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THI CK- FI LM ACTUATOR FI ELD OF THE | NVENTI ON 5 TheSIB&SM T Ent iSHEETat es
_to a process for producing nmultilayer actuators, and to such actuators.
BACKGROUN Mﬂﬁﬂﬂﬂ”ﬁﬂ“ﬁWectric ceram cs have been accepte ﬂfgﬁvvgmgous
appl i cati ome! with ceranmic pellet and binorph 8tr @Yu?es,

mul til ayer piegoséectric 10 actuators have several advantages, such as
smal | drive voltage, quick response, |arge generative force, and high

el ectromechani cal coupling. The so-called tape casting nethod is the first
choice for preparing nultilayer piezoelegtric ceramc actuators, as

di scl osed, for exanple, in US Patent Nos. 5,507,898 and 5, 245, 734.
Generally, in this tape casting process, a slurry of piezoelectric powdlers,

organi ¢ 15 sol vent i t. an into sheet on a
tape using a doct orE 'ii % ?ﬁiammm coat ed
with an el ectrode, are | am natygh lf‘UI?THFﬁ‘leg@ﬁ”eSSi on bondi ng, the
| am nat ed body is sintered at % 0 rature. Screen printing technol ogy,
al so knows in the Thé¢ @mresent hinedntion! rélateO té ex ppadesy Vfor | rodumitgh enultiayéod f or

preparing solid-state sensors and actuators. This technol ogy has succeeded
i n manuf act ur AHBALATSe ARLIORWICR BP0  cui t s and sinply structured el ectronic

conmponents and sensors. In thi ck-ﬁAb@ b { We substrate, screen and
paste cone together at the scr een—m—%lly a rubber squeegee
bl ade traverses theidzogledtic f @eanie Have Seehegiveptbd Ao ovirions | fplighioapeed, the

pressure causing thixotropic paste to flow through the pattern on the
screen and hefemparedowithcesnnis tneleteandshismprph fstraettres o aBdlagerppiszoelockicaf f ect

t he thi f th t ing.t | tent.. T h il
cause ‘sprDaar RGP e seliral Sqefiediee, AT el S o R RS en
print. After iahokeneratRRBice, ahd hiphdedEroRdERRid couphe! PRO%-calichihya

printing, the substrate is aflowed to stand in order o remove nesh marks,
dri ed and t hepastiofimeshbdnist the dirstpebdité Gorpreparing. multifryer pieadelesitve oarhmid ri ¢

e A S A B R M A R AT
oo Se505! o0 Gl W ik kil P soe R sl g |

"t hi ck-fill5i n" selesiteaad bidver devdisc end smoliediimnlaygread seeedn toapesusinga deetdr | ni'

sinply due to_ the processing nethod. )
blade. " Then a plurality of green sheets, each coated with an electrode, are

laminated. After thermal compression bonding, the laminated body is sintered at
high temperature.
Screen printing technology, also known in the art as “thick film”
20  technology, is another method for preparing solid-state sensors and actuators.
This technology has succeeded in manufacturing microelectronic circuits and
simply structured electronic components and sensors. In thick-film printing the
substrate, screen and paste come together at the screen printer. Generally a
rubber squeegee blade traverses the top surface of the screen at a controlled
25  speed, the pressure causing thixotropic paste to flow through the pattern on the
screen and hence onto the substrate. Snap-off and squeegee pressure affect the
thickness of the wet print to a large extent. Too much pressure will cause

spreading of the paste, whilst too little will result in an uneven print. After thick-

(AR

*G00002*



-.The main difference between nor nal t ape castidg thi-ek; fil mtechnol ogy.
is that with the thick-filmnethod the |ayer st argnf%miaﬁ‘u Yok a SHEBT ¢

paste and the amount of organics is at a rmuch’l ower |eel y,hNn ntrast -~
‘'Wth the tape casting nethod, the ceram c/el ectrode IagzryAgr@mﬁaninated
under dry conditions and the organic binder systemin dried tape nust have
good handling properties, i.e. good elasticity, which unfortunately neans a
| arge proportion of organic binder is necessary and that therefore a |arge
vol une of pores are left 15 after the .organic binder is burnt off. In
addition, they thick-fil I re

t hi nner piezgg é@?&h?'ﬁ%%%?@hgﬁgﬁ%Pﬁgg%ﬁggégngghﬁ%‘?Egmﬁgﬂgkghgkﬁﬁg

net hod, whi chiric@aing thdibtofdred WHiN £Epecitict pofilel s A ?aw': o Piczeelebiriyy potvbiers
actuator. Recent references about single piezoelectric "thick-filns"

i ncl ude B. 2@nd/pn ofgagic yehiclgyidforred) t?lcqylgﬁ argaperyge)in stenl sgeps@nd and

Act uat A31 2)., 153:15 | ect,r oni | nt er nat i | 38 (.1995),
5?1;5i ?rEEE Trpéﬁg%zf’ %f(?n% SBRSJ%?"IIT Q%%frﬁ%gg ?a%ere ELP@'?SZ@S@?%% S ’a ye:,j{gg:% rdéﬁ‘afétﬁgy :
Control 48 ( ali88flely f3fofrhy a FhrldwidHRE RtrBéud! and B¢ pidlte PfilAPREisBHeBR¥ERCS 77

(1995) 3349-3353; J.F. Fernandez et al., 30 (1995) 5359-5404. It is known
that "t hi ck- fhighitemperatwa¢ ogy farg dhen saicalledoe'thigefilm’sc dexivei CHitee davike iisayer

pi ezoel ectric actuators s descrjhed,by H Nbilanen et al in Sensors and
Actuators A copmonty fofgred Buthy el iin; S Aoe iol6 precessdip mibeLios. “vol . 43
(1994) 357-365, antheV higel@fdERR! Gervieehhbhd10RPe Asting99n) %ﬁaﬁ-ﬁm
1 ~U6S~~TU TE SHEET 0 7 MAY 2002 3 However, significant "technical problens
still need t aedmokaglyviedhdtowitarhef thickefilen methot i thellayers arel faymeed footnc k-vhdtl m

actuators., Acritical issue is how to enhance the bondjng strength between
cofired it ermisle anddae pmgEny of Qreanich i aidnyeh dverileval alpesantrasty vithe o

sinter the el r a L ezpel i J r eaSRap! i density
wi t hout usi ng oggﬁlﬁléh%%ﬂ\gdﬁ u{ri)rlg gﬁ@cz%léedrtﬂogg o%g%r?o%ead I |€(£sl?ﬁd€!légﬂgve now
found it possiohdii€iohe aid el chgamio b@xidet eystemh imdiibd dapeamuse habagdod Rarmdlingi | ayer

