
substrate is renoved by etching, thereby manufacturing a thin film

pi ezoel ectric el ement. However, the |lamated piezoelectric thin filmis
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 elenment in final use is in a

state of being conpletely separated from¢the substrate on ich the filmis
formed.  THAPGaIong pikzaclslipi CIE SN 357 éE%Tegc’lOr be saradraizse ﬁgﬂuf%@qﬁlﬁémy a

hin fil fact uring. hod i hin, if th hin fil
pi 200! cCUPIEEG REE RIS B BTy FopHaehiss FRaPEmIY ol chrdeetbed Sfcul
t t it th {rat Lt h 1y d h t d le t
st "up. an BEeet i R e Bt o e PR ok ARG e ARG
| nt : | St
et hod | n TR apreRHfe SRAbd Ml i sfonphials C88: ArTRRAIAR' ¥y,

met hod in ranst e yer nade up

devi ce sSu t b fos | ' el L $ti.CS
oVt o2 FURagS! M LI RRSHR Blm AR BRUIGE HEIRRLE BBIAGIREL 3
transferringedsayqb foren the #Maloa s REsBAE Such [URHIdALRoMIESRallBe SIRXRRNANSG and
excellent 1n inpact resistance, thereby realizing a |ight-weight,

har d- t ocxagkis raekshi9o- Mhinhte Opiegbeldcnsé Fimei fPloader Woi bbtainn gidat iezoelectric
manuf acturing nmethod, the thin filmdevice formed on a quartz substrate or
a heat resdisplageinegt. asAccudiaglyatsech shinr filin figrmasufactuedSbptuseng swib sheett eof and
in order to easily separate the thin filmdevice fromthe quartz substrate
or the headubstese stcanding tyl the folbwisg nethed. iRiedoslecarabbdfilyn isdirkt foshéd/on eaaln a
reparative |l ayer on the substrate. However, when a substrate with such a

r epar atQ vesubstyate, and thendthe piszedectiie thin didms e bonslad to eachrutheri difterghatizent afo be
generated on the filmsurface in the case of piezoelectric thin film_and
there ari si8 subsaisplisiemayad by sishing; tendhebanded apd laminated piczpelscteig thptilme 10
obt ai ned. SUMNVARY OF THE | NVENTI ON Tge ,prefent invention is jntended. to

sol ve the BaPesHr offtenfiching tBpjexpesedrpiszosiecticetiin Sikm 9 leb 1t hayeq spacified

duci bi | i f i i f pi I, in fil 5 d
D190, D, BRGS0 GRS e ] R AR A
hol di t hg. Di. I jc t,hin fi in t f.act . t hi.n_ f.i
neL 5 1. BRI B W, BRSSPl . By
r' Imi Orﬁl?(%(%[]lﬁ iﬁre?éﬁ'itpggls%if%iﬁﬁlp chidi R§%9§4&855 'sl?orﬁ{a%ﬂ%ﬁen"’(@kecﬁaé@y assure
OW COStSs an rgnh yre W out vartation 1n prezoe ctric

characteri sti Cgpe afaodd %)lr&ﬁ&ﬂf afst Yed BB, GBul BREMEACHET iadufiBlubad

for thin piezoelectric elements of the present invention conprises the
steps of ! pRrdvldtic eRiénlid Ealhse ist il a tshitd of iHelMgPadrhSleRSy Sépasatéd FDim the
substrate, wherein a first piezoelectric thin filmis held between a first
mai n el ect suddeate yewhirhthe filmr Stfonpah s dhaelse sincodethimyitn piezdeleetrid elgment
substrate, and at least a part of the first main el ectrode |ayer 25

di sposed amahifactiredsby sabthinr dilm siadefactiringr gethddn is hvape thinanf tthe thin Silm

pi ezoel ectric thin film and 4 the first opposed el ectrode | ayer; formng
a pl urd@i t picedelentioplgmeni is eparaicg dramrthe sehstrates dickasames ifficult é0 mevat éion a
second piezoelectric thin filmis held between a _second nain el ectrode

|l ayer and athsesdnstiasppibkey sivieg dpmage theyetp, anfl pawble 1o set v pa raewater indigh he
second piezoelectric thin film the 5 second main el ectrode |ayer, and the
second oppBREUPELBEHYiYde | ayer are nearly same in

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



-shape as the first piezoelectric thin film formng a plurality of
structures, integrated by bonding the first thin filmpattern and the

. second thin filmpattern opposed and positioned to each other so as to be
pl aced one upon another, and an insulating resin |ayer for protecting the
structures; 10 selectively renoving only the second substrate in order to
expose the plurality of structures protected by the insulating resin |ayer;
etching said insulating resin layer into a shape that covers a peripheral
portion of the structure except a part of the first main el ectrode | ayer;

| ayer. ot nef TRCRRE TS ShOMA I (e OB RS ebined b a "Bl BBt 0
|ayer, ang; e, SERRMMd WPARGHinShiak! REStah&Y Herbtl REiARS 2 ioROWERIE Bheq-RN
5 Py ?ﬁel#l S sugs ‘%& ? I'S ﬁﬁe %

sel ectively'r ving on rate. maruf acturi ng

met hod, t g, gt ﬁﬁﬁow’-c s%ﬂht?iﬁic?ﬂtél ra?siplf%idﬁit‘?llﬁ%ig%%u a%){ﬁfné%@lgwgﬁe thin film

pi ezoel ectric thin fi I'nt o 'speci shapes can be 1 ndi vidu y per

in a stat epie 28mpal H19 aqux'éffE dui¥tratensr £ hEsttreSbast élﬁﬁses@%'até hetrsREQNA onto
substrate. Accordingly, 1n a step of wet etching, the shape of the

pi ezoekecloilies stitiikrate, hhdiC@deld chalyRPardictthe 8RR tim flev e GohPihk ighdtz A¥bSPate | N
wet etching, it is possible to elimnate foreign matter that is liable to

stick to sirde Mat tesBtanbaghss substity, ©iciicogaryaodirbtly foemld sepativdiaerfon the

pi ezoel ectric el enment which hardly causes eletrical shorting trouble and is
st abi | i zedubstrathaHawtesrj wher 8 sulidtrateheitiosingr a Sapachtive bay2b fatmgd eerdtinnig usad;
conpared with the case of etching piezoelectric thin filmhaving a

t wo- | ayer vertigatonéntatiomisitend ta be genepatedionithd filne purdicepatthe case o pprazscledric

i nproved because only one |ayer is etched, and also foreign matter that
sticks to tBingBlnpapnd shere agises gunpblemethehisagd dagroplecigicecharagtaristicic eannot ker eby
realizing the reduction of electrical shorting trouble and the

st abi 10z atabéainesk pi ezoel ectric characteristics. 5 BRI EF DESCRI PTION OF THE
DRAWNG Fig. 1 is a plan view of an actuator with paired thin film

pi ezoel ectric el enents made by the manufacturing nethod in the first

preferred qufHé fﬁvﬁf\ﬁ’fﬁﬂt i nventi on.

The present invention is intended to solve the above problem. The object of the
invention is to improve the reproducibility of shapes in etching of piezoelectric thin film
15  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.
20 A manufacturing method for thin piezoelectric elements of the present invention
comprises 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 the first substrate, and at least a part of the first main electrode layer

25  disposed at the first substrate side is larger in shape than the first piezoelectric thin film and



-Fig. 2 is a sectional view along the X - X line shown in Fig. 1. 10 Fig. 3A
to Fig. 3D are explanatory diagrans showing the main steps for filmformng
. O the first piezoelectric thin film3, the first nain el ectrode | ayer 2,
and the first opposed el ectrode |ayer 4,,and for finishing theminto

speci fied shapes, on the first subst rat &t Fig. 4Ato Fig. 4D are

expl anat ory di agrans showing the main steps for filmformng and finishing
into specified shapes simlarly on the second substrate. 15 Fig. 5A is an
expl anat ory di agram showing the first thin filmpattern and the second thin

fiIn1pattq?@ﬁg@gﬁﬁggd@ﬁgnggqggg;to each other by the manufacturing method
in the preferred enbodinent. Fig. 5B is an explanatory di agram show ng the

second subst r ghinfgl z?ﬁIdrMﬁS'Bbfrﬁﬁ@:ﬁ?ﬂ]ilb)iilﬁlhfatmuéx@@t Jeoriisubsirtedwhereid @
preferred enbodinent. 20 Fig. SC is an explanatory di agram show ng the

i nsul at i NGet&@fd PictdYetrichth fitthas hyle Heayeh edectifdimalit dle@deildyeednd hagondby
the manufacturing nmethod in the preferred enbodinent. Fig. 6 Ais an

expl anat orgppdsabelaciraiedajargprt the firsi subkirhte) midethe edeemtdr piezeeleetrienthirc fifm) tieed
on the first substrate by the manufacturing method in the preferred

enbodi hentsec@id Fiain elBctBodeslager, @ng It secong ogpesgd salectiodevlaygr ateendahly rsafiiel im

pi ezoel ectric el enent 6 separated by selectively renmoving the first
substrat e dhppe aethedinstfpdezoelectnig thistflod i n t he preferred enbodi ment. Fig. 7A
is an explanatory diagramshowing the first thin filmpattern formed on the
first substrati@rmpinghplupditnehsirusiuey inegntsd thPan@g§b‘?:gFFéi thip &l paggm and

enbodi nent of the 5 present invention. .
the 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 the structures;
10 selectively removing only the second substrate in order to expose the plurality of
structures protected by the insulating resin layer;
etching said insulating resin layer into a shape that covers a peripheral portion of the
structure except a part of the first main electrode layer;
forming a connecting electrode pad for connecting the first main electrode layer, the
15  first opposed electrode layer, the second main electrode layer, and the second opposed
electrode layer to external equipment; and
selectively removing only the first substrate.
By this manufacturing method, the steps of finishing the main electrode layer and the
piezoelectric thin film into specified shapes can be individually performed in a state of
20  being formed on the first substrate and the second substrate. Accordingly, in a step of wet
etching, the shape of the piezoelectric thin film can be formed with good reproducibility.
Also, in wet etching, it is 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 elctrical shorting trouble and is stabilized in characteristics. On the other hand, in

25  dry etching, as compared with the case of etching piezoelectric thin film having a two-layer



-Fig. 7 Bis an explanatory diagram show ng the second thin filmpattern
formed on the second substrate by the manufacturing nethod in the preferred

_enbodinment. Fig. 7Cis an explanatory di agram showing the first thin film

pattern and the second thin film pattern opposed and bonded to each ot her
by the manufacturing nethod in the 10 p|5ef erred enbodinent. Fig. 7Cis an
expl anat ory di agram showing the insulating resin layer formed with
insulating resin filled by the manufacturing nmethod in the preferred
enbodi ment. Fig. 8A is an explanatory di agram show ng the resist for

embodi ment . Fig. _ agr am showi ng the resi N
e manuf SREGRUROT U soRRUREIY B pFFH SAhes 1 ubSYHEhycieg G foe AYEL Y

I t j ' i & ! ' I j : Iyt ed
R e A e e e S

embodi mentgredilyOred@ledi %hc"i‘ébyei‘dilii‘iﬂgt Bk YreHh ARDNAGE SRechIsHdMEng Riolblk 4d® the
pi ezoel ectric el enent separated by selectively renoving the first substrate

by the manbagtation 60pieRSelvetid dhatddrridfespr ef erred enbodi nent. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nents of the present

inventiSon will be described in the followng with reference to the

drawi ngs. Incidentally, like nunerals refer to |i ke 25 conponent parts

t hr oughoutBRIEFDES GHPTEINMPEARE BRAWINGNT Fig. 1 is a plan view of an
actuator with two thin filmpiezoelectric elenments in pair nmade by the
manuf act ur i ng Higtlhiea plan vihw dfijansictuatos mithapajred thin dil mepiezoclpteic glemeatsonades 5
used for highly accurate fine positioning of a head s|lider to_ a specified
track posityitbpmapuiactyring method inthadingt proferigd embodimengef the pessent énvspden. ded
with two pieces of thin fi]lmpiezoe|lectric elenents 54, and these el enents
54 are formed Fig Lisaegtional Ylemlqnar&h%-%@nﬁshow inKig L.t he | engt hwi se

Sl AR AN T SR T Y R
Figures. ¢ ihe first piczoelectric thin film 3, the first main electrode layer 2, and the first opposed
electrode layer 4, and for finishing them into specified shapes, on the first substrate.

