1. A CERAM C ELECTRONI C PART AND A METHOD ‘FOR MANUFA quﬁ%%g

The present invention relates to a ceramic electronic evi ce such &s ja
mul tilayer ceramic capacitor, a multilayer varistor; a db¢iéGHe R
resonator, a piezo-electric device or the |like and a nethod for

manuf acturing the sane. Mre specifically, the present invention relates
to a ceranmic electronic part conprisingian outer electrode and an inner
el ectrode having Ni as a main conponent, and a nmethod for manufacturing

t he sane. Conventionally, for a ceramc electronic part having an
I nner el ectrode conprising Ni as a main conponent (hereinafter NI inner
. electrode will be used), an outer el ectrode manufactured by sintering a

nmet al coat i ngAnGERAMIS ELECTRONIG GPART ANDUA JETHOD EGR MANHBACTURING|¥HE: SAME
(hereinafter, Cu outer electrode will be used). has been generally used.
The reason for this is that Ni and Cu can forma solid solution in all
percentages so that N and Cu are likely to be bound each other. In other
words, a joining bé&heepresenti dneentdioacrebakesand @rcerante eleetiromwite can
easily be forned. Mreover, the nelting point of Cuis 1083 [err]C. 1In

case of suchdewvgbe rmichi ag a enflef bayere ceraniy ¢apatédtorghaamel tillgyerexcel | ent
condition of sintering bond between a Ni inner electrode and a Cu outer

el ectrode (i nvaristomorddieldvtriourskonatopprd iplezbed werpi@ daviedtéy the

el ectrode-and a N inner electrode) and inside a Cu outer electrode, a

firing tenperdikecand o agthé®dor manufacturing the same. More specifically,
the present invention relates to a ceramic electronic part
Comprising an outer electrode and an inner electrode having Ni as
a main component, and a method for manufacturing the same.

Conventionally, for a ceramic electronic part having an

inner electrode comprising Ni as a main component (hereinafter Nil
inner electrode will be used), an outer electrode manufactured by
sintering a metal ‘coating material including only Cu powder as a
metal component (hereinafter, Cu outer electrode will be used)
has been gener'ally ﬁsed. The reason for this is tha'l; Ni and Cu
can form a solid solution in all percentages so fhat Ni and Cu
are likely to be bound each other. In other words, a joining
between an inner electrode and an outer e.lectrode can easily be
formed. Moreover, the melting point of _.Qu;is 1083 C. In case
of such high melting temperatpre, in order to achieve the
excellent condition of sintering-bond between a Ni inner
electrode and a Cu outer electrode (in other words, the boundary
portion between a Cu outer electrode and a Ni inner electrode)
and inside a Cu outer electrode, "a firing temperature is required
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2 be hi gher than 800[err]C. Mreover, it is also required that
isintering should be carried out in an atnosphere of a | ow oxygen partial
pressure so as to prevent the sintering bond froman obstruction due to
the oxidation. On the other hand, if a ceramc electronic part (a ceramc
device) is exposed to a | ow oxygen partial pressure at a high tenperature,
the ceram c conponent is deoxidized, occasionally deteriorating the
property of a ceramic electronic part.2Therefore, extrene care has been
necessary in form-ng the outer electrode. As described above, in
formng an outer electrode of a ceramc electronic part having a Ni inner
el ectrode manufactured by sintering a coating filmconprising Cu powder,

Cu and Ni arebe afighey MHdflignot | N MBrEovdONIRAYEH1SY: réduidedethdt0 i nhi bit
the oxidation, a coating filmof an outer electrode is required to be

sintered in agiRtdMRBNSRGUIA b8 tA¥iBUYHEH PREHI MmodDREPS G- a! Tow PKYLER! -
sintering is conducted in an N2 atnosphere. The N2 "atnosphere for ™ an

i ndustri al usgafé@f&pbeés&%bl ad'f Bredint RREISTh1RIng NordX ¥B&GHD 21 L1 2l
pressure reaches to Several ppm However, a binder or Cu powder per se

contai ned in oRetfARAlbAIIuS RO NAYARE16n ST tRIHAEr HarXY LR I N an

~atnosphere of Nerr|] for the burning or oxidation before sintering.
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oxygen

oxygen partial pressure at a high temperature, the ceramic
component is deoxidized, occasionally deteriorating the property
of a ceramic electronic part. Therefore, extreme care has been
necessary in forming the outer electrode.

As described above, in forming an outer electrode of a
ceramic electronic part having a Ni inner electrode manufactured
by sintering a coating film combrising Cu powder, Cu and Ni are
easily oxidized in air. Consequently, in ofder to inhibit the
oxidation, a coating film of.én outer electrode is requiréd to be
sintered in an atmpsphere of a low oxygen partial pressure. In
general, sintering is conducted in an N2 atmosphere. The N2

. atmosphere for an industrial use contains a small amount of
oxygen and the dxygen partial pressure reaches to several ppm.
However, a binder or Cu powder per se contained in the coating
film consumes a small amount of oxygen in an atmosphere of N2 for
the burning or oxidation before sintering. Consequently, the
actual atmosphere during sintering is extremely low oxygen

partial pressure. As a result, a ceramic component (a ceramic

device) may be deoxidized.



partial pressure. As a result, a ceram c conponent (a ceramc device) may
sbe deoxi di zed. 3 I n order

to inhibit deoxidation of ceramic in an atnosphere of a | ow oxygen parti al
pressure, it is required that the firing tenperature during the formation
of an electrode be as |ow as possible, so that the deoxidation rate becone
slow. However, if a coating filmof the conventional coating material for
forming an outer electrode, in other wi¥ds a coating film conprising a
metal coating material using only Cu powder as a netal powder, is fired at
a low tenperature, the sintering condition of the outer electrode per se
Is deteriorated. .Mreover,  the degree of bonding to a Ni inner electrode
is not sufficient. & erdegsto tinhihit depxidation opceenamic iwtasri orated as
wel | . A multilayer ceram c capacitor manufactured by firing an

out er el ect r ocetuasphereiaf at hows okygen iparddgdcpnesgure, Jtdpaneeequired hgten
Pat ent No. Tokkai-Hei 2-150010. However, in this nethod, an all oy phase

cannot be obt atheed izting enpevatimey dbeing:ahe formagion off ant ebentradel tenasnner
el ectrode. Consequently, it is difficult to integrate an outer el ectrode
and inner. el eclowds poSeihlgneso ddjpdcthardroxidation bate tecane eslowt abl y.
Moreover, the method for-nmaking a melting condition and manufacturing the
out er However, if a coating film of the conventional coating material .
for forming an outer electrode, in other words a coating film
éomprising a metal coating material using only Cu powder as a
metal powder, is fired at a low temperature, the sintering
condition of the outer electrode per se is deteriorated.
Moreover, the degree of bondihg fo'a Ni inner electrode is not
sufficiént. As a result, the electric property is deteriorated
as well. | |
A multilayer ceramic capacitor manufactured by firing an
outer electrode in én air.athosphere is suggested in Japgnese
Laid Open Patent No. Tokkai-Hei 2-150010. However, in this
method, an alloy phase cannot be obtained at the boundary between
an outer electrode and an inner electrode. Consequently, it is
difficult to integrate an outer electrode and inner electrode.
Designed capacitance cannot be extracted.stébly. Moreover, the
method for making”a melting condition and manufacturing the outer
electrode by firing an alloy containing high quantity of Cu (the
ratio of Cu to Ag is 100:1 to 100:40) at a temperature of not

less than 900°C is suggested in Japanese Laid Open Patent No.

Tokkai-Hei 2-248020. However, according to this method, since an



el ectrode by firing an alloy containing high quantity of Cu (the ratio of
Cu to Ag is 100:1 to 100:40) at a tenperature of not |ess than 900[err]C
i s suggested in Japanese Laid Open Patent No. Tokkai-Hei 2-248020.
However, according to this nethod, since an

4 alloy is sintered at the high tenperature, a ceram c conponent is
deoxi di zed. Consequently, the insulating resistance is reduced and/or the -
el ectronic property is deteriorated afterd being used long tine. The

obj ect of the present invention is to provide.a ceramc electronic part
conprising an outer electrode and a NI inner electrode and a nmethod for
manuf acturing the sanme. The ceramc electronic part of the present

i nvention canapRoywriavseebried aﬁiﬂ{ee!hiigﬁ {dipePRERE, C alsdidifl c\bbidbnt is
deoxi dation of the ceramic and by integrating the Ni inner electrode and

outer el ectrogdgoxidilzZ8deX (nsfhe 1| e insulating TBsPEiice! 9s adauByg the

above- nenti oned object, the ceramc electronic part of the present

i nvention CONRLAZGS 1A elécfmhielf?ﬁ?ee £OHR eI dtathh ik WRbE!
conponent and anﬁﬁsouter el ectrode ttgghed to an outerég?%éggég% o%athe
ceram c el eqphOnifmePart. The above-nentioned outer electrode is a
sintered body conprising a netal conponent containing Ag and Cu as a nmain

conponent and a gl afg, GBFESPUH thd rﬁe@%ﬂ@dﬁ{%ﬂ%ﬂ\eﬂ’ to provide a ceramic

electronic part comprising an outer electrode and a Ni inner
electrode and a method for manufacturing the same. The ceramic
electronic part of the present invenfion can be provided by
sintering the ceramic device without deoxidation of the ceramic
and by integrating the Ni inner electrode and outer electrode
with excellent binding.

In order to achieve the above-mentioned object, the
ceramic electronic part of the present invention comprises an
inner electrode comprising Ni aé a main metal component and an
outer electrode attached to an outer side face of the ceramic
electronic part. The above-mentioned outer electrode is a

~ sintered body comprising a metal component Coﬁtéining Ag and Cu
as a main component and a glass component. The boundary between
the outer electrode and the inner electrode is formed with an
alloy phase comprising Ni and Cu as a main component.

It is preferable in the above-mentioned electronic ceramic
part that the outer electrode consists of Ag and Cu as a metal
component, and has the boundary contacting the inner electrode

formed with an alloy phase consisting of Ni and Cu.



the outer electrode and the inner electrode is forned with an al | oy phase
eonprising Nl and Cu as a main conponent. It is preferable in the
above-nentioned el ectronic ceramc part that the outer el ectrode consists
of Ag and Cu as a netal conponent, and has the boundary contacting the

I nner el ectrode formed with an alloy phase consisting of N and Cu.

5 It is preferable in the above-nentioned el ectronic ceramc

part that the outer electrode conprises g and Cu as a main conponent and
at | east one netal conponent selected fromnetal .conponents that alloy

wi th each of Ag and Cu and of which the alloy with each of Ag and Cu has a
| ower nelting point than each nelting point of Ag and Cu as the other

conmponent, and has Theis prefidpablec dnt €l abgvé-aentioesd electronde dearamrd W th
an alloy phase conprising Ni and Cu. It is preferable in the

above- nent i ongdrelthatr tie Guter adlieetride icomphisdshAgoaid®iCuche el m@fhe conpri ses
Ag and Cu as a main conponent and at | east one netal conponent selected

fromnetal ceoieparmitSatidait A4Sy onkt heBAC Bodpondiitassi detednthodf mubdich the

alloy with each of Ag and Cu has a | ower nelting point than each nelting

10" oty %, SRS o gy smosan o ol by nen o
above- ment i ongd 16§ h@th"™BAGH of Ag and Cu has a lower melting point than each
melting point of Ag and Cu as the other component, and has-the
boundary contacting the inner electrode formed with an alloy
phase comprising Ni and Cu.

It is preferable in the above-mentioned electronic ceramic
part that the outer élecfrode comprises Ag and Cu as a main
component and at least one metal component selected from metal
componenfs.that alloy with each of Ag and Cu and of which the
alloy with each of Ag and Cu has a lower melting point than each
melting point of Ag and Cu as the ofher component, énd has the
boundary contacting the imner electrode formed with an ailoy
phase comprising Ni, Cu and the above-mentioned other metal
component .

It is preferable in tﬂe above-mentioned electronic ceramic
part that a metal component of the outer electrpde comprises Ag
and Cu as a main metal component and at least one component
selected from the group consisting of Bi, Ce, Ga, In, Pb, Sn and
Zn as the other component.

