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DIELECTRIC CERAM C CCNPCSITICN AND NCNCLITHIC d .

FI' ELD OF "THE | NVENTI'ON The. present invention rel at SSEPLAGED &HEE'ESCerzSﬁc
conposi t i euURATA NS090260-50802661 Junap20j t 1997 _sa se

el ectronic instrunents, especially those haV|ng%?ﬁ%§VmgeedF$b gg cﬁ@%ﬁ """"
ni ckel or nickel alloys. BACKGROUND OF THE | NVE ®bnol Aaekd S-betoapaged S7-.
capacitors are generally produced as foll ows. Riorawishigeimged ..di.elepdgedc......
Cergm c Ia’yers each as E/Ab‘stract : paged 7.0 to paged .7

DIELECTRIC CERAMIC COMOSITION AND MONOLITHIC CERAMIC

CAPACITOR USING SAME

FIELD OF THE INVENTION
The present invention relates to dielectric ceramic
compdéition' and monolithic ceramic capacitors using same to
be used in electronic instruments, especially those having

inner electrodes made of nickel or nickel ‘alloys.

BACKGROUND OF THE INVENTION
Monolithic ceramic capacitors are generally produced

as follows.

First, sheets of dielectric ceramic layers each as

coated with an electrode material to be an inner e_’_l.ectrode

thereon are prepared. For example, the dielectric ceramic

layers may consist essentially of BaTiO3. Next, a

plurality of such sheets of dielectric ceramic layers each

coated with the electrode material are laminated and

integrated under heat and pressure, and the resulting

laminate is baked in a natural atmoéphere at from 1250°C to

1350°C to obtain a monolithic dielectric ceramic body

- having inner electrodes therein. To the both ends of the

dielectric ceramic body, are fixed and baked outer

electrodes that electrically communicate with the inner

“electrode. Thus is obtained a monolithic ceramic capacitor.
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coated with an electrode material to be an inner el ectrode thereon are
prepared. For exanple, the dielectric ceramc |layers may consist

essentlajlmugxtg $0903560-509 066 , JunePR0; ak®9y of such sheets of dielectric
ceram c | ayers each coated with the electrode material are |am nated and

I nt egrated under heat and pressure, and the resulting |lamnate is baked in
a natural atnosphere at from 1250[err]C to 1350[err]C to obtain a

nonolithic dielectric ceram c body having inner electrodes therein. To the
both ends of the dielectric ceranic body, are fixed and baked outer

el ectrodes that_electricall h the inn
Accoré{ng y,ytﬁe ma erla s or suc f%ner electrodes

must satisfy the following requirements.

1. Since the ceramic . laminate and the inner
electrodes are baked together, the melting point of the
materials for the inner electrodes must be not lower than-
the temperature at which the ceramic laminate can be baked.

2. The materials for the inner electrodes must not be
oxidized even in high-temperature, oxidizing atmospheres
and must not react with the dielectric ceramic layers.

As électrodes that satisfy these requirements, noble

“metals, such as platinum, gold, palladium and silver-
palladium alloys, have heretofore bfen used.

However, these_ elecﬁr;de materials are expensive,
though having excellent characteristics. Accordingly, the
cost of the electrode material reachés from 30 to 70 % of
the total cost of one monolithic ceramic capacitor, which
therefore is the essential factor of increasing the
production costs of conventional moﬁolithic ceramic
capacitors.

Except for noble metals, known are base metals, such
as Ni, Fe, Co, W and Mo, which.have a high melting point.
However, such base metals are easily oxidized in high-
temperature, oxidizing atmospheres to lose their functions

as electrodes. Therefore, if such base metals are used as

the inner electrodes in monolithic ceramic capacitors, they
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el ectrode. Thus is obtained a nonolithic ceram c capacitor. 2
Accordingly, the materials for such inner electrodes nust satisfy the

f ol | oW ng MURATA S090260-15090268 nhme t2@, I¥9ANic |am nate and the

i nner el ectrodes are baked together, the nelting point of the nmaterials for
the inner el ectrodes nust be not |lower than the tenperature at which the
ceram c | am nate can be baked.

must be baked in neutral or reducing atmospheres along with
dielectric ceramic layers. However, conventional
dielectric ceramic materials were defective in that, if
they are baked in such neutral or reducing atmospheres,
they are greatly reduced into semiconductors.
| In order to .overcome these drawbacks, for example,
proposed were a dielectric ceramic material comprising a
solid solution of barium titanate where the ratio of barium
sites/titanium sites is over the stoichiometric ratio
thereof, such as that disclosed in Japanese Patent
" Publication No. 57-42588; and a dielectric ceramic material

comprising a solid solution of barium titanate and

-

containing oxides of rare earth metals, such as La, Nd, Sm,
Dy and Y, added thereto, such as that disclosed in Japanese
Patent Application Laid-Open No. 61-101459.

Also proposed were a dielectric ceramic material
having a composition of BaTiO3-CaZr03;Mno-Mg0; such as that
disclosed in Japanese Patent Application Laid-Open No. 62-
256422; and a dielectric ceramic material having a
composition of BaTiO3~(Mg,Zn,Sr,Ca)0-B203-Si02, such as
.that disclosed in Japanese Patent Publication No. 61-14611.

Using these dielectric ceramic materials, ceramic
laminates were obtained, which are not converted into
semiconductors even when baked in reducing atmospheres. As

a result, it has become possible to produce monolithic
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2. The materials for the inner electrodes nust not be oxidized even in

hi gh-tenperature, oxidizing atnospheres and nust not react with the

di el ect r i MURATATSO J0266-5.0902 68 ehimeo @, t¥AA7 sati sfy these requirenents,
nobl e nmetal s, such as platinum gold, palladiumand silver- palladium
al l oys, have heretofore been used. However, these electrode materials are
expensi ve, though having excellent characteristics. Accordingly, the cost
of the electrode material reaches from30 to 70 % of the total cost of one
nmonol ithic ceram c capacitor, which therefore is the essential factor of

increasinge&gﬁic capacitors comprising inner electrodes of base
metals such as nickel.

With the recent development in electronics, small-
sized electronic parts have become required greatly in the’
art, and small-sized, large-capacity, monolithic ceramic
capacitors are therefore required greatly therein.

For these reasons, the recent tendency in the art is
rapidly toward dielectric ceramic materials having a higher
dielectric constant and toward thinner dielectric ceramic
layers. Accordingly, there is now a great demand for

“dielectric ceramic materials with high reliability having a
high dielectric constant, in %hich the temperature-
dependent variation is littlé.

However, the dielectric ceramic materiais disclosed in
Japanese Patent Publication No. 57-42588 and Japanese
Patent Application Laid-Open No. 61-101459 were defective
in that the crystals constituting the ceramic laminates
made from the materials are large, though the _ceramic
laminates themselves may'have a high dielectric constant,
with the result that, if thin dielectric ceramic layers
‘haviné a thickness of, for example, 10 um or less are
incorporated into monolithic ceramic capacitors, the number
of ceramic crystals to be i_n one layer is reduced and
therefore the reliability of the monolithic ceramic

capacitors is lowered. In addition, the dielectric ceramic
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production costs of conventional nonolithic ceramc capacitors.

for

nobl e netals, known are base natals, such as Ni, Fe, Co, Wand M,

whi ch havdMﬁRmmghSQQOZGQgSQQDZGG &bnevﬁﬂ, $88%™ base netals are easily
oxi di zed in high- tenperature, oxidizing atnospheres to |ose their

functions as electrodes. Therefore, if such base netals are used as the
i nner el ectrodes in nonolithic ceram c capacitors, they

materials were further defective in that the temperature-
dependent variation in the  dielectric constant of the
dielectric ceramics is 'great. For these feasons, the
conventional dielectric ceramic materials could not meet
the requirements in the markeﬁ.

On the other hand, the dielectric ceramic material
disclosed in Japanese Patent Application Laid-Open No. 62-
256422 was defective in that CaZr03 .and also CaTiO3 that is
formed during the baking step may .often form secondary

phases together with Mn and others and therefore the high-

" temperature reliability of the capacitor comprising the

material is pfoblematic, althoughv;he dielectric constant
of the ceramic body of the ﬁ;terial is relatively high, the
crystals constituting the ceramic laminate are small, and
the temperature-dependent variation in the dielectric
constant is small.

The dielectric ceramic material disclosed in Japanese
Patent Publication No. 61-14611 was defective in that the
dielectric constant of the ceramic body of the material is

from 2000 to 2800 and therefore the material is not

suitable for small-sized, large-capacity monolithic ceramic

Except

capacitors. In addition, the material was further

defective in that it does not satisfy the X7R-level

characteristic standard as stipulated in the EIA Standard,

‘which indicates that the temperature-dependent variation in
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3 nust be baked in neutral or reducing atnospheres along with dielectric
ceramc | ayers. However , conventional dielectric ceramc

mat er i al S MURATAIH Q902605000266 ,Jue t2@y T9%7 baked in such neutral or
reduci ng at nospheres, they are greatly reduced into sem conductors. In
order to overcone these drawbacks, for exanple, proposed were a dielectric
ceramic material conprising a solid solution of bariumtitanate where the
ratio of bariumsites/titaniumsites is over the stoichionetric ratio

t hereof, such-as that disclosed in Japanese Patent

the capacitance within the range between -55°C and +125°C
shall be +/- 15 % or less.

Japanese Patent Publication No. 63-10386 discloses a
non-reducing dielectric ceramic material, which, however,
was defective in that its insulating resistance and the
temperature-dependent variation in its capacity are greatly
influenced by the grain size of the crystals of BaTiO3
which is the essential component constituting the material
and'therefore the material is difficult to control so as to
obtain stable characteristics. In ‘addition, for the
insulating resistance of the material, the product of the
insulating resistance value and “the capacitance value
{product of CR) falls betweeo 1000 and 2000 (2°F). In view
of this, the material could not be practicable. -

Although some improvements were made in the non-
reducing dielectric ceramic compositions that have
heretofore been proposed in the art, such as those
mentioned hereinabove, to make them have good insulation
‘resistance in high-temperature load 1life tests, the
improvement in their insulation resistance in moisture-
resistant load tests was still unsatisfactory as yet.