Fig. 4A to Fig. 4D are explanatory diagrams showing the main steps for film forming
and finishing into specified shapes similarly on the second substrate.

15 Fig. SA is an explanatory diagram showing the first thin film pattern and the second
thin film pattern opposed and bonded to each other by the manufacturing method in the
preferred embodiment.

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

20 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.

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



=10 As shown in Fig. 2, two pieces of piezoelectric elenents 54 are sane in
structure. First piezoelectric thin film3 held between first main

. electrode layer 2 and first opposed electrode |layer 4 is bonded to second
pi ezoel ectric thin film 13 held between second main el ectrode |ayer 12 and
second opposed el ectrode | ayer 14 by nefns of adhesive | ayer 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 forned

connectin i i [ d
clect  ode TIAYAr 1Y S e KaRoth B0 AECHPSrLCryaRE rielfiar Lk o REE e
surface o retfgﬁedtg}ﬂgbd‘ihgm pi ezoel ectric elenent 54 via insulating |ayer 25,
thereby formng the thin filmpiezoelectric element 54. 20 The thin film

pi ezoel ect ri ¢ pgl ePERtandékpldhaly dRGrAD showa SR BInTRERh TomSddbst iRt €.

fl exure 60, by nmeans of adhesive resin layer 58 fornmed on the first main

el ect r ode firaysbstéate byrthd Qﬁanu%éﬂﬁﬁ‘lgt mblo i€ ¢l Qdend petfcifed SMBEHMENt of the

el ongating the connecting el ectrode |ayer 26 up to the surface of the

i nsul abi ngrdsamdnvetbions connected, for exanple by wire lead 67, to

pi ezoel ectric el ectrode pad 64 di sposed on the flexure 60, 25 thereby

form ng an acfimt™B if an ekplaratprysdibgrami shgwirfg the seapndtthia filmaphttern Sorimedfeing. 2,
the connecting el ectrode layer 26 is not formed on the connecting el ectrode
pad 28 of théwecond sibsirate by dheamamgactuting/methad inathed ptefierredi emtiodimaént. el ect r ode

| ayer 2 itself serves as the connecting electrode pad 28, but it is also
possi bl e to f &ign7Chis ancexplaneiony)diagaa shewdng thy dirstabingilm patteppand the sgeonde | .
Further, the jnsulating |layer 25 is fornmed only in the_regjon 5 of the
second rraitginetjlllébi)?téf‘d’é opRY¥H 2pgd bopded o eqrgg ofhes Py the mangfcuiring methed ithghel ayer
at th(a1 peri&]geraal O‘ijtio of the thin film piezoelectric elenent as wel |,
that it0 iPRCIEHE ?IEB? fhere the insulating resin layers 5, 15 are forned.
As shown in Fi

: the flexure 60 incl.udes slider holding portion.61
ohi oh serves el & AF eRb R reRSite dy riiifing el BT RrpRE MG
ext ended f, L@ r t.hi i | i I i |l ement 54 is
bonded. Tﬁé&rsqtfn gﬁglﬁgl;ug{mﬁ poﬁr?ﬁdg%t%%gi Ij‘s%tg(r)(g)i\?l tg%egiegﬁgﬁ egﬁtﬁgg?jeng'l ectrode pad
62 for the conedd Al Gpidsiol dia blviithOfesht PRUNG T AEA AP atSHo W)
nount ed on the %eapl slni dg_ra ?lr?%yt 1s O%F%Pl. E%c}m teﬁe f?gg% ealle§trodeaglfg)@cii glgl
head el ectfppdechig i ifsdlating AFERNAOEE BY ahe thghufdcRiriHze mfhoReinVaIRN pdi&rddni N
filmpiezoelectric elements 54 and’is 1ed to a connecting pad (not shown)
for tHé centedirmhen. t o external 15 equi pnent (not shown) the sane as for
pi ezoel ectric electrode wiring 65 led from piezoel ectric el ectrode pad 64.
Si nce the act (KigoBBi 5 axpapklestost diagens ishewiagdhe ahinr filh grleziclechiz elelment when
a reverse voltage is applied to each of the paired thin film piezoel ectric
el enment s Zompi¢ted g thedfirst substrate by the manufacturing method in the preferred embodiment.
Fig. 8C is an explanatory diagram showing the thin film piezoelectric element
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.



“hol ding portion 61, receiving the power then generated, is finely displaced
to the right and 20 left (in the direction of Y - Y line), and thereby, the
. magnetic head may be very accurately positioned to the specified track
position on the disk (not shown). The nethod of manufacturing the thin film
pi ezoel ectric el ement 54 will be descrifded in the followi ng with reference
to Fig. 3Ato Fig. 6B. In the explanatory diagrans of Fig. 3Ato Fig. 6B
are shown the sectional portion along the Z - Zline in Fig. 1. 25 Fig. 3A
to Fig. 3D are explanatory diagranms showi ng the main steps for filmformng
9 of the first piezoelectric thin film3, the first main el ectrode | ayer 2,
and the first opposed el ectrode |layer 4 and for finishing theminto

speci fied ﬁﬁg—pmp YfEM%O?HWENTate- Also, Fig. 4Ato Fig. 4D are

expl anatory di agrans show ng the nmain steps for filmform ng and finishing
into specifiegjghapaspist Mehast o RRuddtovRIEerO thig ‘f'ill’ﬁ_tﬂiﬁio%lecéic':élérﬁénts i'lPﬁ?ir

description is given by using Fig. 3Ato Fig. 3Dwth respect to f

form ng angadei By i Mshu@attidify Methdl is YRS fitstleRemplady eMbodiifRNE Thstadfu@tdris t hat
the first main electrode |layer 2 and the first piezoelectric thin film3
are | arfi naisedifaarhighie adduratt finepsditioniag bf ahesd §lider to b Spedifiel nadkesdsition @ait ern
resist 30 is fornmed for finishing the first piezoelectric thin film3 into
t he shape diskoiwa disk dyiivg. unit. THe atmatbisprovidbéwithrtebd pidceg ofthircfilm piezbélactfic| m 3
havi ng good piezoelectric characteristics, it is preferable, for exanple,
usi ng nagredements &4%iand these oleoreptst Al are dermediis symmetriduyintion e theahe)A dise the
first substrate 1, to forma Caxis oriented platinumlayer (Pt _|ayer) as
the first lpegthwise sesmade Figayds azegionghyicwralenputhe ek i Aglismshove iwgfdigsbbdheat e
and to forma |lead zirconate titanate (PZT) |l ayer on_the Pt |ayer by way of
sput t er i ngeonfigratiomwilpberdgsgribed indhe fpllowinghy using Bese figuresy ori ented PZT

S T, SR R i A B e R S
mono- er yst S PiECEHEr AR dnes by SRRl Bt e a T and R qeposcs

I d L h sl i . |
oo kit T 54 it LN 80 ] A
rut heni um él&!?ozilea gix)’c\“i@ a&ﬁ%gg(r{dﬁ&éﬁok‘éﬂ §1RG ode MRy oF LBy 'iﬂeﬁi%;))f alidhR! 46l 2) ,

and pal | adi um or Its Further, it 1s possib to enploy’ a

nuf ti -1 ayepyaRAS induadtg Q8kin Neferdisna st es@spRER| % a kide! forlb®f &Rl Qri@ukor m
a piezoelectric layer such as PZT or lead 1anthanate zirconate titanate

(PLZT)1®n {dierithddrister [¥EbAined. etiels@detutedhBvizhaede at fepositivhisRowalin &R fasked
from25 these nmetals and to obtain piezoelectric characteristics through

heat tr eat Teiougledecwii-adle 7019 fomesdeanhedting Tdhertdode ddyepRe xdidtesdrvesctotiadnthie | m
3 is etched, using the first piezoelectric pattern resist 30 as a mask. Dry
et chi ng or filse oppasediciagtrode ldyer dxanduthe deemdt dppostd blentgodsplayert i4mwut onto the
Particularly, wet etching is advantageous in terns of mass-productivity
because t h&urthey of ¢hesthins fibn pinzeelgetric e S4ofia insylasing dayer RS, theedbyrfgrming
operation in a short tine. Wien a_PZT | ayer

the thin film piezoelectric element 54.