It is preferable in the above-mentioned electronic ceramic

part that the weight ratio of Ag to Cu in the outer electrode is



conponent . 1t is preferable in the above-nentioned el ectronic
teramc part that a nmetal conponent of the outer el ectrode conprises Ag
and Cu as a main nmetal conponent and at |east one conponent sel ected from
the group consisting of Bi, Ce, Ga, In, Pb, Sn and Zn as the other

conponent . It is preferable in the above-nentioned el ectronic
ceramc part that the weight ratio.of Ag to Cu in the outer electrode is
6 - in the range of 1:99 to 99:1. 6 |t is preferable in the
above-nmentioned el ectronic ceramc part that the weight ratio of Ag to Cu
in the outer electrode is in the range of 3:7 to 9:1. It is

preferable in the above-nentioned electronic ceramc part that the weight

ratio of the f®tde & RENi.oitghgg s, contai ned as ‘the other netal
conponent is not Iess han 0.001 w th respect to the total amount of Ag

and Cu. ' ?&%?éﬂtﬁe' Bl fife ABOYE-uBRRELARE 18k EFIHIR EErdfiica M C

part that a S|ntered bod the outer electro e conprises 1norganic OXIde
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It is preferable in the above-mentioned electronic ceramic
part that the weight ratio of the metal component which is
contained-as the other metal component is not less than 0.001
with respect to the total amount of Ag and Cu.

It is preferable in the above-mentioned electronic ceramic
part that a sintered body of the outer electrode comprises
inorganic oxide ﬁarticle which is not bound to the metal
component and which retains its initial particle shape from the
time of mixing of particles.

It is preferable in the above-mentioned electronic ceramic
part that the inorganic oxide particle is flake-shaped.

It is preferable in the above-mentioned electronic ceramic
part that the flake-shaped inorganic oxide particle is at least
one powder selected from the group consisting of mica powder and
clay powder comprising montmorillonite pbwder as a main
component.

It is preferable in the above-mentioned electronic ceramic
part that the sintered body of the outer electrode comprises a
metal component in an amount of 60-97 weight % and the glass

component in an amount of 3-40 weight %.



part that the inorganic oxide particle is flake-shaped. It is
.preferable in the above-nentioned el ectronic ceramc part that the

fl ake- shaped inorganic oxide particle is at |east one powder sel ected
fromthe group consisting of mca powder and cl ay powder conpri sing
nmontnorillonite powler as a nmain conponent . It is preferable in
t he above-nentioned el ectronic ceramc part that the sintered body of the
outer el ectrode conprises a metal co nent in an anmount of 60-97 wei ght
% and the gl ass conponent in an anmount of 3-40 wei ght %

7 It is preferable in the above-nentioned electronic ceranic part
that the inner electrode conprises Ni in an anmount of 90-100 weight % and

the other netal conpditeids prefepabl®lin thé dbole-meetighed%lectronic ceramic
preferable in the above-nentioned electronic ceramic part that the other

met al conponentpagt thet itheeinmireglecdiodecovipriises Nii ihecas tanpat nef 90-100
sel ected fromthe group consisting of Fe, Co, Cu, and Cr.

According to aneiight %undCthdfothbe mitadesbmpoticait! iPan ahd@ite ofa0-1e
provi ded a nmethod for manufacturing a ceramc electronic part, which

conprises the siegphta%. formng a coating filmby applying a coating
mat eri al conprising at |east one netal - :

It is preferable in the above-mentioned electronic ceramic
part that the other metal component of the inner electrode
comprises at least one metal selected from the group consisting
of Fe, Co, Cu, and Cr.

According to another aspect of the present invention,
there can. be provided a method for manufacturing a ceramic
electronig part, which comprises the steps of forming a coating
film by applying a coating material comprising at least one metal
powder selected from the group consisting of a metal powder in
which Ag powder and Cu powder are mixed, a metal powder |
coﬁprising a Cu-Ag alloy, a metal powder comprising Cu powder
whose surface is coated with Ag, and a metal powder comprising Ag
whose surface is coated with Cu; a glass frit; and an organic
material for a binder onto the outer side face of the ceramic
electronic part, and then firing the coating film at the
temperature of 500-800°C in an atmosphere of low oxygen partial
pressure. |

It is preferable in the above-mentioned method that the

coating material contains at least one powder selected from the

group consisting of metal powder and metal oxide powder which has



powder selected fromthe group consisting of a metal powder in

whi ch Ag

,powder and Cu powder are m xed, a netal powder conprising a Cu-Ag all oy,
nmet al powder conprising Cu powder whose surface is coated with Ag, and a

nmet al powder conprising Ag whose surface is coated with Cu; a glass frit;

and an organic material for a binder onto the outer side face of the
ceramc electronic part, and then firing the coating filmat the
tenperature of 500-800[err]C in an atno?phere of | ow oxygen partia

pressure. It is preferable in the above-nentioned nethod that the

coating material contains at |east one powder selected fromthe

consisting of netal powder and netal oxide powder which has

group

at |east one ngpi aleag B Heita’ GoripbRtnt 'UTettbd! frof"RORAN tompdiftnts 2NAY

with each of Ag and Cu and of which the alloy with each of

Ag an

d Cu has
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additive.

flondd

I's preferable 1in the above-nentioned fret hod that the

coating materi éﬁaqﬁﬂ : ep&ﬁﬁ? Ve e
group consisti%% 0 Bi,ﬁ%i}%%g%q%%&lgg Sn ahgggn as ?§£6ﬁ%ﬁ
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It is preferabgﬁduﬂl%Qefﬁggéﬁgga§g$gg?g'nethod that the coating materia

conpri ses at | east one oxi t he net al

It is preferable in the above-mentioned method that the

coating material comprises at least one metal powder selected

from the group consisting of Bi, Ce, Ga, In, Pb, Sn and Zn as the.

other additive.

It is preferable in the above-mentioned method that the

coating material comprises at least one oxide powder of the metal

selected from the group consisting of In, Bi, Sn and Pb as the

other additive.

It is preferable in the above-mentioned method that the

weight ratio of Ag to Cu in the metal powder is in the range of

1:99 to 99:1.

It is preferable in the above-mentioned method that the

weight ratio of Ag to Cu in the metal powder is in the range of

of 3:7 to 9:1.

It is preferable in the above-mentioned method that the

weight ratio by metal conversion of the other component of at

least metal powder selected from the group consisting of a metal

powder and a metal oxide powder which is added into Ag and Cu is

not less than 0.001 with respect to the total amount of Ag and

Cu.

a



selected fromthe group consisting of In, Bi, Sn and Pb as the ot her

addi ti ve. It is preferable in the above-nentioned nethod that the
weight ratio of Ag to Cu in the netal powder is in the range of 1:99 to
99: 1. ' It is preferable in the above-nentioned nethod that the

wei ght ratio of Ag to Cu in the netal powder is in the range of of 3:7 to
9:1. It is preferable in the above-nentioned nethod that the

wei ght ratio by nmetal conversion of the %ther conponent of at | east et al
powder selected fromthe group consisting of a netal powder and a net al

oxi de powder which is added into Ag and Cu is not less than 0.001 with
respect to the total anount of Ag and Cu.

9 It is preferable in the above-nentioned nethod that the
coating material conpkiiepreferablei in sheqaboremertioned,method thajs thei ng
poi nt of not |ess than 900[err]C. It is preferable in the

above- ment i one€oafdngonaterial eanpriges jnorganig gxige Mardiele haping & shaped.
It is preferable in the above-nentioned nmethod that the fl ake-shaped
i nor gani ¢ oxi deofkaning| poing ef natadessridhapoHEE . '

It is preferable in the above-mentioned method that the
inorganic oxide particle is flake-shaped.

It is preferable in the above-mentioned method that the
flake-shaped inorganic oxide particle is at least one powder
selected from the group consisting of mica powder and clay powder
comprising montmorillonite powder as a main component.

.It is preferable in the above-mentioned method that the
sintered body of the outer electrode comprises a metal component
in an amount of 60-97 weight % and the glass component in an
amount of 3-40 weight %.

It is preferable in the above-mentioned method that ‘the
inner electrode contains Ni in an amount of 90-100 weight % and
the other metal component in an amount of 0-10 weight %.

It is preferable in the above-mentioned method that the
other metal component of the immer electrode comprises at least
one metal selected from the group consisting of Fe, Co, Cu and
Cr.

It is preferable in the above;mentioned method that an
atmosphere of a low oxygen partial pressure at the time of firing
of the outer electrode is not less than Oppm and not more than

1000ppm. The more preferable partial pressure is in the range of



selected fromthe group consisting of mca powler and clay powder
.conpri-sing nontnorillonite powder as a nmain conponent. It is
preferable in the above-nenti oned nethod that the sintered body of the
outer el ectrode conprises a netal conponent in an anount of 60-97 weight %
and the glass conponent in an anount of 3-40 weight % It is
preferable in the above-nentioned nethod that the inner electrode contains
Ni in an anmount of 90-100 wei ght % and he ot her netal conponent in an
anount of 0-10 weight % It is preferable in the above-nentioned
met hod that the other netal conponent of the inner electrode conprises at

| east one netal selected fromthe group consisting of Fe, Co. Cu and. Cr.
It is preferable in the above-nentioned nethod that an at nosphere of a

| ow oxygen par 0r80ppmessure at the time of firing of the outer el ectrode
Is not |ess than Qopm and not nore than 100%Ppn1 The nore preferable
partial pressure is Thet¢aramiagelestronic part of the present invention is

10 0- 500ppm The ceranmic electronic part of the present
invention is manufantnoed bybthe boxbawentioned oveddiodet dsda matesriahtfor al for
the outer electrode, the coating material conprising Cu which is likely to

alloy with Ni dhetdieteli elentode] cier coxting metetial comprising Cu which is
likely to alloy with Ni of the Ni inner electrode, a metal
material comprising Ag which can alloy with Cu and which
decreases the alloying femperature of Ni and Cu, and a glass
material is used so that an outer electrode having a excellent
sintering condition and the bonding property with the Ni inner
electrode can be obtained even when sintered even at the low
temperature of 500-800°C. Moreover, an outer electrode having
the further excellent sintering condition and the bonding
property with the Ni inner electrode is obtained by adding the
metal materials such as Bi, Ce, Ga, In, Pb, Sn, and Zn or the
like into the materials for the outer electrode.
The formation mechanism of the outer electrode of the
present invention will bé explained as follows.
Ag and Cu have an eutectic point at the temperature of

T79C so that a liquid phase is generated around 779°C if Ag
powder and Cu powder are mixed. However, a part of Ag and Cu
starts to bond below the temperature of the eutectic point and
forms a material which lowers the melting point. And from the
. point, as a starting ﬁoint, the bonding is further promoted and

the eutectic material of Ag and Cu is further formed. Therefore,



material conprising Ag which can alloy with Cu and which decreases the
.alloying tenperature of NN and Cu, and a glass material is used so that an
outer el ectrode having a excellent sintering condition and the bondi ng
property with the Ni inner electrode can be obtained even when sintered
even at the low tenperature of 500-800[err]C . Mdreover, an outer

el ectrode having the further excellent sintering condition and the bondi ng
property with the Ni inner electrode islobtained by adding the netal
materials such as Bi, Ce, Ga, In, Pb, Sn, and Zn or the Ilike into the
materials for the outer el ectrode. The formati on nechani sm of the
outer electrode of the present invention will be explained as follows.

Ag and Cu havgpang itle? eratdben Ok&h hat
aliquid phasghlas gene?%g%ﬁgﬁggn?g;g[eeéﬁ% F? éAt\'r QEOJ\IA%%E- Ena“d& g‘geé
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tenperature of t tectic point. an rms-a material which |owers the
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further pronot e eutec IC materl Cu 1s further

f or med. Thereft‘té‘inﬁsrat re of th euté@ﬁé@%ﬁé\ﬁ'ﬁ Lgperty of the netal is

seen at | ower er arur 8s. “Whéh ¢o he sintering property of Cu

itself. Actually, tde eative oytes e.gheécg{lgg&gcsaﬂ(;y oRHoiTiQN e

eutectic material of Ag and Cu) is soft because the softening
point decreases, so easily shifts to the surface of Ni inmer
electrode. As a result, the alloying of Ni and Cu is promoted
from the Ni surface by using this eutectic material as a medium
and an alloy is fofmed. Ag plays a role in carrying Cu to the Ni
surface without inhibiting the bonding of Ni and Cu.
Consequently, the alloy of Ni and Cu can easily be formed at a
lower temperature than the case where oniy Cu is employed as the
conventional metal material and the éxcellent bonding condition
of fhe inner electrode and the outer electrode can be provided.