In order to solve the above-mentioned problems,
proposed were different compositions, for example, in
Japanese Pafent Application Laid-Open Nos. 05-09066, 05-

09067 and 05-09068. However, these compositions could not
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Publ i cati on No. 57-42588; and a dielectric ceramic material conprising a
solid solution of barium titanate and containing oxides of rare earth
metal s, SWMIURARA [S0902B0-5Q9QR6GnTune 2WdcXPITheret o, such as that disclosed
i n Japanese Patent Application Laid-Qpen No. 61-101459. Al so proposed were
a dielectric ceramc material having a conposition of

BaTi 3- CaZr 3- MMiO- MgO, such as that disclosed in Japanese Patent
Application Laid-Cpen No. 62- 256422; and a dielectric ceramc nmateri al
havi ng a conposition of BaTi - (M, Zn, Sr, Ca) O B2G3- Si 2, such as that

di scl osed jyy JAPgUeIgeRatal Publhtatioiedl Akidéihdsnts for small-

sized, large-capacity capacitors in the market.
Specifically, the recent requirements for these in the
market are to make them have much thinner dielectric
_ ceramicllayers and even have high reliability. Therefore,
there is still a great demand for dielectric ceramic
materials capable of producing much thinner dielectric
ceramic layers in monolithic ceramic capacitors with much
highe: reliability. Given the situation, accordingly, it
has become necessary to provide small-sized, large-capacity,
“high~reliability monolithic ceramic capacitors still having
highly-reliable characteristics even in high-temperature

and high-humidity conditions.

SUMMARY OF THE INVENTIOI;I

Accordingly, the subject matter of the present
invention is to provide a low-priced, small-sized, large-
capacity; monolithic ceramic capacitor, which has a
dielectric constant of 3000 or more, which has a high
insulation resistance, when measured at room 'temperature
and 125°C, of 6000 MQ-yF or more and 2000 MQ-uF or more,
respectively, in terms of its product with the capacitance
(the product of CR), which has temperature-dependent

capacitance that satisfies the B-level characteristic

‘standard as stipulated'in'the JIS Standard and the X7R-
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Using these dielectric ceramc materials, ceramc |am nates were obtained,
whi ch are not converted into. sen1conductors even when baked in reducing

at mospher eURMEA B 09026050902 66 sTee 2@, pD3%7 bl e t o produce nonolithic
4 ceramic capacitors conprising inner electrodes of base netals such

as nickel. Wth the recent developnent in electronics, small-

level characteristic standard as stinnlated in the EIA
Standard, and which has good'weather resistance even in
high-temperature and high-humidity load conditions.

The present invention has béen made in consideration
of the above-mentioned object;

Specifically, the present invention provides a
monolithic ceramic capacitor composed of; a plurality of
dielectric ceramic layers, a plurality of inner electrodes
as formed between the dielectric ceramic layers in such a.
manner that one end of each inner electrode is exposed out

“of either end of the dielectfic.ceramic layers, and outer
electrodes és electrically connecteg with the exposed inner
electrodes, which is charactérized in that;

the dielectric ceramic layers each ére made of a
material comprLSLng, barium titanate having a content of
impurities, alkali metal oxides of 0.02 % by 'welght or
less; at least one rare earth oxide selected from terbium
oxide, dysprosium oxide, holmium oxide, erbium oxide and
ytterbium oxide; and manganese oxide and nickel oxide; and
tontaining side components, magnesium oxide in an amount of
_froﬁ 0.5 to 3.0 mols in terms of MgO, and silicon oxide.in
an amount of from 0.2 to 5.0 mols in terms of SiO2,
relative to 100 mols nf the essential component having the

following compositional formula:

(1-a-B) {BaO}m*Ti02 + oRe203 + B(Mn]-xNix)O

-]
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sized el ectronic parts have become required greatly in the art, and
smal | -si zed, |arge-capacity, nonolithic ceram c capacitors are therefore
requi red guumATy 5020260-5090266c3anec209nT997he recent tendency in the art
is rapidly toward dielectric ceramc materials having a higher dielectric
constant and toward thinner dielectric ceramc |layers. -Accordingly,

there is now a great denmand for dielectric ceramic materials with high
reliability having a high dielectric constant, in which the

t enperature- dependent variation is little. However, the dielectric ceramc

naﬁerials di scl6fe Rep03 is at least one selected from Tb03, Dy203,
Ho203, Er203 and fb203; and
a, B, m and x are as follows:
0.0025 <= a < 0.020
0.0025 < B < 0.04
B/a s 4
0 <x<1.0
1.000 <m < 1.035; and

the inner electrodes each are made of nickel or a
nickel alloy.

Preferably, in the monolithic ceramic capacitor of the
present invention, the outer electEodes each are made of a
sintered layer of an electr;conductive metal powder or of
an electroconductive metal _powder with glass frit added
thereto. Further preferably, the outer electrodes each are
composed of a first, sintered layer of an electroconductive
metal powder or of an electroconductive metal powder with
glass frit added thereto, and a second, plated layer formed

on the first layer.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view illustrating the
outline of one embodiment of the monolithic ceramic

capacitor of the present invention.-

o T



Japanese Patent Publication No. 57-42588 and Japanese Patent
Application Laid-QOpen No. 61-101459 were defective in that the crystals
const it ut IMURATR $@90260-5090266 c3uned20{rt®9The materials are | arge,

t hough the ceram c | am nates thensel ves may have a high dielectric
constant, with the result that, if thin dielectric ceramc |ayers having a
t hi.ckness of, for exanple, 10 [err]mor less are incorporated into

nonol ithic ceram c capacitors, the nunber of ceramc crystals to be in one
| ayer is reduced and therefore the reliability of the nonolithic

ceram c capacitprs i3 Lowered., VA4 trdiihd GlESdL i ke 8F Sne

embodiment of a dielectric ceramic layer having an inner

electrode thereon, which is prepared in the present
invention. |

Fig. 3 is a perspective, exploded view illustrating

one embodiment of a ceramic laminate as prepared in the

present invention.

PREFERRED MODES OF CARRYING OUT THE INVENTION
- Now, preferred modes of carrying out the invention are
“described in detail hereinunder.

As the material for the diglectric ceramic layers
constituting the monolithic ceramic capacitor of the
present invention, herein used is a dielectric ceramic
material comprising barium titanaﬁe, terbium oxide,
dysprosium oxide, holmium oxide, erbium oxide, ytterbium
oxide, manganese oxide and nickel oxide, in a specifically
conditioned compositional ratio such as that mentioned
hereinabove, and containing magnesium oxide and silicon
oxide within the range as defined hereinabove. Therefore,
even in a reducing atmosphere, the dielectric ceramic
material can be baked well without worsening its
characteristics. As a result, according to the present

invention, it is possible to obtain a high-reliability,

monolithic ceramic capacitor having a temperature-dependent
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materials were further defective in that the tenperature- dependent
variation in the dielectric constant of the dielectric ceramcs 1is great.
For these MURATAS5090260<5090266 odmhed?@l,e¥98Wc ceranic materials coul d not
nmeet the requirenments in the market. On the other hand, the dielectric
ceramic material disclosed in Japanese Patent Appllcatlon Lai d- Open No. 62-
256422 was defective in that CaZrG3 and also CaTi 3 that is

capacitance that satisfies the B-level charactefistic
standard as stipulated in the JIS Standard and also the
X7R-level characteristic standard as stipﬁlated in the EIA
Standard, and having high insulation resistance .at room
temperature and even at high temperatures.

‘It has been codfirmed that, of the essential
components constituting the dielectric ceramic material for
use in the present invention, such as barium titanate,
terbium oxide, dysprosium oxide, holmium oxide, erbium
oxide, ytterbium oxide, manganese oxide and nickel oxide,

" the content of the impurities in the barium titanate, such
~as aikaline earth metal oxides, e.g., SrO and CaO; alkali
metal oxides, e.g., Naz0 an& K20; and other oxides, e.g.,

- Al203 and SiO3, espécially that of alkali metal oxides such

as Na20 and K20, has a great influence on the electric

characteristics  of the capacitor of the invention.
Specifically, it has been confirmed that, if barium
titanate having an alkali metal oxide impurity content of
smaller than 0.02 % by weight is in the dielectric ceramic
material, the capacitor of the invention comprising the
_dielectric ceramic may have a dielectric constant of 3000
or higher. _

The reason why silicon oxide is added to the

dielectric ceramic layers in the present invention is that

said addition improves the sinterability-of the layers if

is Sheet Has Been eﬂlaced
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formed during the baking step may often form secondary phases together with
M and others and therefore the high- tenperature reliability of the

capaci t or MUBAIPAI 51099 216l0c 502026i6a|Tune 20bIIB! i ¢, al t hough the dielectric
constant of the ceram c body of the material is relatively high, the
crystals constituting the ceramc |lamnate are small, and the

t enper at ur e- dependent variation in the dielectric constant is small. The
dielectric ceramic material disclosed in Japanese Patent Publication No.

61- 14611 was defective in that the dielectric constant of the ceram c body

of the naEﬁEi%iﬂf%ring atmosphere is controlled to have an oxygen
partial pressure near to the equilibrated oxygen partial
pressure 6f_Ni/NiO at relatively high temperatures during
the sintering step, while also improving the moisture-
resistant load characteristics of the capacitors comprising
the layers.

If the dielectric ceramic material mentioned
hereinabove is used to form the dielectric ceramic layers
constituting the monolithic ceramic capacitor of the
invenﬁion, it is possible to use base metals, nickel or

"nickel alloys to form the inner electrodes of the capacitor.
In addition, it is also possible to add a small amount of
ceramic powder fo the inner électrodes along with nickel or
nickel alloys.