actuators, especially thick-filmactuators, with conpact structure and good
per f or nance. NW@PHHGS 14 £90f slasHcith arhigh pafopnpately aneany aplarsggpppagon of

el ectrostrictjyve. l. iezoelectric. ceram.c UMVARY, THE
VENT! ON Acc BT Stk i a5 BicE ARE R hbrgton€ 8T AFer P of ARG e

provi dedjf praeeite befank P& Rbunt ol | IndadRAtIGHS tthiAt GRckCRIEPT piotad dahie st eps
of: (a) formng alternate piezoelectric or electrostrictive ceramc |ayers

and el ect r odeconwgraenslyobe useslutosprepare thiondrqpiesoglertaiei layars thasdhoscopysparsiing a
plurality of 15 piezoelectric or electrostrjctive ceranjc l.ayers and a
Dl tral 1ty of il FB sl Bhi| hEs ghe' s Spafichihge iffebisdn
bet ween two CH{HRAThE abiamBF.S; (b) applying isostatic pressure to the |am nate
body; and (c) firing the | am nate body.

Recent references about single piezoelectric "thick-films" include B.

20 Morten et al, Hybrid Circuit 28 (1992), 25-28, Sensors and Actuators A3l
(1992), 153-158, Microelectronics International 38 (1995), 5-11, IEEE

Transactions on Ultrasonics, Ferroelectrics, and Frequency Control 43 (1996),
73-77, H.D. Chen et al, Journal of Applied Physics 77 (1995) 3349-3353; J.F.
Fernandez et al., 30 (1995) 5359-5404. It is known that "thick-film" technology

25 can also be used to fabricate multilayer piezoelectric actuators, as described by
H.Moilanen et al in Sensors and Actuators A, Vol. 37-38 (1993) 106-111, Vol.
41-42 (1994) 421425, Vol. 43 (1994) 357-365, and Microelectronics
International 37 (1995) 28-30.



- Preferably the |am nate body is placed inside a container to which 20]
isostatic pressure is applied. Preferably thé C(guaggq‘r[‘f\slTE t et of a
soft bag. Such a bag should be strong, i.e. have sounque&aci tdﬁ. Preferably
the | ayers are formed using screen printing, i.e. the {ro a¥s2ilides the
so-called "thick-film technique. 25 According to a particularly preferred
enbodi nent there is provided a process conprising the steps of:

SUBSTI TI ~TE SHEET ~~ o ? r~~Y 2002 4 (a)zform ng alternate ceram c and

el ectrode | ayers on a substrate to forma | am nate body conprising a
plurality of ceranjgybayergemfichn? LMl | frblis ChAF thepdled B¥etRvedash

el ectrode | ayer being I nterposed between two ceramc |ayers; (b) placing
sai d | am nat enimdycturetpracichl exitidyer chinkt-flmectawvac datritical assde & hewneti cal |y
packagi ng the cont ai ner; 41@ i mrersing the container in a fluid medium and
appl yi ng” conpinbangeo e onding ratigngthrhefiveen <ofifadainterals elecirede, laesyapd; s
conveyed to t |.an..na ; firi e ] S,
according to lHoﬁlé) e%?lerpefraﬁ%lg%gﬁbhgg{]ﬁ%%@%fdl{ ﬁfélgrir)(r?({eésaerﬁi ﬂe%@el%ﬁ%ﬁﬁ%q‘ger eis
provided & prregsasbl9f hiph Asiyngithoht udigy eso hiphck-violunie a€ tsuméropontebiohr i si ng
the steps of: (a) screen-printing ceramc _filns and el ectrode fil ns

al ternat el y cddBivgs.suBée haticenew PeRdnitapossibl i PEovidd gn sfd¢icnthmethad to

Substrate w oo RORAAREE BEAVRS RBEIAT, foH Sendis it SB9RRT et
i nsi de the bagenge Afd FBbd pettbimeeK aWe Nevé ARo Fagnd (Hal) thifPRIceisNBap ded

hermetic package in fluid mediumin a chanber, and applying conpression to
the fluid so apphed lesdseteosirictiye eassuelbas ezoeleoteigeceramicshe | ani nat ed body; and

20 (d) cgéfi ring the CONpr es§& 8“:1 q?&&ﬂ‘,ﬁﬁéﬁh t enper at ur e.
Actuators-of the nultilayer bLYy" € APk y—COHS a |l am nate bl ock of

According to one aspect of the present invention there is provided a

process for producing a multilayer actuator comprising the steps of:
(a) forming alternate piezoelectric or electrostrictive ceramic layers and electrode
layers on a substrate to form a laminate body comprising a plurality of
15 piezoelectric or electrostrictive ceramic layers and a plurality of electrode layers,
each electrode layer being interposed between two ceramic layers;
(b) applying isostatic pressure to the laminate body; and
(c) firing the laminate body.
Preferably the laminate body is placed inside a container to which the
20 isostatic pressure is applied.
Preferably the container is in the form of a soft bag. Such a bag should be
strong, i.e. have sound tenacity.
Preferably the layers are formed using screen printing, i.e. the process
uses the so-called "thick-film" technique.
25 According to a particularly preferred embodiment there is provided a

process comprising the steps of:



- alternate ceram c and el ectrode | ayers stacked over each other. The ceramc
| ayer and el ectrode | ayer have to be deposited alternately so as to form
~the nmultilayer structure. Such a multilayer s}ructure has a plurality of _
ceramic layers and a 25 plurality of internal” el S{BSTITYHTES. SHEER" eld
| am nated in an alternate manner, and at |east a part of_ fwo adjacent .
ceram c | ayers has an internal el ectrode sandw ched therﬂe eﬂMé}ﬂUZEach
group of even and odd nunbered el ectrodeg, each of which is sandw ched

bet ween a couple of ceramc |layers, is. connected to SUBSTI TUTE SHEET O |
t~I A~ W~ s @) GUFKiART alePhdie ThRinic A8 QfdaP 1afQk | §F hOfubkRatBe@RelsHd ¥ 1 n the
formof an outer electrically conductive strip or |ayer applied on opposed
si de faces oflamimatdobatykcopwprisingdi plutadity efccerdmaic llayernande plBraditye ofidlegtrodan
interdigital electrode str cture%hjtn whi ch the el ectrodes with even nunber