By the same mechanism, the metal such as Bi, Pb, Sn and Zn
or the like that alloy with Ag and Cu and of which the alloy with
Ag and Cu soften at a lower temperature is added into the.
materials for the outer electrode, an alloy of Ni and Cu can be
formed at a lower temperature. Occasionally, the excellent
condition between an inner electrode and an outer electrode can
be provided by forming an alloy.of Ni, Cu and additive metal
eiements.

Hereih, Bi, In, Sn, and Pb or the like may be added in



tenperature of the eutectic point of Ag-Cu. On the other hand, the
.eutectic alloy conposition (an .eutectic material of Ag and Cu) is soft
because the softening point decreases, so easily shifts to the surface of
Ni inner electrode. As aresult, the alloying of NN and Cu is pronoted
fromthe NI surface by using this eutectic material as a nedium and an
alloy is fornmed. Ag plays a role in carrying Cu to the NI surface w thout

i nhi biting the bonding of Ni and Cu. Gpgpsequently, the alloy of NN and Cu
can easily be fornmed at a |ower tenperature than the case where only Cu is
enpl oyed as the conventional netal material and the excellent bonding

condition of the inner electrode and t he outer el ectrode can be provided.
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when they are sintered in an atmosphere of a low oxygen partial
pressure. In general, the particle of an oxide is fimer and
harder so that the powder of an oxide can be dispersed uniformly
in a'coating material. Moreover, the oxide particle also
promotes the burning of the binder when it is deoxidized into the
metal. The oxide particle has a function of inhibiting the
deoxidation of the device as well. Consequently, the above-
mentioned metals are preferably added in the form of an oxide so
as to pérmit forming the more excellent outer electrode and a
ceramic electronic part.

As is apparent from the above-mentioned explanation, a
ceramic electronic part of the present invention has an inner
electrode comprising Ni as a main ﬁetal component and an outer
electrode which is attached to an outer side face of the ceramic
electronic bart. The above-mentioned outer electrode is a
sinﬁered body comprising a metél component comprising Ag and Cu
as a main component and a glass component. The boundary between |
the outer electrode and inﬁer_electrode is formed with an’.alloy

phase comprising Ni and Cu as a main component.

In addition, according to the present invention, the



of an oxide. The reason for this will be explained as follows. These

.0xi des are easily deoxidized into the nmetal through the burning of a

bi nder which is contained in the coating material when they are sintered
in an atnosphere of a | ow oxygen partial pressure. In general, the
particle of an oxide is finer and harder so that the powder of an oxide
can be dispersed uniformy 1in a coating material. Mreover, the oxide
particle also pronotes the burning of {fie binder when it is deoxidized
into the nmetal. The oxide particle has a function of inhibiting the
deoxi dation of the device as well. Consequently, the above- nentioned
netals are preferably added in the formof an oxide so as to permt

form ng the yepaf¥é Wletbiomié phre!RC haREcHiFed by eha Fdl 18k i rsQ@ff')§: part.
As is apparent fromthe above-nentioned explanation, a ceramc electronic

part of the pr&%eﬁétép%ﬂbfﬁhﬁaeu afhd BPCs enBl Gfdd adCa GRATRAN é&ﬁgﬁﬂeﬁ‘h as a
mai n metal conponent and an outer el eCtrode which is attached to an outer

side face of tip ¢RE3Gliter eRAATLHOMAI RAG tweibli® ARQVGCOEELY icANgg out er
electrode is a sinteered body conprising a nmetal conponent conprising Ag

and Cu  as a SRiraraRIPaRARt tshe 8:BleASS BReRED for  BA SRteRdaiscthphyeen
an alloy phase

the outer electrode and i nner electrode is fornmed wt

o g SoPYate B L GAIBRI Lt Lo orveen pork i ekl o
the temperature of-500-800°C . 'As a‘result, an outer electrode is
provided where an entire body is formed by ah alloy phase
comprising Cu—Ag'as a main component and an alloy phase
comprising Cu-Ni as a main component is formed at the boundary
contacting with a Ni inner electrode. Consequently, the outer
electrode can be sintered ét a low temperature, thus the
deterioration in the electric property due to the deoxidation of
the ceramic component can be inhibited. Thus, the production
cost of the outer electrodes can be reduced.

FIG. 1 is a cross sectional view showing an electrode
structure of a capacitor using a ceramic of one embodiment of the
present invention. Moré specifically, FIG. 1 schematically shows
the bonding portion of the Ni inner electrode and the 6uter.
electrode.

FIG. 2 is an expanded sectional view of the part on which
the mark “A” is written in FIG. 1 and shows an electrode
structure of a capacitor using ceramic in one embodiment of the

present invention.

FIG. 3 is an expanded sectional view of the applicable



13 cerami c electronic part is manufactured by the follow ng steps: the
.etal conprising Cu and Ag is enployed as a mai n conponent for the outer
el ectrode and the weight ratio of Ag:Cu is preferably made to be 3:7-9:1;
the metal for an outer electrode is softened in an atnosphere of | ow
oxygen partial pressure at the tenperature of-500-800[err]C. As a result,
@an outer electrode is provided where an entire body is fornmed by an all oy
phase conprising Cu-Ag as a nain coanQﬁnt and an all oy phase conprising
Cu-Ni as a mmin conponent is fornmed at e boundary contacting with a N

I nner el ectrode. Consequently, the outer electrode can be sintered at a

| ow tenperature, thus the deterioration in the electric property due to

t he deoxi dati on_ of e ceram c ,co nt,, Gan be .i.nhi bj t Thus,, the
production cBeFt &f EH% RftePnd rb‘é’ﬂ) §§ &aniHFTitheR AR ¥io. ' Bhows 1 s
a cross sectional V|em15h0mnn (ﬁ#ectrode structure of a_.ca aC|tor

using a ceranft o %’f@d‘énﬁf(’ﬁc a; fRpac 5?53‘@'}?5 figamicoRt

specifically, FIG 1 schenat] Calltgi 8 he bondlgg portion of the Ni
inner el ectro@dterRptINE ment | Qdc gdgresent invent 2 is an expanded

sectional view of the part on which the mrk "A" is wittenin FIG 1 and
shows an el ectrode ?@t Anventiengywi bl (P&pﬁ@%ﬂipeﬁs}m@eﬁéiérﬁ’&m Fekprence

enbodi ment of the present invention FIG 3 is an_expanded
secti onal V,fﬂﬁooﬁh@rﬂ;q§ﬁb ed Eiguges and the follow1ng examples. The examples

are illustrative and should not be construed as limiting the
invention in any way.
Example 1 |

In order to examine the bonding condition (alloying
condition) between the Ni inner electrode and the outer electrode
of the present invention as a model, a metal coating material wés
formed'b§ kneading 100 parts by weight of Cu powder having an
average particle size of 0.5 m; 2 parts by weight of ethyl
celluldse as a binder; and 30 parts by weight of terpineol as a
solvent. Aside from this metal coating material, an alternative
metal coating material was formed by kneading a mixture in which
Cu powder-having an average particle size of 0.5 m and Ag powder
having an average particle size of 1z m were mixed at the ratio
shown in Table 1 (the total amount of the mixture of Cu and Ag
was 100 parts by weight); 2 parts by weight of ethyl cellulose as
a binder; and 30 parts by weight of terpineol as a solvent. Then
the matefial for the outer electrode was formed by the following
steps: each coating material was applied onto a Ni metal foil and

dried thereon; and the resulting coating film was sintered in an



14 part of the part on which mark "A" is witten in FIG 1 and shows an
el ectrode structure of a capacitor using ceramc of an alternative

enbodi ment of the present invention. The invention will be
explained in detail with reference to the attached figures and the

foll owng exanples. The exanples are illustrative and should not be
construed as limting the invention in any way. @ Exanple 1 I n

order to exam ne the bonding conditionigall oying condition) between the N
i nner el ectrode and the outer electrode of the present invention as a
nodel , a netal coating material was fornmed by kneading 100 parts by wei ght
of Cu powder having an average particle size of 0.5[err]m 2 parts by

wei ght of ethy\  agRbdpHe28C0f %2t tEhPHurad b 8o0aT4PChY HeittRs lanpgspi neol
as a solvent. Aside from<his netal coating material, an alternative

met al coating I{%tgggiﬁgd %Soﬁ%eﬁeﬂap%idﬁnﬁf‘gﬁﬁﬁ‘eaoﬁj 20-40gpk N Which  Cu powder

havi ng an aver&ge particle size of 0.5g " mand Ag powder having an average
article size of 1 ' r Bk s Rn I by t ot al
grrpunt of the m xt griea%%ﬁ%ﬁﬁginﬂa@%%ﬁﬁggfE%_t\%g?g%@e% Ifolalr%?g by
veight of et hylpd St QS cRBodd sk BRI o288 k! Sy Bl dibeplod gEP NeO
n t or t y the

as a sol vent. e e materl a e outer electrode was Torned

and - dried tRLraiey sl Rht WhUFEL 18 cHEAPBE Bk SRR MaocRbe; '
As a result, in the case of the material containing Ag, an alloy
phase was clearly observed to be generated at a lower
temperature. Moreover, as a result of an element analysis, the
resulting alloy phase was recognized to comprise only Cu and Ni.

The thickness of this alloy phase was shown in Table 1.

Table 1
Thickness of Reight Ratio of Ag.(%)
an Alloy(¢m) 0 1 10 30 50 70 80 99
500 - - - 0.3 0.4 0.2 0.1 -
_ Temperqture 600 - - 0.1 0. 1.2 0.4 0.2 -
(°C) © 650 - - 0.3 1.3 3.0 1.1 0.5 -
700 - 0.2 0.7 2.4 4.2 2.3 1.2 0.1

70 0.1 0.5 1.1 3.8 6.8 3.5 2.0 0.1
(remark)- : below the lower limit for detecting
As is apparent from Table 1, although Cu and Ni were
likely to form an alloy, in order to alloy only Cu powder with Ni
film, a high temperature was needed. On the other hand, Ni and
Cu could Se alloyed even at a low temperature by adding Ag ﬁowder

into Cu powder. In particular, in the case where Ag was



15 N2 at nosphere of at tenperatures of 500-750[err]C. In this exanple,
.Nerr] gas had an oxygen partial pressure of 20-30ppm " In order to
exanm ne the bonding condition between NI and - the outer electrode materi al
after firing, the cross section of an alloy phase was observed by the use
of the optical mcroscope. As a result, in the case of the materi al
containing Ag, an alloy phase was clearly observed to be generated at a

| ower tenperature. Mreover, as a resdl& of an el enent analysis, the
resulting alloy phase was recogni zed to conprise only Cu and Ni. The

t hi ckness of this alloy phase was shown in Table 1

Table 1 Thi ckness of Weight Ratio of Ag (%9 an Alloy([err]m

o - 1 10 .50 _an29. . . 0 .- -
0.3 o fontgiipd 1f)gn snblint of 30-00 etehck in the meteltatprfals,
' i 8 g ' E)a% alloy coulé[eearsr)igg) be f_ormgagarg copld, ob'ssrﬁeé’ 'ai Ehé’L ']%w3 3. 2 5
1 , | 750 : 0.5 1.1 3.8 6.8 3.5 2.0 0.1
(remark)- : bequ‘R/efﬁg‘rleoﬁgrgqqu't for detecting As is apparent
from Table 1, although an j._wef e likely to ftorm.ap all i rder
to alloy only Cu pomﬂ'ért%ﬁtﬂ“ 1"'9#1 rﬁheamiﬁﬂ"(ﬁ/? pa %Ifé’lfUE'é W@gﬁﬁ@egg on
the other '“a“%podgeraﬂéL employed. The same result could be provided by using

OR P!

a powder of an Ag—Cu alloy, a powder of Cu on which Ag was coated
and a powder of Ag on which Cu was coated.

