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7109 OCT 2003 MILTI LAYER Pl EZOELECTRI C DEVI CE AND METHOD OF PRODUCI NG
SAME 5 BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a nultilayer piezoelectric actuator device or another
multilayer piezoelectric device and a nethod of producing the 10 sane,
nore particularly relates to a nultilayer piezoelectric ﬂﬁxtiglﬁnd met hod
of producing the sanme superior in noistdre-resistance. 2 p ption of
the Related Art In recent years, along with the increasing 15 precision of
machi ne tools, industrial machines, neasurenent nmachi nes, and ot her

preci si on machi ner MULTITE YR K1 gsr R¥RSRT, BC SO MEWRR D OEegosbok shment  of
super - preci sion positioning technology offering a hig relrability of
operation and enabling high speed ggogg@gﬁﬁiggHEFurther, progress in

m cromachi nes has led to a strong deman or devel opnent of

m croactuators. In the past, various m croactuators have been known. For
the foll owi ng reasons, however, a nultilayer piezoelectric actuator device
has been 25 viewed as promsing as a nultilayer piezoelectric 2 - O9 OCT

1003 viewed as promsing as a nmultilayer piezoelectric device. That is, a

mul tilayer piezoelectric actuator device is small in size, enables
ni cr odiPspl acemenBACEEROUDo PFc FHEr JINVENTIONS a fast response speed, 5
generates a large force, and is high in energy conversion efficiency. In

general, a nultilayeFipildzodl ¢tier iInvantianor conprises a plurality of
pi ezoel ectric | ayers and
The present invention relates to a multilayer
piezoelectric actuator device or another multilayer
piezoelectric device and a method of producing the
10 same, more particularly relates to a multilayer
piezoelectric device and method of producing the same
superior in moisture resistance.
2. Description of the Related Art
In recent years, along with the increasing
;5 precision of machine tools, industrial machines,
measurement machines, and other precision machinery,
there has been a strong demand for establishment of
super-precision positioning technology offering a high
reliability of operation and enabling high speed
20 operation. Further, progress in micromachines has led
to a strong demand for development of microactuators.
In the past, various microactuators have been
known. For the following reasons, however, a

multilayer piezoelectric actuator device has been

25 viewed as promising as a multilayer piezoelectric



o

~internal electrode |layers alternately stacked. 10 In the past, the internal
el ectrode layers in nultilayer piezoelectric actuator devices, as shown in
Japanese Unexam ned Patent Publication (Kokai) No. 9- 261978, have been
general ly conprised of inexpensive silver or a silver and pall adium all oy.
15 Such a conventional nultilayer actuator device, however, suffers froma
tendency of the insulating property of .the piezoelectric bﬁiﬁ&ﬁpto f al
under a high humdity environnent and £hefefore has a pr% I n
durability. This is believed to be because 20 migration of the silver in
the el ectrodes (ionization of silver and novenent between el ectrodes)
occurs und¥iexed @ PR i \dS chiiahlit 1 Dependd iggeml edleri@ppl i cation of
the nultilayer piezoelectric actuator device etc., sonetinmes the ends of
t he internaldex5cel .e@hraddeiss haw end 1ot itles yexp qsieel d ¢ D t e eacicdaces of 3 0 9
OCT 2003 the device. In such a device, noisture resistance is particularly

required. Fueiels ilpaase fateite NenAR60 18 dh sl 9sesceest! ti | ayer
actuator device having internal electrode 5 |ayers conprised of platinum

pal | adi um %E%@- : i - pal | adi ig.Ner- i 9991 | ati num
pal | adi um sﬁ%\r/?nonlsré#ﬁ{rs&p'ub I c(%‘{gl oaﬁl,f%%gv\el\%%é %ens usi Iralg

sil ver,- pal | adi_u silver,-pl atinu or_anot her. netal mainly conprised of

si | ver5 as t ﬁeeqeﬁaetr%ala eecj{]or%} I rs® eqjl’ﬁsh sHPVE* YW the el ectrodes is
liable to undesirably mgrate in a highly humd environnent due to the
above reasof®PVERIHREY SISICIGE My in this publication, when using platinum
pal | adi um or rhodium alone or alloys of the sane as 15 the internal

el ectrode | ayers, t Hér genengls,t |ae multilayer piezoelectric actuator

comprises a plurality of piezoelectric layers and
internal electrode layers alternately stacked.

10 In the past, the internal electrode layers in
multilayer piezoelectric actuator devices, as shown in
Japanese Unexamined Patent Publication (Kokai) No. 9-
261978, have been generally comprised of inexpensive
silver or a silver and palladium alloy.

15 Such a conventional multilayer actuator device,
however, suffers from a tendency of the insulating
property of the piezoelectric layers to fall under a
high ﬁumidity environment and therefore has a problem
in durability. This is believed to be because

20 migration of the silver in the electrodes (ionization
of silver and movement between electrodes) occurs
under a highly humid environment. Depending on the
application of the multilayer piezoelectric actuator
device etc., sometimes the ends of the internal

25 electrodes have to be exposed from the end faces of



shrinkage of the electrode |ayers conpared with shrinkage of the

pi ezoel ectric |layers due to sintering in the process of production of the
device, so that the piezoelectric layers and internal electrode |ayers 20
peel apart during firing, that is, delamnation occurs. Due to this

delam nation, the reliability of the device agai nst noi S:ﬁﬁ[ﬁﬂdﬁ@]eri or at es.

SUWARY COF THE | NVENTI ON 25 An obj ect _of the present inve to
provide a 4 090CT 20 03 multilayer piezoelectric actuator device or other
mul til ayer piezoelectric device free from deterioration of the insulation
resi stance gﬁ tgev.giez eI%ct%jc b%%grs, su quor in noisture resistance, 5
and havi ng a"fi §RVrefiratit P afd 8 o PO T o FRT HRFAHE ste. To

achi eve the above object, the nultilayer piezoelectric device according to
the present PRFR+ENLREA Yc SB51EES -pi ezoel ectric |ayers and internal 10

el ectrode | ayers alternately stacked, the internal electrode |ayers

contai ning gol d as &nrsbeent Japanesgr @ditemt. Neur t28er6,0 78 chirsdi Imgs ¢ t he
inventor, the nethod of producing a multilayer piezoelectric device

conprised a5maftpilayee aeitiiatorayiefs cdnthavilrey nialt etecl redect sy@s s
alternately stacked, conprises the steps of including gold in the internal

el ect sode | ay6essagorBraSeRNdaly1 atignad ?@tum&lﬁ,riﬂ% g pi ezoel ectric

| ayers and inhternal é&lectrode layers at enperature of 1020 to 20 1220C,

nore prefer 06Q,t .200C._ .Rr ef er ahl.y., e cont of the gold in the
i nt er nal e?gg%;?’%dgg gf;.?‘éi:ls%%l’s sﬂ'&vt%g é%%\ﬁ qutﬂbrforacehdp:rpéf e‘%%rglf@ 60 to 90 mt %

. ) i
part'CU|arl%a?i%&%@%@'%56%h%%n8%ﬂmfqigMggklication, however, when

using silver-palladium, silver-platinum, oxr another
metal mainly comprised of silver as the internal

10 electrode layers, the silver in the electrodes is
liable to undesirably migrate in a highly humid
environment due to the above reasons. Further, as
shown in this publication, when using platinum,
palladium, or rhodium alone or alloys of the same as

15 the internal electrode layers, there is little
shrinkage of the electrode layers compared with
shrinkage of the piezoelectric layers due to sintering
in the process of production of the device, so that
the piezoelectric layers and internal electrode layers

20 peel apart during firing, that is, delamination
occurs. Due to this delamination, the reliability of

the device against moisture deteriorates.

SUMMARY OF THE INVENTION

25 An object of the present invention is to provide a



respect to the total weight of the netal ingredients 25 in the internal

el ectrode layers as 100 % 0 9 OCT 2003 - 5 Preferably the interna

el ectrode | ayers contain gold as an essential ingredient and preferably

contain at |east one elenent frompalladium platinum and rhodium nore

preferably at |east one elenent from5 palladi um and platkﬂf@¢lﬁﬁ$ticularly
a

preferably palladium The total content of the palladium um and
rhodiumin the internal electrode |ayers is paticularly preferably 10 to
80 wt% nore preferably 10 to 40 w% preferably 20 to 40 wt%w th 10

respect to the tatal weight of the nmetal ingredients in the internal
elegtrode Ié@gyE;iﬁyﬁfoﬁ%@%éiqgﬁﬁ%QAﬂgﬁQ%ﬁ Btk &t BF¢he pal I adiumis

preferably 20 to 40 wt% nore preferably 25 to 35 W% Preferably, the

t hi ckness ofMilifellateast mulezqFoRC deVi1e8efees sfBOoRo 3 m Preferably, the
area of the piezoelectric layers which the internal electrode |ayers
actual |y coviteridmidtian dhetlvovinagbataire, resistanoe 99f peheent, nore
preferably 70 to 90 percent. Note that the "coverage 20 rate" neans the

rate obtai ngsh dyo SIsEdT 1Y Bagdrd Uadupdr Bshet B midsk e ear o9isbensyy face of
an internal electrode |ayer, defining that predeterm ned area as 100

perceny, an%ﬁ&@{féﬁ@%t%mrf@l bPLif} Af! LGldiifod YEr Which the
internal el ectrode Tayer actually covers, that Is, the coverage, as a
percent. 43‘200%:6 lf_no holes etc. are forned in the interna

0 90
el ectrode |9pa§pe lfc%rh% cl})?/esf%eé' rate is 100 percent. Preferably, each

iezoelectric | ayer conprises a ) .
P fg achieve the above object, the multilayer

piezoelectric device according to the present
invention comprisés piezoelectric layers and internal
10 electrode layers alternately stacked, the internal
electrode layers containing gold as an essential
ingredient.
Further, according to the inventor, the method of
producing a multilayer piezoelectric device comprised
15 of piezoelectric layers and internal electrode layers
alternately stacked, comprises the steps of including
gold in the internal electrode layers as an essential
ingredient and firing the piezoelectric layers and
internal electrode layers at a temperature of 1020 to
20 1220°C, more preferably 1060 to 1200°C.
Preferably, the content of the gold in the internal
electrode layers is 20 to 90 wt%, more preferably 60
to 90 wt%, particularly preferably 60 to 80 wt%, with
respect to the total weight of the metal ingredients

25 in the internal electrode layers as 100 wt%.



| ead- based piezoelectric material. 5 Preferably, the |ead-based

pi ezoel ectric material contains a conposition of the formula: Pb. [ (P1
132) XZrYTi2 ] b0O3 where Bl is at | east one elenent selected fromzn, Cd,
My, NN, Co, Fe, Sc, C, Yb, Lu, In, M, and Sn and 10 p2 is at |east one
el ement selected fromNb, Ta, W Te, and Sb and x, vy, z,ggggpmm3b are in
relations of O<x<0.5, 0.1<=y_0.55, 1550.2_<z<0.60, x+y+z-1, and
0.97<al/b_<1. Alternatively, the | ead-based piezoelectric naterial contains
a conposition of the forrmula: 20 (Pbl _uau)a[ (al, 02)XZrYTi Z] bO3 where a

o) et e ee TSR S ST o i Eeo a8, O
and Sn, and (32 is at |east one elenent, selected from 25 No, Ta, W Te,
and Sb and 6949038 P EFFentialy ingredient Anpf pPrekeraby| @PNbASN of
O<x<0.5, 0.1< y <0.55, 0.2sz_0.60, 5 x+y+z=1, 0.97<al/b<l, and O<u<0. 15.
When usi ng pltatieds® opg leddimant dirathgsd Weddwne prawibays afidt he sane as
the internal electrode layers, 10 there is little shrinkage of the
el ectrode | ajeddum, more preferably at least one element from
5 palladium and platinum, particularly preferably
palladium. The total content of the palladium,
platinum, and rhodium in the internal electrode layers
is paticularly preferably 10 to 80 wt%, more
preferably 10 to 40 wt%, preferably 20 to 40 wt% with
10 respect to the total weight of the metal ingredients
in the internal electrode layers as 100 wt%.
Particularly, the content of the palladium is
preferably 20 to 40 wt%, more preferably 25 to 35 wtk.
Preferably, the thickness of the internal electrode
15 layers is 1 to 3 um.
Preferably, the area of the piezoelectric layers
which the internal elecﬁrode layers actually cover,
that is, the coverage rate, is 50 to 9% percent, more
preferably 70 to 90 percent. Note that the "coverage
20 rate" means the rate obtained by assuming a virtual
predetermined area on the surface of an internal
electrode layer, defining that predetermined area as
100 percent, and expressing the area of a

piezoelectric layer which the internal electrode layer

25 actually covers, that is, the coverage, as a percent.