20 The thin film piezoelectric element 54 is bonded and secured on the mounting
substrate, flexure 60, by means of adhesive resin layer 58 formed on the first main
electrode layer 2. Further, connecting electrode pad 28 formed by elongating the
connecting electrode layer 26 up to the surface of the insulating layer 25 is connected, for

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

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



-is processed by wet etching, it is preferable to use a m xed sol ution of
hydrofluoric acid and nitric acid, a m xed solution of hydrofluoric acid,
_nitric acid and acetic acid, or these m xed solutions diluted with pure
water. Since the first piezoelectric thin film3 is about 3 p,min

t hi ckness, the sectional shape after dry etching or wet etching is
generally 10 trapezoidal. However, in this process, since only the first
pi ezoelectric thin film3 is etched, the etching operation can be easily
controlled and it is possible to | essen the side etching and to greatly

i mprove the Sl'lﬁlﬁl?gn "Zfefllﬁ'é%ggﬁécplhé lé:f[c}fliroderla%}iﬁ WY foRfbE Bn%&gﬂﬁgctﬁﬁgﬁiéétgﬁg

pi ezoel ectric t ower- el ectrode pattern resis

formed by eﬁaP%QintBé‘f—l&'i ﬁlﬁlﬁyele&t?&q%% A2, ahOYME fild; Fath e3&rddd JQ&&%@H&&A&M

finish th irst main electrode layer 2 into the specified shape. At the

tinme, fir sk REKRECtimRSdI&droddPad 281Gt & WMIBshstible BB tRNEdRebitfy AdtiRENS
to each other which are formed on the first substrate 1 and the second

substrat e jijer 26QnENé§ortidne Wl KRirth32ahé ﬁlsﬁﬂiin$ QiyeEDS RofBhEdBSly iR tHeasgiohhe
positioning is executed by other nethod. The first main el ectrode | ayer 2
must bé& exgfatiededondmiinelédtiode 1pjee2aebercit ris alsohproferablentd forn ehicdBiyed &t thse a
part of it as 20 the connecting el ectrode pad 28. Therefore, it iIs
necessary peoipherklepdrtien 61 ths thindilm pidzeclecidteldmg as etl) fiaeiseint the negidrawherer om
the first piezoelectric thin film3. Also, to achieve such purpose that a
part of t Hae iisplatingiegindayase by i5care formefli | m 3 exposed to the cheni cal
solution used for renoving the first substrate 1 is not etched, it is one
of the effectideshowania Hig hdheflexse 60 ingludesiasliderbeoldageparignpl which servase

wi der than the first piezoelectric thin film3. 25 From such poi nt. of view,
the first @I bead gidet ok shavay)dp thppregion fyptherextendqd drom thertggion where the

Phe ekt ?Iﬁﬁﬁg:é)?qzlééllf?iﬁﬁ@gﬁt333%%@%%ﬁﬁ?{l"%ﬁﬁ%giﬁ%&&w 6h e o
the connect | electro .S sufflclent exposed.fromthe fLrst

i PR e EleF PR Py e S ko FRE R B il e
ELER by i M L) o NEke R SEAAE R Rl SELEDR R
mask is sh@m In Fig. rg%fo en the ﬁerr 1O e n gl ec rohehP%yer % 1% aecfc%ied,
since the ﬁé&ﬁ%lﬁciﬁdé \birﬂig% i§ Qﬁ@%ﬂ%v%ﬁ%%k&&tdd l?et&vgk}]rﬂhfe itﬁiHEih&x{lﬁéz%eieétrﬁo

particul ar problens In €ther etching or wet etching and 1t 1s possible

to freely gBments 38 AR RALH QB o ébrﬁae&ﬁ{gdﬁdacglowshbwhmomeecrdnﬂéctfoﬁrmtéa@emal_
el ectrode | ayer. Next, as shown in Fig. 3D, first'thin filmpattern 44 is

manuf aEs ur efhigiiedt ofndt RBowWHE tHO sk Sds e preckledtact sled@de ayaingd 69 NletlNBofi I St
pi ezoel ectric thin film3. Further, the insulating resin layer 5 is forned
i n nearly pianeldciricdessde pad 6dhe hei ght up to the first opposed el ectrode

| ayer 4. As the first opposed el ectrode layer 4, it is preferable to use a
mat eri al same Sigcd the actiatof iiy etpandddmatone sideadd contyaatedat the other when a revensyl e
metal |ayer such as nichrome (N Cr), tantalum (Ta) or chrone (Cr), or to
use a conf veJtagatis Gaphidd: tp aadkaelethicapairgd cthing ilipt piczoglestric plgmsptsGd | theristidered
on these nmaterials, Al so, as the insulating resin h@ﬁga 5, is preferable

to use a pBYlYMEINEIANGe reGs VAR, the PORKFT theg geBsiated) 18 fi isalgcjrﬂ\t Quthe right 3ndnde
eyor o )RRt B0, PR Sl Pl SR o2 5 e, .
2% cont o BURoeE dpedfhe pAGRHRR ohIRLUBH LB HERAT L he Trmes M
Pequired o hatt il St hadRficlutfe i bl ARPRAMIECACHRRA SENAl beldehlibde
" Case. t nit thedBbuife SHNGeredth 16 Fig BAL 1 68D 1 Bl Hiaptalhs TR o

opposed el sglth FHie 6BAYEEholth e sé&ibhal poptiol BoRENe S VE lind¥eFigh1l S fornmed over
the entire surface including the insulating resin 12 layer 5 and the

first ppposed BigesAno®e. BayAE eﬁplaﬁit@xg@bagr@rﬁm(ﬁihgmarh@inms&aﬁm forming
processi ng operation on the first substrate 1. For the adhesive layer 6, it
is preferable to use a material that is free fromviscoelasticity after
bondi ng, and to use an organic or inorganic adhesive agent generally
enployed. It is also possible to use organic resin or photo resist having 5
adhesive property. Next, the steps of filmform ng of the second

pi ezoel ectric thin film 13, the second main el ectrode |ayer 12, and the
second opposed el ectrode |ayer 14 and finishing theminto specified shapes
on the second substrate will be described with reference to Fig. 4A to Fig.
4D. 10 Fig. 4A shows the second piezoelectric pattern resist 34 formed for
finishing the second piezoelectric thin film13 into the specified shape

Y T o o . o A~ o



15 materials simlar to the fist substrate 1, first main electrode 2 and
first piezoelectric thin film3 shown in Fig. 3A Further, the second
. piezoelectric pattern resist 34 is sanme in shape as the first piezoelectric
pattern resist 30. Al so, the second piezgelectric thin film13 is etched by
same nethod as for the first piezoelectrfc thin film3. As a result, the
first piezoelectric thin film3 and the second piezoelectric thin film13
can be forned into nearly 20 same shape. After finishing the second
pi ezoel ectric thin film13 into the specified shape, the second nain
el ect r ode dfanefirst pidzoelettricThimckilay 3 pihe ttRéti hiia Pl ctpiade 8yer 21 aldl the fidt Qppesed A
state of second | ower electrode pattern resist 36 fornmed for achieving the
pur pose i sladu@de layer Fiagd fBfinibhing thérhéntelsppefied bieipeebs Mhofrst sutshern Also,Fi 9.
4C. The second | ower electrode 25 pattern resist 36, as is obvious in Fig.
4B, is nedFipydAaoFigrdDaateiexplaaatony diegraims shbajigy the maid Stepo fquefilatfonming dnde
second piezoelectric thin film13. Due to such a shape, it becones easier
t o pr ot ectfitisting étosptcficdzsbepassimilarly dn thefse¢amd s8bstraben t he cheni cal sol uti on
used when the second substrate 11 is renoved by wet_etching. Al so, second
mar ker I esi st Be%, the deseriptipn is givae byt usingdig.aA UpeFig. Br kath fespect to film
positioning the first substrate 1 and the second 5 substrate 11 opposed to
each ot herformpgmndolinishipg oaghe firstfabstratet Fig S phaves a stafin that e dgpigmain
substrate 11 is, execyuted wi fhout using the_marker 36a, it is preferable to
use the se%lsq&@sisﬁ%v£52|ag the fe:rsb@ﬁ@fwrﬂceélvsﬁlnga agslapyingted gy hedirstifuhyrainb
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substrate iR.th h econd in electrode layer 12 and the second
pi ezoel ectﬁllnégt"htf)ﬁﬁefslthlaﬁﬁs Waﬂ'lé’ﬁg'aﬁl y sane in shape as descri bed above and

oz e .  hary sams | t : r V!
thin m 3 aS SoBFREAr ARl ol S haling diBd e SHAHERARBEIE
on the secpnd géf@ﬁ%le?tf& lhmﬁcn%iﬂé%%,egh&f 6%i80 tmbdd-&Y@Rtint 'R (MES" Med

on the first bstrate 1. 15 The séco opposed el ectrode layer 14 I's
fornmed on $ubstrsey e BirQiZBitREd 1) © fbith A Claki@ok@nicd pMiiRn a9 @pWyag sk t he
second thin filmpattern 48. After that, the insulating resSin layef 15 is
formed on filkenf@c electradebiayeraX By Why o epwesiidgan the MgQ sutditateddtdl thUbinhanead: he
adhesive layer 6 is fornmed over the entire surface including these. It is
shown i n Fzigcond.titdinis (PAT)dayee oathaPylayembysivay gf sppetterihg.oMéhenrthé RET dgeo isd
substrate 11 are conpleted. 20 The steps of manufacturing a thin film

pi ezoel¥ct farmed) avarticallyyorjsotidtRZInlayer toay beebtainké budétdsg the tempentiréof MgDng a
substrate shown in Fig. 3D and Fig. 4D, will be described with reference to
Fi g. 5A angubsirgte tggboutib§0°GA shows the first thin filmpattern 44 and
second thin filmpattern 48 opposed and bonded to .each _other by the

adhesi ve | ayer &sghe fizst fybsrate,ds besides MgQprbstate; §.is ppssiblg teiegploppstrontivgn e
time, th dhesi | 6 25 int ted to b i |

(I e GEIEel e L5 6,28, 0L GHLS! o1 Ragere 9,0 iole Lpters
executed b ﬁ%}?{ 'agﬁlééggiéﬁ%asm ]eg&tr%ﬁgé%y%é ?? itf {gaﬁosgig{% ) gr%@ﬁ'&%)gl lrslgfét:tteglfpon]; 'tllgegg

are accura one upon an 1'S al sO pr o form

adhesi 6 y, . S t . L . . ive
agent 18 eaeRip Bt oL bt (PH°RAR (R BRI (PR bRy B RhiRFIRD
second subgigeat o\ g tdaPRd; t he
substrate o agtmedul (14 ARERRENGATMY, LR TaR ol [haRE GRCE
possi bl e, beidee¥afRELIt i§ BosiBfle o BAPIoY 00 LRTafE doat ghrativh ifeluddnglihbdedhetals.
first fixed in a predeterm ned positioned and, after positioning to the
mrror, th@ Ripreferabls té ol adpiapetlédite 3ayes tsielt @s PATE of Mdaldt REthahfé eircémateach
ot her before bonding by the adhesive layer 6. Al so, positioning can be
execut ed otitanhte H@LIZT)0bn theefish apin electride lagerd emdelfeat incateril selectednfrom

w thout using any marker at all. In this way, piezoelectric thin filmheld
bet weeB5 t héhesppastalaraad| tovedrtaie| piczoetedtrid elyasacteristics hrowglt behtanahtmentegeeattet! by
adhesive layer 6, and thereby, a plurality of structures 50 are

manuf actured. In the present exenplary enbodi nent, two pieces of the
structures 50 are used as a pair, which is called a paired structure. 15
After formng a shape with a plurality of structures 50 surrounded by
insulating resin layers 5, 15, only the second substrate 11 is selectively
renoved as shown in Fig. 5B. As the substrate renoving nethod, etching,
polishing, or etching after polishing to a specified thickness can be
execut ed.