Example 2

In order to examine the bonding condition (alloying

condition) between the Ni inner electrode and the outer electrode
of the pfesent invention as a model, a metal coating material was
formed By kneading a powder containing only Cu powder having an
average particle size of .0’5”"“ ethyl cellulose as a binder; and
terpineol as a solvent. Aside from this metal coating material,
an alternative metal coating material was formed by kneading a
mixture in which Cu powder having an a{rerlage particle size of
0.51m and Ag powder having an average particle size of 1um were
mixed at the predetermined ratio and Sn powder having an average
particle size of .lum was further mixed at the weight ratio 0.02
with respect to the total amount of the mixture of Cu and Ag;
ethyl cellulose as a binder component; and terpineol as a
solvent. In the same manner as Example 1, the coating material
was sintered and formed on a Ni metal foil. In order to examine

the bonding condition between Ni and the outer electrode material



~ Cu could be allbyed even at a |ow tenperature by adding Ag powder into Cu
.powder. In particular, in the case where Ag was

16 contained in an amount of 30-90 weight %in the netal materials, an
alloy could easily be forned and coul d observed at the |l ow tenperature of
500[err] C In this enbodi ment, the m xi ng powder of Cu powder and Ag

powder was enpl oyed. The sane result could be provided by using a powder

of an Ag-Cu alloy, a powder of Cu on whjgh Ag was coated and a powder of
Ag on which Cu was coat ed. Exampl e 2 In order to exam ne the

bondi ng condition (alloying condition) between the N inner electrode and
the outer electrode of the present invention as a nodel, a netal coating

material was SPFdiediPingd{NeREid19se HAWABh SLUnRATIAY phaLY @sﬂe&@%@dwi ng

an average particle siZze of 0.5g m ethyl cellulose’as a binder; and
terpineol as apsHly/8Rlan Optical En‘iﬁl-ggtiso%ferf‘?t&é 2Ceatig AR Ald ghse whire a

alternative netal coating materia ornmed by kneading a mxture in

whi ch Cu powd ' td | wd
aving an’ aver SoC TR s R FAE R, B8 S o Slodld, e L IO Pl BT

at t erm ned

ratio and Sn p r@%y 'éyﬁgan d%@ﬁt' I ' s further
m xed at the V\gl g tlﬁgﬁ‘élo .-OEg\%r ?Eﬁerrespecéftag ltghéﬁt%ﬁng%g%{r?g)éﬁt of the
mxture of Cu ﬁBfE&%%i. as a result of an element anmalysis, the resulting alloy '

~ phase was recognized to comprise Cu, Ni and Sn. The thickness of

this alloy phase was shown in Table 2.

Table 2
Thickness of Height Ratio of Ag (%)
an Alloy(ym) 0 1 10 3 50 70 90 99
500 - - 0.3 0.7 1.2 0.8 0.4 0.1
Temperature 600 - 0.2 0.6 1.2 2.2 1.5 0.8 0.3
(C) 650 -~ 0.4 1.6 3.5 5.0 4.0 2.0 0.6

700 0.2 0.8 3.0 5.5 8.5 6.0 3.5 1.0
750 0.5 1.5 7.5 10.5 15.0 12.0 8.5 2.0

(remark)— : below the lower limit for detecting

As is apparent from Table 2, although Cu and Ni were
. likely to qum an alloy, in order to alloy a powder containing
only Cu with Ni film, a high temperature was needed. On the
other hand, an alloy comprising Ni and Cu as a main component can
be provided even at a low temperature by adding Ag and Sn powder
into Cu powder. Moreover, when compared with Example 1, an alloy

could be more easily formed by adding Sn powder into Cu powder



ethyl cellul ose as a binder conponent; and terpineol as a solvent. In the
sane manner as Exanple 1, the coating material was sintered and forned on
a N netal foil. In order to exam ne t he bondi ng conditi on between N
and the outer electrode materi al 17
after firing, the cross section of an alloy phase was observed by neans of
an optical mcroscope. As a result, in the case where a nmateri al
containing Ag and Sn was enpl oyed, an ajgoy phase was clearly observed to
be generated at a | ower tenperature. Mreover, as a result of an el enent
anal ysis, the resulting alloy phase was recognized to conprise Cu, N and
~ Sn. The thickness of this alloy phase was shown in Table 2.

Tabl e i Thi CkﬂaGnS%%;l ac\})cbing %ly 55\6%5%%‘9 1n§;<'>0C19fpoA o %ggaghAl Icg &[err] m

0

0.3 0.7 Te rature )

2.2 1.5 0. §‘“°“’bt §§ Ag 1“( [tBFr‘]‘e]é)"’l mate %‘@és Fanges “6‘1%13’ fyop 12"@. gg 5. o
S5 10  wight%. Alsggn affey copld be gbgervel gt acley temeiatugey
2.0 qﬁrenark) . below the lower limt for detecting

As is apparenPff§% Tabl e 2, although Cu and N were

In this Example, the experiment where the weight ratio of
metal component of Sn was controlled to be 0.02 with respect to
the total amount of Ag and Cu was described, however, the same
result could be obéerved when the weight ratio of Sn as the other
component was 0.001 or more with respect to the total amount of
Ag and Cu. |

Moreover, in this embodiment, Sn ﬁas employed as the other
metal component added into-Cu and Ag. The same result could be
provided and an alloy could be observed at a low temperature when
a metal element which cén alloy with Ag and Cu and of which the
élloy with each of Ag and Cu has a melting point lower than each
melting point of Ag and Cu is employed.

Examgie 3

In order to examine the bonding condition (alloying
condition) between the Ni inner electrode and the-outer electrode
of the present invention as a model, a metal coating material was
formed by kneading a powder containing only Cu having an average
particle size of 0.5z m; ethyl cellulose as a.binder; and
terpineol as a solvent. Aside from this metal coating material,

an alternative metal coating material was formed by kneading a



likely to forman alloy, in order to alloy a powder containing only Cu
MWMth N film a high tenperature was needed. On the ot her hand, an all oy
conprising NN and Cu as a main conponent can be provided even at a | ow
tenperature by adding Ag and Sn powder into Cu powder. Moreover, when

conpared with Exanple 1, an alloy could be nore easily fornmed by addi ng
Sn powder into Cu powder 18 t han

when addi ng only Ag powder into Cu powd. In this case, an anmount of Ag
in the netal materials ranges widely from1 to 99 weight % Al so an alloy
coul d be observed at a low tenperature of 500[err]C. In this
Exanpl e, the experinment where the weight ratio of netal conponent of Sn
was controlled to be 0.02 with respect to the total amount of Ag and Cu
was descri bed, however, the same result could be observed when the weight

rati o of Sn asmixteret irewhichfioperdemdavingCih averaie particlespasioft 0 the
total amount of Ag and Cu. Moreover, in this enbodi nent, Sn was

enpl oyed as t he. 5t eand MRl powda"BavaY anddesrdge! partticledss ofhexsPkere
result could be provided and an all oy could be observed at a | ow

ETER Tha el st pebgemsuit g 13, pokleivere e O

mel ting point gfxed)adnthweligh€malte¥esE 0.005 (by Pb conversion) with
respect to the total amount of Cu and Ag; ethyl cellulose as a
binder; and terpiﬁeol as a sdlvent. In the same manner with'
Example 1, the coating material was sintered and formed on a Ni
metal foil. In order to examine the bondiﬁg condition between Ni
and a material for the outer electrode after firing, the cross
section of an alldy phase was observed by the use of an optical
microscope. As a result, in the case of the material in which Ag
powder and Pb0O powder were added into Cu powder, an alloy phase
was clearly observed to be generated at a lower temperature.
Moreover, according to an element analysis, the resulting alloy
phase was recognized to coﬁprise only Cu and Ni. The thickness

of this alloy phase was shown in Table 3.



Exampl e 3

condi ti on) between the N

pr esent

O0.5[err]m ethyl
fromthis netal

i nvention as a nodel,
kneadi ng a powder containing only Cu having an average
cel lul ose as a binder;

In order to exam ne the bonding condition (alloying

i nner
a net al

coating material,

was formed by kneading a

m xture in which Cu powder
and Ag powder

el ectrode and the outer
coating materi al

and

20 -

having an average partlcle si ze of
havi ng an average particle size of 1[err]mwere

t er pi neol
an alternative netal

el ectrode of the
was formed by
‘particle size of

as a solvent. Aside
coating materi al
19
0.5[err]m
m xed at the

predeterm ned ratio and PbO powder were further mxed at the weight ratio
of 0.005 (by Pb conversion) with requﬁk to,the total amount of Cu and Ag;
ethyl cellulose as a binder; and terpi 6? ds a solvent. In the sane
manner with f&aﬁﬁle 1i§the coating ’[%&I I mas si nt )ed and formed on a
Ni rmetal foidi"tG5Re to exam ne +H ' n between N and a
material for th ut el ectrod f|r ng, {he cfoss ectign of__an
al | oy phase MEQ§H§£§iﬂEH by theihse égL_ E@p éﬁs a Pesul t,
in the case of the materigl in which Ag bO pg re added
into Cu powder, an alloy YlNase "was cTearl obéb ted at a
| ower tenperature
Temperature 600 - - 0.8 1.5 1.2 0.5 -
CcYy 650 - 0.3 1.0 2.0 4.0 3.0 1.5 0.5
700 - 0.6 1.8 3.5 7.5 5.5 2.5 0.8
750 0.1 1.2 4.0 6.5 13.0 9.5 5.5 1.8
(remark)- : below the lower limit for detecting

As is apparent from Table 3, although Cu and Ni were
likely to form an alloy, in order to alloy a powder containing
only Cu with Ni film, a high temperature was needed. On the
other hand, an alloy comprising Ni and Cu as a main component |
could be provided even at a low temperature by adding Ag powder
and Pb0 powder into Cu powder. Moreover, when compared with
Example 1, an alloy could be made mo:e_easily by adding PbO
powder better than adding only Ag powder. In this case, the
amount of Ag in the metal materials widely ranges from 1 fo 98
weight %. Also an alloy could be observed at the low temperature
of 500°C.

In this example, while the experiment ﬁhere the weight
ratio of metal component of Pb0 was controlled to be 0.005

(calculated as Pb conversion) with respect to the total amount of



Mor eover, according to an elenent analysis, the resulting alloy phase was
Frecogni zed to conprise only Cu and Ni. The thickness of this alloy phase

was shown in Table 3. 20

Tabl e 3 Thickness of Wight Ratio of Ag (%9 an Alloy([err]lm
0 1 10 30 50 70 90 . 99 500 - -
0.1 0.4 0.8 0.6 0.2 - Tenpergture 600 - - 0.3 0.8
1.5 1.2 0.5 - ([err] O 650 - 0.3 1.0 2.0 4.0
3.0 1.5 0.5 700 - 0.6 1.8 3.5 7.5 5.5

2.5 0.8 750 0.1 1.2 4.0 6.5 13.0 9.5 5.5

1.8 (remark)- below the lower Iimt for detecting

As is appar entggf é@iﬂgﬁam descaibdPudhe %bm%nijeﬂlt"‘?g@léij Hved tbﬁ,é%vhg famgm an

alloy, in ord | oy a powder contal ning on iI'm a high

tenperature ""%ﬁe"v@@&?ﬁéggﬁi} iae Pb(?tage{laé‘%%ﬂer%t%'ll OXide Whpoiedd hhs and Cu

as a nmai n conponent be provided even at a | ow tenperature by adding

Ag powder a red gﬁbdo g}dﬁ; , dead th '

Exanpl e 1, anrbgpﬁgﬁrg%@?g Béeéur%g e rmrge eas(ﬁoP(g&%}\bg‘ng%%?%E%&%%\smgﬁ better

t han addi ng O%d&afgmﬂﬁﬂﬂeﬁf a%&hgbcase, the anmount of Ag i.n the neta
e 0 . -

materi al s w del'y ranges from
In this Example, the experiment where Pb0 was employed as

. a metal oxide which was added into Cu and Ag was described.
However, any other metal oxide, for. example, a metal oxide of Bi,
In, Sn or the like which can promote a firing of the binder and
which deoxide itself could be emplo&ed. In this case, the same
result could be provided and an alloy could be observed at a low
temperature.