conpared with shrinkage of the piezoelectric |layers due to sintering in
the process of production of the device, so that the piezoelectric |ayers
and internal electrode |ayers peel apart, that is, delam nation 15 occurs.
Due to this delam nation, the reliability of the device ag g@ﬁﬁzﬂﬁisture
deteriorates. It has been considered to mx a |low nelting @ [ tal and
high nelting point nmetal together to imeke_the shrinkage behavior simlar
to that of the piezoelectric layers 20 and t hereby make del am nati on
difficult. As the low nelting point netal, silver or copper may be

consi der ed. j n el ectrode | ayer nt ai ni ng_.these netals,

however , nig#gtﬁgnhgggglékgéchg gﬁﬁ%?galnhfgﬁ ﬁﬂﬁ?ﬁﬂ?} 8ﬁ§FF5ﬁﬁ§nt. 25 In
t he nultilayir giezoelectric device and nmethod 0 9 OC T 2003 -8 of
produci ng t e2%%he BRROFAVRG2E6 FAESpieséPP PERGEAtion, by designating gol d
as an essential ingredient and including palladium platinum and/or

rhodi umin the iR¥efabpbdyecerolepiayeetecthicallager onomprisel the

pi ezoel ectric |layers can be maintained well and the noisture resistance
can be inprovead-baseteppeesebectnvenhaderial.the thickness of the

internal electrode layers is too small, the internal electrode |ayers tend

to eassly beconepgesepablpliothe 10adbhseclfpibLobibekpessmhect9ql! arge,
delamination tends to easily occur due to the difference of shrinkage

between the ¢bgeaehechr bompBYeEIoandr LALCERBhughect rode ayers at the time
I et e

of sintering. Further, I ckness of 't Internal electrode 15
| ayers is too | vod Nt e, aof an actuator device, displacenent of
RERTER R A SR

t he piezoel ectric FS?2tends 2100 ’be hanpered, so the material is wasted.
Thi's |eads where B; is at least one element selected from Zn,
cd, Mg, Ni, Co, Fe, Sc, Cr, ¥Yb, Lu, In, Mn, and Sn and
10 B, is at least one element selected from Nb, Ta, W, Te,
and Sb and
X, ¥, 2, a, and b are in relations of
0<x<0.5,
0.1<y<0.55,
15 0.2<2<0.60,
x+y+z=]1, and
0.97<a/bz1.
Alternatively, the lead-based piezoelectric
material contains a composition of the formula:
20 (Pb,_ ), [ (Byr B;),2r,Ti,1,0,

where o is at least one element selected from Sr,
Ba, Ca, and La, B, is at least one element selected
from Zn, Cd, Mg, Ni, Co, Fe, Sc¢, Cr, ¥Yb, Lu, In, Mn,
and Sn, and B, is at least one element selected from

25 Nb, Ta, W, Te, and Sb and



to an increase in the manufacturing costs. After firing, the internal

el ectrode | ayer 20 sonetines is forned wth fine holes such as hol es

t hrough which the solvent in the netal paste for formng the internal

el ectrode | ayers escapes. Due to these fine holes etc., the area of a

pi ezoel ectric layer which an internal el ectrode |ayer actua§QfT 23 covers,
that is, the coverage, sonetinmes becones 09 OCT 2003 9 smaller than the
total area scheduled to be covered. As the internal electrode |ayers are
fired, the fine holes conbine to formlarge holes and the coverage falls.
Further, the internal electrode |ayers also rink due to exposure to

| 5 sh
hi gh t enper at ur €. Y¥Hol%s % &7 ‘?a"’fﬁ%rlrbuléef%t{cf‘ﬁ%.o n the present

invention, by contralling the area of the piezoelectric |ayers which the
internal el ect 958« Q-arers actually covers, that is, the 10 coverage
(coverage rate), to 50 to 99 percent, preferably 70 to 90 percent,

suf ficient displladenerit-5of the actuator device can be obtai ned and

del am nati on can be suppressed. If the coverage rate is too snall,
sufficient disploagemt.af, the actuator 15 device tends to be unobtai nabl e,
while if the coverage rate is too large, delam nation tends to easily
occur.s In the gr 1, nvention, the material of the piezoelectric layers
is not particularly [imted, but 1is preferably conprised of a |ead-based

pi ezoel ectric | & firing tenperature of a relatively | ow
t enperature of %ga?%%?gézﬂﬁgnfw configuring the invention in this way, the

behavi or of the i ectric layers at the tine of firing becones
simlar to the 6Eﬁ5§fgﬁgbf the internal el ectrode

When using platinum, palladium, or rhodium alone or

alloys of the same as the internal electrode layers,

10 there is little shrinkage of the electrode layers
compared with shrinkage of the piezoelectric layers
due to sintering in the process of production of the
device, so that the piezoelectric layers and internal
electrode layers peel apart, that is, delamination

15 occurs. Due to this delamination, the reliability of
the device against moisture deteriorates. It has been
considered to mix a low melting point metal and high
melting point metal together to make the shrinkage
behavior similar to that of the piezoelectric layers

20 and thereby make delamination difficult. As the low
melting point metal, silver or copper may be
considered. In an internal electrode layer containing
these metals, however, migration easily occurs under a
high humidity environment.

25 In the multilayer piezoelectric device and method



25 |l ayers containing gold as an essential ingredient at 0 9 OCT 2003 - 10
the time of firing and the occurrence of delamnation etc. can be
suppressed. In the present invention, the firing tenperature is preferably
1020 to 1220C, nore preferably 1060 to 5 1200C. If the fir{jQgcygpuerature
is too low, the sintering tends to becone insufficient, while if too

hi gh, discontinuation of the electrodesgtends to easily occur and the

noi sture resistance tends to fall. 10 The present invention can be applied
to all nultilayer piezoelectric devices conprised of piezoelectric |ayers

and internal _el ectrode |ayers _ alternatel t acked t e effect is
particul arl 9f Bfé’gflc\h?gn% eplslaén(? tagc%rrgﬁ.lné ﬁ:é)yg:lrﬁ%pi’pellz%e ng(;t ric 15 actuator
device. Further, the effect is particular]l]y |arge when the present

i nvention i $DYEPLICR t $Ya IGRAFIA VS %ﬁéiz@él & %séed’g\h where parts of
the internal electrode |ayers are exposed at the surface of the device.
In these cadegredientpiandurianglas i med 120 ives (g Ay Pkt iAH /ATy superi or.
BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a perspective view of a

mul til ayer rpoddeel dai rile actteatra] ddvbote calee dragians + dlhen adtesidiodi nent  of
the present invention. 0 9 OCT 2003 - 11 DESCRI PTION OF THE PREFERRED

EMBODISVENT Sy Nt + Heng i Aseitic t riventd vy sMddn e exdnlrtiaiacedaser]. on the
enbodi ment shown in the figures. FIG 1 is a perspective view of a

mul tilayer .5 PiezotAEiife 3dHAUNALULAP B CHidEd 0 an
In the present invention, if the thickness of the
internal electrode layers is too small, the internal
electrode layers tend to easily become discontinuous,
10 while if the thickness is too large, delamination
tends to easily occur due to the difference of
shrinkage between the piezoelectric layers and
internal electrode layers at the time of sintering.
Further, if the thickness of the internal electrode
15 layers is too large, in the case of an actuator
device, displacement of the piezoelectric layers tends
to be hampered, so the material is wasted. This leads
to an increase in the manufacturing costs.
After firing, the internal electrode layer
20 sometimes is formed with fine holes such as holes
through which the solvent in the metal paste for
forming the internal electrode layers escapes. Due to
these fine holes etc., the area of a piezoelectric
layer which an internal electrode layer actually

25 covers, that is, the coverage, sometimes becomes




enbodi mrent of the present invention. As shown in FIG. 1, the multilayer
pi ezoel ectric actuator device 2 according to the present enbodinent 1is
one used as an actuator for positioning for exanple 10 an ink je&mgrinter

head or hard disc drive head. The actuator device 2 is conp3DEeAdf

pi ezoel ectric layers 4 and internal electrode |ayers 6a, 6b alternately
stacked. The internal electrode |ayers ga are connected to 15 an external
el ectrode 8a provided at one end of the device 2. The other internal

el ectrode | ayers 6b are connected to an external el ectrode 8b provided at
the other end.of the device 2. The sides.of.the internal electrode |ayers
62 and 65 aPBolIEEsERT GHA et TS SRR (1o KR 258 h, Suppl 31 ng
a DC voltage or AC voltage to the external electrodes 8a and, 8b, voltage

i s suppl i ed®fo thendnfieargdi &LqatEady Sy X HAN® i bR betheehl®Be internal
el ectrode | ayers 6a and 6b, the electrical 25 energy is converted to
mechani cal 8rdegy comdnend 0 PMCLREES hollgs ahulitdee X alvepigees or
vibrates in either the horizontal or vertical direction with respect to

t he el ectr @dalfkar murdHeacexhd nirte e seidctandbsli Teyérs t desont er nal

el ectrode 5 layers 6a and 6b contain gold as an essential ingredient and

contaisn at k@aaShxorRee@Mlpddde WAl afth Wanpd 2l 4 iees . apel 6H0gi-em
preferably at |east one elenent from palladiumand platinum particularly

preferably palj-aqi LPEferablohid he content of the 10 gold in the
i nt er nal electroggH$§§ers 6a an is 20 to 90 wt% nore preferably 60 to

90 wt% particulgrly PR i REMASP, Wy tcMédbiling the area

of the piezoelectric layers which the internal
electrode layers actually covers, that is, the

10 coverage (coverage rate)}, to 50 to 99 percent,
preferably 70 to 90 percent, sufficient displacement
of the actuator device can be obtained and
delamination can be suppressed. If the coverage rate
is too small, sufficient displacement of the actuator

15 device tends to be unobtainable, while if the coverage
rate is too large, delamination tends to easily occur.

In the present invention, the matefial of the

piezoelectric layers is not particularly limited, but
is preferably comprised of a lead-based piezoelectric

20 material of a firing temperature of a relatively low
temperature of 1000 to 1250°C. By configuring the
invention in this way, the behavior of the
piezoelectric layers at the time of firing becomes
similar to the behavior of the internal electrode

25 layers containing gold as an essential ingredient at



respect to the total weight of the nmetal ingredients in the internal

el ectrode | ayers 6a and 6b as 100 wt% 15 The piezoelectric layers 4 are
not particularly Ilimted, but in the present enbodi ment preferably are
conprised of a | ead-based piezoelectric materi al sinilaréjipﬁgﬂggkage

behavior to the internal electrode |ayers 6a and 6b cont | d. 20
Preferably, the | ead-based piezoelectrijg material contains a conposition
of the formula: Pb,[ ( (31, P2 ),ZrYTiZ | bO3 where X31 is at |east one
el ement selected fromzn, Cd, My, N, Co, Fe Sc, C, Yb, Lu, In, Nh and

Sn and 25 tﬁg E%f?&e '%aﬂﬁ’}% ealn%'mt’}}c? 3 S e% fro '\d'bela-ll-r?n\%l&m 5

2003 - 13 an are reI ions™ o
0.1< y< 0.55 2<z<0. 60 +z=1, and 0 97< alb<_1. Alternatively,
the Tead-baStq- pF@?oEFeéPHH§Qﬁﬁ ial contains a conposition of the
formula: 10 ( Pbl-uau) a [ (N1 , N2) XZrYTiZ ] bO3 where a is at |east one
el enent sel ect ednf £BM Bresepd, loyendridnLa thRl figing [tenpnersiains difent
selected fromzn, Cd, My, Ni, Co, Fe, Sc, C, Yb, Lu, In, M, and Sn, and
R2 is at Iepséfemab&&eﬁ@mw $@(ﬂﬁl&ﬂmrummel@rN&erﬁwlymaUEQ'mmd Sb and x,
y, z, a, b, and u are in relations of 0<x<0.5, 0.1<y<0.55,
5 1200°C. If the firing temperature is too low, the
sintering tends to become insufficient, while if too
high, discontinuation of the electrodes tends to
easily occur and the moisture resistance tends to
fall.
10 The present invention can be applied to all
multilayer piezoelectric devices comprised of
plezoelectric layers and internal electrode layers
alternately stacked, but the effect is particularly
great when applied to a multilayer piezoelectric
15 actuator device. Further, the effect is particularly
large when the present invention is applied to a
multilayer piezoelectric device where parts of the
internal electrode layers are exposed at the surface

of the device. In these cases, the moisture resistance

20 has to be particularly superior.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a multilayer
piezoelectric actuator device according to an

25 embodiment of the present invention.