The composition of the 6uter electrodes of the
capacitor of the invention is not specifically defined.
Concretely, for example, the outer electrodes may be made
of sintere& layers of various electroconductive metal
powders, such as Ag, .Pd, Ag-Pd, Cu or Cu alloys, or
sintered layers comprising such electroconductive metal

powders and various types of glass frit of B203-Li20-SiO2-
-Bao, B203-Si02-Ba0, Li20-8i02~Ba0, B203-Si02-Zn0 lor the
like. 1If desiréd, a small amognt of ceramic powder may be
added to the - sintered layers comprising such

electroconductive metal powders and optionaliy glass frit.
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from 2000 to 2800 and therefore the material is not suitable for

smal | -si zed,

the mat erNURATACS090260+5090266CcTane 20 1992t it does not satisfy
the X7R-level characteristic standard as stipulated in the EI A Standard,
whi ch indicates that the tenperature-dependent variation in 6 the

capaci tance within the range between -55[err]C and +125[err]C

More preferably, the sintered layers are coated with a
plate.layer. The plate layer may comprise Ni, Cu, Ni-Cu
alloys or the 1like, and may be further coated with any
additional plate layer of solder, tin or the like.
| Now, the present invention is described in more detail
with reference. to the following Examples, which, however,
aré not intended to restrict the scope of the invention.
One embodiment of the monolithic ceramic capacitor of
the present invention is referred to. Fig. 1 is a cross-

sectional view illustrating the outline of one embodiment

“of the monolithic ceramic capacitor of the invention. Fig.

2 is a plan view iilustrating the ogtline of the dielectric
ceramic layer having an innér electrode thereon, which is
in this embodiment. Fig. 3 is a perspective, exploded view
illustrating the ceramic laminate to be in this embodiment.

As in Fig. 1, the monolithic ceramic capacitor 1 of
thé present invention is. in the form of a rectangular
parallelepiped chip, in which the outer electrodes 5, the
first plate layers 6 made of nickel, coppér or the iike;

and the second plate layeré 7 made of solder, tin or the

like are formed on the both sides of the ceramic laminate 3

as formed through lamination of a plurality of dielectric
ceramic layers 2a and 2b via the inner electrode 4

therebetween.
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shall be +/- 15 %or |ess. Japanese Patent Publication No. 63-10386

di scl oses a non-reducing dielectric ceramc material, which, however,
def ect i ve MURATMI50202 6 r<5090266) Jwee 2AncE9ANd t he t enper at ur e- dependent
variation in its capacity are greatly influenced by the grain size of the
crystals of BaTi 3 which is the essential conponent constituting the
and therefore the material is difficult to control so as to obtain

mat eri al
st abl e

of the material,

capaci tance Valbﬂﬁw, a method for producing the monolithic ceramic

capacitor 1 of the invention is described below in the
order of the steps constituting the method.

First, the ceramic laminate 3 is formed. This ceramic
laminate 3 is produced as follows. As in Fig. 2, a raw
material powder comprising barium titanate; at least one or
more rare earth oxides selected from terbium oxide,
dysprosium oxide, holmium oxide, erbium oxide and ytterbium
oxide; manganese oxide, nickel oxide, magnesium oxide; and

oxides consisting essentially of silicon oxide is formed

" into a slurry, and then sheeted to prepare a dielectric

ceramic layer 2a (green sheet).

~

green sheet, formed is an internal electrode 4 of nickel or

a nickel alloy. To form the internal electrode 4,

employable is any method of screen.printing, metal vapor
deposition or plating.
A predetermined number of the dielectric ceramic
'layérs 2b each with the inner electrode 4 formed thereon
are laminated, and then sandwiched between two dielectric
ceramic layers 2a with no inner electrode, as in Fig. 3,
.and these are integrated under pressure to give a laminate.
Next, the resulting laminate composed of the dielectric
ceramic layers 2a, 2b, . . . 2b, 2a is baked in a reducing
atmosphere at a predetermined temperature to obtain the

‘ceramic laminate 3.

On one surface of the

was

‘characteristics. In addition, for the insulating resistance
t he product of the insulating resistance value and the

y A
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(product
mat eri al

in the nOURATA]SO90P6050%0266 cTune 2011 X997 conpositions  that have

her et of or

of CR) falls between 1000 and 2000 ([err].F). In view of this,

t he

coul d not be practicable. Al though sone inprovenents were nade

e been proposed in the art, such as those nentioned

her ei nabove, to make them have good insulation resistance in
hi gh-tenperature l|load |ife tests, the inprovenent in their insulation

resistance in noisture- resistant load tests was still unsatisfactory as

yet. In
di fferent

order to solve the above-nentioned problens, proposed were

CO%%(' '05'1? th forbo%ag&l S éf' the ceré’mic laminate 3,

formed are two outer electrodes 5 that are connected with
the inner electrodes 4. The material of the outer
electrodes 5 may be the same as that of the  inner
electrodes 4. Apart from this, silver, palladium, silver-
palladium alloys, copper, copper alloys and others can be
used as the material of the outer electrodes 5, to which
can be added glass frit, such as glass of the type of B203-

Si02-Ba0 or Li20-Si02-Ba0. In consideration of the use of

the monolithic ceramic capacitor of the invention and the

“site at which the capacitor is used, suitable materials are

selected for the outer electrodes §. The outer electrodes
5 can be fofmed by applyix;g a paste material of metal
powder onto the baked ceramic laminate 3 followed by baking
it. Alternatively, the paste material can be applied onto

the non-~-baked ceramic laminate 3, which is baked all at a

time. After this, the outer electrodes 5 may be plated.

with nickel, copper or the like to form a first plate layer

6 thereon. Last, the first plate layer 6 is coated with a

second plate layer 7 of solder, tin or the like. Thus is

produced the chip-typé, monolithic ceramic capacitor 1 of

the invention.
The following Example is to further illustrate the
invention in more detail.

EXAMPLE 1
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Japanese Patent Appli.cation Laid-Open Nos. 05-09066, 05- 09067 and
05-09068. However, these conpositions could not still satisfy the recent
severe r eMURATRIE090260-<5090266i Jele 20) ar9®7capacity capacitors in

t he mar ket. Specifically, the recent requirenents for these in the market
are to make them have nmuch thinner dielectric ceramc |ayers and even have
high reliability. Therefore, there is still a great demand for dielectric
ceram c '

First, raw materials of TiCl4 and Ba(NO3)2 having

various degrees of purity were prepared and weighed. These
were treated with oxalic acid to obtain a precipitate of"
barium  titanyl oxalate (BaTiO(C204) - 4H20). This
precipitate was decomposed under heat at 1000°C or higher
to obtain four types of barium titanate (BaTiO3) as shown
in Table 1.

Next, prepared were Tb203, Dy203, Ho0203, Er203, Yb203,
MnoO, Nio and MgO each having a purity of 99 % or more, and

a colloidal silica containing silicon dioxide in an amount

"of 20 % by weight in terms of SiO).

R
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materials capable of producing nuch thinner dielectric ceramc |ayers
i.n nmonolithic ceramc capacitors with nuch higher reliability. Gven the

si t uat i on MURKDA Gi08f1260-5090266chone 2@cek39Ty to provi de snmall -sized,

| ar ge-capacity, high-reliability nonolithic ceram c capacitors still having
highly-reliable characteristics even in high-tenperature and high-humdity
condi tions. SUMMARY OF THE | NVENTI ON Accordingly, the subject matter of. the
present invention is to provide a |low priced, snmall-sized, |large- capacity,
nonol ithic ceram c capacitor, which has a

TABLE 1
(1) Type of BaTiO3
(2) Content of Impurities (wt.$)
(3) Alkali Metal Oxides

(4) Mean Grain Size (um)

is Sheet Has Been Reﬂlaced
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di el ectric constant of 3000 or nore, which has a high insulation

resi stance, when nmeasured at room "tenperature and 125C, of 6000
Merr]. [ erMyRATR 5096260590266/ 2urié . 2@ r Y99Dr nore, respectively, in
terms of its product with the capacitance (the product of CR), which has

t enper at ur e- dependent capacitance that satisfies the B-Ilevel
characteristic standard as stipulated in the JIS Standard and the X7R- 8

Next, these raw materials were mixed in various
compositional ratios as shown in Table 2 and Table 3 to
prepare various compositions. Each composition was wet-
milled in a ball mill, evaporated to dryness and dressed to
obtain a powdery raw material mixture.

The resulting mixture was wet-milled in a ball mill
along with a polyvinyl butyral binder and an organic
solvent such as ethanol to obtain a ceramic slurry. This
ceramic slurry was sheeted according to doctor blading to
obtain a rectangular green sheet having a thickness of 11

pm. Next, an electroconductive paste consisting

essentially of Ni was printed on this ceramic green sheet

- e

to form thereon an electroconductive paste layer, which is

formed into an inner electrode.
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| evel characteristic standard as stipulated in the EIA Standard, and which
has good weat her resistance even in high-tenperature and high-humdity | oad
condi ti ONMURATA [S1000260 50902660 Juees 2ker98e in consi deration of the
above-nenti oned object, Specifically, the present invention provides a
nmonol ithic ceram c capacitor conposed of; a plurality of dielectric ceramc
| ayers, a plurality of inner electrodes as forned between: the dielectric
ceram c layers in such a nmanner that one end of each inner electrode is
exposed out of either end of the dielectric ceramc |ayers, and outer

TABLE 2
(1) Sample No.
(2) Type of BaTiO3
(3) Total
(4) (mol)

(5) Samples with * are outside the invention.
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el ectrodes as electrically connected with the exposed inner electrodes,
which is characterized in that; the dielectric ceramc |ayers each are made
of a mtemmﬂﬂﬂﬁm-smzmdunamis I¥97ng a content of inpurities,

al kali netal oxides of 0.02 % by weight or less; at |east one rare earth
oxi de sel ected fromterbi um oxi de, dysprosiun1oxide, hol m um oxi de, erbi um
oxi de and ytterbium oxi de; and manganese oxi de and ni ckel oxide; and
cont ai ni ng si de conponents, magnesi um oxide in 'an anmount of fromO0.5 to 3.0
nmols in terns of MO, and silicon oxide in an amount of from0.2 to 5.0
nmols in terns of Sigerr], TABLE 3

(1) Sample No.