. After renoving the second substrate 11, the insulating resin layers 5, 15
and the 20 adhesive layer 6 are etched in order to separate the plurality
of structures 50 conbined by the insulating resin layers 5, 15. Fig. 5C
shows a state of the insulating resin I?ﬁers 5, 15 and the adhesive | ayer 6
etched after formng the insulating restn |ayer pattern resist 38. \Wen 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 renoved and the

i nsul at i nghdreafRk. 15 25 and connecting el ectrode | ayer (not shown) are
formed on the second main electrode |layer 12 including the portion of

vi a- hol e (not ThBdimt)piedoelecaivatinofines ¢hetoked, bsiag theist ﬁila@csrjlefdr&d altapasist 0
manuf acture a connecting el ectrode pad (not shown), then thin ?ilm

pi ezoel ec30i a5 elmasknt Doyl ehadinggr aves leeghéngasars bevexecutediag) thel ehihgFogeratibni, s
conpleted. The 5 thin film piezoelectric elenent 54 in a state of being
conpl et ed Partiduteelyf et etcbinigds ndstantageous is heams of mdssgrodidtiviy bamauseatht idagict he
surface of the thin filmpiezoelectric element 54 thus forned with wax or
ot her Pesiinsimpbe ansheapablefof finishingthe psbingaiperation dw a ishort timee Whansa PZTitagter at e
1 is renmoved by etching. Further, by dissolving and renoving the wax or

ot her resiihpEcessRil iy Vet ctehingdt isupretesablofo psgea mHxed mlumrpp%gﬁ&pﬂqu gcid
elenment 54, it is possible to obtain the thin film l ectric el emrent 54

in the fordffdHtriseckl adBHSH splitign o hydroflueric acih ity faid and acabicracih o fhesed
exent ar y B0 SHERES diited Rihdird Nl aSpip e pirgieptica i AR K oout 3¢ ac o
 ready f oPiel, Hithert D RSH 0Pyt FEOEbE S 32 oL ol
O eentFe bl TR AL BP0 R AIbAR TS SRR R §0Eneq,

exenpl ary paped] eratRin\GR B! é%%ﬂ’}el:@rﬁfcﬂlie& ahlf iiPisyofkﬁﬁle% 1és3en [R! s'i’deeétt@ﬁgé()de

| ayers 2, 12, an pposed el ectrode layers 4, 1 ornmed on each of

substr at espd.to %ﬂeaﬁ&@mﬁf&r@% dhapOrepRRfuLbiIRg shapes at the tinme when 20 they
are respectively formed on the substrates 1, 11, it is possible to nake the
patterns on tha thishehyaifes cchidd thel€imtigiedoclcotrRhaRe fiit 3] BaC bovadrhdéctrode
Accordingly, even after lamnating, it is possible to nake the

pi ezoel ectpatterrt teisist BR lisgoidned1tyy photelithograplapprocddsads shewntineFigh3B if iorder to

pi ezoel ectric el ement 54 has a sectional shape such that the piezoelectric
t hi n fli3 nefiish 48 frse nradrs plectrodeclayert 21 frdo ¢hik spEcifiedi shapeagAt thenfime hfirsf memkerhe
mai n el ectrode |ayers 2, 12 to the 25 opposed el ectrode | ayers 4, 14, and

t he opposesis] Fatif glse fhayest fr positianiag theinatiemd to sachather which aretfermesen theso,
the insulating resin layers 5, 15 are thick at the portion clqgse tq the
adhesi ve |%pbpubstrate;} tand the speondsubsizate d. nBaweyers thenarker 3Pa g oAt fugsdct
to the surface bonded by the, adhesive |ayer 6. Consequently, when a voltage
s equal | ySOSHImESdn csq the Hosi@ning is £5equlied by ethermathod oihe Bastmarelediagig
piezoelectric 4hin.film13 . .the strength . of.5 . electri.c field applied.to
bach of & NV e Bhaed rim e A Rbic LR 23 ordifodi R gIST e

pi ezo Cthl J i r i fir dis 3

causi %@no&ég?{é&ﬁgﬁ (I%ir(]" e ?a(]gg’zb%nﬁ}egeggi%f lt? %Ié&??ﬁggmgﬁ%]% t{lgggsggﬁgrgag%g%qebl e

to allow Oﬁ#égfh? S GEN S AP 8 HXAASS piRPoctdetiC fiFh Fihl3. OAsd, fﬂ@%@ﬂﬁ%\éc such

realizing y accurate actuator operation. 10 Further, since t

pi ezoel ec_t]fBL:lrﬁoiehlihBt § iphAfof3ne Hidst PihoBREMRcRhRCHIP dexhastarts the cHefnieasonRiowade
into specified shapes by wet etching, there is not problemof foreign

matter stigdedor &@néﬂﬁ%swﬁrmhlbﬁratéwtis abt eohédher @leastethe REfEEVeCneMsNG,
and a trouble due to shorting between el ectrodes nay be prevented. From

t hi s poi ntmake theclivst aabeldetngletlaydr [2ea tialeudhlet tiranrthe fiedt ipictot¢lacttibehiprfdaedit
exenpl ary enbodinent, it is possible to prevent the variation of 15

pi ezoel®ct Fiom chelr poimrofsvices theidirstoeletteoddi patermemesisti 32 éhiapgerothan Hbe first

pi ezoelectric thin filnms 3, 13 and the generation of electrical shorting
troubl e between el ectrodes, thereby enabling the manufacture of highly
reliable thin film piezoelectric elenent 54. In the present exenplary
enbodi ment, the insulating resin layers 5, 15 and the adhesive |ayer 6 are
separately fornmed by using different materials, but it is also preferable
20 to forminsulating resin |layers having adhesive property on at |east one
surface of the first



- substrate and the second substrate before positioning and bonding the first
thin filmpattern and the second thin filmpattern to each other. SECOND

~ EXEMPLARY EMBODI MENT 25 Fig. 7A to Fig. 8C are explanatory diagranms for
descri bing the manufacturing steps in é? t he manufacturing nethod in the
second exenpl ary enbodi ment. An exanpl eldf a pair of thin film

pi ezoel ectric elenents used as an actuator as shown in Fig. 1 and Fig. 2

al so 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 urgéz&yectrw A1k B&s fal wikdle, 2n@RP 9BR6h £ Bigt 1 QA€ Fl2Y ethe f)@tté}‘ﬁ SRdpe is

etching the first main electrode l'ayer 2 and the first piezoelectric thin
film3, fofiiedd asidhembhdes that WRSpErEbE fnctioRing 28 RRE boimetifhap@fdt pad 2818 as
in the -manufacturing nmethod in the first exenplary enbodi nent. The first
opposed el agficiedity ¢:xppedd HOmithe fiRbigiczyelaatrid tn filmysrs of first lower layer 41
and first upper layer 42. Also, Fig. 7B shows a state of second thin film
pattern 480 nelh siedparcfcthd firftanainredectiode 160/es carcttddpposingl thel 6t tomte lhyyer
140 after etching the second nmain el ectrode | ayer 12 and the second

pi ezoel Bct electradei pattbinl resisB32 hoa meadk o shdven geFigndCs uiWhen Hteefirttimainnglectrode
speci fied shapes in the sane way. The second opposed el ectrode |ayer 140 is
al so nade layen? is wishedysinge the layes dp dhinnetethan 4fe piczacleciriel thin ddmd thaspds np ayer
142. As is apparent fromFig. 7A and Fig. 7B, also_ in the present exenplary
enbodi ment partisgar proplgmsHa eftl%rﬂry pihing or st ptebiag aad jitdy pessible torfeceliemakethemi n
el ectrode | gyers .12, the first piezoelectric thin film3, the second

pi ezoel ect F‘ﬁE‘C“PHil% a‘F‘ioF‘Fﬁn%,W“iH]ée matedal beH’Gs"g‘i‘P“Bﬂ%WFrode | ayer, and the

second oppOsCiaLec 855 LEHE!spl ol pRTR kG @ EMRB-LLLENBRBR e
% 0 TSRS POt R S S

el ectrode lrs[as}'r?(ﬁ:a ap Saiggﬁhﬁﬁ%ﬁgﬁg} ?agll?és)ﬁfiacﬁkfg§ ?lﬂzdﬁei&ﬁty 1 BE XgE%sr? t he

two-| ayer Structure, e mat or t I rst “upper layer

second up p%fcclr@&’eefa%ér% As IROARE ogﬁﬁg@ Clectt641a§dr 4,NCisPHefeABR B HESR ﬁﬁ?{?}%o‘c

are characterized by such conbin on that one is Au, Ag or Cu, and

other is SRafE alkhr tiSfifsPinaliéledtidds ayeP PEsr thA¥Eh sthklembtal RPerseeP A nitiFdmEe

| ayer 141, there is no particular 25 restriction provided that the |ayers
are adhesi (NiCy), te@ahn0{Td) be cRiog=qErg ot kd Gset hicanfigutatidnarich a mhrikhsuch s B,
films using the materials nention above. For exanple, the materials

descri 8d iAu, ApeorfCu lamieatehgl these matbnas.ment nay be enpl oyed. Al so, as the
first opposed el ectrode |ayer 40 and the second opposed el ectrode | ayer 140
in the present AdswaptieripswWatingdesindayer ot i prefedte fosise @ pobyiatnidedayds praparedt
upper |ayer 42 and the second upper |layer 142 at the 5 surface sides with

t he mat er i ysfoansAemplseeoative liguidspRlyamds with spinpereandsheqting ftjatpba 3p0 @afteio

i ce- | ayerrdrB XA, dp e Rl en Gyrd by it B bereBan e ing qeganic
terials for. the first. I 4 dth d I 142

ot 11 it edott o R s AR B Do e B SO0 JYT SIS PRat

th i al nbi.pat i j bl [ :

10° t narDa0GErh T ERaCH: 8 AT YeSlrad®hidts ZIRE KA sBst BTSN DT,
making e PPRMACTHIRLEF LI0AGd FWEY 3, MK AOuDE GhAVe JABYEE BlcfRNhMMAL I on

contacted each other and heated,” the first" upper layer t he second

upper | ayerpr&,fe%[ya&xﬂ Ak 9y o ARtPANARE cih 1 &ardd. OMRY ther® ari&% alPpAticilsl NI
Au for the first upper layer 42, and Sn for the second upper |ayer 15 142,

when these pébleeteth Sdse AROMbulZBRGesIh 19KLS iapirtiall Rl 08 thgcond dppossl
then eutectic reaction takes place between Au and Sn, which will then
beconme an idch@dalager eisalveldondi ng | ayer 45. A state of netals bonded in
this way is shown in Fig. 7C. Incidentally, during the bondi ng operation,
mar ker 2512a, 2ateradhesiedladyer 6 foformed nverghe ketisaurgfacsinchudingehé insslatiex easpl ar y
enbodi nent .