Example 4

A metal coating material was formed by kneading 100 parts
by weight of metal powder; 6 parts by weight of glass frit; 3
parts by weight of ethyl cellulose as a binder; and terpineol as
a solvent. In this Example, for the metal powder, a pbwder
containing either Cu powder having an average particle size of
0.8¢m or Ag powder having an averége particle size of 1.5¢m, or
the mixture of the above-mentioned Cu powder and Ag powder were
mixed at a predetermined ratio was used. Moreover, for the other |
component, the coating material was made where SnO2 powder having
an average particle size of 0.5 m was mixed at the weight ratio
of 0.01 (calculated as Sn conversion) with respect to the total

amount of Ag and Cu. Moreover, in the same manner above, a



wei ght % Also an alloy could be observed at the | ow tenperature of
500[err] C - In this exanple, while the experinent where the wei ght
rati o of netal conponent of PbO was controlled to be 0.005 (cal cul at ed
as Pb conversion) with respect to the total anount of

21 Ag and Cu was described, the sane result could be observed when the
wei ght ratio of PbO as the other netal oxide conponent was 0.001 or nore
(cal culated as Pb conversion) with resp@2 to the total anobunt of Ag and

Cu. In this Exanple, the experinent where PbO was enployed as a
met al oxi de which was added into Cu and Ag was described. However, any
ot her netal oxide, for exanple, a netal oxide of Bi, In, Sn or the like
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the metal powder. aA%O&"i'?ér 1S9B 09 Forlla b eSS A iAo (ST 20
above-mentioned metal coating material onto the edge of the
device used for evaluation; and sintering thereof at the
temperature of 650°C in an N2 atmosphefe. Herein, for the device
for evaluation, a mﬁltilayér ceramic capacitor with multilayer
ceramic capacitor with Ni inner electrode comprising barium
titanate dielectric (F property, Q.l;LF product, size:
approximately 2.0mm x 1.25ﬁm x thickness of 0.65mm) was employed.
Moreover, as a comparative example, a metal powder was formed in
the same manner as mentioned above except that a powdér
containing only Cu was used as a metal powder. An outer
electrode was formed by applying and drying the metal coating
material onto the edge of the device of the sbove-mentioned
multilayer ceramic capacitor.with Ni inmer electrode, and
sintering thereof af the temperature of 900°C in an N2 atmosphere
(N2 gas had an oxygen partial pressure of 20-30ppm). Then, the
‘capacitance of each sample was recognized as a parameter showing
.a bonding condition between Ni of the inner electrode and the

outer electrode. The result was shown in Table 4.



0.8[err]mor Ag powder having an average particle size of 1.5[err]m or

the m xture of the above-nentioned Cu powder and Ag powder were m xed at
a predetermned ratio was used. Mreover, for the other conponent, the
coating material was nade where Sn(J err] powder having ‘'an average
particle size of 0.5 mwas m xed at the weight ratio of 0.01 (calculated

as Sn conversion) with respect to the total anount of Ag and Cu.
Moreover, in the same manner above, a 3 -

22 coating material was al so made where Zn powder having an average
particle size of 1.0[err]mwas m xed at the weight ratio of 0.01 wth
respect- to the total anmount of Ag and Cu. An outer electrode was

formed by applying and drying the above-nentioned netal coating nateri al
onto the edge of the device used for evgablet4don; and sintering thereof at
the tenperature of 650[err]Cin an N err] atnosphere. Herein, for the

device for evalmgﬁ@gﬂ, a multilayer ceramgggcapacitor with nultil ayepg
ceram c capacitor W Ni inner electrode Comnprising barium titanaté —

dielectric (F pr wtuPe 1(°€Nr] F product, size: approximtely 2.0nmm x
1. 25mMm x thlckneggﬁgﬁLU‘BBﬁﬁT_Mas enpl oyed. Moreover, as a conparative
exanpl e, a netaleRSdRatIGoff AEMBF | N0 the 30ME3ETRBOET 6@S THEN0 %eﬁ!o@ttpve
except that a powder contalnlng onl T CUWas Used as_a netar powder— AT

outer el ectrodgvifid Of "Rl d24iRPRlyY| 29 410 58" YOS AdINEOTEIY O 78 107

‘Capacitance contain -SnO2 30 65 105 107 106 109 108 106 70 35 -

(oF) contain Zn 25 57 85 105 109 107 104 88 62 30 -
(remark) - : no experiment was conducted |
As is apparent from Table 4, in the sample where an outer

electrode was formed by using a coating material containing only
Cu powder or only Ag powder the joining between tﬂe Ni inner
electrode and outer electrode was not good so that the
capacitance could not be extracted sufficiently (extracting rate;
0-50%). On the contrary, an outer electrode was formed by using
a coatiﬁg material containing the mixture of Cu powder and Ag
powder was joined with Ni of the inner electrode in a good.
condition and of the predetermined capacitance was extracted
sufficiently. In particular, an outer electrode was formed by
using a coating material containing Ag powder in an amount of 30-
90 weight % joined with Ni of the inmer electrode in an excellent
joining condition. More particularly, in the case where a
material containing Ag powder in an amounf of 30-60 weight % was
emplo&ed, a capacitance could be well extracted in all samples.

In the case of the electrode which was obtained by sintering a



material onto the edge of the device of the above-nentioned multilayer
ceram c capacitor with Ni inner electrode, and sintering thereof at the
tenperature of 900[err]Cin an N err] atnosphere (N2 gas had an oxygen
partial pressure of 20-30ppn). Then, the capacitance of each sanple was
recogni zed as a paraneter showi ng a bonding condition between N of the
I nner electrode and the outer electrode. The result was shown in Table 4.
23 _ Tabl ep¢t  Firing

. 650 900 Tenperature ([err] Q) Wei ght Ratio of
Ag( % 0 1 10 30 50 60 70 90 99 100 O  Average no additives
25 35 52 108 109 107 93 78 45 18 107 Capacitance contain Sngerr] 30

65 105 107 106 109 108 106 70 35 - (nF) contain Zn 25 57 85 105
109 107 104 8@0éftan§0material containing ?r@t‘i wider 'és @XRBtd IMpBkdES
conduct ed I s appar ent fron1Tab in the sanple where an outer

el ectrode was ﬁl%ﬂr&ﬁebf’iﬂi%gnﬁeﬁpéiﬁ%hfé‘gidﬁéﬁéé@toc90@‘@' g Slréctfg Bevder

or only Ag powder the joining between the N 1 nner el ectrode and
el ectrode vas ptaitafod dasBhriil sGARARK! (BEEAUDY Ao, Do ANk
sufficiently (eg%ﬁactlﬁg rate; 56§ contrary, an ou?@% q%ectrode

was fornmed by gé&&gsog)coatlng naterlal contalnlng the m xture of Cu powder
and Ag

Moreover, in the sample where the outer electrode was
formed by adding a coating material containing SnO2 powder as the
other component in addition to the mixture of Cu powder and Ag
powder, the joining between a Ni of an inmer electrode and an
outer electrode was improved and the predetermined capacitance
was observed to be exffacted. In particular, the outer electrode
that was formed by using the material containing Ag powder in an
amount of 1-99 weight % joined excellently. Above all, in the
case of using the material containing Ag powder in an amount of
10-90 weight %, a capacitance was well extracted in all samples.
Moreover, in each sample where the outer.électrode was formed by
using the coating material ¢ontaining Zn powder in the mixture of
Cu powder and Ag powder as the other matenial, the joining
between Ni of an inner electrode and an outer electrode was
improved and the predetermined.capacitance was observed to be
extracted. In particuiar. in samples using in the material
containing Ag powder in an amount of 1-99 weight'% had an
excellent joining was obtained. More particularly, in the case
of using the material containing Ag powder in an amount of 30-70

weight %, a capacitance was well extracted in all samples.



powder was joined with Ni of the inner electrode in a good condition and
of the predeterm ned capacitance was extracted sufficiently. In
particular, an outer electrode was forned by using a coating materi al
contai ning Ag powder in an amount of 30- 90 weight %joined with Ni of the
I nner electrode in an excellent joining condition. Mdre particularly, in
the case where a material containing Ag powder in an anmount of 30-60

wei ght % was enployed, a capacitance cggld be well extracted in al

sanples. In the case of the electrode which was obtained by sintering a

24 coating material containing only Cu powder as a netal powder, when
the firing tenperature increased to 900[err]C, the extracting of

capacitance s I un 16, FTONEIoAE KIEBERIAD e S thedgob i)
coat 19, Tt o1 bR B SATRARRINC 5 e Bhco A RBRICBork” 20 00
et ool o R0e AR B 56T el s RAEL Vi ok NiCeL o e
ol ectrode  hok i e MR N B R BheSl B sigpftporer 10 a0
electrode. In other words, FIG. 1 schematically shows a cross
section of'fhe joining condition of the Ni inner electrode and an
outer electrode in the following samples of: a sample where an
outer electrode was manufactured by sintering the coating film
formed by a coating material containing only Cu powder as a metal
powder; a sample where an outer electrode was manufactured by
sintering a coating film formed by a coating material containing
a mixture of Cu ponder and Ag powder in which Ag powder was
controlled to be in an amount of 50 weight % with respect to thé
total amount of the metal powder; and a sample where an outer
electrode was manufactured by sintéring the coating film forméd
by the coating material containing a mixture of Cu powder and Ag
powder in which Ag powder was controlled to be in an amount of 50
weight % with respect to the total amount of the metal powder and
SnO2 powder was further added therein in an amount of 0.01 |
(calculated as Sn conversion) with respect to the total amount of
Ag and Cu. FIG. 2 and FIG. 3 are expanded sectional views of the
section on which mark “A”.was written in FIG. 1. FIG. 2 shows an
electrode structure of the capacitor of the foilowihg samples of:

a sample where an outer electrode was formed by sintering a



case of using the material containing Ag powder in an anount of 10-90
weight % a capacitance was well extracted in all sanples. Moreover, in
each sanple where the outer electrode was forned by using the coating’
material containing Zn powder in the nixture of Cu powder and Ag powder as
the other material, the joining between Ni of an inner electrode and an
outer electrode was inproved and the-predeterm ned capacitance was
observed to be extracted. In particulapg in sanples using in the materi al
cont ai ning Ag powder in an anmount of 1-99 weight % had an excellent

j oi ning was obtained. Mdre particularly, in the case of using the materi al
contai ning Ag powder in an anount of 30-70 weight % a capacitance was

wel | extractecoaning |fidanghsfactured by a coating material containing Ag 25
FIG 1 shows the electrode structure of a capacitor using a ceranc of one

enbodi nent of goudepr BS Gl ahdMANOEOSD Wdight %pEah réspdot, t&the totsl a cross
sectional view'show ng the bonding portion between a N inner el ectrode

and an outer gloaatrefahel BN AatdPI4lS atFihe thupehefitld 68! 850°Ghoas a cross
section of the joining condition of the N inner electrode and an. outer

el ectrode in tdsphel hmwansam&eéleétro’aesmln%nMaéﬁxﬁa bp W teplge ey ode
was manufactured by sintering the coating film fornmed by a coating

- material cont agditiggOfi M PerBEI adSoft iMg! RhteANIEintANIATTH RikeEFE oD

- outer electrode was nanufactured by
Cu powder and.Ag powder in which Ag powder was controlled to be
in an amount of 50 weight % with respect to the totallamount of
the metal powder and SnO2 powder was further added in an amount
of 0.01 (calculated as Sn conversion) with respect to the total
amount of Ag and Cu at a teﬁperature of 650°C; and a sample where
an outer electrode was manufactufed by sintering a coating film
formed by a coating material containing only Cu powder at the
temperature of 900°C. FIG. 3.shows an electrode structure of a
capacitor made by sintering a coating film formed by a coating
material containing only Cu powder at the temperature of 650°C.
In these figures, 1 shows a dielectric layer (a ceramic layer); 2
shows a Ni inner electrode; 3 shows an outer electrode; 4 shows
Cu sintered powder; and 5 shows a Ni-Cu alloy phase or a Ni-Cu-Sn
alloy phase (an alloy phase comprising Ni-Cu as a main
component); 6 shows a Cu-Ag alloy phase or a Cu-Ag-Sn alloy phase
(an alloy phase comprising a Cu-Ag as a main component) or Cu
metal phase; and 7 shows a hole.