0. 25z<0.60, 20 x+y+z=1, 0.97sal/bsl, and O<us0.15. Wth an "x" in the
above fornula of 0, the piezoelectric characteristic is |ow and the
strength 25 also tends to beconme smaller, so this is not 0 9 OCT 203 - 14
preferred. If "x" is 0.5 or nore, a pervoskite phase and adl$0Ch208yr ochl ore
phase are observed and the piezoelectric characteristic tends to becone
low, so this is also not preferred mugh. Further, if "Y'is 5 smaller than
0.1, the piezoelectric characteristic "fends to becone low, so this is not
preferred. If "y" is over 0.55, the piezoelectric characteristic

simlarly tends to becone low, so this_is aIEo nﬁé %& ferred nuch.

Further, if z iRESGRIPEFONhGH BHE BREIBRRED EMBORIMENTRan 0.60, the

pi ezoel ectric characteristic tends to becone |low, so these are not
preferred. Furtfext,ithehpreaens tavgntapn'wildnke explaingd bassfe fornul a
Is smaller than 0.97, the piezoelectric 15 characteristic tends to becone
| ow, so thisnishaoempodfimenedshutnl éni tha/ figeresr.e than 1, the

pi ezoel ectric characteristic tends to becone |low and the strength smaller.

Further, when "pigis10jst Bepepkpeaelioet iewcbar acm@ilitstliaydrends to become
|l ow, so 20 this is not preferred nuch, while if "u" is over 0.15, the

piezoglectr%§%%?3538 ?&EsgkﬁﬁhgﬁgsdEgiQ%ng%oEangaﬁgaQﬁ? strength snaller,

so these ar preferre In the present enbodi nent, the
th'CknesSeseggoggﬁen%SoEnE%En%Ee%E%%tT@$§J§H§¥§ 6a and 6b and the

As shown in FIG. 1, the multilayer piezoelectric
actuator device 2 accordiné to the present embodiment
is one used as an actuator for positioning for example

10 an ink jet printer head or hard disc drive head. The
actuator device 2 is comprised of piezoelectric layers
4 and internal electrode layers 6a, 6b alternately
stacked.

The internal electrode layers 6a are connected to

15 an external electrode 8a provided at one end of the
device 2. The other internal electrode layers 6éb are
connected to an external electrode 8b provided at the
other end of the device 2. The sides of the internal
electrode layers 6a and 6b are exposed from the side

20 faces of the device 2.

By supplying a DC voltage or AC voltage to the
external electrodes 8a and 8b, voltage is supplied to
the piezoelectric layers 4 positioned between the
internal electrode layers 6a and 6b, the electrical

25 energy is converted to mechanical enerqgy, and the



0 9 OCT 2003 - 15 piezoelectric layers 4 are not particularly |limted,

but the thickness of the internal electrode |layers 6a and 6b is preferably

1 to 3 gmand the thickness of the piezoelectric |ayers 4,i referably 5
b6 DC b

to 50 4m 5 Next, an explanation will be nmade of a nethod ucing a
mul til ayer piezoelectric actuator device 2 shown in FIG 1. First, a

pi ezoel ectric layer paste and internal jel ectrode | ayer paste are prepared.
The piezoelectric 10 |layer paste nmay be an organi c-based coating conprised
of a mxture of a piezoelectric material and an .organic vehicle or a

wat er - based,coating. £ h tarti ri;al s, j ezoel ectric

mat eri al , oﬁ?ﬂé%efgrd%o &nggngrthggggg%geﬁgc%?g@ekggh%gteriaI of the above
conposition or mxtures or conpoynd .oxi des of .the _sane b sed, but it
is also po%%FbF@nPalsBFt§8F§l§€|e%ﬁrgﬁ lﬁPx“V&Pi5§§pgﬁg?§§%q%ﬁ%nging to
the piezoelectric material of the above conposition after firing, for
exanpl e, 20ctarbondeeforanadatiésesni trates, hydroxides, organic netal
conpounds, etc. The contents of the conpounds in the starting materials
may be suitabl yIdethenpmedend embotddmginie the dowmeasiali @dasttrase above

pi ezoel ectric conposition after firing. 25 The starting materials are

usual by usedagsrpovdeandl 6 Qoht20Q3 goltb asofararesswartags particle size of
1.0 to 5.0 umor so. The starting materials are wet-m xed by a ball mll

ete. then Eﬁ?%%gg@nt-rg?xcﬁ@oq{ﬂﬁﬂ ot ieddeltialendes fored at a
nperature o to 11000C for about 1 5 to 3 hours. This calcination my
be perforne%aﬁﬂahq%m’ platinum, and rhodium, preferably at least
one element from palladium and platinum, particularly
preferably palladium. Preferably, the content of the

10 gold in the internal electrode layers 6a and éb is 20
to 90 wt%, more preferably 60 to 90 wt%, particularly
preferably 60 to 80 wt%, with respect to the total
weight of the metal ingredients in the internal
electrode layers 6a and éb as 100 wt%.

15 The piezoelectric layers 4 are not particularly
limited, but in the present embodiment preferably are
comprised of a lead-based piezoelectric material
similar in shrinkage behavior to the internal
electrode layers 6a and 6b containing gold.

20 Preferably, the lead-based piezoelectric material
contains a composition of the formula:

Pb,[ (B,,8,),2r,T1,1,0,
where 8, is at least one element selected from Zm,
cd, Mg, Ni, Co, Fe, Sc, Cr, ¥Yb, Lu, In, Mn, and Sn and

25 B, is at least one element selected from Nbh, Ta, W, Te,



at nosphere or may be perfornmed in an atnosphere of a higher parti al
pressure of oxygen than the atnosphere or a pure oxygen atnosphere. The

t hus obtained calcined material is next wet- 10 pul verized using a bal

mll etc. At this tine, as the slurry solvent, preferably[}%tmnma or

anot her al cohol or a m xed solvent of water and ethanol is preferably
used. The wet pulverization is preferahlsy perfornmed so as to give an
average particle size of the calcined 15 material of 0.5 to 2.0 gm A
powder obtai ned by cal cination and then wet pulverization is used as a

pi ezoel ectri ¢ erigl and that piezoelectric material is dispersed in an
organi c veﬂ?gl . %ﬂg "organic vehicle" is conprised of a 20 bi nder

di ssolved in an organic solvent. The binder used faor the organic vehicle
is not particuldrly. PrnPre@Pdn8 ARG BB EGLEABPPSsEfected from vari ous
types of ordinary binders such as ethyl cellulose and polyvinyl butyral.
Further, the or@an<é.8el vent used 25 is not particularly limted and may be
suitably 0 9 O CT 2003 - 17 selected, in accordance with the printing

met hod, sheet oOetbpdd.66,0t her method used, from various types of organic
sol vents such as terpineol, butyl carbitol, acetone, and toluene. 5
Further, when nmpkbpg<bheopi ezoel ectric. layer paste a water-based coating,
a wat er-based vehicle conprised of a water-soluble binder or dispersant
etc. dissolved XL8+§@&§r apd the piezoelectric material may be mxed. The
wat er - sol ubl e binder used Iin the water-based 10 vehicle is not particularly
limted, but fo 3§§Q9B§1 pol yvi nyl al cohol, cellul ose, a water-sol uble
acryl resin, et¢” fmy be  used.

Alternatively, the lead-based piezoelectric
material contains a composition of the formula:
10 (Pby..0) 1 (Byr By),EX,Ti,1,0,
where o is at least one element selected from Sr,
Ba, Ca, and La, B, is at least one element selected
from Zn, Cd, Mg; Ni, Co, Fe, Sc, Cr, Yb, Lu, In, Mn,
and Sn, and B, is at least one element selected from
15 Nb, Ta, W, Te, and Sb and
X, ¥y, 2, a, b, and u are in relations of
O<x<0.5,
0.1<y<0.55,
0.2<2<0.60,
20 x+y+z=1,
0.97<a/bsl, and
0<u<0.15.
With an “x” in the above formula of 0, the
piezoelectric characteristic is low and the strength

25 also tends to become smaller,'so this is not



The internal electrode |ayer paste is prepared by mxing a conductive

mat eri al conprised of various 15 netals or alloys or various types of

oxi des, organic netal conpounds, resinates, etc. changing i@gngmm} above
cle. " Th

conductive materials after firing with the above organic veh
content of the organic vehicle in the pastes is 20 not particularly
limted, but the usual content is for- exanple nmade 1 to 5 wt % of a bi nder
and 10 to 50 % of a solvent, for exanple. Further, the pastes nay
contain in accordance with need additives selected fromvarious types of

di sper Santsgrglf%ie Bégtrfj‘"%%ié)i(ﬁzé)%ze%éi ?a'ﬁéﬁ%‘éﬂée fhgseThe total

content of 8 "these I's preferably nade not“nore than 10
wt % When using _the printing.nmethod, the piezoelectric ,layer paste and
internal el & r8§§°l zi'yé)ryr&?g}]é’rfr éjq’absﬁ natlged 9 ?%‘9%‘5 S 1?{?’ET or ot her
substrate. The 5 substrate is cut into a predeterm ned shape, then the
past e | anm n&iesReleciddiCe FIFRFIMRIHE ARGF at ki"?ﬁo%%t]a‘i?%f aYreen chip.
Further, when using the sheet nmethod, the piezoelectric |ayer paste is
used to formhgiseds BJsshawtts prafdamest muchl EMFtRE | ayer'ypasse is printed
on them then these are stacked to forma green chip. Before firing, the
greenschi p ismatileat ethdro .enpwhd hel ddoelsrct die dh@sdaeatisoicenove the

bi nder nay be perfornmed under ordinary conditions, but is preferably 15
performed ateddiseiReMEdHRe Aowd0&d a PG d mah pepsprese of grparti al
pressure of oxygen higher than the atnosphere or a pure oxygen atnosphere.