shift positi dAY§H GRB clgrirads fayer biinennterpased petieen MY ¢aiamis) ¥ ¥iodes with odd
nunber, is ad@pt §deind NkSd StahHSHYT BodvS 1 RHORt Al ef ot N

el ectrodes dg(%ﬂo@qgﬂ%_r %ﬁ(\}\n fta"l t”lg go\fign uggl Pegg’glr)féo%%t%@e%p%g%cw%ggi g of the
bl ock, or5vi dermeticly paclefghigathé yonthiner; el ect rodes may be staggered so that

the length of the electrodes in each odd or even group is limted to be
| ess than t helChimmersgg theecoplainek iw g fuid mediyen,tand applydng porapisssion iothes

separated 10 1. t tar..of p i - u er

o eferrod entbit i 57 kR Rear bl PRABELEE S iR Ruinel Bb ik
stencil w th @wriagiteABiatdBéds t o deternmine the position for printing the
el ectrode layer. One alignnent mark is used to align odd internal

el ectrodes and t heTlusheccordingetoenne peeferrasd embodiment pf dfee prgseny, inventioneen
stenci | ed for screen.i rinting the electro | ayer. nprises at | east
twio sets 10t - dPetn ertoRdrhs RIFREST oot AradihiiRg Monaaws L CuCks BB AepBi@s i « o
numbers wi th Qaghis gﬂlﬂé S@?_gof:he other for aligning electrodes with even
nunbers with each other. The odd and even el ectrodes are shifted in respect
of each other by t@e difdreaneprogingeeransn filtheandaecttddg iime hlteraately. orfid fii ci ency

of the process, may be jnproved b rinting nore 20 than one | ani nate body
on a subst r at ¥bstfe tPaflPrFHé‘t @%%%@50%311&8@% ﬁ%t‘-‘iCCFFﬁg}e {3y&h 1p sandyiched: o

separate act J shape. Thus, according to another preferred
enbodi ment th‘?‘%ﬁ%&?ﬁ‘%y&s&i s rectangul ar- or square-shaped and the
| am nat e1bpody is c@) velohdinglthe/subkstraiasvity sid layhitiated belysingck et bay,eand al ong
two substantially parallel cutting edges such that one of the cutting edges
only 2s int erde¥ing a yasupmdpside,te haayec? heymeicallyopaskagieg e DA t he ot her

cutting edge only I ter ?ﬁg%gm%hs%ideh&ﬁ{egigﬁ%ﬂﬁg%%u% Haéﬁﬁ%f%g hsr and

after cutting, the el ectr ayers w nunbers he "el'ectrdde

|l ayers with ea&ﬂr‘applyﬁi@é@nflekm setha flaidedoythexipestit pressorRie tohwysd @eteof t he
| am nated actuator. It will be
laminated body; and

20 (d) co-firing the compressed laminated body at high temperature.
Actuators of the multilayer type generally consist of a laminate block of
alternate ceramic and electrode layers stacked over each other. The ceramic layer
and electrode layer have to be deposited alternately so as to form the multilayer
structure. Such a multilayer structure has a plurality of ceramic layers and a
25 plurality of internal electrode layers, which are laminated in an alternate manner,
and at least a part of two adjacent ceramic layers has an internal electrode
sandwiched therebetween. Each group of even and odd numbered electrodes,

each of which is sandwiched between a couple of ceramic layers, is connected to
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substantially parallel pair of cutting edges, Sidggfﬁlﬁﬁﬁfpeshﬁﬁtm ar
~to the first,. my be used to conplete the rectangle @g-{s r-;%:.,shape.
Preferably, the inter-digital electrodes are connect dskgﬁ'pl"yi ng
conductive paste on each of the sides with exposed el ectrode |ayers. 5 Thus
preferably, the fired body together with the substrate is cut so as to
expose the two termnals of the interdigstal el ectrodes. Conductive paste
is preferably used to connect all the odd internal electrodes at one
termnal and abhrtiecareRr | Phe hRbnCldRliboP 4 SeitralBN @t BRY fdrY BF Balowrgnd t hen
fired to formthe external electrodes. 10 Preferably, a plurality of
mul til ayer eldericadlyacondoetpesstiipdr dayeonppliadost pppased niderfecasudftthelbdogkr i nt i ng
cycle so as to get, a plurality of indjvidual actuyatqrs after separation
cutting. PrefRsgegndicularg ‘?ﬁéﬁl%ﬁ'éﬁﬁoﬁr‘?f@a‘b ta“n‘meﬁ&l‘gﬁ%?le‘?ﬁeqq(’ldﬁsmﬁf"g“ﬁr‘?‘ed by
heati ng bef org.i J : i i ed: : I p i ng
'nto any 1 o BFS 5 kiR IR Gubed MRREL St BSIEE R dne Sierl i "3
t enper at use befarencebouthe28REirodds Wwith soddenmabert us eadopteder dhisy s@uyturer gani ¢

sol vent has evapor ated) but the other organic coqr;Por_\ents, i ncl udi ng organic
bi nder, stilladopiediip qrder that theraddaglectrpdes, do wakshost Withithe g¥en fallegtoson

pref erably, yacuum.i s, creat i,nsi t j o] i i t.he

mul tilayer fﬁhﬁqpﬂg%em %86%2‘%0%9&9 1F%2$r!s:§af§rgg%god:§, ﬁitsegésl%gl{op%g Ir‘)firagsﬂslur e
(hereinafter giddeted o BRhE Bshgli 6f BE @Rkhtoddsan dadH 614 6k eReigetap iENEnigdhesi ve
strength between the el ectrode and the piezoelectric |ayers, and the

density of t hie bsilessothhm ter widthnofithe (bkackrsodhatithe fip of caoh dlectrpde ag $eparatadr oved
by the iigsta i C on&iﬁ%ssig . 25 1.n anot her enbodi ment of the IP process
the conpréssi gmpj-ﬁ%g wrio %éFp?ﬂpP%‘EF #8Y%he hernetic package and the sanple
I nside via a gaseoys, riﬁ%éﬂrﬁré’fren@@é béiffent itdrdighthKEedfBsilel Bte achied By TUTE
SHEET O | MAY 2002 1In another enbodiment, the 1sostatic pressure i§

appl i ed aft eruding a sgnciPwéhewalalignrhent inmgks @kietermineche positon fompeindngithe above

about 300C. At this tenperature the organi c, conponents including organic
sol vent and bfleciErdedps Onerlgnment gk 1351394&%1?%’0?‘{}5 (izfrqceog?s reis