As shown in FIG. 3, in a sample where an outer electrode

was manufactured by sintering a coating film formed by a coating



sintering a coating filmfornmed by a coating material containing a mxture
.of Cu powder and Ag powder in which Ag powder was controlled to be in an
amount of 50 weight %w th respect to the total amunt of the netal

powder; and a sanple where an outer electrode was nmanufactured by
sintering the coating filmforned by the coating material containing a

m xture of Cu powder and Ag powder in which Ag powder was controlled to be
in an anmount of 50 weight %wth respggt to the total anount of the netal
powder and Sn(err] powder was further added therein in an anmount of 0.01
(cal cul ated as Sn conversion) with respect to the total anmount of Ag and
Cu. FIG 2 and FIG 3 are expanded sectional views of the section on which
mark "A" was weatdrdali cortfa@ning drll@ C2 owdes asia ebtal pogdestatuthere of the
capacitor of the follow ng sanples of: a sanple where an outer el ectrode
was forned by semperatape f 650°C, the bonding condition between electrédes
coating fil mmanufactured by a coating material containing Ag powder in an

anmount of 50 weogld ntvbé lobsegped! Howédver,! atashowdan RIS 21 hin rhéal
material at the tenperature of 650[err]C, a sanple where an outer

el ectrode was sampleashurehdvusteniclectifode wasabamEatthred byneihteying epati ng
material containing a m xture of Cu powder and Ag powder in which Ag

powder was conicoatimd fidmbsf a Boatimg batériefl béntEinghg Ae pokder dapest to

the total amount of the netal powder and SnO2 powder was further added in

an anmount . amount of 50 weight % for the total amount of the metal powder at
the temperature of 650°C, a Ni-Cu alloy phase was observed to
grow between electrodes, that is, at the boundafy face between
the outer electrode 3 and the inner electrode 2. Moreover, in

~ this case, a metallic bonding in the outer electrode was promoted

better than the case of the coating film of coating material
containing only Cu powder and the electric continuity was
observed to be improved. Moreover, in the case where the outer
electrode was manufactured by sintering a coating film formed by
a coating material containing only Cu powder at the temperature
of 900°C, the same alloying condition and the electric continuity
could be obtained as the sample mentioned above.

Moreover, as shown in F1G.2, in the sample where the
outer electrode was. manufactured by sintering a coating film
formed by a coating material containing SnO2 powder as the other
additive component in addition to the mixture of Cu powder and Ag
powder at the temperature of 650°C, a Ni-Cu-Sn alloy phase was
observed to grow between electrodes, that is, at the boundary

phase between the outer electrode 3 and inmer electrode 2. Also



of 0.01 (calculated as Sn conversion) with respect to the total anount of
Ag and Cu at a tenperature of 650[err]C, and a sanple where an outer

‘el ectrode was manufactured by sintering a coating film forned by a coating
material containing only Cu powder at the tenperature of 900[err]C FIG

3. shows an el ectrode structure of a capacitor nmade by sintering a coating
filmfornmed by a coating naterial containing only Cu powder at the
tenperature of 650[err]C. In these figw&s, 1 shows a dielectric |ayer (a
ceramic layer); 2 shows a Ni inner electrode; 3 shows an outer el ectrode;
4 shows Cu sintered powder; and 5 shows a Ni-Cu all oy phase or a N -Cu-Sn
all oy phase (an all oy phase conprising NN-Cu as a main conponent); 6 shows

Cu- Ag all oy yph —Ag-Ph; Al : g
8,55 0,7 LS o o e oo garor 170

Cu-Ag as a main conponent ase; shows a
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- phase was Obsevfré/se{jadtdgd into the mixture of Cu powder and Ag powder was

illustrated in this embodiment. However, in the case of using

any metal element that alloys with Ag and Cu énd of which the

alloy with each of Ag and Cu has the melting point lower than
| each melting point of Ag and Cu, the same result could be.

-obtained.
Example 5
A metal coating material was obtained by kneading 100

parts by weight of a mixed powder comprising 50 weight % of Cu
powder having an average pérticle size of 0.5 m, 42 weight % of
Ag powder having an average particle size of 1.0#m, and 8 weight
% of glass frit respectively for the total amount of the mixed
powder; 3 parts by weight of ethyl cellulose as a binder
component; and terpineol as a solvent. In the same manner as
Example 4, an outer electrode was manufactured by the following
steps: the resulting metal coating material was applied and dried
on the edge of a device of multilayer ceramic capacitor with Ni
inner electrode; and sintered thereof in an N2 atmosphere (N2 gas

had 20-30ppm of oxygen partial pressure) at the temperature of



grow between el ectrodes, that is, at the boundary face between the outer
el ectrode 3 and the inner el éctrode 2. Mreover, in this case, a netallic
bonding in the outer electrode was pronoted better than the case of the
coating filmof coating material containing only Cu powder and the
electric continuity was observed to be inproved. Mreover, in the case
where the outer electrode was nanufactured by sintering a coating film

formed by a coating material containim® only Cu powder at the tenperature
of 900[err]C, the same alloying condition and-the electric continuity
coul d be obtained as the sanple nentioned above. Mor eover, as
showmn in FIG 2, in the sanple where the outer electrode was nmanufactured
by sintering £00%ati Thef sdma prbcedme bgys xaroiéd roptnat ettieat empertadure raf

SndJ err] powder as the other additive conponent in addition to the

m xture of Cu 700%icanda 80078y, making ci00asaplest efrrmrtarueeatroféd [atr eddh a
Ni - Cu-Sn all oy phase was observed to grow between el ectrodes, that is, at

the boundary tempessturetl WweThen, haceslerated ddfeotesty bpdloadiag @/hdghr ode 2.
Al so 28 in this case, a netallic

bondi ng i n theyglthge =t high otbmpsbatuny @6t ednlettel ohhtlie dbeasdof the
coating filmof a coating material containing only Cu powder and the

el ectric contiguipligs (300 Shfs¥esddréspdetivelyl.0VEHe tests werel Bendictedty e of

an outer electrode in which SnJerr] powder
the following steps of: forming Ni-solder plate on the outer
electrode of the sample; placing the sample on the predetermined '
substrate; énd applying a voltage'at DC250V at the temperature of
150°C. Moreover, as a coﬁparative sample, the coating material
was formed by the same manner as mentioned above except that a
powder containing only Cu powder was used as a metal powder. An
outer elecfrode was manufactured by applying the metal material
on the edge of a device of multilayer ceramic capacitor with Ni
inner electrode and driea thereon; and sintering at the
temperatﬁre of 900°C in an N2 atmosphere to make 100 samples of
outer electrodes. The accelerated life tests by loading a high
voltage at the high temperature were conducted on the obtained
saumples in the samelmanner as mentioned above.

The result was shown in Table 5, where the average life

time (Hr) is the average hours over which each sample (device)

was deteriorated and then a short-circuit was generated.



was added into the m xture of Cu powder and Ag powder was illustrated in
,this enbodi nent. However, in the case of using any netal elenent that
alloys with Ag and Cu and of which the alloy with each of Ag and Cu has
the nelting point |ower than each nelting point of Ag and Cu, the sane
result could be. obtained. Exampl e 5 A netal coating materia
was obt ai ned by kneadi ng 100 parts by weight of a m xed powder conprising
50 wei ght % of Cu  powder having an awégrage particle size of 0.5 err]m 42
wei ght % of Ag powder having an average particle size of 1.0[err]m and 8
wei ght % of glass frit respectively for the total anmount of the m xed
powder; 3 parts by weight of ethyl cellul ose as a binder conponent; and

terpineol as a solvent. In the sane mangghp1@s - Exanple 4, an outer
el ectrode was manufactured by the foll ow ng steps: the resulting netal

coating material wagam i ed and @Iﬂ}ﬁ% Teﬁg?tﬁrg@gp @r%@eﬂﬁifﬁ“’rfﬁegﬁr)
mul til ayer ceram c—Tapacrtor Wt ; ;
thereof in an t rosphere (N2 gas had 2 Oppm of oxygen rtial
pressure) at J#%Agenperature of So¢? e 29

600[err] C. The, %@ﬁﬁ@re was carried o at the tenperat of
700[ err] C and Sg%ieﬁ?? , maki ng 100 sanplesv%? out er electrodggeat each
temperature. The.caccel erated life tests bgoboading a high 21

Cu outer electrode 900 10

As is apparent from Table 5, as the sintering temperature
increased, the lifetime of the device became short. It is
believed that the decrease in the lifetime was caused by the
deterioration in the property due to deoxidation of the ceramic
cémponent. Consequently, as the sintering temperature was high,
the deoxidation of the ceramic component of a device during the
formation of an electrode by sintering was promoted and the
device property was proved to be deteriorated. Thus, the
superiority of sintering at the low temperature was proved.

. Example 6

A metal coating material was obtained by kneading 100
parts by weight of a mixed metal powder comprising 54 weight % of
Cu powder having an average particle size of 0.5z m, 40 weight %
of Ag powder having an average particle size of 1.0xm, and 6
weight % of glass frit with respect to the total amount of the
mixed powder; 3 parts by weight of ethyl cellulose as a binder; a

clay powder comprising montmorillonite that account for 5-50% in



vol tage at high tenperature were conducted on the obtained sanples (300
sanpl es) respectively. The tests were conducted by the follow ng steps of:
forming Ni-solder plate on the outer electrode of the sanple; placing the
sanpl e on the predetermned substrate; and applying a voltage at DC250V at
the tenperature of - 150[err]C. Moreover, as a conparative sanple, the
coating material was forned by the sane manner as nentioned above except
that a powder containing only Cu powdé&! was used as a netal powder. An
outer el ectrode was manufactured by applying the netal material on the
edge of a device of multilayer ceramc capacitor with Ni inner el ectrode
and dried thereon; and sintering at the tenperature of 900[err]C in an

N[ err] at mospReyené OrdB168 td OtheS BEPA 1 2a®bri AU cBhpSicdR! (O SowdéPearRCag! er at ed
life tests by loading a high voltage at the high tenperature wer e

conduct ed on_ tdagab} g tofEbeSed ' EOSVSRTE YRIVI sdife HihePIAT abOVe.

b#Sad
The result was shomn in Tabl'e 5, a%ere the average life time (H) is the
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short-circuit was genera
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edge of the device of multilayer ceramic capacitor with Ni inner

electrode and dried; and sintered in an N2 atmosphere (N2 gas had
20-30ppm of oxygen partial pressure) at the temperature of 650°C .
Then, the flexibility intehsity tests was conducted on the
obtained 6uter electrodes. This test was carried out in
accordance with JIS C 6484 flexibility test. Moreover, as a
comparative sample, the coating material was formed by the same
mannér as mentioned above except that a clay powder comprising
montmorillonite was not added. An outer electrode was
manufactured by épplying the above-mentioned metal material on
the edge of the above-mentioned device of multilayer ceramic
capacitor with Ni inner electrode. The flexure intensity test
was carried out on the obtained outer electrodes in the same
manner és mentioned above.