Aiter the trea 4.5 9 enmye ghe inderyid enghiPretSsficed at a
tenperature of 1000 to 1250C, "preferably

similarly tends to become low, so this is also not

e

preferred much. Further, if z 1is smaller than 0.2 or
10 if z is more than 0.60, the piezoelectric
characteristic tends to become low, so these are not
preferred.
Further, if the ratio (a/b) of “a” and "b" in the
above formula is smaller than 0.97, the piezoelectric
15 characteristic tends to become low, so this is not
preferred, while if a/b is more than 1, the
piezoelectric characteristic tends to become low and
the strength smaller. Further, when “u” is 0, the
piezoelectric characteristic tends to become low, so
20 this is not preferred much, while if "u" is over 0.15,
the piezoelectric characteristic tends to become low
and the strength smaller, so these are not preferred
much.
In the present embodiment, the thicknesses of the

25 internal electrode layers 6a and 6b and the



20 1020 to 1220C, for 0.5 to 5 hours. The chip may be fired in the

at nosphere or may be fired in an atnosphere of a partial pressure of
oxygen higher than the atnosphere or a pure oxygen atnosphere, %F fired
internal electrode |layers 6a and 6b are 25 sonetines for med 0 @ ﬁmne

hol es such as holes formed 0 9 OCT 2003 - 19 by the escape of the sol vent
in the netal paste for formng the i-ntlernal el ectrode | ayers 6a and 6b.
Due to these fine holes etc., the area of the piezoelectric layers 4 which
the internal electrode 5 layers 6a and 6b actually cover, that is, the

cover age, sggggbg§§cQgggnqg I lper: dhan ot bR rkalah arahea seifted ed to be

covered. Inthe present enbodinent, the area of the piezoelectric |ayers 4

whi ch t he internal r | ayer, b I r«, that is,
t he cover aggu?'cg\%gr géé%ikgt%%%, Q?:s%hc%oﬁl%;c %Ir}?lea teg%taclggjt?t&%é%tygé)%sg 6paer cent.
Specifically, . the .coverage rate.is cqntrolled the firin enperature
and the typénQnéba&&e@r%ﬁpgyofl ttﬁ)e% ASt é'Indsﬁg’é é@licrt‘q(??egpoa%st e, the
various types of 15 oxides (including co-materials), the organic netal
conpounds, &h¢ Phezoediesdrds leyerspy déntrdfanaplhe cth/e'fr‘gg/é“-r ate to
within this range, it is possible to obtain a sufficient displacenent as
an actsuat or deviNestandnpesgilana ttion e idlp pee gaddge ldnianatgtdmd 9L t he
coverage rate is too snall, a sufficient displacenment cannot be obtai ned
as an actugireduddvigce AulWillgedr gikeceienade ratmdtor tdevice ge,

del ami nation tends to easily occur. Note that the present invention is not

limted to g2%.iheAlkave gnbodi nents and nay be nodified in various 09 OCT
2003

First, a piezoelectric layer paste and internal
electrode layer paste are prepared. The piezoelectric

10 layer paste may be an organic-based coating comprised
of a mixture of a piezoelectric material and an
organic vehicle or a water-based coating.

As the starting materials of the piezoelectric
material, oxides for comprising the piezoelectric

15 material of the above composition or mixtures or
compound oxides of the same may be used, but it is
also possible to suitably select and mix various
oxides changing to the piezoelectric material of the
above composition after firing, for example,

20 carbonates, oxalates, nitrates, hydroxides, organic
metal compounds, etc. The contents of the compounds in
the starting materials may be suitably determined so
as to give the composition of the above piezoelectric
composition after firing.

25 The starting materials are usually used as powders



- 20 ways within the scope of the present invention. Next, the present

invention wll be explained based on detail ed exanples, but the present

invention is not |imted to these exanples. 5 Exanple 1 As the final

conposition of the piezoelectric |ayers, predeterm ned amBLg]! @ PbO,
t he @a@

T 02, ZrA2, CoO Nb20s, SrC33, and W3 were wei ghted as 1 ng
materials so as to give a | ead-based pijgzoel ectric 10 nmaterial conprised of
99.4 wt % of (PbO 957Sr0.4) ((Col/3Nb2, 3) 0.03TiO0.4582r0.532) 03 and 0.6
w % of WOB . Next, these starting materials were wet-mxed using a ball

mll for 5 POQBSGV%Q?EEST,% %qeaé %%ngf qr. OZ%OLgksO él}% ezoe he result was

pul veri zed u3|ng a hours to ectric
material. The |ezoelectr|c material wa dis n organic
vehicle to ﬁﬁﬁegﬁaﬁ &2FePBHE1E iSayfe® f)" 'é“lxa?ﬁ%%%ea qéasjtsjft ng}aﬁ formed into
a sheet by the doctor blade nethod to thereby obtain a p| ezoel ectric green
20 sheet. AStfhe Bhedefalsings .offehic@hrdmiaddien vise RERTCTHINEY of 48 wt % of
an acryl resin based on 100 wt % of the plezoelectrlc conposition. Further,
as the orgaperfosoledent ian ttempegraganiec afetitd] &0 kO Wes fradealsfuddl wt %  of
met hyl ene chloride, 20 wt % of ethyl acetate, and 4 25 wt % of acetone based

on 1068 wt % @b Bhaopixrezodhdet Idad A rkitGCh (03 be FHer fmmpedi 1n orhe Furt her,
the thickness of the sheet was 20 um The internal electrode |ayer paste

was prepar edtRpsplicReH Ry bahH G Vighil eatnd@Bsidérepeei £s alone 5
or an all oy thereof or an organic netal conmpound or resinate etc. shown in
the fo"°“‘ﬂ99ﬁ%§'%a&f¥%1 pressure of oxygen than the atmosphere
or a pure oxygen atmosphere.
The thus obtained calcined material is next wet-
10 pulverized using a ball mill etc. At this time, as the
slurry solvent, preferably ethanol or another alcohol
or a mixed solvent of water and ethanol is preferably
used. The wet pulverization is preferably performed so
as to give an average particle size of the calcined
15 material of 0.5 to 2.0 um.
A powder obtained by calcination and then wet
pulverization is used as a piezoelectric material and
that piezoelectric material is dispersed in an organic
vehicle. The "organic vehicle" is comprised of a
20 binder dissolved in an organic solvent. The binder
used for the organic vehicle is not particularly
limited and may be suitably selected from various
types of ordinary binders such as ethyl cellulose and
polyvinyl butyral. Further, the organic solvent used

25 is not particularly limited and may be suitably



kneading it by a triple-roll mll. As the binder in the organic vehicle,
ethyl cellul ose was used. Further, as the organic solvent in the organic
10 vehicle, terpineol was used. The internal electrode |ayer paste was
coated on piezoelectric green sheets by the screen printlﬂgduggygpd These
were stacked, then conpressed, then cut into a predeterm

obtain a green chip. The 15 coating thijgkness of the internal el ectrodel

| ayer paste was 4.2 um The nunber of piezoelectric green sheets coated
with the internal electrodel |ayer paste mhich wer e stacked was nine.

Next, the gLgepn.¢ Bp saE ggggg @tw§§%oghfo t%gl ﬂHﬁﬁuﬂP renove the

blnder t hen was for hour tlain a miltilayer
plezoelectr ctu deV|c bod vi ce mas ol,ished at its
nd faces bpISERdTEE éefi.rnarté; Be3obetiRg asa%:e%e Gt o

el ectrodes, then a netal _paste was 25 printed on them as an external

el ect rode p8§t8r9¢ﬁéC0591®GFt§0@§ch-aE rerpda@ol mad! tydk SRR tC to

obtain a sanple for a noisture resistance test. The size of the sanple
accordi ng t eceticsekExamdl ¢oluvgme.3.2 x 1.6 x 0.6 mm the thickness of the
internal electrode layers was 1.8 5 um and the thickness of the

pi ezoal ectric | ayethewaswheh makinbguthleepiczbelweitglilc Nalyier qfaddwe netal s
countained in the internal electrode was Au: Pt:Pd=7:3: 0. Further, the

coverage raheywakelrl®alsie ol indl,eGl kRt A-MAeled Wash iFBas Wdkth@ingkd ound to
be 70 10 percent. The coverage rate was found by taking an SEM phot ograph

of an el ect Bgd% RAER Al A & %y’l‘ih%le‘}f o0 @-. te>h£es'_% AN, ROGESSIAY the

image to find the area actual covered el ectrodes as conpared with

in water and the piezoelectric materlal may be mixed.
The water-soluble binder used in the water-based
10 vehicle is not particularly limited, but for example
polyvinyl alcohol, cellulose, a water-soluble acryl
resin, etc. may be used.
The internal electrode layer paste is prepared by
mixing a conductive material comprised of various
15 metals or alloys or various types of oxides, organic
metal compounds, resinates, etc. changing into the
above conductive materials after firing with the above
organic vehicle.
The content of the organic vehicle in the pastes is
20 not particularly limited, but the usual content is for
example made 1 to 5 wt% of a binder and 10 to 50 wt%
of a solvent, for example. Further, the pastes may
contain in accordance with need additives selected
from various types of dispersants, plasticizers,

25 piezoelectrics, insulators, etc. The total content of



the total area and expressing this by a percent. 15 The sanple according to
Exanple 1 was tested for the insulation resistance (IR) reliability by
supplying the sanple with a DC voltage of 2 kV/mm under a high
tenperature, high humdity environnent of 85C and 85% RH. T@ﬁ tgmm unt i
the IRfalls by a 20 double-digit amunt conpared with the ih PI éalue S
made the lifetinme of the sanple. The JRgvas neasured for up to 150 hours.
A sanple for which the IRfailed to fall by double digits even after 150
hours was judged to be good. Twenty sanples were tested. The 25 ratio of

good sanpl FEhdEs ?épé‘%%%%‘}a%iﬁg&t‘%{ec%t@%%zeo aQFTlc?Q,%iﬁ%e: 23 That rate

was nmade thé nbrsture résista est ~ survival Trate. results are shown
in Table 1. As hown i.n Table 1,. in Exampl.e 1, the noisture . resistance
Lost aurvival rERERwsiRg ShecERin g DRI I B G e 1ror o L han
60 percent, the overall judgenent was "good". Note that in the overal
judgement, Hh2¥EFvPR&Ler and Mtgrnadr @Rcigrodriayer RasfeRBER "very good",

one of 60 percent or nore as "good", and others as "poor”. 0 9 OCT 2003 -
24 0 printed in layers on a PET or other substrate. The

5 substrate is cut into a predetermined shape, then the
paste lamination is peeled off from the substrate to
obtain a green chip.

Further, when using the sheet method, the
piezoelectric layer paste is used to form green
10 sheets, an internal electrode layer paste is printed
on them, then these are stacked to form a green chip.
Before firing, the green chip is treated to remove
the binder. The treatment to remove the binder may be
performed under ordinary conditions, but is preferably
15 performed at a femperature of 300 to 700°C in an
atmosphere of a partial pressure of oxygen higher than
the atmosphere or a pure oxygen atmosphere.
After the treatment to remove the binder, the chip
is fired at a temperature of 1000 to 1250°C, preferably
20 1020 to 1220°C, for 0.5 to 5 hours. The chip may be
fired in the atmosphere or may be fired in an
atmosphere of a partial pressure_of oxygen higher than
the atmosphere or a pure oxygen atmosphere.
The fired internal electrode.layers 6a and 6b are

25 sometimes formed with fine holes such as holes formed
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10

15

20

25

by the escape of the solvent in the metal paste for
forming the internal electrode layers 6a and 6b. Due
to these fine holes etc., the area of the
piezoelectric layers 4 which the internal electrode
layers 6a and 6b actually cover, that is, the
coverage, sometimes becomes smaller than the total
area scheduled to be covered. In the present
embodiment, the area of the piezoelectric layers 4
which the internal electrode layers 6a and 6b actually
cover, that is, the coverage (coverage rate), is
controlled to about 50 to 99 percent. Specifically,
the coverage rate is controlled by the firing
temperature and the type and added amounts of the
metal species in the paste, the various types of
oxides (including co-materials), the organic metal
compounds, and the resinates, etc.

By controlling the coverage rate to within this
range, it is possible to obtain a sufficient
displacement as an actuator device and possible to
suppress delamination. If the coverage rate is too
small, a sufficient displacement cannot be obtained as
an actuator device 2, while if the coverage rate is
too large, delamination tends to easily occur.

Note that the present invention is not limited to

the above embodiments and may be modified in various
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ways within the scope of the present invention.

Next, the present invention will be explained based
on detailed examples, but the present invention 1is not
limited to these examples.