appl i ed in thg.range,pky@PaulirciedORQ/ lﬁ'g@ratbg'r, ?aggt'éen %&QQJSE%/{%C

n
Preferably the ceramc iIs a plezoelecti'c nat such as P 2r,T|e)03, but

an el ect nsst r pitingetherleetroad layey dompuisedat Basetwes abtk yf talignraére aharks|eories
Pd- Ag. The | am nate body and substrate are then conventiognally sintered to

form t he act ulr@ligning thRelestregedaygrpyitneddmumherprithyereisothsy ad thepthsrer 1 ed

features and gnbedi nen f 2 P i.nv [ i [ bed by

et o, TR et VPG I k. " 8 P
electrodes are shifted in respect of each other by the difference between the two

alignment marks. Efficiency of the process may be improved by printing more
20  than one laminate body on a substrate. The laminate bodies and substrate may
then be cut into separate actuators of desired shape. Thus, according to another
preferred embodiment the laminate body is rectangular- or square-shaped and the
laminate body is cut vertically, transversally to the stacked layers along two
substantially parallel cutting edges such that one of the cutting edges only
25 intersects the electrode layer with odd numbers and the other cutting edge only
intersects the electrode layers with even numbers and after cutting, the electrode
layers with odd numbers and the electrode layers with even numbers being

separately exposed on opposite sides of the laminated actuator. It will be



- acconmpanying drawings, in which: FIG 1 shows a cross-sectional_ view of \g
mul tilayer piezoelectric thick 15 film el emeht QURSTITUTE wiSH

_ enbodi nent of the present invention; FIG 2 shows a view of 0 enbodi nment
of a stencil which may be used to deposit the piezoel e§ir MAY+ Zn (a) and
the internal electrode fiilm(b) to prepare the multilayer structure shown
in FIG 1; FIG 3 shows an enbodi nent of the printing and alignnent
sequence of 20 the stencil narks for each piezoelectric and el ectrode | ayer
whi ch nmay be used to prepare the nultilayer structure shown in FIG 1; FIG
4 shows a schgfpididied tHab'a lsE@nk QbMintRIIG pRMieSREE bPRutithg &dpRs estibodnt®lt of a
mul til ayer body before cutting and it also shows the | ocation of the
cutting edgesperféndiduiar t6 thdfives, may béresedt to commplets theaettanglobr squareestapeli nent

of the isostatjc_pressure.progess; .and FIG 6 sho further enbodi nent of
Che mul 111 ayer sty die iter-qigitalielpqiiodes, ke SARDSRICE 0% 2BV HECEoME96 ey o on
the top of th j Ik -with expdssald1dddo KT 0 ? MAY 2002 s

DESCRI PTI ON Cﬁasiﬁj@ {‘;*‘;Eé&“ﬁiﬁﬁ% ‘grme?)g);d%d g‘#%o%%nt s of this invention wll
be descried bel owI'nn preferales therfired dodyh evgdthesvmitiisthe Asbstrhtevi cinsd=aso 1, a

mul tilayer thick-filmactuator utilizing a 5 piezoelectric effect according
to the preseneXPos% dhg itwa t§EBIngls| ofrfhea inierdigial, cleptrodase  [CORTWAVE PASKAY 10 i s
formed by alt een-nLl p: i i nt . r.gde
| ayers 11 andoistaindly iR i Eqtingle 4 88 it leBler i Amfi 2ol f

substrate 13;theaglenoindrhsl tlepesdesid drediedN@ithitil; sdhdpadn fredhtopfiri e

adj acent ceram c | ayers has one internal electrode |ayer sandw ched

t her ebet ween. externahelpgirasiesii gi t al el ectrode structure is preferably adopted,

in which the electrodes, wth even nupber.. 11b, .shift slightl.y in one

i v oot orlCut  h 1 of BroFaED: o rEliva sl PBUBSE B ot G P i s

preferred enmbqgisRiBlin bite nfMiFE prinkify VycibZso as tOrgREd Qﬁlra@i?mcﬂ?_ziﬁ@ilvﬁﬁlbr' c

ceram c consisting mainly of lead titanate zirconate, Pb(Zr, Ti)03

(her ei nbel ow acidorsexditet scpamtiPA THitingi t h excess Pb0 added 15 to pronote the

sinter process and to C ensate for.Pb |l oss due to volatilization.at high

firing tenperat ureg.re%elfﬁ Yp ﬁlﬁeeﬂ%éldelé?sgﬁ‘i)f*ﬁaémﬂt%ayg ﬁ"‘%sf %rFa‘i}?VZS%rhﬁ%tH’gf rom a

pal I adi um si | Rds I X6 - Fﬁ&ﬁ 28 BLob! Sl:emabin Bas mexibid ckness

of about 40 ptr‘n&gﬁegi Sggéﬁé B?’Sélgr el eag roded?%fa%?ypr gf e?’éiblg has gyst hi(ckness of

about 5p,IM 2CGonthiaert. Weuchddeing fpréfexmblye cikas) gldcar ats hatepgenamire riekiw albeut r odes

11, parallel with the cross-sectional plane in FIG ar e referallb){?uv)
edges

1,
covered conpl 801 itithistempgrafugg.cgenetally any QIgRRif)SOlVaRhas iy apeIRier,
14 d 14b, i i . i I .
exposed at  oplspier FeBRE ROPToREL ol ofdkBROLAREL Al B C,
edges of the ggdnsembéy. i nternal el ectrodes

When a container is used, preferably, a vacuum is created inside the said

20  container with the multilayer film inside and then hermetically sealed. Isostatic

pressure (hereinafter “IP”) is applied preferably via a liquid medium. The

adhesive strength between the electrode and the piezoelectric layers, and the

density of the piezoelectric and electrode films, can be greatly improved by the
isostatic compression.

25 In another embodiment of the IP process the compressive pressure is

applied to the hermetic package and the sample inside via a gaseous medium or

any other fluid-like medium.