As a'resuit of-the flexibility test, in the comparative
sample of the outer electrode made by the coating materials in
which clay powders comprising montmorillonite as a main component
was not contained, when the substrate was warped by 3-5mm, the
device was destroyed and a short-circuit was generated. On the

other hand, in the comparative sample of the outer electrode made



outer el ectrode _ 700 37 Product

800 21 Cu outer electrode 900

10 As is apparent from Table 5, ‘as the sintering tenperature
increased, the lifetine of the device becane short. It is believed that
the decrease in the lifetinme was caused by the deterioration in the
“property due to deoxidation of the ceram c conponent. Consequently, as the
sintering tenperature was high, the dggxidation of the ceram c conponent

of a device during the formation of an el ectrode by sintering was pronoted
and the device property was proved to be deteriorated. Thus, the
superiority of sintering at the |ow tenperature was proved. Exanpl e 6

A netal coatin erial .was qbtained by, kneading 10 arts by weight of
 Mixod mocal | DSaahe CriPe SrAtErah TS kpiOR S0 o s Btrotie 5
average particle gize.aof Q.59 m_ 40,weight %. _of Ag _pqQwder haying .an
average parti c|“}§’“§ﬂF‘QﬁlﬁPnl,t6[g%§ A B onent, W5t c&} “sﬁ?aé{}#-w‘?‘m ft
respect to the totgl anount of th m xed er..3 parts by wei ght of
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t hat account for 5-50%in : . 31
volume ratio to the nﬁ%lreﬁ'ﬁ?%rﬂhﬁl the grsfenction, of ohke deyigendan

electronic part), caused by the flexure loaded on the substrate

when the outer electrode was placed onto the substrate, could be
inhibited by adding a clay powder comprising montmorillonite as a
main component into the coating materials will be expiained as
follows. The clay powder comprising mbntmofillonite as a main
component has a.softening temperature at not less than 900°C, and
dispersés at random in the outer electrode without bonding with
the other component such as metal componént so that the clay
powder retains its original particle shape. Consequently, when
the stress is applied to the sample (an electronic part) due to
the flexure of the substrate, ‘a slight slide was generated at the
boundary between the surface of the clay péwder comprising
montmorillonite as a main component and the other component
comprising such as a metal. As a result, the plastic deformation
was generated in an entire outer electrode and the flexure of the
substrate was absorbed by this plastic deformation of the outer
electrode, thus reducing the stress onto the sample (an
electronic part).

Moreover, the same investigation was conducted on the

other inorganic oxide particles having a softening temperature of



powder); and terpineol as a solvent. In the sanme manner as Exanple 4, an
outer el ectrode was manufactured by the following steps: the resulting
netal coating material was applied on the edge of the device of multilayer
ceram c capacitor with Ni inner electrode and dried; and sintered in an N2
at nosphere (N2 gas had 20-30ppm of oxygen partial pressure) at the
tenperature of 650[err]C. Then, the flexibility intensity tests was
conducted on the obtained outer-electrggles. This test was carried out in
accordance with JIS C 6484 flexibility test. Mreover, as a .conparative
sanple, the coating material was forned by the sane manner as nentioned
above except that a clay powder conprising nontnorillonite was not added.

An out er el ecotdbessathane800°G csunte dshyicep powdear, ttHeanhow exidetpoader, net al
material on the edge of the above-nentioned device of nultilayer ceramc

capaci tor w t lanl¥i coppeer oridectpoader. TAe & |rosule, | tHeedestyudtdoh ofvas carri ed
out on the obtai ned outer electrodes in the same nmanner as nentioned

above. sample a(arc eléétwnithparft)eduditdd ithiet kidedi fléxweecwagar ati ve
sanpl e of the outer electrode made by the coating materials in whi ch cl ay

powders conprighsegved®tionbei idlabited & Gsifgd Buehipowdens. Mureoter, ®eBhai ned,
when the substrate was warped by 3-5nm the . device was destroyed and a

short-circuit #Rsclgygiontes. cdapraaﬁxg wohBdril1368itd rast ae\nmrraaﬁﬁﬁﬂem sanpl e

of the outer electrode made
and mica powder had flake-shaped particles. So if such powder
was addéd, the surface area was large and the continuity of the
outer electrode was inhibited. When compared with a copper oxide
or titanium oxide powder which were approximately spherical
shaped particle, the sliding operation at the boundary faée
contacting to the above-mentioned other component such as metal
component was observed. Thus, the degree of inhibiting
destruction due to the flexure loaded on the substrate became
large. Moreover, inorganic oxide can be employed by mixing two

or more of the powders selected from clay powders comprising

montmorillonite as a main component, mica powder, titanium oxide

and copper oxide.

Example 7

Under the condition of Example 5, a ceramic capacitor was
obtained by sintering outer electrode (100 samples of outer
electrode was sintered). The same procedure as Example 5 was
followed except that the outer electrodes were sintered at the

temperature of 600°C in an atmosphere of an oxygen partial

pressure as follows.



by the coating materials in which clay powders conprising nontnorillonite
as a main conponent was contained, destruction of the devices was not
observed until the flexure was 10mm The reason why the destruction
of the devices (an electronic part), caused by the flexure | oaded on the
substrate when the outer electrode was placed onto the substrate, could be
i'nhi bited by adding a clay powder conprising nontnorillonite as a nmain
conmponent into the coating materials wlhsbe explained as follows. The
cl ay powder conprising nontnorillonite as a main conponent has a softening
tenperature at not |ess than 900[err]C, and disperses at randomin the
outer electrode without bonding with the other conponent such as netal

Convequent Ty, when o aEenBRINRL SlkdiRe I & bihdiihebl o4, uh e
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~onto the sanple (Qp el ectronic part). Mor eover, the sane
;investigationam%g'COnducted on the ot her inorganic oxide particles
. having a softening tenperature of
a g g tem Table 6

Oxygen Partial pressure Average Variation

No. in an atmosphere of N2 gas capacitance of capacitance

(ppm) (nF) min-max (nF)
1 50 | 104 100-110
2 100 - 106 102-108
3 500 - 103 98-108
4 1000 98 88-106
5 2000 50  20- 80

As is apparent from Table 6, when the oxygen partial
pressure in.an N2 atmosphere was not more than 1000ppm, a
practical product could be providéd. Furthermore, when the
okygen partial pressure was not more than 500ppm, a capacitance
could be extracted stably and stable products without variation
in quality could be provided.

As described above, in the ceramic electronic part of the
present invention the alloying operation of Cu and Ni was

promoted by adding Ag into Cu which alloys with Ni and moreover,



33 not less than 900[err] C such as nica powder, titanium oxide powder,
and copper oxide powder. As a result, the destruction of a sanple (an

el ectronic part) due to the |oaded flexure was observed to be inhibited by
- using such powders. Moreover, both the clay powder conprising
nontnorillonite as a main conponent and mca powder had fl ake-shaped
particles. So if such powder was added,_the surface area was |arge and the
continuity of the outer electrode was 3%hi bited. Wen conpared with a
copper oxide or titanium oxide powder which were approxi mately spher.i cal
shaped particle, the sliding operation at the boundary face contacting to
_ the above-nentioned ot her conponent such as netal conponent was observed.

- Thus, the degnRedefred Hfbbbiditis &5 146! ifo¥e8. | Furthefmdpe &n | 0aded on
t he substrate becane |arge. reover, inorganic oxide can be enployed by

m xing two of) 1§9ifg BpdrltifPWHCES afd REL &€ o N6R fuperRPdE coul®'Ber | Si ng

nmontnorillonite as a nmaln conponent, m ca powder, titaniumoxide and
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ceram c capacitor was = obta y sintering outer electrode” (100 sanples
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fol | oned except that the ou ectrodes were Sintered at t

tenperature of, SAYBE" i iflg HbupbFREBLS thalfedth AIYORT RBESdAture RS

as follows. .
and Cu into Cu. Thefefore. a sufficient bonding between an outer
electrode and an inner electrode can be provided at a low
temperature. Moreover, the outer electrode which is stable in
intensity and excellent in electric property and mechanicél
property can be provided without deteriorating the propgrty of an
electronic part. And yét; the glectronic part of_the present

invention can be produced with low consumption of electric power.



34 . The oxygen partial pressure in an atnosphere of N2 gas was (1)

50ppm (2) 100ppm (3)500ppm (4)1000ppm (5) 2000ppm The result is
shown in Table 6, where the average capacitance (nF) is represented by the
capaci tance value at 1kHz and 1V. ' 6
Oxygen Partial pressure "Aver age Vari ation mu“ll"""m,wﬂmmkere
of N[err] gas capacitance of capacitance *pp®) = ™ s+

(nF) - mn-max (nF) 1 36 104

'100- 110 2 100 106 102-108 3

500 103 98-108 4 1000

98 88-106 5 2000 50

20- 80 | atent from Table 6, when the oxygen parti al
pressure in gﬁ“ﬂﬁé?r?ﬁgﬁﬁgs%ﬁgre was not nore than 1000ppm a practica

prochct cou | be PR, dlor MG UILE Gyt BEDy Ao P el g
L P SOk aCRU 5 2D ki \BhbblefE Ul B B Brzoge
et on, ¢S SHSER LTk b i bal e SHOTRELDY 200110
electronic part,

wherein said outer electrode is a sintered body
comprising a metal component comﬁrising Ag and Cu as a mwain metal
component and a glass component, -

and has a boundary contacting to said inner electrode
formed by an alloy phase comprising Ni and Cu as a main
component.

2. The ceramic electronic part according to claim 1,
wherein said outer electrode consiststof Ag and Cu and has a
boundary contacting to said inner electrode formed with an alloy
phase consisting of Ni and Cu.

3. The ceramic electronic part according to claim 1,
ﬁherein said outer electrode comprises Ag and Cu as a main metal
component and at least one metal component selected from metal
components that alloy with each of Ag and Cu and of which the
alloy with each of Ag and Cu has a melting point lower than each
melting point of Ag and Cu as another component, and has a
boundary contacting to said inner electrode formed with an alloy

phase comprising Ni and Cu.

4. The ceramic electronic part according to claim 1,



35 t he degree of bonding was al so i nproved. Furthernore, an al I oyi ng
operation of Cu and Ni at a |ow tenperature could be pronoted by addi ng

Ag, and a netal conponent which alloys with each of Cu—and-Ag-and of which
the alloy with each of Ag and Cu- has |l ower nelting ” re than each
melting tenperature of Ag and Cu into Cu. Thereforlzﬂ E'! ond| ng
between an outer electrode and an inner_ _el ectrode can t a | ow
tenperature. Moreover, the outer el ectrofe which is stable in |nten5|ty
and excellent in electric property and nechani cal property can be provided
~without deteriorating the property of an electronic part. And yet, the

el ectronic part of the present invention can be produced with | ow

consunpti on ofwhetent isiatd powR- electrode comprises Ag and Cu as a main metal 36
What is clained is: 1. Aceramc electronic part having an I nner
el ectrode- conpmponeix bhd &t deHBt onehétak QORPHREt d8fectedOEtSs rRtgEL r 0de
éomponents that alloy with each of Ag and Cu and of which the
allby with each of Ag and Cu has a lower melting point than each
melting point pf Ag and Cu as the other component, and has a
boundary contacting said inner electrode formed with an alloy
phase comprising Ni, Cu and said othef compohents.

5. The ceramic electronié part according to claim 3 or 4,
wherein said outer electrode comprises Ag and Cu as a main metal
component and at least one component selected from the group
consisting of Bi, Ce, Ga, In, Pb, Sn and Zn as the other
component.

6. The ceramic'electronic part according to claim 1, 3, 4
or 5, wherein the weight ratio of Ag to Cu in said outer
electrode is in the range of 1:99 to 99:1.

7. The ceramic electrénic part according to claim 2,
wherein the weight ratio of Ag to Cu in said outer electrode is
in the range of 3:7 to 9:1.

8. The ceramic electronic part according to any of claim
3 to 6, wherein the weight ratio of the.metal component which is
contained as the other metal component is not less than 0.001
with respect to the total amount of Ag and Cu.