5 Example 1

As the final composition of the piezoelectric
layers, predetermined amounts of PbO, TiO,, 2r0,, CoO,
Nb,0,, SrCO,, and WO, were weighted as the starting
materials so as to give a lead-based piezoelectric

10 material comprised of 99.4 wt$ of (Pb, 4.,SI; o) ((CO,;,,Nb,,
3)0.00T 4o 4588 5 532)0; and 0.6 wtd of WO,. Next, these
starting materials were wet-mixed using a ball mill
for 5 hours, then calcined at 900°C for 2 hours. Next,
the result was pulverized using a ball mill for 15

15 hours to make a piezoelectric material. The
piezoelectric material was made to disperse in an
organic vehicle to make a piezoelectric layer paste
and the result was formed into a sheet by the doctor
blade method to thereby obtain a piezoelectric green

20 sheet. As the binder in the organic vehicle, use was
made of 48 wt% of an acryl resin based on 100 wt% of
the piezoelectric composition. Further, as the organic
solvent in the organic vehicle, use was made of 40 wt%
of methylene chloride, 20 wt% of ethyl acetate, and 4

25 wt% of acetone based on 100 wt% of the piezoelectric
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compesition. Further, the thickness of the sheet was
20 um.
The internal electrode layer paste was prepared by
dispersing in an organic vehicle a metal species alone
5 or an alloy thereof or an organic metal compound or
resinate etc. shown in the following Table 1 and
kneading it by a triple-roll mill. As the binder in
the organic vehicle, ethyl cellulose was used.
Further, as the organic solvent in the organic
10 vehicle, terpineol was used.

The internal electrode layer paste was coated on
piezoelectric green sheets by the screen printing
method. These were stacked, then compressed, then cut
into a predetermined size to obtain a green chip. The

15 coating thickness of the internal electrodel layer
paste was 4.2 um. The number of piezoelectric green
sheets coated with the internal electrodel layer paste
which were stacked was nine.

Next, the green chip was treated at 350°C for 3

20 hours to remove the binder, then was fired at 1060°C
for 2 hours to obtain a multilayer piezoelectric
actuator device body. ﬁext, the device was polished at
its end faces by sand blasting to expose the side ends
of the internal electrodes, then a metal paste was

25 printed on them as an external electrode paste. The
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result was baked at 700°C to obtain a sample for a
moisture resistance test. The size of the sample
according to this Example 1 was 3.2 x 1.6 x 0.6 mm,
the thickness of the internal electrode layers was 1.8
5 um, and the thickness of the piezoelectric layers was
15 pum. Further, the weight ratic of the metals
countained in the internal electrode was Au:Pt:Pd=7:3:
0. Further, the coverage rate of the internal
electrode layers was measured and found to be 70

10 percent. The coverage rate was found by taking an SEM
photograph of an electrode portion of a range of 50 um
x 50 um and processing the image to find the area
actually covered by the electrodes as compared with
the total area and expressing this by a percent.

15 The sample according to Example 1 was tested for
the insulation resistance (IR) reliability by
supplying the sample with a DC voltage of 2 kv/mm
under a high temperature, high humidity environment of
85°C and 85% RH. The time until the IR falls by a

20 double-digit amount compared with the initial value is
made the lifetime of the sample. The IR was measured
for up to 150 hours. A sample for which the IR failed
to fall by double digits even after 150 hours was
judged to be good. Twenty samples were tested. The

25 ratio of good samples was expressed as a percentage.
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That rate was made the moisture resistance test
survival rate. The results are shown in Table 1. As
shown in Table 1, in Example 1, the moisture
resistance test survival rate was 70 percent. Since

5 the survival rate was more than 60 percent, the
overall judgement was "good". Note that in the overall
judgement, a survival rate of 90 percent or more is

judged as "very good”, one of 60 percent or more as

"good", and others as "poor".
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0a04WC. 1-1 Uc7) Oa) -1 UAUXO 0 9 0 CT 2003 - 26 Exanple 2 The sane
procedure was followed as in Exanple 1 to find the coverage rate and the
noi sture resistance test survival rate except for making the weight ratio
5 of the netal species in the internal electrode |ayers fiq@#hg ﬁ@ ai ned
Au: Pt: Pd=3:7:0 and nmaking the firing tenperature 1100C. The L are
shown in Table 1. As shown in Table 4,26he- coverage rate was 75 percent
and the survival rate was 60 percent. Since the 10 survival rate was at

| east 60 percent, the overall judgenent was "good". Exanple 3 The sane
procedure was faJdawadk g6 in Exanple 1 to find the coverage rate and the
noi sture resistance 15 test survival rate except for nmaking the wei ght

ratio of the Wgtggéz_s;a&g&moé $He nlzeﬂée 61;6@10»%&0550% Ea¥fpse fii mally

obt ai ned Au: Pt: maki ng t Iring tenperature 1100C. The

results anaﬁiﬁagkﬁélgggggaléa¥§§esgg&ntﬁgoﬂgg%§8%?'E%?igggﬁegge rate was

85 percent he” stur vt v rate was . nce he"surviva
Compar at | ve WSS T oG Take SroRBnLFer BEKLER Bheaaeory EXSifie 1 to
25 find the coverage rate and the noisture resistance 0 9 OCT 2003
5 of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=3:7:0 and making the firing
temperature 1100°C. The results are shown in Table 1.
As shown in Table 1, the coverage rate was 75 percent
and the survival rate was 60 percent. Since the
10 survival rate was at least 60 percent, the overall
judgement was "good".
Example 3
The same procedure was followed as in Example 1 to
find the coverage rate and the moisture resistance
15 test survival rate except for making the weight ratio
of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=2:8:0 and making the firing
temperature 1100°C. The results are shown in Table 1.
As shown in Table 1, the coverage rate was 85 percent
20 and the survival rate was 60 percent. Since the
survival rate was at least 60 percent, the overall

judgement was "good".

Comparative Example 1

The same procedure was followed as in Example 1 to

25 find the coverage rate and the moisture resistance




- 27 test survival rate except for nmaking the weight ratio of the netal
species in the internal electrode |ayers finally obtained Au:Pt:Pd=0:10:0
and making the firing tenperature 1140C. The results are shown in Table 1.
5 As shown in Table 1, the coverage rate was 100 percent ar}g hgﬁ@ rvival
rate was 10 percent. Since the survival rate was |ess than % 2 nt, the
overall judgenent was "poor". Furthefr,21he cross-section of the obtained
sanpl e was observed, whereupon 10 del am nation of the internal electrode

| ayers and piezoelectric |ayers was observed. Further, with an

Au: Pt : Pd=0: $85@ eghgstinede rdtle iskcapcessnryak ongpthai weighe mdtici ves in
the electrode or the firing pattern etc., so manufacture is 15 difficult.

The reprOdUe'Ebit I YneltS IPAPe AL theredor entéhhal i 61888ubdableybos nmass
production. Further, due to use of platinum there are the denerits that

the manutaghithy %%%%Igé%ﬁ%ég&rw@:éimg LRAPRARE HEELnBUSY rakhgo be made

hi gher. 20 rative he sane procedure was followed as in
Exanple 1 to find . the cov e rate and the i r Si C t est
survi val raF@“@?fé‘Bﬁurfeorl]n'giﬁ'g qtrrhee e Egr%{?oﬁ%ﬁt }Eg érﬂré%)g gf)eci es in
the internal electrode |ayers 25 final I% obt ai ne A%: Pd:Bb?’ n%léi Qg t he

t hi ckifess ofsQ shiqyTe I Jle bg theeCPheLrfs| TaFEcFPSdd "PafeFS 2 um and
making the firing tenperature 1060C. The results are shown in Table 1. As
shown in Taking Lhe uxoieabgeatat vasak07pepeeatnt SaRGe kdCsurvival rate
was O percent. Since the 5 survival rate was at |east 50 percent, the
overal | judgenentalasat@oeas.less than 50 percent, the overall

judgement was "poor". Further, the cross-section of
the obtained sample was observed, whereupon

10 delamination of the internal electrode layers and
piezoelectric layers was observed.

Further, with an Au:Pt:Pd=0:10:0 electrode, it 1is
necessary to optimize the additives in the electrode
or the firing pattern etc., so manufacture is

15 difficult. The reproducibility is poor and therefore
this is unsuitable for mass production. Further, due
to use of platinum, there are the demerits that the
manufacturing costs rise and the firing temperature
must alsc be made higher.

20 Comparative Example 2

The same procedure was followed as in Example 1 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio

of the metal species in the internal electrode layers

25 finally obtained Ag:Pd=7:3, making the thickness of




Exanpl e 4 The sane procedure was followed as in Exanple 1 to find the
coverage rate and the noisture resistance 10 test survival rate except for
maki ng the weight ratio of the nmetal species in the internal electrode

| ayers finally obtained Au: Pt:Pd=7:3:0 and naki ng the COWpﬂﬁfIUTOMUjOf t he
pi ezoel ectric layers finally obtained a | ead-based piezoelectric materi al
conprised 15 of 99.6 w % of (Pb0.95Sr0.28) «(Znl/3Nb2/3) 0.1Ti 0.42Zro. 42)
d3 and 0.4 wt % of Ta205. The results are shown in Table 1. As shown in
Table 1, the coverage rate was 70 percent and the survival rate was 100

percent. Sipee k@ erWal \Wlect@id: Wasyats | 2aat, HUhdaidieiig the overal |
j udgenent 20 was "very good". Exanple 5 The sane procedure was fol |l owed as

in Exanple 4. fi r o-at i r€hd@$i s ance test
zfltn:Q.ngeri):{éq%%il}%m By At eNd- NP v HdINh

survival rate éx Ing the weight ratio 25 of the netal species in
the interna l.ec ro:}%l rs 0 q} T2Qc3§- d Iﬁ by, ned
Au: Pt : Pd=7: .ag.lf é'a ﬁoﬁ]ng Jt[hzra ]i%riln’g e?rp%%\g?}ur‘gél %%% %e results
are shown in Table 1. As shown jn Table 1, th& cover age fte wg@ 85
percent and PEASeRF AWidhIthe B o F et et . U A8t nat8GPviVal rate
was at |east 90 percent, the overall judgenent was "very %oo ". Exanple 6
The sdnme pr GEEFIYE Inda T amedk de3st BRAREECato the veheléoverage rate
and the noisture resistance 10 test survival rate except for making the
wei ght rati gudgfertdre: netal "pect es in the internal el ectrode | ayers
finally obtained Au: Pt: Pd=7:0: 3, making the thickness of the internal
el ectrode | ayer €xhnfplgm4 and naki ng
The same procedure was followed as in Example 1 to
find the coverage rate and the moisture resistance
10 test survival rate except for making the weight ratio
of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=7:3:0 and making the
composition of the piezoelectric layers finally
obtained a lead-based piezoelectric material comprised
15 of 99.6 wt% of (Pb, ,Sr ..)((2%n,,,Nb, ), Ti ,2r, )0, and
0.4 wt% of Ta,0,. The results are shown in Table 1. As
shown in Table 1, the coverage rate was 70 percent and
the survival rate was 100 percent. Since the survival
rate was at least 90 percent, the overall judgement
20 was "very good".
Example 5
The same procedure was followed as in Example 4 to

find the coverage rate and the moisture resistance

test survival rate except for making the weight ratio

25 of the metal species in the internal electrode layers




the firing tenperature 1100C. The results are shown in 15 Table 1. As shown
in Table 1, the coverage rate was 90 percent and the survival rate was 100
percent. Since the survival rate was at |east 90 percent, the overal

j udgenent was "very good". Exanple 7 20 The sane procedure @g%cﬁthomed as
in Exanple 4 to find the coverage rate and the noisture resistance test
survival rate except for making the wei2ddht-ratio of the netal species in
the internal electrode layers finally obtained Au:Pt:Pd=3:7:0, making the
t hi ckness 25 of the internal electrode |layers 1.9 ,um and naking 0 9 O CT

2003 - 30 theafiyi spthenear atupe :PHEOCL.The Sesuid sarighowh in Table 1.
As shown in Table 1, the coverage rate was 80 percent and the survival

rate was 80f9§£ﬁ§2£em§59§%ur%h@I%QPELVQEer%b%u@@% alrd eastwrblrper cent, the
overall 5 judgerent was "good". Exanple 8 The sanme procedure was foll owed

as in Exanp t Ln v r,at A d N0 stdn € w51 83 ance
t est survivt?bﬁgtg'eé%egpbggrﬁﬁhﬁ%ﬁgﬁiﬁé ﬁgﬁghtlwﬂ%Q§10 of the netal
species in the intern

| el ectrode layers _final 0 i hed Bt Pd=3:5: 2,
maki ng t he PﬁFEﬁﬁEsQngoF & WY Arta T 8 ee&arsggledq/%%cgélgfb %ln%ld maki ng
the firing tenperature_1100C. The results are shown in _Table % 1f5 shown
in Tabl e 1 thAesugVaVade Trite Wads 350 LB Perlb MG T het ROrOYSA T at e was