20 Thus, a configuration including one region where two piezoelectric thin
films are bonded between the first substrate 1 and the second substrate 11
. and the other region of space. The space region is filled with resin to
forminsulating resin | ayer 1S0. A statﬁ of the insulating resin layer 150
filled is shown in Fig. 7D. Including t @ first main electrode | ayer 2, the
first piezoelectric thin film3, the first upper layer 41 of the first
opposed 25 el ectrode | ayer 40, the nmetal bonding | ayer 45, the second main
el ectrode | ayer 12, the 19 second piezoelectric thin film13, and the

second | ovigyerlsayarind firkt %go%ﬁtﬁel%&%qa)%{? Q?&ﬁ%ﬁbg Icgl;ﬁbfcﬁgg tﬂe%@éssé'rg%roc\@ésﬁﬂk

specified patterns forne reon, a uralit structures 5 are

manuf act Urcgfgrétﬂﬁﬁ oﬁgﬁaemssdaauat_eq. Rt $he RIBHPL BRYr 6TPRPréTBMble t§h$§fmﬁf&ﬁal

structure 500 is about 10 umin thickness, it is necessary to fill resin

into 5 thahstis§Re fRA PRcolastibioy hftdbdadingh bk tdo@eViRedtgdni® oS i4BFdah R Resivnd

t he purpose can be achi eved by properly selecting the viscosity of the
resi n thatagenafdreslly enfleyed! riats alto pyssibipitd lust Yrgahnesia e pho® @eist hdvings
preferable to use a way of forcible penetration by sucking up the resin
from orde sidhiesivdptopertshe i nsul ating resin layer 150 filled in, the

peri pheral portion of the structure 10 500, except the portion contacting
wi th each subsiexit thesfeps loé filinrformingiaf the eevond géezbelgeric Zhinddmt 1% thveseoomtl mai n
el ectrode layer 12, is covered with only the insulating resin |ayer 150.
After thatmaiipdectiodelayesid and theesegand epposgtoslecirady 1@@&14‘??1@}1‘. figshiag thepeinto
structure 500 js conpletely protected with the_ insulating resin |ayer 150,
the et chi nipesibictshapss qn the sseend swbstrate madll be desoribed withgeferenae tor@ge%?'celflgt he
structure O is not affected by the etching solution. 15 Also as to the
met hod of movi ng the second substrate 11 by etching, the sane nethod as

d ihed i fi I nbodi b c W.th th

Sesct 0,11, L. 1 Sy ALt SRR B8 B8RS o S, .
tate of bgj i he Lnsulat | 0g: £ asi . Ly,

P12 of, R FRIMATL B 0 125 AL LA R R AR

structur esfl@&%dcpltayérrﬁ cBh&“E)]iczéel&gﬁ? %Rinhlﬁlln? 18431 th RS &BE&@RQETQH& I'ng

el ectrode [ayer (not shown) are forne or the connection from eac

structure 9k 4OinePif eIAAITHhE YetoRARBbstaR0] 1, SBOMD maifiefect:8dt RPAVED, andiRbRd Of
insulating resin |layer pattern resi st 380 forned for etching the insulating
resin | ayepiedédlectrldiehih il a8imgy beSformédberusiil sand filaSfoshing8Mlethad faor fopd

wi der than at least the first piezoelectric thin film3, the first |ower

| ayer B3 omatelialsfsimiiar wpthe S0 seisaater Roirst myiyr elé@rode Pearbfirse prkoddentdd thin

| ayer 45, the second |ower |ayer 141 of the second opposed el ectrode | ayer
20 140, anfilmPestosoomdFigi 8AoeFather) thetdecondf picnocl®trilGpatfeon misisy) 34 Lis sampatit er n,
each of the structures 500 can be separated by etching only the insulating
resi n | ayeshaps@s therfist pegosleptricipattemt resisttp. cdlsei the mngp@zgqlmm thirellm AP so,
wi th such shape formed, since the electrode |ayer .and piezoelectric thin

filmare pisottekadely spme msthod a5 far thﬁgfirﬁbgieﬁoql%@%v thiy dim; 3, Qs st dhe Hrshej ng
conpleted, jt ensures cellent noisfure resistance dis free, from
Gorer ora: pisrodrart e Blte S anf Moot aieracl MR Fitn G bimauhls oy

film p'?gzoealeé:trai c elenent. Fig. 8B shows a state of thin film

pi ezoe ct P16 g}gﬁbnt 540 formed on the first substrate 1 through the steps
of renoving thegg i ng .resi > C hi . DGk Qs e
(not “showny, - 1 ol Tiishing" e BEH RYRIeckiy' Y RHCTS 8 JBE Shch b Wl

el ectrode 1Q.0ha%edin (emhgéy‘f%) 12 i{ finfnPd %9?%%1@%@& Nind h:téallx% g{og%slap'ﬁ at

the sanme tine when etching e Insulating resin 150,

pref er abl egfap FrREEITLHBEIELFIAL Patt&h rEdiq J6ToHAL foRAcHi@ahg the Prifosd RRhaWA t he
vi a- hol e separately. As for the nmethod of form ng a connecting el ectrode

pad (not shopp) 4By Al1SS,Thd¢hape RN EEHIhE S Boeatih Fe 4 YETe deb6Hd IoRerelctrodbt er
formng and finishing into specified shapes of the insulating | ayer 250 on
the si@§ peutiérdnesift 36, ashiolobvibas anFigMB,his madpsdmerirm Kitledhigedén bleperas12,
it is possible to execute the manufacture by the sane steps as in the first
exenpl ary enbodi ment. The thin film piezoelectric el enment 540 manuf act ured
is different fromthe thin film piezoelectric elenent 54 in the first
exenpl ary enbodi nrent shown in Fig. 1 and Fig. 2 only in that the adhesive

| ayer 6 is nmetal bonding |ayer 45, and there is no difference between the
two with respect to via-hole finishing and 20 shape.



- After protecting the surface of the thin film piezoelectric el enment 540
thus fornmed by nmeans of resin (not shown) such as wax, the first substrate
1 is renoved by etching and further wax or other resin sticking to the
surface of the thin filmpiezoelectric %enent 540 i s dissol ved and
elimnated, and thereby, the thin filmpfezoelectric el ement 540 25
conpletely separated fromthe substrate nmay be obtained. It is shown in
Fig. 8C. 21 The section of the thin film piezoelectric el enent 540 thus
manuf actured has a sectional shape such that the piezoelectric thin filns
3, 13 are ¢nrghesd WYtﬁlt}ie s8d0RH §fezote bR tBIN filh 15. VDK b sthO;msﬁzQ)g ﬂ%é&onﬁs

el ectrode layers 2, 12 to the opposed el ectrode |ayers 40 and

opposed el @gier 6l @rotavehs sédébnd e cRlcotrROMAL dih 016 Akh@emi@NdoRtish ustde 5
insulating resin’layer 150 is thick at the portion close to the netal

bondi ng | ayhké¢n the seddndaabtiate T1hie rcheyrdyavet etvhiigl YAISY, ¥e&indirGakeveéibt JRaspect
to the netal bonding |ayer 45. Accordingly, when a voltage is equally

appl i ed t oforined fri ordtr toineamélcact n ntarkdnifor fositionihgabefitsheutsaatericandithe sszbadt ri c
thin film213, equal strength of electric field will be applied to each of
the first spibszgelldopposedtdeachitiem 3 and the second piezoelectric thin film
13, and it is possible 10 to nmake the piezoelectric thin filns 3, 13 sane
in the amount Whedipopitigoisgeoftthe Aizgtorubibtrage \i, andnthy sespruingtibstnatarld isoexecatedi on
may be S|anX realized without trouble such as deformation due to bendi ng
and t he | i wihoutjusing the amrkandoat il prefsrbientg usayke segend piczenleptric patkesn mesishl i s
nmel ted once, and, hergfore sel f - nat h|n alignment is then possible. Thus,

even |3 cia $as s l&%ﬁc ing thegeans! maigg C&Hg G 12y8fd- hi gh in positioning the
40,. 140
Sﬁ?"iﬁnd?ng‘“ phpgn %ﬁ@éﬁ%@tm@ op ofe 528 R0t fh e vh i d e o4 1B FerdCor "
F
mel tl ”F(g . H"ffepﬁfo (gn gféefu]t,t' sﬁ;ﬁ&raw'tl Ihal {Re%gé I malﬁ’éijeaﬁgc?e I%Y%Oi;i:‘% t(p%licher,

il mpattern are™h el ec es W
he f
e SRR St I S, RS

fortaki nggaenesiing ufénﬁﬁzhr\fﬂ?tmf& R el pit BERER G FRASS. WSS WwhdNabC

sinplified since t st thin pattern and the secon

film pattepanar g BAdBe pbitichinB R nABKRE fdithedRInNBE seddndisEbRAES | PiendtBrally
enhance the rigidity as a plezoelectrlc el enent and to |l essen the varlatlon
i n di spl acdiffeidnt irf$lRe fiohi thattforitédiéh afirdeuixarut.ed 25 wit hout using any
flux or the Iike, and therefore, defective bonding is hard to take pl ace

22 andl$ her e i Thaseqadappbsedrelattrodadaydunit rig farsed diutitecheecond piezedleadt thie nay
be precisely protected by the insulating resin |layer, and noreover, the

fi ni shing ti{mrlétmmdey niraufacbicuthe degdndrhigofdlan p@md&cﬂfter ithay, the desubasingn| y
needed is the etching of the insulating resin layer. 5 1n the second

exenpl ary ESHEO@Yeekt is f@rﬁ@dfantbe sefape pulistrgterl léh@szt%a%@&o&omwérfunwahe
formed on t surfaces e opposed el ectrode la rs 40, 140 are_al] oyed
with each a{ﬁwgwef afcréﬁé Hioefar @ereaageesurfem inluding theseo Ibﬁssi'PUPén &g

th itigni d b ft f dh t
| cast one SaPhdERGHRRGTMS oa%&agw%éé“n IR ERuBladSRafEH B8 Samiid second
opposeg el ectr Qﬁg Eéegy & mam%act}m a thm h' S%gz%gﬁctrlt%leTgn?cn?%g%B ?%ég)egvreen

adheS|ve | ayer ose ayer

40 and the &ﬁl'aﬁvé? Il ly@ qﬁlr{gaé'ﬁ{bstﬁg ’sh@Wff ulFl ng%g lﬁ'ﬁ"{lﬁcp plﬁs Hﬁh V\Hf‘ El‘)tg &e@@rlbed

structure 0 1s cov ed Wt y the Ins ng resim layer 0 can be

nmanuf act ur %chbbéfé?&%'tﬂ%%eﬂ And 3T éﬁngpéﬁesh'b%'tﬁél fipR MRS nt PRidrh 49tand
substrate 1 and the secohd substrate 11.” In the case of this nethod, the

first thingédontntRmt fiied Pattersl 48Nppee@oid Bdnided td Emhp@thérewtlﬁrﬂhegwweﬁyst he
adhesive layer 15 forned only on the opposed el ectrode 1ayer, and the
structure uskhgedsubanatd8hewotie FigeD0ahd Figy 4DNeAt feuliat) the adhesive la?MGFG hieat
is asingle material. Also, the freedomof nmaterial selection wll be

i ncrea28d \mttdratedtpdetorhe atshegld layet, tiog pg pdbesiteckayerogie In shie bomdidg toperatien,ond
opposed el ectrode layer. Further, it is possible to |ower the heating
tenperature for bonding or to execute the bonding at normal tenperatures,
enabling the suppression of 20 deterioration in characteristics of the

pi ezoel ectric thin film



-Al'so, in the first exenplary enbodi nrent and the second exenpl ary

enbodi nent, the opposed electrode layer is formed after formng the main

el ectrode | ayer and piezoelectric thin filmon the first substrate and the
second substrate, followed by finishing,theminto specified shapes, but it

is also preferable to enploy a nethod i+fffthat the main el ectrode 25 | ayer,

pi ezoel ectric thin fil mand opposed el ectrode | ayer are first fornmed and

t hen fini shed 23 into specified shapes. In the first exenplary enbodi nent
and the second exenpl ary enbodi nent, an actuator using two pieces of thin

filmpie i.c i i . nt
II'm pi Z%sﬁﬁhfn‘gﬁ? %ict%gfga:bz uteﬁlgggﬁgerg 1928ndE£E ﬁhfﬁﬁ&@!p@&@elea% thiderIRIsERE

i nvention s not ven In case Ol using one or three or

more 5 actiah@fefy placediont updn SRARLAITRNsH BrefiblOYSfbrindthe hilRsRRBUME bH bfe