(2) Type of BaTiO3
(3) Total

(4) (mol)

(5) Samples with * are outside the invention.
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relative to 100 nols of the essential conponent having the follow ng.
conmpositional forrmula: (1-[err]-[err]){BaOmTi2 + [err] Re2C3 +

[ err] ( Mnl-MURATIO 5090260<5090266CTJunea0, ed997one sel ected from Th2CB,
Dy203, Ho2(3, Er203 and Yb2O3; and [err],[err], mand x are as follows:
0.0025 [err] 0.020

A plurality 6f these ceramic green sheets each having
the electroconductive paste layer formed thereon were
laminated in such a manner that the side of one sheet with
the electroconductive paste exposed out of it  was
alternated with that of another sheet with the
electroconductive paste not exposed out of it. Thus was
obtained a laminate. This laminate was heated in an N3
atmosphere at 350°C whereby the binder was burnt out, and
then baked for 2 hours in a reducing atmosphere comprising
gases of Hz, N2 and H20 and having an oxygen partial

" pressure of from 1011 to 10~-8 Mpa, at various temperatures
shown in Table 4, to obtain sinterg9 ceramic bodies.

The surface of each sinéered ceramic body was observed
with a scahning, electronic microscope at a magnification
of 1500 times, to deterﬁine the grain sizes of the grains
seen in the field of view. |

A silver paste containing glass frit of the type of

B203-Li20-Si02-Ba0 was applied onto the both sides of each
sintered ceramic body, and baked again in an N2 atmospﬁere
at 600°C to thereby form outer electrodes as electrically
_connected with the inner electrodes.

‘The outer dimension of each of these monolithic
capacitors thus obtained was ;.6 mm width x 3.2 mm length x

1.2 mm thickness, and the <thickness of each dielectric

—______’___—__—__'___-
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0.0025 [err] 0.04 [err]/[err] 4 O [err] x < 1.0 1.000 < m([err] 1.035; and
t.he inner el ectrodes each are nmade of nickel or a nickel alloy. Preferably,
in the nonNMURANAC5000260e5090266t Junef 20heIPBZsent invention, the outer

el ectrodes each are made of "a sintered | ayer of an el ectroconductive netal
powder or of an el ectroconductive nmetal powder with glass frit added
thereto. Further preferably, the outer el ectrodes each are

ceramic layer as sandwiched between the inner electrodes
was 8 um.

The total number of the effective dielectric ceramic
layers was 19, and the area of the facing electrodes per
one ceramic layer was 2.1 mm2.

'The'capacitance (C) and the dielectric loss (tan 8) of
each sample were measured, using an automatic bridge-type
meter at a frequéncy of 1 KHz, at 1 V rms and at 25°C.
From +the capacitance thus measured, obtained was the .
dielectric constant (g) through calculation. Next, to
measure the insulation resistance (R) of each sample, a
direct current voltage of 16 V wai_applied to each sample
at 25°C or 125°C for 2 &inutes, using an insulation
resistance meter. After having thus measured the
insulation resistance (R) of each sample, the product of
the capacitance'(C) and the insulation resistance (R) or,
that is, the product of CR of each sample was obtained. 1In
addition,. the temperathre—debendent variation in the
capacitance of each sample was determined.

For the temperature-dependent variation in the
.capacitance, obtained were the variation in the capacitance
between -25°C and 85°C baséd on the capacitance at 20°C
(AC/C20°c), the variation in the capacitance between -55°C

and 125°C based on .the capacitance at 25°C (AC/C25°c), and

I —
eet Has Been Re(laced

il



conposed of a first, sintered |layer of an el ectroconductive netal powder or
of an el ectroconductive netal powder with glass frit added thereto, and a

second, p
DRAW NGS

| URRITA 256902 6015090266 hauher20,| z9e7. BRI EF DESCRI PTION OF THE

Fig. 1 is a cross-sectional viewillustrating the outline of

enbodi ment of the nonolithic ceram c capacitor of the present
I nventi on.

the maximum wvariation, in terms of the absolute value,
between -55°C and 125°C-(|AC|max).

To determine the high-temperature load life of each
sample, 36 pieces:of each sample were subjected to a high-
temperature load test, in which a direct current voltage of
100 Vv was applied to each piece at 150°C, while measuring
the insulation resistance of each test piece which varied
time-depéndently. In this test, the period of time within
which the insulation resistance value (R) of each piece
being tested reached 10% Q or lower was measured, which is
referred to as the _life time of each test piece. The
average of all the tested pieces ygs calculated to obtain
the average life time of eacﬁ sample.

In addition; to measure the moisture-resistant load
iife of each sample, 72 pieces of each sample were
subjected to a high-humidity load test, in which a direct
current voltage of 16 V was applied to each piece at 121°C
under 2 atmospheres (relative humidity: 100 %); while
measuring the insulation resistance of each test piece
which varied time-dependently. In this test, the number of
the teét pieces that had an insulation resistance value (R)

of 108 Q or lower within a period of 250 hours was counted.

The results obtained in these tests are shown in Table 4.

one
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10 Fig. 2 is a plan viewillustrating the outline of one enbodi ment of a
dielectric ceramic |ayer having an inner el ectrode thereon, which-is
prepared MURATA [SO30IE0-50802660Turde 0,3 ¥IV A perspective, expl oded view -
illustrating one enbodi nent of a ceramic |amnate as prepared in the
present invention. PREFERRED MODES OF CARRYI NG OQUT THE | NVENTI ON Now,
preferred nodes of carrying out the |nvent|on are described in detai
her ei nunder .

TABLE 4
(1) Sample No.
(2) Baking Temperature (°C)
(3) Dielectric Constant, ¢
(4) Dielectric Loss, tan & (%)
(5) Temperature-Dependent Variation in Capacitance,
AC/C20°c (%)
(6) Temperature-Dependent Variation in Capacitance,
AC/C25°c (%) '
(7) Product of CR (Q+F), at 25°C
(8) Product of CR (Q-F), at 125°C
(9) Mean Life Time (hr.) '
(10) Number of Test Pieces- Failed in Moisture—Resistaﬁt
Load Test
(11) Grain Size (um)
(12) Samples with * are outside the invention.
(13) As semiconductors were formed, the measurement was
impossible.
(14) As the sample was sintered insufficiently, the

measurement was impossible. -

———____—______________________'.
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As the material for the dielectric ceramc |ayers constituting the
monolithic ceram c capacitor of the present invention, herein used is a

di el ect r i MURATAN5090260~5090266G huns 1RP, EFFZTUm titanate, terbium

oxi de, dysprosium oxi de, hol mi um oxi de, erbium oxide, ytterbium oxide,
manganese oxi de and ni ckel oxide, in a specifically conditioned
conpositional ratio such as that nentioned herei nabove, and contai ni ng
magnesi um oxi de and silicon oxide within the range as defined herei nabove.
Therefore, even in a reducing atnosphere, the dielectric ceramc
material can be baked well w thout worsening its

Thﬁlsiiilelt Iillailismelanlliced . .
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characteristics. As a result, according to the present invention, it is
possible to obtain a high- rellablllty nmonolithic ceram c capacitor having
a t enper atMURATRPEROSQRE0~ SoeapdelﬂaneeZOhaIBQatlsfles the B-1evel
characteristic standard as stipulated in the JIS Standard and al so the
X7R-1evel characteristic standard as stipulated in the EIA Standard, and
havi ng high insulation resistance at roomtenperature and even at high
t enper at ur es.

As is obvious from Table 1, Table 2, Table 3 and Table
4, the monolithic ceramic capacitor samples falling within
the scope of the present invention all wefe found to have a
high dielectric constant ¢ of not lower than 3,000, and
have a dielectric loss tangent,.tan d, of not larger than
2.5 %, while satisfying the B-level characteristic standard
as stipulated in the JIS Standard within the temperature
range betweén -25°C and 85°C and also the X7R-level
characteristic standard as stipulated in the EIA Standard
within the temperature range between -55°C and 125°C with
respect to the temperaturé—dependent variation in the

capacitance.

Moreover, these samples of the invention were found to
have high insulation resistance valugs, when measured at
25°C and 125°C, of not smaller than 6,000 MQ-uF and not
smaller than 2,000 MQ-uF, respectively, in. terms of  the
product of CR. Further, these were found to have a long
mean life time of not shorter than 300 hours, and none of
these failed in the moisture-resistant load test. In
addition, these were sintered at relatively 1low
'temperatures of not higher than 1300°C, and the crystal
grains in the sintered samples were small to have grain
sizes of not larger than 1 im. Since the crystal grains

existing in the dielectric ceramic layers in these samples

are small, or that is, not larger than 1 um, the number of
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It has been confirmed that, of the essential conponents constituting the
dielectric ceramc material for use in the present invention, such as
bariumtit MURAEA 508DR260-80090266 duapr 29i,um90gi de, hol mi um oxi de, erbi um
oxi de, ytterbium oxi de, nmanganese oxi de and ni ckel oxide, the content of
the inpurities in the bariumtitanate, such as al kaline earth netal oxides,
e.g., SrO and CaQ alkali netal oxides, e.g., Na20 and K20 and ot her

oxi des, e.g., Al1203 and Si 2, especially that of alkali netal oxides such
as Na20 and K20, has a great influence on the electric characteristics of

t he capackggfcrgétaihsrahﬂ¥e%k'82'in one dielectric ceramic layer is

large. Accordingly, even if the ceramic laminate
comprising these layers is thinned, the reliability of the

capacitor comprising the laminate is not lowered.
Now, the reasons for defining the compositions fbr use

in the present invention are mentioned below.

| First referred to are the reasdns for defining o to
fall within the range of 0.0025 < o =< 0.020 in the
composition of (l-a-f){BaO}p*TiO2 + aRe203 + PB(Mn1.-xNix)O,
in which Re203 is at least one selected from Tbh203, Dy203,
“ Ho203, Er203 and-Yb203. As in Sample No. 1, if the amount,

a, of Re203 is smaller than 0.0025, the temperature-

dependent variation in the capacitance is great, the
insulation resistance at 125°C is low, and the mean life
time is very short. |

On the other hand, as in Sample No. 18, if the amount,
a, of Re203 is larger than 0.020, the dielectric constant
is not.larger than 3,000, the insulation resistance at 25°C
and 125°C is low, the mean life time is short, some test
pieces failed in the moisture-resistant load test, and the
_sintering témperature is high.