80 percent. Since the survival rate was at | east 60 percent, the overal
j udgenent wasdygoedt. wBsaryleryd daed 'sane procedure was fol l owed as in
Exanple 4 to 20 find the coverage rate and the noisture resistance

Example 6

The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
10 test survival rate except for making the weight ratio
of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=7:0:3, making the thickness
of the internal electrode layers 1.9 um, and making
the firing temperature 1100°C. The results are shown in
15 Table 1. As shown in Table 1, the coverage rate was 30
percent and the survival rate was 100 percent. Since
the survival rate was at least 90 percent, the overall
judgement was "very good".
Example 7
20 The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
of the metal species in the internal electrode layers

finally obtained Au:Pt:Pd=3:7:0, making the thickness

25 of the internal electrode layers 1.9 um, and making




test survival rate except for making the weight ratio of the netal species
inthe internal electrode layers finally obtained Au: Pt: Pd=3:4:3, naking

the thickness of the internal electrode |ayers 2.0 Am agﬁbgﬁgtﬁﬂ.ZS t he
firing tenperature 1100C. The results are shown in 0 9 0 31

Table 1. As shown in Table 1, the coverage rate was 90 percent and the
survival rate was 80 percent. Since -3 sdrvival rate was at |east 60
percent, the overall judgenent was "good". 5 Exanple 10 The same procedure
was followed as in Exanple 4 to find the coverage rate and the noisture

resistance LRt ¢Syn \éigv%lemb%tr%t%&‘éeﬁtl ofooe . makien g elsha t swairghtshreatn d.rof t he
nmetal species in the’internal 10 el ectrode |ayers finally obtained

Au: Pt : Pd=2: 8. 0.an Ki he f i hemglatdd v dddd Gatdherdaessits are
shown in Ta@?glf. qur%hg\rfi{]%‘%nn abagl% 1t'he coverage “rate was 85 percent

and the survival rate was 80 percent. .Since t iMal &al&ewas at | east
60 15 per ceREICERE 8@@r§mej R&%?Jéﬁ%éﬂfE E&%%%?e 11 The sane

procedure was followed as in Exanple 4 to d%%nd t he coverage and the
noi sture reshet swey ivedstrahiyy Waslat e s tp?We%kiﬁbet%%é%fbht ratio

20 of the netal species in the internal electrode layers finally obtained
Au: Pt :5Pd=2: uigemeiitngrashe' gdiid’kness of the internal electrode |ayers 1.9
um and making the firing tenperature 1100C. The results are shown in

Table 1. As showxanmplkald e 1, the coverage rate was 85 25 percent and the

survival rate was 80 percent. Since 0 9 OCT 2003 - 32
The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
10 of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=3:5:2, making the thickness
of the internal electrode layers 2.0 um, and making
the firing temperature 1100°C. The results are shown in
Table 1. As shown in Table 1, the coverage rate was 30
15 percent and the survival rate was 80 percent. Since
the survival rate was at least 60 percent, the overall
judgement was "good"”.
Example 9
The same procedure was followed as in Example 4 to
20 find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=3:4:3, making the thickness

of the internal electrode layers 2.0 um, and making

25 the firing temperature 1100°C. The results are shown in




the survival rate was at | east 60 percent, the overall judgenent was
"good". Exanple 12 The sane procedure was followed as in Exanple 4 to 5
find the coverage rate and the noisture resistance test survival rate
except for making the weight ratio of the netal species irmgmgijg er nal
el ectrode layers finally obtained Au:Pt:Pd=2:6:2 and nmaking the tiring
tenperature 1100C. The results are showil inr Table 1. 10 As shown in Table
1, the coverage rate was 90 percent and the survival rate was 80 percent.
Since the survival rate was at |east 60 percent, the overall judgenent

was "good".pSoppal at hke shxaaplie TalfieThe sane quwnsths ecaae was | ded as in
Exanple 4 to find the coverage rate and the npisture resistance test

survival r Pt pfOh HERK NG, shE Weitghtudatd @ pofcdéde. neintespecies in
t he interngkggﬁég?r% E Fﬁ%ﬁrs finally obt ai ned Au: Pt: Pd=0: 10: 0, naki ng the

t hi ckness 20 _of the.interngl electro y a {+r8ga1the firing
t enper at ur e " 2F0FEL V& gg&e[ gqagsr egts%gevéq&l ;‘éo's_l%%f%éﬁlt', Ehgﬁ%vﬁgi n Table 1,
the coverage rate was 100 percent and the survival rate was 20 percent.
Since the siR¢RERENTM@S\aId9%Es than 50 percent, the 25 overall judgenent
was "poor". Further, the cross 0 9 O CT 2003 - 33 section of a sanple
obt ai hed was obExemede Wller eupon del ami nation of the internal electrode

| ayers and piezoelectric |ayers was observed. Conparative Exanple 4 5 The
same procedure whe fsereowerbeaiire Bempiel owed &§ nint RE2BBYEr 4g8°rate and
the noisture resistance test survival rate except for making the weight
ratio find the coverage rate and the moisture

resistance test survival rate except for making the
weight ratio of the metal species in the internal
10 electrode layers finally obtained Au:Pt:Pd=2:8:0 and
making the firing temperature 1100°C. The results are
shown in Table 1. As shown in Table 1, the coverage
rate was 85 percent and the survival rate was 80
percent. Since the survival rate was at least 60
15 percent, the overall judgement was "good".
Example 11
The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
20 of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=2:7:1, making the thickness
of the internal electrode layers 1.9 um, and making
the firing temperature 1100°C. The results are shown in

Table 1. As shown in Table 1, the coverage rate was 85

25 percent and the survival rate was 80 percent. Since




of the metal species in the internal electrode |ayers finally obtained
Ag: Pd=7: 3 and naki ng the thickness of 10 the internal electrode |ayers 2.0
um The results are shown in Table 1. As shown in Table 1, the coverage
rate was 70 percent and the survival rate was 10 percent @Skﬁ L he
survival rate was |ess than 50 percent, the overall judg@ s "poor".
15 Conparative Exanple 5 The sane procedure-was followed as in Exanple 4 to
find the coverage rate and the noisture resistance test survival rate
except for making the weight ratio of the netal species in the internal

el ectr ode | ayer ss 20y £ a8l Lycabyalngd AgaBd=307oaRdomBli el e thiygkness of

the internal electrode layers 2.1 um The results are own in Table 1. As

shown in Ta er, .rate was 80 percent and the survival rate
was 10 per g’e“ﬁ%&er@%%@e‘sgﬁe §§§9| val rate was |less than 50 25 percent, the
p

overal | judgeneag was. " ggr". 0 9 OCT 2003 - 34 Reference Exanple 1 The
sane procedure a d as in Exanple 4 to find the coverage rate and
the noisture resistance test survival rate except for nmaking the thickness
of 5 the interndlhe| e3¢ opECragers vas Gallowedr asulnsExpBplendwsioi n Tabl e
1. As shown in Table 1, the coverage rate was 30 percent. D sconnection of
t he i nternalfimed ethe otdevéayggesrans shdethedmandtiulre meisistieeceesi st ance
test was not possible. Therefore, the 10 overall judgenent was "poor". The
di sconnecti aresxf $ievivaleragk ekeeptoder| ayRing sheeliedydd trathave been

because the thickness of the internal electrode |ayers was |less than 1 gm
Exanple 13 of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=2:6:2 and making the firing
temperature 1100°C. The results are shown in Table 1.
10 As shown in Table 1, the coverage rate was 90 percent
and the survival rate was 80 percent. Since the
survival rate was at least 60 percent, the overall
judgement was "good".
Comparative Example 3
15 The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=0:10:0, making the thickness
20 of the internal electrode layers 2.0 um, and making
the firing temperature 1100°C. The results are shown in
Table 1. As shown in Table 1, the coverage rate was
100 percent and the survival rate was 20 percent.

Since the survival rate was less than 50 percent, the

25 overall judgement was "poor". Further, the cross-



15 The sane procedure was followed as in Exanple 4 to find the coverage
rate and the noisture resistance test survival rate except for making the
thickness of the internal electrode layers 1.3 um The results are shown
in Table 1. As shown in Table 1, the coverage 20 rate was @&QE? ent and
the survival rate was 80 percent. Since the survival rat% | east 60
percent, the overall judgenment was "good3. - Exanple 14 The sanme procedure
was followed as in Exanple 4 to 25 find the coverage rate and the noi sture
resistance 0 9 OCT 2003 - 35 test survival rate except for naking the

thickness ofsedtied Herdadamb et 69681 hay ol ds 2oBsBYvaRe Lpewkhpoare shown
in Table 1. As shown in Table 1, the coverage rate was 65 percent and the

survi val T atg s it fobel £eie &egg%%gsefa%gxale 1abg st |east 60

percent, the overall judgenent was erence anpl'e 2 The sane
procedure was fal t i,nd the coverage rate and the

l.owed as jn Exanple 4 to_ f
noi sture reﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁf%%sia%%¥%gggf ?%f%rgﬁéept for maki ng the thickness
of the internal_ electrode layers.3.5 m The results are shown in Table 1.
As shown in Tabl o= €rate was 60 percent and the surviva
rate was 20 percent. Since the survival rate was |ess than 50 15 percent,
the overal | jud@@fergan@preeriure Fuds htellewedr a8sineExpoplef 4atoanpl e
obt ai ned was observed, whereupon del am nation of the internal electrode
| ayers and piiexbdilexrtaovetrayersatasantiseheetloighusei gebdlsitaned because t he
t hi ckness of the internal 20 electrode |layers was |larger than 3 m
Reference BExaigy &wdrvival rate except for making the weight ratio
of the metal species in the internal electrode layers
finally obtained Ag:Pd=7:3 and making the thickness of
i0 the internal electrode layers 2.0 um. The results are
shown in Table 1. As shown in Table 1, the coverage
rate was 70 percent and the survival rate was 10
percent. Since the survival rate was less than 50
percent, the overall judgement was "poor".
15 Comparative Example 5
The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
of the metal species in the internal electrode layers
20 finally obtained Ag:Pd=3:7 and making the thickness of
the internal electrode layers 2.1 um. The results are
shown in Table 1. As shown in Table 1, the coverage
rate was B0 percent and the survival rate was 10

percent. Since the survival rate was less than 50

25 percent, the overall judgement was "poor”.