- 25'14a are preferably connected to each other ,by a fil mshaped external

el ectrode 15a, and the exposed edges of the even SUBST liTiydrBal SHEET odes
14b are connected by anot her external el ectroae 15b on t}ﬂ@mgpz ite side-of
the | am nated body 10. The external el ectrodes 15a and015 r ﬁqzef erably
formed of silver W SUBSTI TUTE SHEET a 0 i MAY 2002 9 (Ag). A pair of
conductive | eads 16a and 16b is preferably bonded to external el ectrodes
15a and 15b, respectively. In this enbodynment of the actuator, when a
voltage is applied across the ends of | eads 16a and 16b, it is applied via
the external el ect0dgsind>emBofimtal he iSostifl Bradlure i ahfiRACHRck Ldingind 11 b
respectively, so that each ceramc | ayer 12 defornmns. e defornmations

i nduced i n t hPreferaldyi firihgtakes flaceame aatemperdtateahove caboht300Me adt uhisor

i nduces a displacenent in the lam nating direction which is dependent on
the applied viempgraire|the geganicqompopenis inghidingapreanie splvent 3ndebigdsrsshapld| i ed

t he cations OlfJe{)LH'ﬁ #? ceramic are attracted in the direction of the field
and the anions I'n € opposite direction, i.e. the ceram c |ayer expands or
contractssin thi Ckmablbﬂs&%cw@ﬁmﬁﬁlﬂ%ﬂﬁb@ﬁimhge bf0atioue P0G Kifign®

pi ezoel ectric "thick-film' paste, fine PZT powder wth a particle size

pref erably beloshoat Y& kgicried Prgferably the cepamiois adqugroelectis matesiakl sushi ase

wd i bal 4, dth ] ial .15 i icle f
P actt o St enBep ke Bt oan | u R ot gRan e st | < PlerBtiv] FHe,
wei ght 1ati o atef@kaIu-RRNIC e ARERH bop hhé | Sosiralda thed RentdiomIKE Ur e 15

mlled for 24 hours in a ball m to inprove its honbgeneity. The use of
the organi c vshiecddetogbrnesherdcamtdro a PZT- based pi ezoel ectric paste has a

sui tabl e yiscosity, rheo tr _ l.owi ng printing
process. 190 For effici en%wﬁg%@&% are adopted to
print the PZT 111 mangubreflrdd fefir 308 dbotihidorhe Bilsnilagn G 22
shows a preferred stencit pattern ?or printing the PZT layer. The
rectangul ar anee BSadescriiede bppeny peft tnendliniiting hexampleeavith Vefeomus tBZthepast e
is forced by a squeegee through screen apertures in the open patterns 23a
to deposit thecCOBPANYIRE dEawingsibWhish: substrate. 25 The bl ocked area 24a is
coated with an enukgho ' S . . Cross
mar k conposed of | kﬁ%’srfzs&lbgg]c? %QES{]%%&S@&Q’?B gxyr gg%ﬁgﬁpﬁeﬁﬁ? ' E)Q%éigmm -ﬁjﬁgk

15 film element in accordance with one embodiment of the present invention;

FIG. 2 shows a view of one embodiment of a stencil which may be used
to deposit the piezoelectric film (a) and the internal electrode film (b) to prepare
the multilayer structure shown in FIG. 1;

FIG. 3 shows an embodiment of the printing and alignment sequence of

20  the stencil marks for each piezoelectric and electrode layer which may be used to
prepare the multilayer structure shown in FIG. 1;

FIG. 4 shows a schematic illustration of a cross-section of one
embodiment of a multilayer body before cutting and it also shows the location of
the cutting edges;

25 FIG. 5 shows a schematic illustration of one embodiment of the isostatic
pressure process; and

FIG. 6 shows a further embodiment of the multilayer piezoelectric thick-

film element with a printed PZT layer on the top of the multilayer body.



"FIG 2b shows a preferred stencil pattern for Qi Pd_.A cty)ode
film The rectangular area 23b is the open paﬁé%ﬂﬁr@ﬁ&w vxﬁ"gEElt.lﬁe 4

. el ectrode paste 1~ SUBSTI TUTE SHEET p 7 NMAY 2002 {07 gy bggreposited with
defined rectangul ar pattern. The area 24b is blocked with an emulsion film
coat. The alignnment mark is conposed of two parallel lines 25 and 26, and
anot her perpendicularly intersecting line 27. Preferably a screen with a
thin enul sion coat and a fine nesh is usgd for printing the electrode film
so as Sto achieve a thin final internal electrode. A sequence of the

mul tiple printing and al i gpRERIPPTRONAOFAHE ENMBOMIMENEY in FIG 3.
Initially, by using one of the printers (hereirnbelow referred to as printer
A) with the screenPsfermdl émbalimbatsrofi thisFin@ntn wills baldesudibed Hoelow mdiile

el ectrode | ayer, E1 {al so, see FIG 4) is deposited onto the substrate 13
through rect AS5ETES O hesrawivgs-s 23b, together with the alignment mark 25,
26 and 27. This prjpt ti | r4s,drj C r ] - ,n,an
oven. Then, the su gtgg)t“)gpv{nnt ﬁY(El 1|’sat @gns?y;eaérrrété téﬁlgn%%%ﬁdgarpls@;ﬁgg% Sri nt er
(her ei nbeb ow piefcetecrit éffecaacqoiding ed tiR) prebanh invieatiat Rasca lansinatsdhdudy i10. FI G 2a
installed, and the first PZT layer Pl is printed. Each print is followed by
drying in an BReedamipged badynlG Ay fermed by, altemateli seragkRrinted 21 phwality 0fshoul d

be aligned w; e VAN ¢ t] . WAL r e {ted on
t he substrat e&%#neééﬁogéﬁrg’?eﬁ?ﬂgg&of a @?‘frg@t&cﬁf\/g‘lﬁé’?‘fc\g@&g@cgﬁgu a%%e Sect r ode
el enment 23b oferdmdici subs@ire| B edayh GIVIGE dalyedy id Rectapalaeshpedi NHadha pgierof

rectangul ar PZT el ement 23a of Pl. The substrate with E1 and Pl | ayers is
transferred tasljacent gpramicdpyess hafaong, inigrmal elgetrededayey sandvecheddherebgiweer=2 | s

ar i et L, PR e, 1
and E2 shift gih %%hyndrﬁberr,egﬂ’&c"shiﬁf sIRRAY @Al R dRedioRY with ErefdéiRe HEDHR!