The reasons for defining f to fall within the range of
0.0025 < B < 0.04 are as follows. As in Sample No. 2, if
the amount, B, of'(Mn,Ni)O is smaller than 0.0025, the

dielectric ceramics were reduced into semiconductors, when

This Sheet Has Been Reﬂlaced :
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Specifically, it has been confirnmed that, if bariumtitanate having an

al kali nmetal oxide inpurity content of smaller than 0.02 % by weight is in
t he di el eMURKATX 5090260590266 Jiwe cC2Paci997 of the invention conprising
the dielectric ceramc may have a dielectric constant of 3000 or higher.
The reason why silicon oxide is added to the dielectric ceramc |ayers in
the present invention is that said addition inproves the sinterability of
the layers if

baked in the reducing atmosphere, to thereby lower the
insulation resistance.

As in Sample No. 19, if the amount, f, of (Mn,Ni)O is
larger than 0.04, the insulation resistance at 25°C and at
125°c is lower than 6,000 MQ-yF and 2,000 MQ-uF,
respectively, the mean life time is shorter than 300 hours,
and the temperature-dependent variation in the capacitance
is too large to satisfy the X7R-level characteristic
standard of the EIA Standard.

. The reasons for defining B/a to fall within the range
of B/a = 4 are as follows. As in Sample No. 21, if the
ratio, /o, of the amount P of (MnQNi)O to the amount a of
Re203 is larger than 4, the £emperature-dependent variation
| in the éapacitance is large, the insulation resistance at

125°C is lower than 2000 MQ-uF, and the mean life time is
shorter than 300 hours.
The reasons for defining x to fall within the range of
0 = x < 1.0 are as follows. As in Sample No. 20, if the
amount of NiO, x, is lfO, the insulation resistance at 25°C
and at 125°C is lower than 6,000 MQ-uF and 2,000 MQ-uF,
_respectively, and the mean life time is shorter than 300
‘hours.
| The reasons for defining m to fall within the range of
1.000 < m < 1.035 are as follows. As in Sample Nos. 3 and

"4, if the molar ratio, m, of barium'titanate is not larger
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12 the sintering atnosphere is controlled to have an oxygen parti al
pressure near to the equilibrated oxygen partial pressure of Ni/N O at
rel ati vel MURAJIA (5090260-5090266 iTund 20 SiTA¥T i ng step, while al so

i nproving the noisture- resistant |oad characteristics of the capacitors
conprising the layers. If t he dielectric ceramc mat eri al
ment i oned herei nabove is used to formthe dielectric ceramc |ayers
constituting the nonolithic ceram c capacitor of the

than 1.000, the .dielectric ceramic was converted into
semiconductors when baked in the reducing atmospheré,
whereby the insulation resisténce of the capacitor was
lowered (Sample No. 3); or the insulation resistance of the
capacitor was lowered and the mean life time thereof was
short so that the dielectric ceramic could not be used in
preparing thin ceramic laminates (Sample No. 4).

On the other hand, as in Sample No. 22, if the molar
ratio, m, is larger than 1.035, the sinterability of the
sample is very poor.

The reasons for defining the magnesium oxide content
to fall between 0.5 mols and 3.0 qgls in terms of MgO are
as follows. As in Sample N;. 5, if the amount of MgO is
smaller than d.S mols, the insulation resistance is low,
and the temperature-dependent variation in the capacitance
could not satisfy the X7R-level characteristic standard of
the EIA standard though satisfying the  B-level
characteristic standard of the JIS Standard.

On the other hénd, as in Sample No. 23, if the amount
of MgO is larger than 3.0 mols, the sinterihg temperature
shall be too high, the dielectric constant could not be
over 3,000, and many test pieces of the sample failed in
the moisture-resistant load test.

The reasons for defining the silicon oxide content to

-fall between 0.2 mols and 5.0 mols in terms of SiO2 are as
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invention, it is possible to use base netals, nickel or nickel alloys to
formthe inner electrodes of the capacitor. In addition, it is also
possi bl e MURKIA £090260-5000266Jwme 2202 PIWBer to the inner el ectrodes

al ong with nickel or nickel alloys. The conposition of the outer el ectrodes
of the capacitor of the invention is not specifically defined. Concretely,
for exanple, the outer electrodes may be nade of sintered |ayers of various
el ectroconductive netal powders, such as Ag, Pd, Ag-Pd, Cu or Cu alloys, or
sintered | ayers conprising such el ectroconductive netal

follows. As in Sample No. 6, if the Si0O2 content is 0

(zero), the sample could not be sintered. As in Sample No.
7, 1f the 8i0O2 content is smaller than 0.2 mols, the
sintering temperature shall be too high, the insulation
resistance is low, and many test pieces of the sample
failed in the moisture-resistant load test.

Oon the other hand, as in Samplé No. 24, if the SiO2
content is largér than 5.0 mols, the dielectric constant
could not be over 3000, and the insulation resistance at
125°C could not be over 2,000 MQ-uF.

- . The reasons for defining the impurity, alkali metal
oxide content of barium titanate Jto be not larger than
0.02 % by weight are as foliows. As in Sample No. 25, if
the impurity, alkali metal oxide content of barium titanate
is larger than 0.02 % by weight, the dielectric constant is
lowered.

In the above-mentioned EXémple, used was a powder of
barium titanate as prepared according to the oxalic acid
method, which, however, is not limitative. Apart from this,
also employable are powders of barium titanate as prepared
_according to an alkoxide method or a hydrothermal reaction
method. If the latter . powders” are used, the
characteristics of the capacitors may often be improved

more than those of the samples as demonstrated in the

Example herein.
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powders and various types of glass frit of B20O3-Li 20 Si O2- BaO,
B203- Si 2-BaO Li 20 Si 2-BaO  B203-Si 2-ZnO or the like. |If desired, a

smal | anDWMURAYTA S0$0260-(5000266Juhe 20ide1997t0 the sintered | ayers
conpri sing such el ectroconductive netal powders and optionally glass
frit. 13 More preferably, the sintered | ayers are coated with a plate

| ayer. The plate |ayer nmay conprise Ni, Cu, Ni-Cu

Powders of terbium oxide, dysprosium oxide, holmium
oxide, erbium oxide, ytterbium oxide, manganese oxide,
nickel oxide and others were used in the Example, which,
however, are not also limit_ative. Solutions of alkoxides
or organic metal compounds for such oxides can. also be
employed, in place of such oxide powders, without
interfering with the characteristics of the capacitors
produced, provided that they are formulated to constitute
the dielectiic ceramic layers falling within the scope of
the present invention.

In the monolithic ceramic capacitof of the present
invention, the dielectric ceramic v_layers are made from a
dielectric ceramic material-that can be baked even in a
reduéing atmosphere without being reduced into
semiconductors. Therefore, a base metal of nickel or a
nickel alloy can be used as the material for the electrodes
in the capacitor. In addition, sinc-e the dielectric ceramic
material can be baked at relatively low temperatures of
1300°C or lower, the production costs of the capacitor can
be reduced.

. Moreover, the monolithic ceramic capacitor of the
invention that comprises ceramic layers made from such
dielectric ceramic materials has a dielectric constant of
~ 3000 or higher, and the temperature-dependent variation- in

the high dielectric constant of the capacitor is small.
//,
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alloys or the |like, and may be further coated with any additional plate
l.ayer of solder, tin or the |like. Now, the present invention is described
in nmore dMURATAVSOPO2HS0AA266 June f20) o9y Exanpl es, whi ch, however
are not intended to restrict the scope of the invention. One enbodi nent of
the nonolithic ceram c capacitor of the present invention is referred to.

Fig. 1 is a cross- sectional viewillustrating the outline of one
enbodi ment of the nonolithic ceram c capacitor of the invention. Fig. 2 is
a plan view illustrating the outline of the dielectric ceramc |ayer having

an inner gl Saifde € &QPactbi Hak high insulation resistance and

has good charaéteristics, and their characteristics are not
worsened even in high-temperature and high-humidity
conditions.

In addition, since the crystals constituting the
dielectric layers are small to have grain sizes of 1 um 6r
smaller, the layers can be thinned well, without reducing
the number of the crystals to be therein, being different
from the ceramic layers constituting conventional
monplithic ceramic capacitors. Therefore, according to the
present invention, it is possible to obtain high-
reliability, . small-sized, largg-capaéity, monolithic
ceramic capacitors. )

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and

modifications can be made therein without departing from

the spirit and scope thereof.

This Sheet Has Been Re[ilaced

R

32



in this enbodinent. Fig. 3 is a perspective, exploded viewillustrating the

ceramic lamnate to be in this enbodinent. As in Fig. 1, the nonolTthic
ceran ¢ CMURATRISA9Q260+-509026€nJuneVv20ti 8997s in the for WIS@etHaSBeenReﬁiced

rectangul ar parall el epi ped chip, in which the outer electrod
pl ate layers 6 made of nickel, copper or the |like, and the ngﬂﬂ I!EHHI[
| ayers 7 nmade of solder, tin or the like are forned on the b s

the ceramic lamnate 3 as formed through | am nation of a plurality of
dielectric ceramc layers 2a and. 2b via the inner electrode 4
therebet wegthy 1s cLaIMep Is:

1. A dielectric ceramic composition comprising:

barium titanate;

at least one rare earth oxide selected from terbium
oxide, dyéprosium oxide, holmium oxide, erbium oxide and
ytterbium oxide;

manganese oxide and nickel oxide; and

magnesium oxide, as a side component, in an amount of
from 0.5 to 3.0 mols in terms of MgO, and silicon oxide in

“an amount of from 0.2 to 5.0 mols in terms of SiO2,

relative to 100 mols of the essential component having fhe

following compositional formula:
(1-a-B) {BaO}p-TiO2 + aRezoj + B(Mn1-xNix)O
where Rezos is at least one selected from Tb203, Dy203,
Ho203, Er203 and Yb203; and
a, B, m and x are as follows:
0.0025 <= a = 0.020
0.0025 < B < 0.04
B/o = 4
0 <x<1.0

1.000 < m < 1.035.
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Now,- a net hod for producing the nDnollthlc ceram c capacitor 1 of the

I nvention is described belowin the order of the steps—eemﬁﬁﬁiﬂﬁﬁanTﬁr
nmet hod. FiMURATA 60902 6045090266 ayend 26, f D99RJ. Th| s

titanate

produced as follows. As in Fig. 2, a raw material ' &%%
' , at least one or nore rare earth oxides select “
oxi de, dysprosi um oxi de, hol m um oxi de, erbi um oxi de an

2. The dielectric ceramic composition according to
claim 1, wherein said barium titanate having at least one

alkali metal oxide as an impurity.