Al so, not only I'n the case of using the elenent as an actuator, but also in
the case off tHsiubStritts RSodind t6ZRENFEHI ddhe GOSNt uded, | S possi bl e to enploy a
simlar manufacturing nethod and structure. TH RD EXEMPLARY EMBCDI MENT 10
The manuf act urwhen MiOnesbstrate it hised 49 thenfirstesubstretirdnd the emdsubstrdtbia 15 i r d
exenpl ary enbodi nent, as conpared with the first exenplary enbodi nent and

t he secHndmécxesoppeacan bendsed forpositioning [betduse thdi subgtiratmis tvansparemts de¢he cdse of

met hod of filmformng and etching on the first substrate and the second
subst r at e. a Thspaicst, subbteaté,iit istpassible, forezampléetd wsger positiaming methodiin »ddtlest ri c
thin film and the first opposed el ectrode |ayer are | am nated and forned
on 15 the mirastis figgh Sixed dw aipredetsrmingd popitiopgd and, efier positiming tosthe gpisoscthe

el ectrode | ayer, and the first piezoelectric thin filmare all taogether

fini shed | miEerdpEangved @nd thepubstiies e slyfted plogtrdp sachothebelpreRpndingysthe
Subsequent | at | east art

.y of the fi t i | t d i finished
oy ot ot meadticeiBe 1556 o ARy BESIRPAR Gaber Preapicn iy B Lty ok B shog 4t
the fi t ; de. | L t hi , | [ i.t f i t .t hi
(i m it PRESIES R SinbRShie 1) ke ARl 1 086 %ol bikdocplenid iRl I

I m patte FRA 3PSt St at b i
P the sofd heRMER letudpdPRld foer LCRGRAGy LI AR i nd TR Wy SORAFLTEN

the second%agglegggh(?%é& ,wiﬁﬁﬁsﬁ Myt ﬁg&;ﬁ%@ S AR thanRRRARE. 8! RCH ?f;eﬁéﬁyer

0
are | am na ornmed ‘on ‘'t he seco strate 1n this order. Xf t hat,
these | ayeggeniftylehbbaitat, Bvo Picehd Hthé Hir@tBA50 YreSRBE a$h ?Ei?,swl@iéh fivdalleda 25
first piezoelectiic thin filmin order to forma plurality of second thin
fi|n1patteFﬂ§ﬁQﬂuah&_ 24 second substrate. The steps thereafter are sane
as in the Tirst exenplary enbodi nent and the second exenpl ary enbodi nent,
and thefef ore, Afteefotaiiprd ghapOwiths pdifalityest shrecteres 150 suhbsndedrhyfiaatiatingugsin

met hod, since the main electrode |ayer, the piezoelectric thin filmand the
opposed el d&yersddd5) ente theaseeorsiosubitrato i lis/ selentively romovecs ownhio KghSBr Ases
and 5 then finished into specified shapes, it is possible to precisel
prevent t héherobstratoreaioving methed.ctchitg, palishing o gtchingeaiter pelighing ey sxeqCéyeﬂdr ode
| ayer and piezoelectric thin filmin particular. Al so, the main el ectrode

| ayer, pi esbelnesssandeeksanted | m and opposed el ectrode | ayer can be

conti nuously fqrmed, naki it ssj bl e ealize efficient filmformng
on a conti nuouster FHNPEREt Sc&BE‘gPﬁ?ﬁﬁ@?e Lﬁr"ﬁ‘ﬁé?s,“ﬁglnﬁcr?‘f‘hlé)éee‘s tﬁnilﬁ] ?’?‘{ mc
shapes ed

uou: ; Fr e e _
i th oo ARPIRIREERIT Yy B Rk Cofrunk of R B Sl Rl bR iRR

d i bed . LARY:: . i f
Chin fim Sre U T ST T Tt o of RO oA Fitie'«Bdhy RGOS 157,
such that apy 'tﬁkswhégiwgayye%'e@cﬂeﬁmr kotmfifY TR %n&at ﬂéginalaffé?sﬂaﬂeﬁﬂegfsl ag.

havi ng adhesi ve proper on at [east one Surface of the first substrate

surface i naydi M8idstRtihg fe3in 1hdrds f15 RARRE hieSivelayen6 afel dictledSabRtHo B Ad
t he second substrate surface i1ncluding the second thin filmpattern of the

second subgbinaddeat tHYposition gh@me th FI! BandWFig. 2.he bonding of the first thin
filmpattern and the second thin filmpattern to each other and the 20
form n@5of t he Nerg§uhainsolgting gdsih Jagatgrattemnrebist 38 isuletmaned usd yhecinswlatingllayet h
use of sane



material. Accordingly, the operational efficiency can be greatly inproved.
Also, in the formof a thin film piezoelectric elenent, no adhesive | ayer
having different quality is placed between the insulating resin |ayers as
is done in the first exenplary enbodi ment, making it conpletely nonol ayer,
and it is possible to inprove the charadberistics as a 25 protective |ayer
and to execute the etching operation with good reproducibility. 25

Ref erence Nunerals in the Drawi ngslFirst substrate2First nain el ectrode

| ayer 2a, 12aMarker53First piezoelectric thin film, 40First opposed

el ot 1 ode Jkagicnndfing LARRILAVcL Rkt G50 LAVREAEIREShY Sedoiisha Socaipde

substrate Secon in electrod ayer econd piezoelectric

140Second 14£Pq3 qﬁcﬁhﬁgt the %rﬂié"d’ 8f 4Pa-hQleqhos bﬂcﬁ\}ﬂ)!‘ oll A" Q&Hﬁl%ctthi:ﬁginto
el ectrode |"ayer 1528Connect’i ng el ectrode pad30Fi rst piezo€l ectric pattern

resi st 32Fisp&difid dO¥RIpe® L6 flan@EiRtuR@ at @nhedtRg AéctAE padt(nbREKRIN)! Beh thiddSReond
pi ezoel ectric pattern resist2036Second | ower el ectrode pattern

resi st 362 ppoeldctib icledient 68iHaLing,a SAPE AS vhéWwn RHOFiEe$iand IFAY.€Y ispdiniptéted. The
resist4lFirst |ower |ayer42First upper |ayer2544, 440First thin film

patterf tRi6 fAmlpicddelBrictElemndBOSE troadtatdhofbding tompletedromthbirad substradé nds

| ayer 50, 500Structure54, 540Thin fil m piezoel ectric el enent 55Adhesi ve resin
| ayer 60Moshowmin Bigb6Ar at e (fl exure)61Slider hol der62Head el ect rode
pad63Head el ectrode wi ring64Pi ezoel ectric el ectrode pad6SPi ezoel ectric

el ectrode wi r iAftps Poiiting the surfacs of theltkindilgepisretlécieelemgypedd imsdommad wither

| ayer 25 27 What is clainmed is: 1. A manufacturing nmethod for thin film
pi ezoel ectWdXcokPHKE AN (BELBhQWEDNEPrtthe RIRYSS off prOfe@g%n@eaﬁrﬁt stbstratey 1 gis
first thin fil atterns_on a first substéate,,mh reinafirst 5

pi ezoel ectPPEVEHIFiel g, Furthez by ¢jatohean an Feng iR V2818 Ot Esin Higkingdd a

of ' sarl T R Rufac P aRelvp S8 ekt nbil S SR Tedp el urpn B8R | ¢
larger in p%@z%@ﬁcttrﬁaei]elﬁea}litgiih "td fo?}negtoo%lirlegcéc{xtilpqettef}i s@p&ria!eg]from the first substrate
1 and the second substrate 11.
In the manufacturing method in the present exemplary embodiment, 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 layers 4,
14 formed on each of the substrates 1, 11 are etched into specified shapes at the time when
20  they are respectively formed on the substrates 1, 11, it is possible to make the patterns on
the substrates 1, 11 identical in shape with each other. Accordingly, even after laminating,
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



-and said first opposed electrode layer; formng a plurality of second thin
filmpatterns on a second substrate, wherein a 10 second piezoelectric thin
~filmis held between a second main el ectrode | ayer and a second opposed

el ectrode | ayer on said second substrate, and said second piezoelectric
thin film said second main el ectrode | r, and said second opposed

el ectrode layer are nearly sane in shape as said first piezoelectric thin
film formng a plurality of structures, integrated by bonding said first
thin filmpattern and 15 said second thin filmpattern opposed and

posi t1 onedohor SAAMNGYNRE A RsRCIALACS DI PR UAO AU BBHionAeAD the

insulating redin layér for protiecting’said Structures; sefectively renoving

only said %gﬁﬁ@géz?}%ép%t r?ﬁxﬁeir,nthgrsﬂﬁﬁesta‘?e FERBF SyrRAbichl ﬁftﬁlri:%ﬂ\éctotfo thE lsHGLd4r es

prot ect ed sal nsul ating resin layer; €tching said I1nsulating resin

l'ayer intopghdeBaReant hahesFRVRYS & RIONERASAH, IRt 0Otk i§ 3yBalBCapplitd&d tHee
except a part of "said first main electrode |ayer; form ng a connecting

el ectrode figdl picxocleamiaatin fitn Rhft e SdcofidipiezBtlecttit QB iRy €8, tHeadteénfthr 6t
opposed el ectrode | ayer, said second main el ectrode | ayer, and said second

opposeds el elettriodield aptiedtto eaclt ef thalpicxqeleptnienhin find3,sHE Bddéntiehly Acordinglg,
only said first substrate. 25 28 2. The manufacturing nmethod for thin

fil m pi ezotleepitzactectiie fentfimsf 3,c1harm dameviretle amoive qfr displasenudnt,f causingqnosai d
plurality of first thin filmpatterns on said first substrate, and the
process of déformating dué¢ dopbandidg oy the likecend it theporhed pogsidle epnallayn onlyi the
second substrate include the steps of: 5 formng a plurality of first thin
fil m patt eBPREIAIPNS A EXPRRSIEN sANds corirastionh esshy sepliging highlyogseual egteater ode
| ayer is formed on said first piezoelectric thin film after |am nating
sai d firstOPEAYOR| ectrode | ayer and said first piezoelectric thin filmon

SRR R EN TR TP Y NSRRI
fi1m and Aol 0T kiR PRl b ePicRRROR:S fidbe bl Bk EERR rfllie? Hicking
to the side walls that often takes place in dry etching, and a trouble due to shorting between
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 and the
adhesive layer 6 are separately formed by using different materials, but it is also preferable
20 to form insulating resin layers having adhesive property on at least one surface of the first

substrate and the second substrate before positioning and bonding the first thin film pattern

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



. second opposed el ectrode layer is fornmed on said second piezoelectric thin

filmafter lamnating said second nmain el ectrode | ayer and said second

pi ezoel ectric thin filmon said second substrate and finishing the second

" main electrode | ayer and said second piiﬁoelectric thin filminto a shape
nearly identical as conpared with said f¥rst piezoelectric 15 thin film 3.