The sane procedure was followed as in Exanple 4 to find the coverage rate
and the noisture resistance test survival rate except nmaking the firing 25
tenperature 1180C. The results are shown in Table 1. 0 9 0 CT 2003 - 36 As
shown in Table 1, the coverage rate was 40 percent and ayggﬁﬁhﬁsval rate

was 30 percent. Since the survival rate was less than 5 , the
overall judgenent was "poor". It is bejjeved the coverage rate 5 fell to

| ess than 50 percent since the firing tenperature was too high. Exanple 15
The sane procedure was followed as in Exanple 1 to find the coverage rate

and the noisture r&sist C& L0 fes{ survival rate except for making the
wei ght ratio OELg%%"né%%#—spé%res—in the internal electrode |ayers
finally obtained Au:Pt:Pd=3:7:0, making_ the c ositign of _th

i 6206l eotri ¢ | S Fih g cBhEa 1Rt 5] CoRE Do i ESRBPLE! i £ mat er f al
conprised 15 of (Pb0. 94Sr0.04) ( (My113Nb213) 0.265Ti 0. 395Zr0.335) 03 ,
maki ng the tfhHinckridss GIverrde niakpadne| et rvees tayer5€319taIC8nd maki ng
the firing tenperature 1180C. The results are shown in Table 1. As shown

in Table 1, tesee coueriagel rate smseBd percemkimgdthéetbickneas clte was 70
20 percent. Since the survival rate was nore than 60 percent, the overal

j udgerent washe' gortErna BEXe1gt€rdde Theysaseo pg ogedurgevagsthidtkoned as in
Exanple 15 to find the coverage rate and the npisture resistance 25 test

survival ratREem $A5148Ki Ngs t BRoWR! SRt TE81E01; BRe BofePad 2003 of the
nmetal species in the internal electrode |ayers
rate was 30 percent. Disconnection of the internal
electrode layers was observed and the moisture
resistance test was not possible. Therefore, the
10 overall judgement was "poor". The disconnection of the
internal electrode layers is believed to have been
because the thickness of the internal electrode layers
was less than 1 um.
Example 13
15 The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the thickness of
the internal electrode layers 1.3 um. The results are
shown in Table 1. As shown in Table 1, the coverage
20 rate was 60 percent and the survival rate was 80
percent. Since the survival rate was at least 60
percent, the overall judgement was "good".
Example 14

The same procedure was followed as in Example 4 to

25 find the coverage rate and the moisture resistance



finally obtained Au: Pt: Pd=2:8:0 and nmaking the thickness of the internal
el ectrode layers 1.8 Mm The results are shown in Table 1. As shown in
Table 1, the 5 coverage rate was 85 percent and the survival rate was 70
percent. Since the survival rate was nore than 60 perc?ﬂiﬁ t he overal |

j udgenent was "good". Exanple 17 The same procedure was (Tolfd as in
Exanple 4 to 10 find the coverage rate3zgnd the noi sture resistance test
survival rate except for nmking the weight ratio of the netal species in
the internal electrode layers finally obtained Au:Pt:Pd=8:2:0, naking the

thi ckness _qlegihad.iaiial, pl eotfods: | A4eralifg i 2AdorAkEgooEs the

firing tenperature 1020C. The results are shown™in As shown in

Table 1, th ovier, rat s_6 er cent d the,survival rate was 80
percent. Si%@% %ﬁ%?%&ﬁ%ﬂ?&ﬁ§%ﬁﬁé?vééy%ﬁﬁe2?ﬁaﬁmGOTﬁsrESﬁpatPhé%GoveraI

j udgenent ma% "good". 20 Exanple 18 The, sane procedure was followed as in
Exanple 4 t& dN FERIR e ages rsh e ant t hab i St uFBer ESVEFEALe test
survival rate except for naking the weight ratio of the nmetal species in
t he int er naFadieedt@sode® IRgRIen5aRd nbre yswbv dvakdraberRWa®: 30 making the
thickness of - 3 8 - 09 0 CT 2003 the internal electrode |ayers 2.0 um
and nEki ng fpeecdnt. fgnenpehatsneyMADGatdbewassatt $eask $fown in  Table
1. As shown in Table 1, the coverage rate was 80 percent and the survival

rate was 80 peafceait, tidavdrdlE Sudybnehnt ra4s wgsogore than 60 percent,
the overall judgenent was "good". Exanples 19 to 23 and Reference Exanpl es

4 and 5 As showefidyelplt Gdampie Sane procedure was followed as in
Exanple 6 to find the coverage rate and
The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
10 test survival rate except for making the thickness of
the internal electrode layers 3.5 um. The results are
shown in Table 1. As shown in Table 1, the coverage
rate was 60 percent and the survival rate was 20
percent. Since the survival rate was less than 50
15 percent, the overall judgement was "poor". Further, a
cross-section of a sample obtained was observed,
whereupon delamination of the internal electrode
layers and piezoelectric layers was observed. This is
believed because the thickness of the internal
20 electrode layers was larger than 3 um.

Reference Example 3

The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except making the firing

25 temperature 1180°C. The results are shown in Table 1.



10 the noisture resistance test survival rate except for rmaking the

t hi ckness of the internal electrode layers 2.0 pmor 1.9 gm and changi ng
the firing tenperature between 1000C to 1240C. The results are shown in
Table 2. 15 As shown in Table 2, when Au: Pt: Pd=7:0: 3, itDQ?B m arned that
when the firing tenperature is 1060 to 1220C, preferably L& o 1200C,
the noisture resistance is inproved. = 38 0 9 0 CT 2003 mPIDW mnto
mil{ 741 YCCa 4wawOw0 aUzulLl Emmtontom aOoaaaa | al0000000
a.iwcac~>, c~t ~r o444c~av4 nDQQRO00 0000QQVO00 Eayy0dO. a0.yO0) C. m

As shown in Table 1, the coverage rate was 40 percent
and the survival rate was 30 percent. Since the
survival rate was less than 50 percent, the overall
judgement was "poor". It is believed the coverage rate
5 fell to less than 50 percent since the firing
temperature was too high.
Example 15
The same procedure was followed as in Example 1 to
find the coverage rate and the moisture resistance
10 test survival rate except for making the weight ratio
of the metal species in the internal electrode léyers
finally obtained Au:Pt:Pd=3:7:0, making the
composition of the piezoelectric layers finally
obtained a lead-based piezoelectric material comprised
15 of (Pb, ,,Sr, ;) ((Mg,,;Nb, .}, ,6sTiy 5952L, 355)0;, Making the
thickness of the internal electrode layers 1.9 um, and
making the firing temperature 1180°C. The results are
shown in Table 1. As shown in Table 1, the coverage
rate was 80 percent and the survival rate was 70
20 percent. Since the survival rate was more than 60
percent, the overall judgement was "good".

Example 16

The same procedure was followed as in Example 15 to

find the coverage rate and the moisture resistance

25 test survival rate except for making the weight ratio




mmi]i7 all.
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of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=2:8:0 and making the
thickness of the internal electrode layers 1.8 um. The
results are shown in Table 1. As shown in Table 1, the
coverage rate was 85 percent and the survival rate was
70 percent. Since the survival rate was more than 60
percent, the overall judgement was "good".

Example 17

The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
of the metal species in the internal electrode layers
finally obtained Au:Pt:Pd=8:2:0, making the thickness
of the internal electrode layers 1.9 um, and making
the firing temperature 1020°C. The results are shown in
Table 1. As shown in Table 1, the coverage rate was 60
percent and the survival rate was 80 percent. Since
the survival rate was'more than 60 percent, the
overall judgement was "good".

Example 18

The same procedure was followed as in Example 4 to
find the coverage rate and the moisture resistance
test survival rate except for making the weight ratio
of the metal species in the internal electrode layers

finally obtained Au:Rh=7:3, making the thickness of

liaa 1.1> y7m L13-4 - . +miO000000000000C0 0np000r nNr nONm
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0 QM) WlenMMWNr-1...-. -.-1ep00 /4700000d000d000 10...... od
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15

the internal electrode layers 2.0 um, and making the
firing temperature 1100°C. The results are shown in
Table 1. As shown in Table 1, the coverage rate was 80
percent and the survival rate was 80 percent. Since
the survival rate was more than 60 percent, the
overall Jjudgement was "good".

Examples 19 to 23 and Reference Examples 4 and 5

As shown in Table 2, the same procedure was
followed as in Example 6 to find the coverage rate and
the moisture resistance test survival rate except for
making the thickness of the internal electrode layers
2.0 ym or 1.9 um and changing the firing temperature
between 1000°C to 1240°C. The results are shown in
Table 2.

As shown in Table 2, when Au:Pt:Pd=7:0:3, it was
learned that when the firing temperature is 1060 to
1220°C, preferably 1060 to 1200°C, the moisture

resistance is improved.
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Reference Examples 6 and 7

The same procedure was followed as in Example 6 to
find the coverage rate and the moisture resistance
test survival rate except for making the Au:Pt:Pd=

5 10:0:0, making the thickness of the internal electrode
layers 2.2 um or 2.1 um, and making the firing
temperature 1000°C or 1060°C as shown in Table 2. The
results are shown in Table 2.

As shown in Table 2, it was learned that when the

10 metal ingredient in the internal electrode layers is
100 percent gold, the firing temperature has to be
lowered, but insufficient sintering or disconnection
of the electrodes occur and therefore the moisture
resistance drops.

15 Examples 24 to 26 and Reference Examples 8 and 9

The same procedure was followed as in Example 6 to
find the coverage rate and the moisture resistance
test survival rate except for making the Au:Pt:Pd
9:0:1, making the thickness of the internal electrode

20 layers 2.0 um, 2.1 um, or 2.3 um and making the firing
temperature 1000°C to 1140°C as shown in Table 2. The
results are shown in Table 2.

As shown in Table 2, it was learned that when

Au:Pt:Pd=9:0:1, the moisture resistance is improved

25 when the firing temperature is 1020 to 1100°C,




- 41 - 0 9 CCT MDO3 Reference Exanples 6 and 7 The same procedure was
followed as in Exanple 6 to find the coverage rate and the noisture
resistance test survival rate except for nmaking the Au:Pt:Pd= 5 10:0: 0,
maki ng the thickness of the internal electrode layers 2.2 ptmor 2.1 m
and nmaking the firing tenperature 1000C or 1060C as shomqqiﬁgﬂ'ble 2. The

results are shown in Table 2. As shown M@ Table 2, it was t hat when

the 10 netal ingredient in the internal electrode layers is 100 percent
gold, the firing tenperature has to be |owered, but insufficient sintering

or di sconnect, h ectr ccur and therefore the noisture
Séfé’f‘er%éltxiﬁg cSoo30E" §

6 and Reference Exanples 8 and 9 The
ple 6 to, flnd the cover age rate and

resi stance ops.
same procedure
t he noi sture reststan , 4 HE -

9:0:1, making the thlckness of the |nternal electrode 20 | ayers 2. 0 n1 2.1
ian, or 2.3 gntéﬂﬂen%%mﬂgpfﬁéeﬂprﬁngaﬁeﬁﬁéﬂéﬁ&ﬂeaﬁOO@CEw@n$m40®iaSDShomn in
Tabl e 2. The _results are shown in Table 2. As shown in Table 2, it was

| ear ned t hatfvindnth@ucPrePdge: Date thd mmbsmuﬁeﬂuzé:ﬁeynktdﬁténproved 25
when the firing tenperature is 1020 to 1100C, - 42 090CT2M preferably 1020

to 106DC. Extapt esuVival30assdekorpar &birvenErdiRle thel & :3a0EProcedure
was followed as in Exanple 6 to find the coverage rate and the noisture

fesistance xdeps ssvhdah 14! 2a8xeen! hakiGRARHS LTI o a1 0 as
shown in Table 2, making the thickness$ of

internal electrode layers 1.8 um, 1.9 gm, or 2.0 um,

and making the firing temperature 1100°C, 1140°C,
1180°C. The results are shown in Table 2.
10 Notes
Compared with Comparative Examples 1 to 6,
according to Examples 1 to 30, it was confirmed to be
possible to realize a multilayer piezoelectric
actuator device improved in the moisture resistance
15 test survival rate, free from deterioration of the
insulation resistance of the piezoelectric layers even
under high humidity environments, superior in moisture
resistance, and high in reliability.
Further, by comparing Reference Examples 1 and 2
20 and Examples 13 and 14, it was confirmed that when the
thickness of the internal electrode layers is 1 to 3
um, the effect of the present invention is improved.
Further, by comparing Comparative Example 3 and
Reference Example 3 with Examples 4 to 14, it was

25 confirmed that when the coverage rate is 50 to 99



internal electrode layers 1.8 m 1.9 gm or 2.0 um and neking the firing
tenperature 1100C, 1140C, 1180C. The results are shown in Table 2. 10

Not es Conpared with Conparative Exanples 1 to 6, according to Exanples 1
to 30, it was confirnmed to be possible to realize a multilayer

pi ezoel ectric actuator device inmproved in the noisture r @9ig{Jggpe 15 test
survival rate, free fromdeterioration g@f the insulation resistance of the
pi ezoel ectric | ayers even under high humdity environments, superior in
noi sture resistance, and high in reliability. Further, by conparing

Ref erence 1 a . .t .was confirnmed

t hat when the t%ﬁ%kﬁggg %#f%%% ?gtgﬁﬁgﬁkgﬁgégrgggeﬁg§8bsl?2 1to3 gm
the effect of the éesent invention is inproved. Further, by conparing
Conparativelé%ﬁﬁﬁY% 3 and Reference Exanple 3 with Exanples 4 to 14, it
was 25 confirned that when the coverage rate is 50 to 99 0 9 OCT 280 - 43
percent, the ef flBHICRAT t Y (FEBRAFiNGVRAEEHANTS EXaBPdfed. aRGrt her, by
conparing Reference Exanple 7 and Conparative Exanple 6 with Exanples 26
to 30, it wlrrpzontiveckdxanptet hewitht Bremplesh26égbbd3n tilte wiast er nal

el ectrode layers is preferably 20 to 90 wt% nore preferably 60 to 90 wt %
parti cul ar | yeqriefemed| yh&H0 the S86nvehr whetrapgoléheénmhet uhe er@ailst ance
was particularly inproved. 10 Further, by referring to Exanples 19 to 26,
it was conférgmeedrédatlipersi isngrbeapgpalupe ¥8s9d02e4t ome¥ke20' C, nore
preferably 1060 to 1200'C. As expl ai ned above, according to the present

preferably 60 to 90 wt%, particularly preferably 60 to
80 wt%, whereupon the moisture resistance was
particularly improved.