3. The dielectric ceramic composition according to
claim 2, wherein said barium titanate includes alkali metal

oxides of 0.02 % by weight or less.

4, The dielectric ceramic composition according to

claim 2, wherein said alkali metal oxide includes at lest

one oxide selected from SrO, CaO, SiO: and Alz20s.

L'

5. A monolithic ceramic capacitor comprising;
a dielectric ceramic layer,

at least two inner electrodes as formed between the

dielectric ceramic layers in such a manner that one end of

each inner electrode is exposed out of either end of the

dielectric ceramic layers, and

outer electrodes as electrically connected with the
exposed inner electrodes,

wherein the dielectric ceramic layers each are made of
a material comprising; |

barium titanate;

3

-3

NN O B A

3is
rium



oxi de; manganese oxi de, nickel oxide, nagnesium oxi

consisting essentially of silicon oxide is forned |n slurry and t hen
sheet ed tOMERbp&réoaoaﬁﬁkéﬁﬁﬂﬂﬁﬁcénaﬂlBoba}§B72a (gr &mRe, edne
surface of the green sheet, formed is an internal ele kel or
a nickel alloy. To form the internal electro le is
any method of screen printing, nmetal vapor deposition or platlng

predet ermi ned nunber of the dielectric ceramic |ayers 2b each with the

i nner el ectrode 4 forned thereon are | am nated, and then sandw ched between

two dielectric ¢ jeast one rare earth oxide selected from terbium
oxide, dysprosium oxide, holmium oxide, erbium oxide and
ytterbium oxide, and
manganese oxide and nickel oxide,
and containing side components, magnesium oxide in an
amount of from 0.5 to 3.0 mols in terms of MgO, and silicon
oxide in an amount of from 0.2 to 5.0 mols in terms of SiOj,
relative to 100 mols of the essential component having the
following compositional formula:
(1-a-f) {BaO}p TiO2 + aRe203 + B(Mn]1.xNix)O
- where Re203 is at least one selected from Tb203, Dy203,
Ho203, Er203 and ¥Yb203; and.
a, B, m and x are as foilows:
0.0025 = a =< 0.020
0.0025 < B = 0.04
B/a < 4
b =x<1.0
'1.000 < m < 1.035.

6. The monolithic ceramic capacitor according to
claim 5, wherein said barium titanate having at least one

-alkali metal oxide as an impurity.

A
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ceramc layers 2a with no inner electrode, as in Fig. 3, and these are
integrated under pressure to give a |am nate. Next, the—resufrrngﬂhﬂnTﬁne

conposed MURARA (H090260-50902667 Iuney20 s D397 2b, . m. haked in
a reduci ng atnosphere at a predeterm ned tenperature to %ﬁnc
| am nate 3. Next, on the both sides of the ceramc | ml

are two outer electrodes 5 that are connected with

7. The monolithic ceramic capacitor according to
.claim 6, wherein said barium titanate includes alkali metal

oxides of 0.02 % by weight or less.

8. The dielectric ceramic capacitor according to
claim 6, wherein said alkali metal oxide includes at lest

one oxide selected from SrO, CaO, SiO: and Al:0s.

9. The monolithic ceramic capacitor according to
claim 5, wherein at least one of said inner electrodes is

“"made of at least one base metal.

«

10. The monolithic ceramic capacitor according to
claim.9, wherein said base metal'electrode'includes ceramic

powder.

11. The monolithic ceramic capacitor according to

claim 9, wherein said base metal is nickel or nickel alloy.

12. The monolithic ceramic capacitor according to
claim 5, wherein at least one of said outer electrodes -is
made of a sintered layer of an electroconductive metal

‘powder

N O
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the - inner
my be t

el ectrodes 4. The material of the outer electrodes
he sane as that of the inner electrodes 4. Apart

silver, paMVBATANPOBORGEr508@RFAdTURRARPeyTI9T0pper, ThiOPIREIHasBLA RS ﬂ

ot hers can be used as the material of the outer elect
be added glass frit, such as glass of the type of BZO

Li 20 Si O2-
capaci tor

A

BaO In conS|derat|on of the use of the nono

of the invention and the site at which the capacitor is used,

suitable materials are selected for .the outer electrodes 5. The outer

el ectrodes 5 capsbe REMELRY1 APRIYT e RSt ©dBYEH A YedBiidihng to

claim 5, wherein at least one of said outer electrodes is
made of an electroconductive metal powder with glass frit

added thereto.

“14. The monolithic ceramic capacitor as claimed in
claim 5, wherein the outer electrodes each comprising a
first, sintered layer of an electroconductive metal powder
or of an electioconductive metal powder with glass frit
added thereto, and a second, plated layer formed on the

first layer.

* [ L M S *
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powder onto the baked ceramc |am nate 3 followed by baking it. _
Alternatively, the paste material can be applied onto the non-baked ceramc

| ami nat e BWRATAC 5090 250sdD V26 tTund i, WIEr this, the outer el ectrodes
5 may be plated with nickel, copper or the like to forma first plate |ayer
6 thereon. Last, the first plate layer 6 is coated with a second plate

| ayer 7 of solder, tin or the |like. Thus is produced the chip-type,
nonolithic ceram c capacitor 1 of the invention. The foll ow ng Exanple is
to further illustrate the invention in nore detail

ABSTRACT
A dielectroc ceramic composition and a monolithic
ceramic capacitor using the composition are provided. The
dielectric ceramic composition includes: barium titanate;
at least one rare earth oxide selected from terbium oxide,
dysprosium oxide, holmium oxide, erbium oxide and ytterbium
' oxide; manganese oxide and nickel oxide; and magnesium
oxide in an amount of from 0.5 to 3.0 mols in terms of MgO,
and silicon oxide in an amount of from 0.2 to 5.0 mols in
terms of SiO2, -rélative to 100 mols of the essential
" component having the following compositional formula:
(1-a-B) {BaO}p°Ti02 + aRe203 + ﬁ(Mnl_xNix)o
where Re203 is at least-one selected from Tb203, Dy203,
‘ 50203, Er203 and Yb203; and
a, B, m and x are as follows:
0.0025 < a = 0.020
0.0025 = B = 0.04
B/a < 4
0 <x<1.0
1.000 <m =< 1.035.

This Sheet Has Been Reﬁ
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EXAMPLE 1 16 First, raw materials of Ti Cl4 and Ba(NGO3)2 having various
degrees of purity were prepared and wei ghed. These were treated with oxalic
acid to obtain a precipitate of barium titanyl oxal ate

(BaTi O C2M4) , 4H20). This precipitate was deconposed under heat at
1000[ err] C or higher to obtain four types of bariumtitanate (BaTi GB) as
shown -
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MO, Ni O -

silica

Yb2(C3,
in terns of Si 2.

Er 203,

and a col | oi dal

Ho2(C8,

Dy 203,
nor e,

prepared were Tb208,

[Table 2]
Sample : (1-0~B) {BaO)m*TiO, + GRe,0; +P(Mn; 4Niy)O : MgO Sio,
No. Type of a B Bl m (mol) (mol)
BaTiO3 | ThyO3 | Dy,03 | Ho,03 | ErO; | Yb,O3 | Total _ X .
* A - - - - - 0.0000 | 0.005 0.3 . 1.010 1.20 1.00
*2 A 0.008 0.002 0.0100 | 0.000 - 0 1.010 1,20 1.00
*3 A 0.008 _ 0.002 0.0100 | 0.005 0.3 1/2 0.990 120 ‘| 1.00
*4 A 0.0100 0.0100 | 0.005 0.3 1/2 1.000 1,00 1.00
*5 A 0.0020 | 0.0080 5 0.0100 | 0.0100 0.3 1 1.010 0.00 1.00
*6 A 0.008 0.0080 | 0.0080 0.3 1 1.015 1,20 0.00
*7 A 0.0075 0.0075 | 0.0075 0.5 1 1.015 |. 1.50 0.10
8 A | 0.0015 { 0.0010 '] 0.0025 _0.0025 0.1 11 1.005 0.50 0.20
9 A 0.0075 | 0.0025 | 0.0100 [ 0.0080 0.5 4/5 1.010 1.00 1.00
10 A 0.0060 | - 0.0060 | 0.0120 | 0.0080 0.0 2/3 1.010 1.50 1.50
11 A 0.0030 0.0060 0.0090 | 0.0090 0.4 1 1,015 1.20 1.50
12 A 0.0040 0.0040 0.0080 | 0.0080 0.3 1 1.010 1.20 1.00
13 c 0.010 0.0100 0.0200 | 0.0400 0.8 2 1.005 1.00 2.00
14 B 0.0030 . 0.0030 | 0.0060 0.4 2 1.010 3.00 5.00
15 A 0.008 | 0.002 | 00100 | 0.0050 0.0 1/2 1,010 1.00 1.50
16 A 0.0060 | 0.0060 | 0.0240 0.6 4 1.035 0.50 2.50
17 A 0.0080 . | 0.012 | 0.0200 | 0.0050 0.1 1/4 1.015 2.00 1.50

containing silicon dioxide in an anount of "20™ % by wei ght

and MgO each having a purity of 99 % or
17 TABLE 1 (1) Type of BaTi O3

in Table 1. Next,

laced

ﬂ
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in various

Oxides (4) Mean Grain

Met al

.99 (3) Alkali
these raw materials were m xed

Next ,

[err]