The manufacturing nmethod for thin film piezoelectric elenents of claiml,

wherein the process of forming said plurality of first thin filmpatterns

on said first substrate, and the process of formng said plurality of

second thige Mahﬂfae@}ihgwhmn&ﬁé gecdfd %ﬁ&ﬂ@gr iAbR, 1AELHASIE Bea pAiFBp of :

formng a plurality of first thin filmpattérns on sald first substrate,

wher ei n sahf filid SitzdBcRicCd1BGEAS Hedl BUB actudd 8 SHowt inFi208ld955 1 4lsd Hithe

film and said first opposed el ectrode | ayer are |lam nated on said first

substrat e imifidterif fethod aNthe PreskMAxbmplappérbedimeat Willf be descriBddn el ect r ode

| ayer is finished into a shape larger in shape than said first

pi ezoel ectri c Rifi 7TA thdws 2 Statenaf fhsti tHinf filbs pateppod®thaptfactureddsy foaying thafidt 29

formng a plurality of second thin filmpatterns on said second substrate,

wher ei b saopposeic eleckrodei layed 40 taftedetcdhingethe fmi dnsecboctofd dmyeel2eaid the fikst n

film and said second opposed el ectrode | ayer are | am nated on said second

subst r at e piezaekdctricgthitefilm 3nfbrmad dn dlesc Hirsti swhsirateel, duto ispeliafi¢chghapes haisams egond

pi ezoelectric thin film and said second opposed el ectrode | ayer 5 are

fini shed iint heamanufpeturing mnsthedydmtthe Airstaexeamhayy r eabagimpnts alhe ffimsts ppposed

pi ezoel ectric thin film 4. The nanufacturjng method for thin film

pi ezoel ect HeErade dash g i%m?l%yp Shvlayems of Sirst dewerlgye4di and firsipper e

Por “pr ot echlsfighiearB Sorsriest sthongbe et ea, S manageRis bRl ng
secondThitrepRi fFed BlertpES BEET 190G sfontdd B bl b STRs Lef 2258 {1
sai d secorticashuid bR B ATl hishal of thEHieBh sRRC Ao GRcREN

Secon _ . : ¢
second su %ggs[ f he'sake v{agf {ﬁfgerbr;g&;}{aﬁo;{pg% A6t IARLIhY & A1RY ﬁﬁd? I'ilP ¥ t»krﬁ as

one surface sald 1 nsu surface 15 and sai d st thin

film pattefapers ot Eaofd Mwsahgbr 141 9hd 546084 na,%&,laﬁa d43.a]Ad id Aspatent KO FIESTA
| ayer surfacCe and said second thin filmpattern surface on said second

subst r at e, addFigomBdalky i e iésast exethpRe$ einbodinitat, Segaddihg tisd fifshimairf éleditode
pattern and said second thin filmpattern to each other so as to be pl aced
one upbh ahgthErthasetohdmikinglebyrodealageradDethi firstl pyselect2id thin flie3, the second
manuf acturing nmethod for thin filmpiezoelectric elements of any one of
cl ai ms 1 t pieZoelevtic ¢hin filne 13 dbe dgstodprosedrictegtradd dayet, uanal theysesbnd toppesedr es
and insulatin

elect?ode layer, it is possible to employ a film forming method, photo lithography and

etching process same as those described in the first exemplary embodiment. Accordingly,

the description of these are omitted here.

20 In the present exemplary embodiment, the first opposed electrode layer 40 and the
second opposed electrode layer 140 are of two-layer structure, and the materials for the first
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



~resin layer for protecting said structures includes the steps of: formng

i nsulating resin |ayer with adhesive property on at |east one surface of
said first substrate surface including said first thin filmpattern on said
first substrate, and said 25 second subiérate surface including said second
thin filmpattern on said second substréa®e, 30 followed by bonding said
first thin filmpattern and said second thin film pattern opposed and
positioned so as to be placed one upon anot her, sinultaneously executing
the form ng and bonding of said insulating resin layer. 5 6. The

manuf act urh Oehi el Gsifi® thel MhBridis IbBrbb s f%B@Vlee O drl xafpRTRR R ateial €AY cAB& B

claims 1 to 3, wherein the process of formng said plurality of structures

and insul ahé mﬁstrﬁgﬁlmag@mbgdiﬁfenphﬁy%t élﬂ]fﬂ_O?éﬂl. dASo! 46 k1Y Bt bpsdsed R clrbtR
steps of: opposing and positioning said first opposed el ectrode | ayer of

sai d firstlagdpid0 ahd ke seadridespposdiicel &ctiode :&g@pmb RRRO PR rsh et R Rherf
said second thin filmpattern to each 10 other so as to be placed one upon

anot her, audly hegdet igtosedmbipt thicafifst Yppdr 18fer UQtandethe bycon® upperdoyedilng abeiereen
said first opposed el ectrode | ayer and sai d second opposed el ectrode | ayer;
and f ordm reyrfacd sidésnwitht titei magerias mentienedraboye, fant Ithegrucast is nionlimitepace twegi on
between said first substrate and said second substrate, which depends upon
t he t hi cknleys sthctarei as méntioatd aljovef but5t istpassiblerte smploy athecenlayarfstrocture org

met hod for thin film piezoelectric el ements of any one of clains 1 to 3,
wher ei n t Houplageregigicire fag mepdng. s Ale, thaumatarials for the find tupperslageradd asdithe i ng
resin |ayer for protecti n? said structures includes the steps of: 20

form ng arScaeMeYrReE 13ysy 12 are Bat linailed togthe companatign of materialy wentignsd aeve

el ectrode 1|)r%¥1%£d (t)l}cat the material combination is capable of metal bonding at temperatures lower

10  than 400°C.

With the first upper layer 42 and the second upper layer 142 making the opposed
electrode layers having the above material configuration contacted each other and heated,
the first upper layer 42 and the second upper layer 142 are alloyed and bonded with each
other. For example, using Au for the first upper layer 42, and Sn 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 Thus, a configuration including one region where two piezoelectric thin films are
bonded between the first substrate 1 and the second substrate 11 and the other 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
layer 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



- said first thin filmpattern and said second opposed el ectrode | ayer of
said second thin filmpattern; opposing and positioning said first thin
filmpattern and said second thin filmpattern to each other so as to be

pl aced one upon another, and formng sajd plurality of structures 25 by
bondi ng said first opposed el ectrode Iay%r and said second opposed

el ectrode layer with 31 use of said adhesive layer; and formng said
insulating resin layer by filling resin into space regi on between said
first substrate and said second substrate, which depends upon the thickness

of said pls@{:@ﬁdi Yzdlechid MEL HinPS3 zﬁldBthe-EQ&)nHBrWEIaﬁgW 1498k ReChrfdspobld
I t 6 or 7/ d) osed

film piezoelectric elenments of claim r 7, wheréin sald first o

el ectrode di@@te 0f ersmoqwﬁthrsgéciﬁéﬂ Phtfelds ToR@ldttREBoR A1 SalIT TRHAAHRBPORA
el ectrode | ayer of said second thin filmpattern are respectively nmade up

of multi |@;xeifaciieticbame adRfkht fiest e¥éhpIes dnido@imét. one opposed el ectrode
| ayer is a nmetal selected 10 fromthe group consisting of gold (Au), silver

(Ag), and coppsihcd fBd)structigt 3006is absdtal0euh dy eliiclafess, Heisaicbessalgrp ditbebshl ied r ode
| ayer is tin (Sn) or cadm um (Cd), which are bonded by alloying the netal
| ayer s Sn tthe apade wpioarofdibspio$@ gurothitthbetseerd twe shbstmtes, add thEhpurpeseuéancbeir i ng
nmethod for thin filmpiezoelectric elenents of claim4 or 7 or 15 of claim
8 when depashitend byrpropeaiynselecting éheevincasity df dbkhessiny that apahleshths peoafdationi by ty.
10. Athin filmpiezoelectric elenent, conprising: a structure wherein a
pair of piepdlarephenamenann Alspmit isepreieeabla Yo 9s¢ pewar @f ipraible cospeteationoby ayer
surface between majn el ectrode | ayer and opposed el ectrode | ayer are bonded
sucking up the resin from one side.
With the insulating resin layer 150 filled in, the peripheral portion of the structure
10 500, except the portion contacting with each substrate of the first main electrode layer 2
and the second main electrode layer 12, is covered with only the insulating resin layer 150.
After that, the second substrate 11 is removed by etching. Since the structure 500 is
completely protected with the insulating resin layer 150, the etching solution will not reach
the structure 500, and therefore, the structure 500 is not affected by the etching solution.
15  Also as to the method of removing the second substrate 11 by etching, the same method as
described in the first exemplary embodiment may be employed.
With the second substrate 11 removed, a plurality of structures 500 are exposed in a
state of being combined by the insulating resin layer 150. Subsequently, the insulating
resin layer 150 is etched to separate the plurality of structures 500. At the same time, a via-
20  hole (not shown) and connecting electrode layer (not shown) are formed for the connection
from each structure 500 to external equipment (not shown). Fig. 8A shows a state of
insulating resin layer pattern 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