between 25 and 26 in the x direction as shown in FIG 3 . After E2 is

dried, the sudlsdtragite witht bdd member, 11R. 1 Imthis Feferyed rembodinmengngik everaict o
printer B to deposjt the second PZT | ayer P2 by 25 printing wifh 21 and 22
al i gned with B¥Ta ISZ%QmWHiQfI*F‘ Risresl SPTRRYC B%Bisﬂggé%’élﬁ’r‘)&t]@a‘{/\ﬂéﬁ?aﬁﬁri nting
E2. After P2 j: L.e u d 1 {
transferred t%%oﬂé&b?Pgtrgﬁ)% &gﬁﬂﬁeﬁ)ﬂ%{%‘?g%@%@dyfha%%s 3(?§dd59i nt ed
onto P2 wht h Bepramdte2iheadintgmpdcess tahd 2d camperate fod Pb ossadue tp welatitieqiioni t ed on
t he SUBSTI TUTE SHEET D ? MAI' 2002 11 substrate when printing P2. The

al i gnment of &highfiripg taaperptires £The ipternploslectyode 44 ds prefespbly §‘P1'|"§ﬂ%th<§m§hi fted
W th respect 2 by li e i . @l rectd on.
Al the PZT | a@é&é,“%“%&%@f@ %ﬂ%réj gr%‘g{eguz?jacfe? 3’%‘%@9@ lté%?‘rﬁ% éérg.&flThe
deposi tion of adone 464 and eRfr P@-Agl @€difode dayle pedferabigyhabe thizRaet @f about
alternately |ayer by layer until the desired structure is achieved. After
conpl eting th&uprinting process, nultilayer elenments with an interdigital

el ectrode_ structur as illustrated in FIG, 4, are construycted. Th
i sostati gopr essur eﬁ‘?‘né‘?’ %ieﬁg?se?{e&eeﬁcﬁaﬁg‘%i%r'ﬁh@edpwgéseq‘?%rog%zﬂ'a??réﬁ?ll y
iIlustrated igiflfa cross-seefort BRLE & B £, hr@pRIedthiEY ichVerfd coapREiM&iRY

elenents is

PZT layer 12 (not shown), and the other two edges 14a and 14b, which are
perpendicular to the cross-sectional plane, are exposed at opposite side surfaces of
the laminated body 10. The exposed edges of the odd number internal electrodes
25 14a are preferably connected to each other by a film-shaped external electrode
15a, and the exposed edges of the even number internal electrodes 14b are
connected by another external electrode 15b on the opposite side of the laminated

body 10. The external electrodes 15a and 15b are preferably formed of silver



10 'l oaded into a flexible container, preferably sgﬁ%.rgﬁﬁ.i? SHEBET t\H

good tenacity. The soft plastic bag is evacuated L vacu unp and
then the bag is hernetically packaged. The package is (ﬂomiﬂk\f i mrer sed
inaliquid medium 32 in a chanber of an IP nachine. The isostatic pressure
33 inthe liquid 32 is built up to preferably 3S00 kg/cn2 at a preferred
rate of 7SO kg/cnm2/mn 1 S and the maxi num pressure is preferably held for
10 minutes, and then pressure is released at a preferred rate of 600
kg/cn2/ mn. After renoving fromthe plastic bag, the substrate with the
plurality of gt i Aoyl ofb&ilRBlive iedds 16L8nP16WPIsehreiRibly boAdE foodxténfll NUt es
in a belt furnace to burn off remant organic binder, and sintered at
preferably 1leledrddes 13DakD1M, mespedtiviely.a t ube furnace. Then the substrate
together with the {ired | t.ilayer el epents s cut _into indiyidual
actuators using a ﬁg‘éﬁ %ﬂé‘m‘eﬁ @esaﬁwpto?hgh%flt\{o%gee&g@p%%agrg,ssythe

i ntersects tnengld#aidagqea 39 8h 'k it UHITRCExtertAPlectiRL e8eatdesly i NG
edge 17b only Intersects the electrodes wth even nunber ( 14b), as shown
in FIG 45s0 inkeanhalt dlecttalesi hial sndfl 1b hesmedtvaly e st ribatesachnckrae tayen 12S

el ectrodes are exposed separately on opposite sides of the nmultilayer body
10. Conduct i veefems, el hdefopmations dadpce b B8 i ayersnle B dceruiatrd s and

all the even : ' ' . A  J a
or e er anly 0Bt T Pornef abes: o SspRagin i he Smcdle RO WECE |
FIG 1. Final §gpendentdhthedipplieSWBlae TUTE SHEET 0 7 MAY 2002 12 conductive

netal |eads, 16a and 16b is bonded onto 1Sa and 15b respectively to finish
the preparation of In [geneiak tramss avhepsang elsetrichleld His rappHerk ftia €atiqngeof] fhepr ocess

bonai ng. dPt oot BRacY ful Biecksh, Pele i Spa3hic UBRL Ry ok cbbole | LS,

12 is greatl ydiregioayeél- th\témmid layéreexbihdllo? @Bh®actsiil thidkias. on is di fficult
to avoid, and this is greatly aggravated by mechanic tension resulted from
t he runni ng di anonth lohedeefgrrdd resshodiment, toe preparec thei piezaelestricd Uthidkdfilitie
cutting process, ing the IP process to the. |lam pated body, .

ol an nati on Pates T 4 & by Wi peaBisls Seceishurt)y beRY DInRepSet wike pzr
10 layers is . I By . i sat | i ] ) of
the compr esset o aierannt TR RS pull BoRABL LR bkt hnfiS ahd s COREREGRE)
green body bebgagica@bicyé Aonl RlechbiSetencd psceatdiyq rinby (prdnduct P4GD octdsls) &nd
firing at 1140C, the accumul ated contration ratio (in thickness) is 44 %
with respect tdledhia 3 neighidado of ceranie)powderyrassHienyehirieayero:Bés and the
conpressed. Ip. ta r [ OF i L i 28 %
for a sanple o V\% 18???'1!1%&6?(%'}]4%}0312%}8118@?@ fr?]ﬁ;l% {Og%ﬂ;ﬂ??ge;ﬁseq%éé%? %g’e', ‘T\t}mé’P %16yt he I P
process, the peauldrpaitc aehitietodves TROVS a PATBiscdPle2oclediia phsts hidig buitableand

hence significantly inproved performance. Sone of the main paraneters for
t he above act Wiseasity arheokpgy vid HiotroRy fm the fRblowing PrEntmgdirecesy-i ¢ const ant  of

the PZT l,ayer is oyer 0, and dielectic |loss. at 20 Kk [ S. % .
Under & GOk dr i vi Gt o0 asE gr el §lo frrenanints atebebp sd prfiiph bzt

thi ckness of fifh Rk BdbRg M, leAUE thrSPAWS s@ndiE§Geen. PIG.22d dwsO pRifert& PC/ cn?
and a coercive field of about 23 kV/cm After the sanples are pol arised

wi th a vol t agetengil pg@rv fomprnting thh @ZA7Iyeray dhe s¢ntangular a8 23| isdhevpen 600
pC/ N. 25 A further .enbodi nent of t bove, descr i bed process c ri ses
bl yi ng ¢ he. PHIER SEBREHER, nSias EZTFEI 1dayod 8 dr 1BFRce raGsth SSFen | r e
at an inter ”egl?]%ﬁ‘??% ﬁmﬁﬁﬁ@%ﬁéd’bﬁteﬁﬁdﬁaﬂ@ JRPELAThE Sarhe YAt BntoC@ERhIK @teY

renoved fromt
25 The blocked area 24a is coated with an emulsion film so that no paste can pass

through. The cross mark composed of lines 21 and 22 is used for alignment.
FIG. 2b shows a preferred stencil pattern for printing the Pd-Ag electrode film.
The rectangular area 23b is the open pattern, through which the electrode paste