I mpurities (w

Size ([err]m

(2) Content of

[Table 3]
Sample . (1-a-p) {Ba0}m*Ti0, + aRe,0; + P(Mn, yNiy)0 MgO SiO,
No. Type of o B - Bl m (mol) (mol)
BaTiOs | Th,O3 | Dy,0;3 | Ho,O3 | ErOy | Yb,05 | Total _ X
*18 A 0.020 0.010 | 0.030 | 0.015 0.3 12 1.010 2.00 1.50
*{9 A 0.010 0.005 0.015 | 0.060 0.3 4,0 1.010 1.20 1.50
*20 A 0.010 0.010 | 0.010 1.0 - 1.0 1.010 1.20 1.00
*21 A 0.0050 0.0050 | 0.040 0.3 8.0 1.010 1.20 1,00
*22 A 0.010 | ’ 0.010 | 0.0050 0.3 1/2 1.050 1.20 2.00
*23 A - 0.010 0.010 | 0.0050 0.3 1/2 1.010 5.0 2.00
*24 A 0.010 . , 0.010 | 0.0050 0.3 1/2 1.010 | 1.20 8.00
*05 D 0.010 | 0.010 | 0.0050 03 | 12 1.010 1.20 1.50
-]
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laced
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rati os as shown in Table 2 and Table 3 to pre
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|

p

T

m Xt

conposi ti onal

Each conposition was wet- m :
to dryness and dressed to obtain a powdery Taw materi al

in a ball

mlled

conposi tions.

o Xo
[Tabl® 4]
— @© O c
> i —
U&:@m Baking | Dielectric | Dielectric | Temperature-Dependent Temperature-Dependent Product | Product | Mean Life Number of Test Grain
2 No- | Temp. | Constant,| Loss, Variation in Capacitance, Variation in Capacitance, of CR | ofCR Time Pieces Failed in Size
S .S § S (°C) 3 tan & (%) AC/C20°C (%) AC/C25°C (%) (QF), | (QF), (hr) | Moisture-Resistant | ()
o — | at 25°C | at 125°C Load Test
©o YL -25°C 85°C 55°C | 125°C | max 16V 16V
[e}e] Y—
= %12 51300 3090 2.3 -12.1 4.5 -16.3 2.2 16.3 8200 1880 7 0/72 0.77
W _( m yﬂ ) . ’ » .
71280 As semiconductors were formed, the measurement was impossible. 2.4
S5 o — : p
c Wmm .| ©1280 As semiconductors were formed, the measurement was impossible. 2.1
T 4o O £1280 3420 2.3 3.3 -6.2 3.4 -8.5 6.5 2360 570 158 0/72 0.75
= = o . -
— Y5= 4 21280 3390 2.0 0.1 -10.5 0.7 -16.3 16.3 4700 1510 302 0/72 0.74
N) . [6)
E @0 o 1360 As the sample was sintered insufficiently, the measurement was impossible. 0.61
— 7% o =1330. | 3250 2.0 3.2 5.5 3.2 5.9 5.9 4400 | 1820 310 51/72 0.68
Q o —
12 vgT O 14300 4110 2.5 7.1 -7.4 11,9 -13.8 13.8 7700 4630 325 0/72 . 072
© —
290 5 21280 3320 1.9 2.4 5.5 2.5 6.7 6.7 5980 2320 503 - 0/72 0.68
- Ad; 9 1300 3120 1.8 3.0 -4.3 3.2 -4.7 48 6100 2230 548 0/72 0.69
®]
O QW ﬂ ..1280 3490 2.0 1.2 7.2 0.3 -10.2 105 6550 2480 526 0/72 0.71
— 97 H 71280 3570 2.1 4.5 7.6 1.0 9.4 11.8 | 6660 | 2850 518 /72 0.72
|40 sy .
' 83 3 21300 3050 1.5 -1.9 -4.8 -1.8 -5.4 5.5 6060 | 2040 601 0/72 0.78
m - DO O e .
4 w,ﬁmo 3430 1.9 -3.7 7.0 4.4 -10.9 11.0 7380 3970 356 0/72 0.64
ms 35, .| ~1380 3330 2.0 -0.8 -6.1 1.4 6.2 6.2 6090 | 2120 388 0/72 0.69
. — O
. A& = 91300 3380 1.8 0.4 -9.0 2.0 -12.3 12.3 6870 2450 311 0/72 0.68
5 9% J 21600 | 3010 15 1.6 35 2.2 2.7 3.8 6060 | 2040 632 072 0,68
— = o L
< Hig, Lc&mmo 2310 1.3 2.2 2.3 3.5 -2.4 3.6 3840 | 1010 213 7/72 0.65
C e O —
o 2IE -] =1280 3070 1.8 0.2 -9.6 -0.2 -15,9 15.9 5630 510 112 0/72 0.70
c oo
—— . —_
ER -
N = O =
QoS- QO cCcC
« O n O @O
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" (3) Total (4)i(mwl) ¢5) Sanples with * ar
[err]- o : )
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DIELECTRIC CERAMIC COMOSITION AND MONOLITHIC CERAMIC

CAPACITOR USING SAME

FIELD OF THE INVENTION
The present invention relates to dielectric ceramic
composition and mopolithic cérémic capacitors using same to
be used in electronic instruments, especially those having

inner electrodes made of nickel or nickel alloys.

BACKGROUND OF THE INVENTION
Monolithic ceramic capacitors are generally produced

as follows.

-
-

First, sheets of dielectric ceramic layers each as
coated with an electrode material to be an inner electrode
thereon are prepared. For eX#mple, the dielectric ceramic
layers may consist essentially of BaTiO3. Next, a
pluralitf of such sheets of dielectric ceramic laYers each
coated with the electrode material are laminated and
integrated under heat and pressure, .ahd the resulting
laminate is baked in a natural atmosphere at'froﬁ.1250°c to
_1350°C to obtain a monolithic dielectric ceramic body
having inner electrodes therein. -To.the both ends.of the
dielectric ceramic body, are fixed and baked outer
electrodes that electrically communicate *with’ the inner

electrode. Thus is obtained a monolithic ceramic capacitor.

A
Ty
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24 A plurality of these ceram c green sheets each having the

el ectroconducti ve paste |layer forned thereon were |lamnated in such a
manner that the side of one sheet with the el ectroconductive paste exposed
out of it was alternated with . that 2 of anot her sheet W th t he
el ectroconductive paste not exposed out of it. Thus was obtained a

| am nate. This lam nate was heated in an N2 at nbosphere at 350[err]C

wher eby the binder was burnt out, and then baked for -2 hours in a reducing
at nosphere conprising gases of Herr], Nerr] and H20 and having an oxygen
parti al Accordingly, the materials for such inner electrodes

must satisfy the following requirements.

1. Since the ceramic 1laminate and the inner
electrodes are baked together, the melting point of the
materials for the inner electrodes must be not.lower than
the temperature at which the ceramic laminate can be baked.

2. The materials for the inner electrodes must not be
oxidized even in high—temperéture, oxidizing atmospheres
and musﬁ not react with the dielectric ceramic lafers.

As electrodes that satisfy these requirements, noble'
metals, such as platinum, gold, palladium and silver-
palladium alloys, have heretofore bfen used.

However, these electréde materials are expensive,
though having excellent charaéteristics. Accordingly, the
cost of the electrode.matérial reaches fme 30 to 70 % of

the total costggf one monolithic ceramic capacitor, which
therefore is _the essential factor of incfeasing ' the
production costs of conventional monolithic ‘ceramic
~capacitors.

Except for noble metals,.known are baseHMetals, such
as Ni, Fe, Co, W and Mo, which have a high melting point.
However, such base metals are easily oxidized in high-

 temperature, oxidizing atmospheres to lose their functions
as electrodes. Therefore, if such base metals are used as

* the inner electrodes in monolithic ceramic capacitors, they

This is the replacement sheet
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pressure of from10[err] to 10[err] MPa, at various tenperatures shown in
Table 4, to obtain sintered ceram c bodies. The surface of each sintered
ceram ¢ body was observed with a scanning, electronic mcroscope at a
magni fication of 1500 tines, to determnigne the grain sizes of the grains
seen in the field of view A silver paSte containing glass frit of the type
of B2@3-Li 20 Si 2-BaO was applied onto the both sides of each sintered
ceram ¢ body, and baked again in an N2 atnosphere at 600[err]C to thereby
formouter electrodes as electrically connected with the inner electrodes.
must be baked in neutral or reducing atmospheres along with

dielectric ceramic layers. However, conventional
dielectric ceramic materials were defective in that, if
they are ba_ked in such neutral or reducing atmospheres,
they are greatly reduced into semiconducto:s.

In order to overcome these drawbacks, for example,
proposed were a dielectric ceramic material cémprising a
solid solution of barium titanate where the ratio of barium
sites/titanium sites 1is over the stoichiometric ratio
thereof, such as thaﬁ disclosed in Japanese Patent

" publication No. 57-42588; and a dielectric ceramic material

comprising a solid solution of barjum titanate and

L%

containing oxides of rare earth metals, such as La, Nd, Sm,
Dy and Y, added thereto, such as that disclosed in Japanese
Pateht Application Laid-Open No. 61-101459.

Also proposed were a dielectric ceramic material
having a composition of BaTiO3-CaZr03-MnO-MgO, such as that
disclosed in Japanese Patent Application Laid-Open No. 62~
256422; and a dielectric ceramic material having a
composition of BaTiO3-(Mg,Zn,Sr,Ca)0-B203-Si02, such as
;that disclosed in Japanese Patent Publication No. 61-14611.

Using these dielectric ceramic materials, ceramic
laminates were obtained, which are not converted into
semiconductors even when baked in reducing atmospheres. As

a result, it has become possible to produce monolithic

This is the replacement sheet |
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The outer dinension of each of +these nonolithic capacitors thus
obtained was 1.6 nmmwidth x 3.2 mmlength x 1.2 mmthickness, and the

t hi ckness of each dielectric 25 cerami c | ayer as sandw ched between the
inner electrodes was 8 [err]m The total nunber of the effective dielectric
cerami c layers was 19, and the area of The facing el ectrodes per

ceramic capacitors comprising inner electrodes of base
metals such as nickel.

Wwith the_ recent development in electronics, small-

sized electronic parts have become required greatly in the
art, and small-sized, large-capacity, monolithic ceramic
capacitors are therefore required greatly therein.