10 Further, by referring to Examples 19 to 26, it was
confirmed that the firing temperature was 1020 to
1220°C, more preferably 1060 to 1200°C.

As explained above, according to the present
invention, it is possible to provide a multilayer

15 piezoelectric device such as a multilayer
piezoelectric actuator device which is free from
deterioration of the insulation resistance of the
piezoelectric layers even under a high humidity
environment, is superior in moisture resistance, and

20 is high in reliability.



invention, it is possible to provide a nultilayer 15 piezoelectric device
such as a nultilayer piezoelectric actuator device which is free from
deterioration of the insulation resistance of the piezoelectric |ayers
even under a high humdity environment, is superior in noisture
resistance, and 20 is highin reliability. 090CT2013 -44)Chey MBI 1. A

mul tilayer piezoelectric device conprigjng piezoelectric |ayers and
internal electrode layers alternately stacked, said internal electrode

| ayers containing gold as an essential ingredient, and the content of the
gold in the internal electrode |ayefgafaging 20 to 90 wt% with respect to
the total weight of netal ingredients in the internal electrode |ayers as
100 wt% 2. The multilayer piezoelectric device as set forth in claima1l,

wherein the coptent ,of ol d.in the boiesnale elgstieede baygrssing 60 to
90 wt% with re{s]ioectp‘to %Egt?ot% w:ep!igrz\t of nmetal ingredi engs in the

i nternal mlexdaledsriaydpyeas 2200intesnal FARSURIOE] IL3YEF S pFer BRI Y ¢
devi ce as_ set, forthin 4 ifm1, eLekd 1§ hée LONt@MaiOfinkhgogal dsi rart he

i nt er nal StZ éekcetd?od%ﬁa;yjé&seadlns 165%@ 80 vvt%gf\neth resgéct to _the total

wei ght ofesmtralisilngiedredtant,n ehé iWter AAPT®IecCfodEt ay®id as” 106 wt %

4. The mul tilayar RLEZPELECTL )G sABYL &€ A5 1380l RE4 Nuith raBpeobeto®ftid aims 1
to 3, wherein sai 3 internal €lectrode’ |layers contain at Ieasg)%one del ement

from pal | wefiaim wpkabt ngd aretal hbeeiAALeBTsTHE ntht i FAYRT T eZ0BF €t T5 ¢
devi ce asl%%rg it Rggny e 2Ny one of claims 1 to 3, wherein the internal
el ectrode lfayers contain at | east one elenent from palladi umand plati num

2. The multilayer piezoelectric device as set forth in
claim 1, wherein the content of the gold 1in the internal
electrode layers is 60 to 90 wt% with respect 1o the total

weight of metal ingredients in the internal electrode layers as

100 wt%.

3. The multilayer piezoelectric device as set forth in
claim 1, wherein the content of the gold in the internal
electrode layers is 60 to 80 wt:% with respect to the total
weight of metal ingredients in the internal electrode layers as

100 wt%.

4. The multilayer piezoelectric device as set forth in
any one of claims 1 to 3, wherein said internal electrode layers
contain at least one element £from palladium, platinum and

rhodium.

5. The multilayer piezoelectric device as set forth in
any one of claims 1 to 3, wherein the internal electrode layers

contain at least one element from palladium and platinum.

6. The multilayer piezoelectric device as set forth in

any one of claims 1 to 3, wherein the



6. The nultilayer piezoelectric device as set forth in any one of clains 1
to 3, wherein the 0 9 OCT 2003 -- 4 5 internal electrode |ayers contain
palladium 7. The nmultilayer piezoelectric device as set forth in claim§6,
wherein the content of the palladium in the internal electrode |layers is
20 to 40 wt%with 5 respect to the total weight of netal irpogidiggnts in

the internal electrode |layers as 100 w4 8. The nultil ayer piezoelectric
device as set forth in any one of claims 1 to 3, wherein the thickness of
the internal electrode layers is 1 to 3 10 m 9. The multil ayer

pi ezoel ect riiqtdamiLle dBeSBEodéOlaYeld AHNL QDS gélfbaitﬁﬁ.l to 3, wherein the
area of the piezoelectric layers which the internal electrode |ayers

actual ly coversqjtuﬁhéshuf@fﬁgg¥§g%¥?ééﬁé%?%§? 45, P01 999 percent. 10

The multilayer piezoelectric h™Tnany one of clains 1 to
3, wherein i ez ectric layer c rises a |l ead-based i,ezoel ectric
materi al . Zga%%h Qarné%ﬁléyévh%g%i%efggt??%gﬂBEiEg Egesg?llggFFﬁ in claim
10, wherein . the | ead-based, piezoelectric material contains a conposition
of the forrll &% PBHieyngl ebecirode hayens »5 dfeke 80 weravifBast one

el ement selected fromO9 OCT h[lj -- 46 Zn, Cd, My, N, Co, Fe, Sc, O,
Yb, L@, |n, DRSPedid ®h Wiel 1otal weightsef onetel ebpgregibntsednfrom Nb, Ta,

W the internal electrode layers as 100 wt%.

8. The multilayer piezoelectric device as set
fofth in any one of claims 1 to 3, wherein the
thickness of the internal electrode layers is 1 to 3

10 J4IM .

9. The multilayer piezoelectric device as set
forth in any one of claims 1 to 3, wherein the area of
the piezoelectric layers which the internal electrode
layers actually covers, that is, the coverage rate, is

15 50 to 99 percent.

10. The multilayer piezoelectric device as set
forth in any one of claims 1 to 3, wherein each
piezoelectric layer comprises a lead-based
piezoelectric material.

20 11. The multilayer piezoelectric device as set
forth in claim 10, wherein the lead-based
piezoelectric material contains a composition of the
formula:

Pb,[(B,/B,),2r,Ti 1,0,

25 where B, is at least one element selected from




Te, and Sb and x, y, z, a, and b are in relations of 5 0<x<0.5,

0.1 <y< 0.55, 0.2<zs0.60, x+y+z-1, and 0.97<a/b:51. 10 12. The

mul til ayer piezoelectric device as set forth in claim 10, wherein the

| ead- based piezoelectric material contains a conposition Erg] f or mul a:
15 20 25 (Pbl_uay) a C (a l' (32) XZrYTiZ ] bO3 where a is ag K5t one

el enent selected from Sr, Ba, Ca, and 4% 21 is at |east one el enent
selected fromzn, Cd, My, Ni, Co, Fe, Sc, Cr, Yb, Lu, In, M, and Sn, and
N2 is at | east one element selected from No, Ta, W Te, and Sb and x, v,
z, a, b, andzw, aCd,i MgreNati gos 6k, @&x<€@r§, Y®,13¥S_Q&rD5.Mn,0.aakZsW. 60,
x+y+z=1, 0.975a/bsl, and - 47 0 < u 0.15. 090Cr1003 13. A nethod of

producing a amdtp] akerati BEHSE e6hé | 61 eHBNE CEe £ORPELSEPoR! NBI €3 gCtric
| ayers and internal el ectrode | ayers alternately stacked, ¢onprisi'ng the

steps of-. taclydingrLoghd in said internal electrode Iayers

X, ¥, 2, &, and b are in relations of
5 0<x<0.5,

0.1<y<0.55,

0.2<2z50.60,

xt+ty+z=1, and

0.97<a/bsgl.

10 12. The multilayer piezoelectric device as set
forth in claim 10, wherein the lead-based
plezoelectric material contains a composition of the
formula:

(Pb,_,0,),[(B,r B,),27,T1,1,0,

15 where o is at least one element selected from
Sr, Ba, Ca, and La, B, is at least one element selected
from zZn, Cd, Mg, Ni, Co, Fe, Sc, Cr, ¥Yb, Lu, In, Mn,
and Sn, and B, is at least one element selected from
Nb, Ta, W, Te, and Sb and

20 X, ¥, 2, a, b, and u are in relations of

O<x<0.5,
0.12y<0.55,
0.2<2<0.60,
x+y+z=1,

25 0.97<a/b<1l, and




as an essential ingredient, wherein the content of the gold in the
internal electrode |ayers being 20 to 90 W% wth respect to the total

wei ght of metal ingredients in the internal electrode |ayers as 100% and
firing the piezoelectric layers and internal electrode |ayers at a
tenperature of 1020 to 1220C. 14. The jwethod of pr oducih@OChioau!l til ayer

pi ezoel ectric device as set forth in claim13, conprising including gold
so that the content of the gold in the internal electrode |ayers becones
60 to 90 wt% with respect to the total weight of netal ingredients in the
internal electrode layers as 100 wt % 15. The nmethod of producing a

mul tilayer pigzqelectrjggdevice as set forth in claim 13, conprising

i ncluding gold so that the content of the gold in the internal electrode
| ayers becones 60 to so ww% with respect to the total weight of netal

ingredients in_the _intern el ectrpde | ayers as. 100 wt % 16.. The met hod of
produci ng a rrullﬁi'l a)‘?‘ermeﬁhc?z&% é%’fcf‘cﬁlf”d'@/i%em%@’s FYSork " %e%%‘ilt%{;‘g of
claims 09@e¥i¥d - ARprizd® &5 LyebbBelceeppei sifgerscl add ngiateteast one
el ement from palladi um platinum and rhodiumin said internal electrode

| ayers. 1BleThaodet Havets prodiciately miaghasercomprs sintt| ek r FeeBRvi ce as
set forth j.n claim 16, conprising including palladiumso that the content
of the pall'adiumin the internal el ectrode | ayers becones 20 to 40 wt %

w th respect to the itrailaldive) guldfinedaid imgeedkentlectrede 1ayeraal

el ectrodealsayaerr_ls eassselrg)i?iél'](.) V:)L'tnz/yoredient, wherein the content of the
gold in the ’internal electrode layers being 20 to 950 wt%
with respect to the total weight of metal ingredients in
the internal electrode layers as 100%, and
firing the piezoelectric layers and internal

electrode layers at a temperature of 1020 to 1220°C.

i14. The method of producing a multilayer
piezoelectric device as set forth in claim 13, comprising
including gold so that the content of the gold in the
internal electrode layers becomes 60 to 90 wt% with
respect to the total weight of metal ingredients in the

internal electrode layers as 100 wt%.

15. The method of producing a multilayer
piezoelectric device as set forth in claim 13, comprising
including gold so that the content of the gold in the
internal electrode layers becomes 60 to 80 wt% with
respect to the total weight of metal ingredients in the

internal electrode layers as 100 wt%.

16. The method of producing a maltilayer

piezoelectric device as set forth in any one of claims
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13 to 15, further comprising including at least one
element from palladium, platinum, and rhodium in said
internal electrode layers.

17. The method of producing a multilayer
piezoelectric device as set forth in claim 16,
comprising including palladium so that the content of
the palladium in the internal electrode layers becomes
20 to 40 wt% with respect to the total weight of metal
ingredients in the internal electrode layers as 100

wt%.