* SUBSTI TUTE SHEET O r MAY 2002 13 Anot her enbodi t o
structure is illustrated as FIG 6. The top of th%%!gm?cmw,tﬁ
PZT | ayer 18 so as to prevent Pb volatilization at high during
the co-firing process. The PZT | ayer 18 can be forned bytuﬁﬁlltié\gltzgﬂ%ri nting.
5 The present invention.is. not restricted to PZT as the piezoelectric

medi um and Pd- Ag as the el ectrode. The sanme process can al so be applied to
the preparation of "thick-film nultilayHr actuator conposed of any other

pi ezoel ectric or electrostrictive ceramc material and any ot her netal

el ectrode.  danMbeydepfditedlvwithldefingl fectaAguliiopaesn.f The prMMd Bdleckst viiid ayer
actuator conpri si nlg.the steps of: 5 (a) formng alternate ceram c | ayers of
pi ezoel ect ri cabemplsiogt filgsegat ¢ (hhg caligament raarkaip gompesed rof dwo |pagablek ligas

ol ural 1ty of o SR B0 BFLb R R st Mg ing 1, Bl G5dR R 2,
el ectr ode | ayinifehiulkidn ki RIS ATHROHUIE P (6 riHing thowBsifide(fin 2R Y1 g

i sostatic pressure to the |am nate body; and 15 (c) firing the lam nate
body. 2. A prwcashisveedhindinalyinternalledgctrode.conpri sing the steps of: (a)

f ' | t t ] | ect rode I 20 bst r.at f
| am nate body compf SANEES 11l BV BROEY S oarapas Srtbrois bR y Cof
el ectrode | ayer 51623 Nl b YRE dROhOGrinks (RASAELIDE! eRBRA! 0nser ami o

| ayers; 25 (b) placing sal m nat e body | a flexible container,

evacuat i ng angpriiter A twithathé yerperc tempilnagy shbwnadn FlGi 2ieinstalled, therfiest slenyodehe
container in a fluid nmediu and applying conpression tqQ the fluid nedium
so that | sost BFLEBdasS sex iIGH) és deastiedbanto ght mebotrase: Fatheousborpetangidar q)

firing t H@ ! aE‘ﬂ:ﬂ;@ﬁtﬁ ZQB,dYOgether with the alignment mark 25, 26 and 27. This printed wet
layer is dried at 170°C for 3 minutes in an oven. Then, the substrate with E1 is
transferred to another screen printer (hereinbelow referred to as printer B) with

the stencil as shown in FIG. 2a installed, and the first PZT layer P1 is printed.

Each print is followed by drying in an oven. When printing P1, the screen marks

15 21 and 22 should be aligned with the marks 26 and 27, respectively, which were
deposited on the substrate during the printing of E1. Each smaller rectangular
electrode element 23b of El is completely covered by the correspdnding larger
rectangular PZT element 23a of P1. The substrate with E1 and P1 layers is
transferred to the printer A again, and the second electrode layer E2 is printed

20  with 25 and 27 aligned with 21 and 22, respectively, which were deposited on the
substrate during the printing of P1. The positions of E1 and E2 shift slightly in
respect of each other and by the same amount between 25 and 26 in the x
direction as shown in FIG. 3. After E2 is dried, the substrate with the El, P1

and E2 layers is transferred to printer B to deposit the second PZT layer P2 by

25 printing with 21 and 22 aligned with 25 and 27, which were deposited on the
substrate when printing E2. After P2 is dried, the substrate with E1, P1, E2, and

P2 is transferred to the printer B, and the third electrode layer E3 is printed onto

P2 with 26 and 27 aligned with 21 and 22, which were just deposited on the




3. A process according to claim2 in which the flexibl 0 in IS in
the formof a soft bag. 7 May 2002 15 4. A pr(ﬁb&gafb‘gﬁgg gi“lgs@* '
.preceding claimin which a plurality of |am nate bodi e(ﬁ aﬂgfpm'u’g't ed "on” dne
substrate, and the substrate and | anminate bodies are t Zn Lt I'nto separate
actuators. 5 5. A process according to claim1l in which a screen stencil
used for screen-printing the electrode | ayers conprises at |east two

al i gnnent nmarks, one for aligning the eligctrode |layers with the odd nunbers
wi th each other and the other for 10 aligning el ectrodes with even nunbers

with each ot h@bsrAOWHEH PRintilaP2! NeeQBEnRBE S cth@dsWHEE1 26f dth fEed i n

respect of each other by the differenCe between the two alignnment nmarks. 15
6. A process adddd dienslightly ahifted rvdthofespdchtarE2 bydahe Bistamcevbeteen B8 andiZionat e

body is rectanqul ar- or square- ed and the | am nate body is cut
vertically, tiPdhsHeiesion, 3‘3 'ﬁ%g&iﬁé@{%&gﬂ’ rs %‘iedﬁﬁfcilmb §reaF1 BtheEyt i ng
edges such th s Clpbt Al Miad r S I de
| ayer with odgh}%qﬁgﬁl)%érﬁ;%gn%%t g@o'%@cﬁgt%%%@gg%?%ﬁl I;/ﬂ ?ﬁ?egrrggeggeg t he
el ectrodesS | alermtely ldyee b dayer oiwdlrthe devidd 3frbeturecisathie:d. t Afteradoagil¢tinge

| ayers with odd nunber and the electrode | ayers with even |ayers are

separatel y exhePeting piprsssimultilayeelements yath apinerdigitabelgctrogis structirgyr ocess

according to a%r]ﬁuﬂfa%%eﬁ!ﬁ% (&I Q}e%ngt?uc\(@f ch the lam nate body is dried bel ow
Din, P18, .