-20 between said opposed el ectrodes, and each polarizing direction is

i dentical to the direction of said opposed el ectrode |ayer; an insulating
_resin layer forned so as to cover the peripheral portion of said structure;
and at | east a connecting el ectrode pad borned, at the sides of one of said
structures, for 25 connecting each of sg d main el ectrode | ayer and said
opposed el ectrode | ayer to external 32 equi pnent, wherein said structure
has a sectional shape such that said piezoelectric thin filmis tapered,
dimnishing in width, froma portion near said nmain electrode |ayer to a

portion negqo, sal th® RBEMACGpigiRRLIRAGIN FHAr 13. /B Ffotinih D BEMS PAltedh,C€dch Ostethe
| ayers are bonded to each 5 other. 11. Athin filmpiezoelectric el enent,

conpri si ngstrichessiscadfbepaparadd by etohing @y Wednsilating mpsihlayet 150 endehaeby,i ¢
thin filnms vertically oriented wth respect to | ayer surface between main
el ectrode thayetchim comiitions etk elmgptificd.deAlid) witly suchashapd orded, kiatevdenelsetiadle
opposed el ectrodes, and each polarizing direction is identical to the

di rection biyersmidpicrpplosteid thih didmrapelproteayearhy theinsnktihgtdsimglayeasiven iray statefafr ned
so as to cover each of said paired structures; and at |east a connecting

el ect rofle peidg tompisted, #tensures exneHey poeidiurgresisiaes ufd sdrag fpem rdsteriorationtafr es,
for connecting each of said main electrode |ayer and sai d opposed el ectrode
15 | ayer t picesaleatmfhagagtaristiesaven wrhep aped asa thindfilmypiezgedectrigelgmentape
symmetrical to_the_ | engthw se segnent, and each of sai tructures.  has a
sectional shapEigs$Bnshays a §§‘Fed°f)glé§ dlmepiezpeleqtyig ﬁ{cp}el“hgﬂé f gy the Tt

substrate 1 through the steps of removing the insulating resin layer 150 by etching, making
a via-hole (not shown), forming and finishing insulating layer 250 and connecting electrode
10  layer (not shown). It is preferable to finish the via-hole at the same time when etching the
insulating resin layer 150, and also preferable to perform the etching of the insulating resin
layer 150 and the via-hole separately. As for the method of forming a connecting electrode
pad (not shown) by forming a connecting 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.

After protecting the surface of the thin film piezoelectric element 540 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.



. dimnishing in wwdth, froma portion near said nmain electrode |ayer to a
portion near said opposed el ectrode | ayer, and said opposed el ectrode
| ayers are bonded to each other. 20 25 .AF. A A An .A . A .A.A . .AE .AE . A2

A LCA2 A2 A AN A2 L A2 A2 L ACGE .A.éZ1 A LA

The section of the thin film piezoelectric element 540 thus manufactured 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 opposed electrode layers
40, 140, and the opposed electrode layers 40, 140 are bonded to each other, and also, the

5 insulating resin layer 150 is thick at the portion close to the metal bonding layer 45.
Moreover, the shapes are nearly symmetrical with respect to the metal bonding layer 45.
Accordingly, when a voltage is equally applied to the first piezoelectric thin film 3 and the
second piezoelectric thin film 13, equal strength of electric field will be applied to each of
the first piezoelectric thin film 3 and the second piezoelectric thin film 13, and it is possible

10 to make the piezoelectric thin films 3, 13 same in the amount of displacement.
Accordingly, only expansion and contraction may be simply realized without trouble such
as deformation due to bending and the like.

Also, when the metal bonding layer 45 is formed, the metal is melted once and,
therefore, self-matching alignment is then possible. Thus, even in case the positioning

15 accuracy is not high in positioning the opposed electrode layers 40, 140 to each other,
highly accurate positioning and bonding may be executed due to the self-alignment made at
the time of melting.

Further, since the first thin film pattern and the second thin film pattern are bonded
by alloying the opposed electrodes with each other, the first opposed electrode layer and

20  the second opposed electrode layer may be electrically shorted, and thereby, the via-hole
finishing process for taking connecting 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



.Au,E .A . A .AE.AE .AE .A.y. A @WKPg+

r/ >j g} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] cRa! J5™ 21wl y! """ ###$~$$+% %

&6&&& g's' ' (}xsnid_Z] ca]ca] ca]ca]ca]ca]l ég] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]ca] ca] calca]ca] ca]ca]ca]calcalcal €&l ca! (q(s(((6))))A***+V+++S, b, ,
-X----<..../1734{6} 6} xsni d_Z] ca] ca] ca] ca] ca] ca] c$a] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca!} 663777K888. 999D;

; <g<<$=h==>f >>>m@BXEGGHLMOC} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] calspalinakcil krborkarincel g aadisAhsd] Galhal aRd cahaalCAhPBE \P¥E ey cdX T

hl anpoU\ﬁrBtwea{PVVh}exm@md Gedif adven] sind fﬁﬁir@ca«]eﬁaﬂh@aﬂlﬁaﬂlﬁgmaﬂaﬁaﬁqad ywatcalc

a] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] calcalca]calca!\), [T ob+"P}xsni d_Z] ca]
ca] ca] ca] aataadd afithagena] eplaiatbidilte decaise anbahewlkd a3 el ewehing|of ahe afsaktiag] cal
ca] ca] ca] ca] ca] ca] ca! [ adx' CkuYW/} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] aadin&dyen] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calcalcalcalcal 17: Uw i $
&>=6} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
] ca] caPca] ca] daltheadecondtedensilaryjeodpdbndxit,the first Bpper3ayad hnd thie deind appe]legkcal ¢
a) ca] ca] C?t] ca] ca] caj cn] caj callca] caj cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] cdbingd on the surfaces of the opposed electrode layers 40, 140 are alloyed with each other

f+mY[ {*} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] calca] ca] cal ca]calca] ca] ca] ca
] ca] ca] ca] f@é}lpal] }%ﬂ"t‘ﬁ?ﬁ?&}’é'a]td%PEQ]P@ﬁslw execute the posmomng and bonding after

ol o cay el Baee)ed i o £ €l tbnibi RSt Sl dRLide iyl o
10% - & {)- BT Bl R i Al aspusinr bonding it - @
1oviki {9 - @@g@%@gﬁ%&omaﬁm% e b IBR NP1 b MR

-M 10

8}[9_@y1 ?%@@%{?&%%4?) al\é'oMlgﬁlrQ%}p BRE thhe HBLP U kS 50 is covered with only the

$10%JbUb&

3$10%bUb 0
10bb 10bb§i$§%%rg%§(%§%@r/@& dah-be RrhBF&uted- by PoOAtg Sesin ik % space rtOiR

10G/810%8dte P BUHIOSabdratt AVEnbOHE sédondaUb Y1 {) 18 tHelQMEGRIHY method, the
S $10%Z& ()-/>nN S $10% U& ()- "10% U& () - "10% U& ()- @ 10%
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 temperature for
bonding or to execute the bonding at normal temperatures, enabling the suppression of
20  deterioration in characteristics 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
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into specified shapes.

In the first exemplary embodiment and the second exemplary embodiment, an
actuator using two pieces of thin film piezoelectric elements as a pair has been described,
but the present invention is not limited to this. Even in case of using one or three or more

5 actuators, a similar method may be employed for the manufacture. Also, not only in the
case of using the element as an actuator, but also in the case of using it as a piezoelectric

sensor, it is possible to employ a similar manufacturing method and structure.

THIRD EXEMPLARY EMBODIMENT
10 The manufacturing method for thin film piezoelectric elements in the third exemplary
embodiment, as compared with the first exemplary embodiment and the second exemplary
embodiment, is little different with respect the method of film forming and etching on the
first substrate and the second substrate. That is, the first main electrode layer, the first
piezoelectric thin film, and the first opposed electrode layer are laminated and formed on
15  the first substrate in this order. After that, the first opposed electrode layer and the first
piezoelectric thin film are all together finished into specified shapes by photolithography
and etching process. Subsequently, at least a part of the first main electrode layer is
finished by etching into a shape larger than the first piezoelectric thin film and the first
opposed electrode layer. In this way, a plurality of first thin film patterns are formed on the
20  first substrate, and the first thin film pattern then formed is identical in shape to the first
exemplary embodiment and the second exemplary 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
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the second exemplary embodiment, and therefore, the description is omitted here.

In this manufacturing method, since the main electrode layer, the piezoelectric 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 EXEMPLARY 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 material, the
bonding of the first thin film pattern and the second thin film pattern to each other and the
20 forming of the insulating resin layer can be simultaneously executed with use of same
material. Accordingly, the operational efficiency can be greatly improved. 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.
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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 opposed 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
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54,540  Thin film piezoelectric element

5 58 Adhesive resin layer

60 Mounting substrate (flexure)
61 Slider holder
62 Head electrode pad
63 Head electrode wiring

10 o4 Piezoelectric electrode pad
635 Piezoelectric electrode wiring
67 Wire lead
70 Via-hole
141 Second lower layer

I5 142 Second upper layer

20

25
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steps of:
forming a plurality of first thin film patterns on a first substrate, wherein a first
5 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
10 second piezoelectric thin film is held between a second main electrode layer and a second
opposed electrode layer on said second substrate, and said second piezoelectric thin film,
said second main electrode layer, and said second opposed electrode layer are nearly same
in shape as said first piezoelectric thin film;
forming a plurality of structures, integrated by bonding said first thin film pattern and
15  said second thin film pattern opposed and positioned to each other so as to be placed one
upon another, and an insulating resin layer for protecting said structures;
selectively removing only said second substrate in order to expose said plurality 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;
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
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2. The manufacturing method for thin film piezoelectric elements of claim 1,
wherein the process of forming said plurality of first thin film patterns on said first
substrate, and the process of forming said plurality of second thin film patterns on said
second substrate include the steps of:

5 forming a plurality of first thin film patterns on said first substrate, wherein said first
opposed electrode layer is formed on said first piezoelectric thin film, after laminating said
first main electrode layer and said first piezoelectric thin film on said first substrate, and
finishing at least a part of said first main electrode layer into a shape larger than said first
piezoelectric thin film; and

10 forming a plurality of second thin film patterns on said second substrate, wherein said
second opposed electrode layer is formed on said second piezoelectric thin film after
laminating said second main electrode layer and said second piezoelectric thin film on said
second substrate and finishing the second main electrode layer and said second

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

15  thin film.

3. The manufacturing method for thin film piezoelectric elements of claim 1,
wherein the process of forming said 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:

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
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second main electrode layer, said second piezoelectric thin film, and said second opposed
electrode layer are laminated on said second substrate in this order, and said second main
electrode layer, said second piezoelectric thin film, and said second opposed electrode layer

5 are finished into a shape nearly identical as compared with said first piezoelectric thin film.

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

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 so 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
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,
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10 other so as to be placed one upon another, and forming said plurality of structures by metal
bonding between said first opposed electrode layer and said second opposed electrode
layer; and

forming said insulating resin layer by filling resin into space region between said first
substrate and said second substrate, which depends upon the thickness of said plurality of

15  structures.

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

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

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

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

5 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 opposed electrode
10 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
15 layer to external equipment,
wherein said structure has a shape symmetrical to the lengthwise segment, and each
of said structures has a sectional shape such that said piezoelectric thin film is tapered,
diminishing in width, from a portion near said main electrode layer to a portion near said

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

20
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