9. The ceramic electronic part according_to any of claim

1 to 8, wherein said sintered body of said outer electrode



which is attached to an outer side face of said ceramc electronic part,
wherein said outer electrode is a sintered body conprising a netal

conponent conprising Ag and Cu as a nmain netal cenpenent—and a grass

conponent, and has a boundary contacti '

el ectrode formed by an alloy phase conprising N M‘a‘ﬂ%‘“ﬂmﬂ
conponent . 2. The ceram c electronic part J1gm Oscla|n11
wherein said outer electrode consists o38Ag" and Cu and has a boundary
contacting to said inner electrode fornmed with an all oy phase consi sting
of Ni and Cu. 3. The ceramic electronic part according to claim1l

wherein said outer electrode conprises Ag and Cu as a nai n netal

conponent and cgipt B iA6Ey diﬁbabxmg@ﬁﬁf&léﬁhﬁéﬁeﬁ hoerbdiRidako saa@monent s
that alloy with each of Ag and and of which the alloy with each of Ag

and Cu has a mRkai NempRnBAt |LMeRhidiaRetaths an'®hitidl patticlel shepafdoRlU as
anot her conponent, and has a boundary contacting to said inner electrode

formed with arnhal ¢ five ofpﬁ@ﬁﬁlgcgmaﬁlmeyl and Cu. : 4. The ceramc

el ectronic part according to claim1l

37 wherein said off eThgl G5eh36 % RATRbhEEHAS 3BE0IG1ngStS (YRR g al
wherein said inorganic oxide particle is flake-shaped.

11. The ceramic electronic part accofding to claim 10,
wherein said fléke—shaped inorganié oxide particle is at least
one powder selected from the group consisting of mica powder and
CIay powder comprising montmorillonite powder as a main
component.

12. A method for manufacturing a ceramic electronic part
comprising an inner electrode containing Ni as a main component
and an outer electrode which is attached to an outer side face of
said ceramic.electronic part, which comprises:

| forming a coating film by applying a coating material

comprising at least one metal powder selected from the group
consisting of a metal powder in which Ag powder and Cu powder are
mixed, a metal powder comprising a Cu-Ag alloy, a metal powder
comprising Cu powder whose surface is coated with Ag, and a metal
powderfcombrising Ag whose surface is coated with Cu; a glass
frit; and an organic material for a binder onto the outer side
face of said ceramic electronic part, and

firing said coating film at the temperature of 500-

800°C in an atmosphere of a low oxygen partial pressure.



conponent and at |east one netal conponent selected fromnetal conponents
that alloy with each of Ag and Cu and of which the alloy with each of Ag
and Cu has a lower nelting point than each nelti ' 0 g and Cu as
- the other conponent, and has a boundary contactin I Ghuil ARt r ode
formed wwth an alloy phase conprising Ni, Cu and g‘lﬂm@l“wmvﬁmﬂ“ents
5. The cerami c electronic part according.to claim3s0rc4,. erseim said
outer el ectrode conprises Ag and Cu as %mi n net al conponent and at | east
one conponent selected fromthe group consisting of Bi, Ce, Ga, In, Pb, Sn
-and Zn as the other conponent. 6. The ceram c el ectronic part
. according to claiml1, 3, 4 or 5, wherein the weight ratio of Ag to Cu in

sai d outer electrodgs i $hemdthed’ 8t RafhfdodPih® HCebamic electrohic!Part
ceram c electronic part according to claim?2, Wherein the weight ratio of

Ag to Qu in sgicdopdify t8l 8841042, | wherdin! §8id 2Ba€iMY mitdrid) Bodtains at 8

- The ceram c electronic part according to any of claim 3 to 6, wherein the

wei ght rati o of € e Nt t eH er netal
g O.leaTS:Q ol (pdled P RARE REd Vxﬁbg the groff'e d%%?gf% Femdid)

conponent is not less than 0.001 wt espe e anount of Ag

and Qu. pordlor THf) SRR Srith eBide! Bohiinifg ot Jelde ! heries] ©f 2 m

1 to 8 wherei'n sard sinter out er trode
' component selected from metal components that alloy with each of

Ag and Cu and of which the alloy with each of Ag and Cu has lower
melting point than each melting point of Ag and Cu as another
additive. |

14. The method for manufacturing a ceramic electronic part
according to claim 13, wherein said coating material comprises at
.least one metal powder selected from the group consisting of Bi,
Ce, Ga, In, Pb, Sn and Zn és the other additive.

15. The method for manufaciuring a ceramic electronic part
according to claim 13, wherein said coating material c&mprises at
least one 6xide powder of the metal selected frdm the group
coﬂsisting of In, Bi, Sn and fb as the other additive.

16. The method for manufacturing a ceramic electronic part
according to any of claim 13 to 15, wherein the weight ratio of
Ag to Cu in said metal powder is in the range of 1:99 to 99:1.

17. The method for manufacturing a ceramic electronic part
according to claim 12, wherein the weight ratio of Ag to Cu in
said metal powder is in the range of of 3:7 to 9:1.

" 18. The method for manufacturing a ceramic electronic part

according to any of claim 13 to 16, wherein the weight ratio by



s———

corpri ses inorganic oxide particle which is not bound to said netal
.conponent and which retains an initial particle shape from the time of

“mi xing of particles. 10. The ceram c el ding to
claim9, wherein said inorganic oxide particle i ke- shaped.

11. The ceramic electronic part according to cl a“ill @Il mi l!ﬁal d

fl ake- shaped i norganic oxide particle is at |eas ected from
t he group consisting of mica powder andtO cl ay powder conpri sing :
nmontnorillonite powder as a main conponent. - 12. A nethod for

manuf acturing a ceramc electronic part -conprising an inner electrode
containing Ni as ‘a nai n conponent and an outer electrode which is

attached to anmetﬁprcoavessi&pefothe othbf Kl NbomBIRAtT O iat Pasdy onBi Ch
conpri ses: formng a coating filmby applying a coating

material  comppisi Howdbr! Sriotel il i‘he RARIS! c&%ﬁi&ﬁ% dff Q”héfbel PoRESr

consisti-ng of a netal powder in which Ag powder and are n1xe

a nmetal powder aﬁ?”&’rde?t'aﬁgoﬁi@péﬁd% s %?fﬁh%?gﬁmeéaid ggu

powder whose surtace |s coated pomd conpr|3|ng Ag
whose surface iggtC I t f¥d tthe 246t Naf) |g&n I al
for a binder onto t e outer éﬁﬁ.wfﬂ?;@%ﬁe gélg geraﬁ?c e ectPgﬁﬁ%E%Qrt
and firing said coating filmat the tenperature of 500-
800[err]C in an atnosphere of a | ow oxygen partial pressure.

19. The method for manufacturing a ceramic-electronic "part
' according to any of claim 12 t9'18. wherein said coating material
comprises inorganic oxide particle having a'seftehiﬁg point of
not less than 900°C.

20; The method for manufacturiﬁg a ceramic electronic part
according to claim 19, wherein said inorganic oxide particle is
flake-shaped. | |

21. The method for manufacturing a ceramic electronic part
according to claim 20, wherein said flake-shaped inorganic oxide
particle is at least one powder selected from the group
consisting of mica powder and clay powder comprising
montmorillonite powder as a main component.

23. The method for manufacturing a ceramic elecﬁronic{pe;t
according to claim 1 or 12, wherein. said sintered body'?f,§aid
outer electrode comprises a metal component in an amount of 60-97.
weight % and a glass component in an amount of 3-40
weight %. |

24. The method for manufacturing a ceramic elecfronic part

according to claim 1 or 12, wherein said immer electrode contains



39 13. The method for manufacturing a ceram c el ectronic part
according to claim.l2, wherein said coating nateriw_a,i.nsfaI—A—G&St one
powder selected fromthe group consisting of netal powder and netal oxide
powder containing at |east one netal conponent sel mm m’um\ﬂ“ -
conponents that alloy wwth each of Ag and Cu and OI W th
each of Ag and Cu has lower nelting point than each *nel’ti hg poi nt of Ag
and Cu as another additive. 1441The met hod for manufacturing a
ceramc electronic part according to claim 13, wherein said coating’
material conprises at |east one netal powder selected fromthe group
consisting of Bi, Ce, Ga, In, Pb, Sn and Zn as the other additive.

15. The net hO!hfﬁ{ B Ab R uflm-mowwgmcxebmtaﬁmwr RRfth] ESPRhENE Unt O
claim 13, wherein said coating material conprises at |east one oxide

powder of theafiedduntebeai-a@ {,éizgnttue group consisting of In, Bi, Sn and
Pb as the other additive. . The nethod for manuf acturi ng a

ceram c el ectronic partfthe %ﬁ&ﬁé&"fw h&n@f&btﬁhﬁé% &bﬂ-é’mfcoeléctzvéﬂ%ibe?&ﬁ he
wei ght ratio of Ag to Cu in said netal powder is in the range of 99 to

99: 1. acédrdi P%etaﬁéﬂﬁ% { ®r TN Wiériein 88id o‘%ﬁéﬁrﬁé"ta‘i' 661£ﬂdi\8h€ gart

according to claim wherein the weight ratio of sai d netal

powder is in iheqr AHREG Qi?&froae ‘cdiprisds at least on7e8me{£![3 s@ﬁ%@fﬁﬁaff%m

manuf acturing a cer am c electronic part according to any 0 imi13 to'”

16, wherein t hgaWeh iy CE)ﬁéié)tI% of Fe, Co, Cu and Cr.
25. The method for manufacturing a ceramic electronic part
according to claim 12 to 24, wherein an atmosphere of said low
oxygen partial pressure at the time of firing' of a outer

electrode is not less than Oppm and not more .than 1000ppm.



40" = netal conversion of the other netal conponent of at |east one netal
_powder selected fromthe group censisting-.of «a netal powder and a netal
oxi de powder which is added into said Ag and Cu is not |ess than 0.001
with respect to the total amount of Ag and Cu. 19. The net hod for
‘manufacturing a ceram c electronic part according to any of claim12 to
18, wherein said coating material congpgises inorganic oxide particle
. having a softening point of not less than 900[err]C. 20. The

met hod for manufacturing a ceramic electronic part according to claim 19,
wherein sai d i ACTERAMIC ELRCERONEG BART|AND A METHOR FORMANUEACTURING THE ‘SAME: The
met hod for manufacturing a ceramc el ectronic part according to claim 20,
wherei n sai d f INBS®RAGEped i norgani c oxi de particle is at |east one powder
sel ected from tthe group consi sting of mca powder and clay powder

conprising  nontnorAl¢eramie Puugiedbnds parteconprdsiages inner electréde The
nmet hod for manufacturing a ceramc el ectronic part according to claim1l

or 12, wherein @nitdining avieds bodaiaf needld comporiciit, ehid tarP dat6® et sLsdct
metal component in an amobunt of 60-97  weight % and-a gl ass conponent in

an amount of 3-cdhpriveaghi sintered body &% a iﬁé@aﬁ@ohgdnéiw coRtadmiakUAE Hhd
- ceramc electronic part according to claim1l or 12, wherein said inner
. el ectrode cont2gyas a main component and a glass component. The ceramic

: electronic part having an excellent bonding property and the high
reliability can be provided by forming a boundary, between an
outer electrode and an inner electrode.with an alloy phase
comprising Ni and Cu as a main component. The ceramic electronic
part is manufactured by the.following steps: the metal comprising
Cu and Ag as a main component is emﬁloyed'for the outer.
electrode; the metal for an outer electrode is and softened in an
atmosphere of low ox&gen'partial présSure_at the tgmperature of
500-800°C. As a result, an oﬁter electrode 3ris provided where
an entire body is formed by an alidy ﬁhase 6 comprising Cu-Ag as
a main component and an alloy phase 5;c6ép&§§iné;Ni—Cu'as a main
cohponent is formed at the boundary contacting with a Ni inner
electrode. Consequently, an outer electrode:3 qan.be sintered at
a low temperature, thus inhibiting thé deterioration in the

electric property due to the deoxidation of the ceramic

component. Moreover, the production cost of outer electrodes can

be reduced.

Figure 2



«

Ni in an amount of 90-100 wei ght %and another netal conponent in an
24. “The frethod for manufacturing a ceramic
el ectronic part according to claiml or 12, wherein said other netal
~conponent of said inner electrode conprises at |east one netal selected
-from the group consisting of Fe, Co, Cu and Cr. 25. The nethod for

“manuf act uri ng a ceramc electronic part according to claim12 to 24,
n partial pressure at the tine of

wherein an atnosphere of said | ow oxygi
firing of a outer electrode is not |es /Y han Oppm and not nore than

1000ppm

41
ahount of 0-10 wei ght %

FIG.1

FIG.2

FIG.3
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