200C before the 1'sos C préessure process is applied. 30 8. A process

according to any Omke @bstati@ipf@suke t(BerBin RfoMYdCld ishEP)|protedatisesdhemiuticallyl i red
above 300C to renove the organic binder before appl gi ng the isoatatic
pressure procdustratgl iMFleodesthe selstrdienyith @ plusalipr et eenstiycted slementsniswhi ch

he 35 ic o ' | ic. Lsing Pd(zr, Ti)0 | d
compr 15640 pa. el 8 v SRS ik Bl € o it Bt MU B8k cre
to 10,000 ko/efifeity. ThdBoft PO ialﬁg @evaﬁuﬂé@ﬁﬁﬁ§§%@@&rﬂiﬁﬁﬁ}ﬁ&@ﬂ%nﬁﬁ@cedi ng

clainms in which a piezoelectric layer is printed on top of the |am nate
body. 11. A nhdgtis|leymeticadly umckagedr eplzr patkage mceompdetely emmnarsedt imea Sigpidocess

of any one of Cclal N & & Saiber sPan b mactine. “The kstade Si2ssurS3Fini (e tignid
32 is built up to preferably 3500 kg/crn2 at a preferred rate of 750 kg/cmZ/min
15  and the maximum pressure is preferably held for 10 minutes, and then pressure is
released at a preferred rate of 600 kg/cm’/min.

After removing from the plastic bag, the substrate with the plurality of
multilayer elements is fired at preferably 400°C for 5 minutes in a belt furnace to
burn off remnant organic binder, and sintered at preferably 1140°C for 10
20  minutes in a tube furnace. Then the substrate together with the fired multilayer
elements is cut into individual actuators using a precision diamond saw. The
cutting edge 17a only intersects the electrode edges with odd number (14a),
whereas the cutting edge 17b only intersects the electrodes with even number
(14b), as shown in FIG. 4 so that the terminals of the odd electrodes and the even

25 electrodes are exposed separately on opposite sides of the multilayer body 10.
Conductive silver paste is used to connect all the odd electrodes and all the even
electrodes on the two opposite sides, and then fired at preferably 700°C to form

the external electrodes 15a and 15b, as shown in FIG. 1. Finally, a pair of
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] ?319 SSg‘SLEﬁ]h Glces], ;{Almﬁ%%ﬁ%%% Qifblie 8] Fofl CALCAEC N §AlAg] eaiakdabs

0<ogoho~ooopeEshqlix smgiop késalte] froal the jremlingdiainond bhjle ax}d:aelsulallg aiecbzl}rﬂca] caljcalc
15215 el bbb s AR 1
'16<§/£ ;&((%)15):%(8 ?ﬂ%{%&e%ﬂ@%@ f%s}%xﬁjé&%’@l(ﬁc{e}ggﬁdf Secondly, the density of the PZT
ig(()/ (( éf)‘(’/go_&' ()%19&3 10%0Sinfusly ihpd¥ed.& The BnBaditdh&iatip - @ j tAckdRIK O& thg -
compressed green multilayer body is 23% with respect to the dried green body
before applying IP. After compression by the IP process and firing at 1140°C,
the accumulated contration ratio (in thickness) is 44% with respect to the
thickness of the dried green multilayer before compressed. In contrast the
15  contraction ratio after firing is only 28% for a sample to which the IP process is
not applied. Therefore, with the IP process, the resulting actuator shows a much
more compact structure and hence significantly improved performance.
Some of the main parameters for the above actuator are as follows: Room
temperature dielectric constant of the PZT layer is over 600, and dielectic loss at
20 1 kHz is about 2%. Under a peak driving voltage of 150 V applied to a PZT
layer with a thickness of 40 um, the PZT layer shows a remnant polarization of
16 ;LC/cm2 and a coercive field of about 23 kV/cm. After the samples are
polarised with a voltage of 200 V in air, the PZT layer shows a dj;; value over
600 pC/N.
25 A further embodiment of the above described process comprises applying
the IP process to the multilayer body 10 after it has been fired at an intermediate

temperature and the organics have been completely removed from the films.
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10%& () - ! OF1Gegof )herdctuator is covered with PZT layer 18 so as to prevent Pb volatilization
at high temperature during the co-firing process. The PZT layer 18 can be
formed by multiple printing.
5 The present invention is not restricted to PZT as the piezoelectric medium
and Pd-Ag as the electrode. The same process can also be applied to the
preparation of "thick-film" multilayer actuator composed of any other

piezoelectric or electrostrictive ceramic material and any other metal electrode.
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10 (a forming alternate ceramic layers of piezoelectric or

electrostrictive material and -electrode layers on a
substrate both using screen-printing to form a laminate
body comprising a plurality of ceramic layers and a

10 plurality of electrode layers, each electrode layer being
interposed between two ceramic layers;

(b) applying isostatic pressure to the laminate body; and
15 (c) firing the laminate body.
2. A process according to claim 1 comprising the steps of:
(a) forming alternate ceramic and electrode layers on a
20 substrate to form a laminate body comprising a plurality
of ceramic layers and a plurality of electrode layers,
each electrode layer being interposed between two ceramic

layers;

25 (b) placing said laminate body into a flexible container,
evacuating and hermetically packaging the container;

(c) immersing the container in a fluid medium, and applying
compression to the fluid medium so that isostatic
30 pressure is conveyed to the laminate body; and

(d) firing the laminate body.

3. A process according to claim 2 in which the flexible container
35 is in the form of a soft bag.
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two alignment marks, one for aligning the electrode layers

with the odd numbers with each other and the other for

10 aligning electrodes with even numbers with each other, and

() &

such that the odd and even electrodes are shifted in respect
of each other by the difference between the two alignment
marks.

15 6. A process according to any one of claims 4 or 5 in which the
laminate body 1is rectangular- or square-shaped and the
laminate body is cut vertically, transversally to the stacked
layers along two parallel cutting edges such that one of the
cutting edges only intersects the electrode layer with odd

20 numbers and the other cutting edge only intersects the
electrodes layers with even numbers, and after cutting, the
electrode layers with odd number and the electrode layers with
even layers are separately exposed on opposite sides of the
laminate body.

25

7. A process according to any preceding claims in which the

laminate body 1is dried below 200°C before the isostatic
pressure process is applied.

30 8. A process according to any one of claims 1 to 6 in which the

laminate body is fired above 300°C to remove the organic binder

before applying the isoatatic pressure process.

9. A process according to any preceding claims in which the
35 ceramic is a piezoelectric comprising Pd(Zr,Ti)O; and the
electrode comprises Pd-Ag, and the isostatic pressure is in

the range of 1,000 kg/cm® to 10,000 kg/cm®.
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