For these reasons, the recent tendency in the art is
rapidly toward dielectric ceramic materials having a higher
dielectric constant and_tbward thinner dielectric ceramic
layers. Accordingly, thére .is now a great demand for

" dielectric ceramic materiais with high reliability having a
high dielectric constant, in which the temperature-
dependent variation is 1ittlé; |

However, the dielectric ceramic materials disclosed in
Japanese Patent Publication No. 57-42588 and Japanese
Patent Application Laid-open No. 61-101459 were'defegtive
in that the crystals constituting the ceramic laminates.
made from the materials are large, though the ceramic
laminates themselves may have a high dielectric constant,
with the result that, if thin dielectric ceramic layers
.having a thickness of, fori example, 10 um or 1less are
incorporated into monolithic ceramic capacitors, the number
of ceramic crystals to be in one layer is reducéd and
therefore the reliability' of the _monolithic. ceramic

capacitors is lowered. 1In addition, the dielectric ceramic

This is the ”replacem'ent sheet
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one ceramc |layer was 2.1 mmR2 The capacitance (C) and the dielectric |oss
(tan [err]) of each sanple were neasured, using an autonatic bridge-type
neter - at a frequency of 1 KHz, at 1 V rns and at 25[err]C. Fromthe

capaci tance thus neasured, obtained wag the dielectric constant ([err])

t hr ough. cal cul ati on. Next, to measure the insulation resistance (R of
each sanple, a direct current voltage of 16 V was applied to each sanple at
25C or 125[err]C for 2 minutes, using an insulation resistance neter.
After having thus neasured the insulation resistance (R) of each
sanpl e, thetenialks were further defective in that the temperature-

dependent variation in the dielectric constant of the
dielectric ceramics is great.  For these reasons, the
conventional dielectric ceramic materials could not meet
the requirements in the market.
On the other hand, the dielectric ceramic material
- disclosed in Japénese Patent Application Laid-Open No. 62-
256422 was defective in that CazZr03 and also CaTiO3 that is
formed during the baking step may often form secondary
phases together with Mn and others and therefore the high-
temperature reliability of the capacitor comprising the
material is problematic, althoughVFhe dielectric cdnstant
of the ceramic body of the m;terial is relatively high, the
crystals constituting the ceramic laminate are small, and
the temperature-dependent variation in the dielectric
constant is small.

The dielectric ceramic material.disclosed in Japanese
Patent Publication No. 61-14611 was defective in that the
dielectric constant of the ceramic body of the material is’
from 2000 to 2800 and therefore the material is not
.suitable for small-sized, large-capacity monolithic ceramic
capacitors. In addiﬁion, the material was further
defective in that_ it.-does' not satisfy the X7R-level
characteristic standard as stipulated in the EIA Standard,

which indicates that the temperature-dependent'variation in

This is the replacement sheet
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the capacitance (C) and the insulation resistance (R) or, that is, t he
product of CR of each sanple was obtained. In addition, the
t enper at ur e-dependent variation in the capacitance of each sanple was
determ ned. For the tenperature-dependgnt variation in the capacitance,
obt ai ned were the variation in the capatitance between -25C and 85[err]C
based on the capacitance at 20[err]C ([err]C C20[err]C), the variation in
t he capacitance between -55[err] C and 125C based on the capaC|tance at 25C
([err]C C25[err]C), and

‘the capacitance within the range between -55°C and +125°C

shall be +/- 15 % or less.

Japanese Patent Publication No. 63-10386 discloses a
'non-reducing dielectric ceramic material, which, however,
was defective in that its insulating resistance and the
temperature-dependent variation in its capacity afe'greatly
influenced by the grain size of the crystals of BaTiO3
which is the éssential component constituting'the material
and therefore the material is difficult-to control so as to
obtain stable characteristics. In -addition, for the

"insulating resistance of the matérial, the product of the
insulating resistance value and wthe capacitance value
(product of CR) falls betwee; 1000 and 2000 (Q-F). In view
of this, the material.could not be practicable.

Although some improvements were made in ‘the non-
reducing dielectric ceramic compositions that have
heretofore been proposed in the art, such as - those
mentioned‘hereinabove, to make them have good insulation
resistance in high-temperature 1load life"tests, the
improvemént in their insulation resistance ih moisture-
.resistant load tests was still unsatisfactory as yet.

In order to solve the above-mentioned problems,
proposed were dlfferent compos;tlons, for example, in
Japanese Patent Appllcat;on Laid-Open Nos. 55-09066, 05-

09067 and 05-09068. However, these compositioné could not

Thiz is the raeplacement sheet
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26 the maxi num vari-ation, in ternms of the absol ute val ue, between

-55[err]C and 125[err]C (|[err]C max). To determ ne the high-tenperature

| oad |Iife of each sanple, 36 pieces of each sanple were subjected to-a

hi gh- tenperature load test, in which irdirect current voltage of 100 V was

applied to each piece at 150[err]C, whiTe nmeasuring the insulation

resi stance of each test piece which varied tinme-dependently. In this test,

the period of time within which the insulation resistance value (R of each

pi ece _
still satisfy the recent severe requirements for small-
sized, large-capacity capacitors in the market.
Specifically, the recent requirements for these in the
market are to make them have much thinner dielectric
ceramic layers and even have high reliability. Thetefore,
there 1is still a great demand for dielectric ceramic
materials capable of producing much thinner dielectric
ceramic layers in monolithic ceramic capacitors with much
higher reliability. Given the situation, accordingly, it
has become necessary to provide'small-sized, large-capacity,

“high-reliability monolithic ceramic capacitors still having

highly-reliable characteristics even in high-temperature

and high-humidity conditions.

SUMMARY OF THE INVENTIO&

Accordingly, the subject matter of -thé present
invention is to provide a low-priced, small-sized, large-
capacity, monolithic ceramic capacitor, which has a
dielectric constant of 3000 or  moie, which has a high

- insulation resistance, when measured at room "temperature
and 125°C, of 6000 MQ-uF or more and 2000 MQ-uF or more,
respeciively, in terms of its product with the capacitance
(the .product of CR), which has temperature-dependent
capacitance. that satisfies the B-level characteristic

standard as stipulated‘in'the JIS Standard and the X7R-

“This is ‘the replacement sheet



being tested reached 10[err] [err] or |ower was neasured, which is referred
to as the life tine of each test piece. The average of all the tested

pi eces was cal culated to obtain the average life tine of each sanple. In
addition, to nmeasure the noisture-resigtant load life of each sanple, 72

pi eces of each sanple were subjected to-a high-hunmdity |load test, in which
a direct current voltage of 16 V was applied to each piece at 121C under 2
at nospheres (relative humdity: 100 9%, while neasuring the insulation
resi stance of each test piece which varied tinme-dependently. In this test,
the nynbelewél characteristic standard as stipulated in the EIA

Standard, and which.has good weather resistance even in
high-temperature and high-humidity load conditions.

The present invention has been made in consideration
of the above-mentioned object.

Specifically, +the present invention provides a
monolithic ceramic capacitor composed of; a plurality of
dielectric ceramic layers, a plurality of inner electrodes
as formed between the dielectric ceramic layers in such a
manner that one end of each inner electrode is éxposed out
of either end of the dielectric ceramic layers, and outer
electrodes as electrically connectgg with the exposed inner
electrodes, which is charactérized in that;

the dielectric ceramic layefs each are made of a
material comprising; barium titanate having a content of
impurities, alkali metal oxides of 0.02 % by. Weight or
"less; at least one rare earth oxide selected from terbium _
oxide, dysprosium oxide, holmium oxide, erbium oxide and
ytterbium oxide; and manganese oxide and nickel oxide; and
'containing side components, magnesium oxide in 4n amount of

from 0.5 to 3.0 mols in terms of MgO, and silicon oxide in

an amount of from 0.2 to 5.0 mols in terms. of SiO2,

relative to 100 mols of the essential component having the

following compositional formula:

(1~a-B){BaO}n-TiO2 + aRe203 + B(Mni-xNix)O
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the test pieces that had an insulation resistance value (R) of 10[err]
[err] or lower within a period of 250 hours was counted. The results
obtained in these tests are shown in Table 4. 27 TABLE 4 (1) Sanpl e No.
(2) Baking Tenperature (C) (3) Dielectgic Constant, [err] :

where Re203 is at least oﬁe selected from Tb203,.Dy203,
Ho203, Er203 and Y¥b203; and |
a, p, m and x are as followsi
0.0025 = a s 0.020
0.0025 = § < 0.04
B/a = 4
0 =x<1.0
1.000 <m < 1.035; and
the inner electrodes each are madeb of nickel or a
nickel alloy. | | | |
Preferably, in the monolithic ceramic capacitor of the
present invention, the outer electEodes each are made of a
sintered léyer of an electr;conductive metal powder or of
an -electroconductive metal powder with glass frit added
thereto. Further preferably, the outer electrodes each are
composed of a first, sintered'layer Af an electroconductive
metal powder or of an electroconductive metal powder with
glass frit added thereto; and a second, plated layer formed

on the first layer.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view illustrating the
outline of one  embodiment of the monolithic ceramic

capacitor of the present invention.
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(4) Dielectric Laoss, tan [err] (99 (5) Tenper at ur e- Dependent Vari ation
I n Capacitance, [err]C/ C20[err]C (% (6) Tenper at ur e- Dependent

Vari ation in Capacitance, [err]C/ C25[err]C (% (7) Product of CR
([err].F), at 25C (8) Product of CR([SQ{]'F)’ at 125C (9) Mean Life Tine
(hr.) (10) Nunber of Test Pieces Failed—tn Misture-Resistant Load Test
(11) Gain Size ([err]m :

Fig.. 2 is a plan view illustrating the outline of one
embodiment of a dielectric ceramic layer having an inner
electrode thereon, which is prepared in the present
invention. o

Fig. 3 is a perspective, exploded view illustratin.gl
one embodiment of a ceramic laminate as prepared in the

present invention.

PREFERRED MCDES OF CARRYING OUT THE INVENT'ION_
Now, preferred modes of carrying out the inven_tidn are

described in detail hereinunder. |
As the material for the dielectric ceramic layers
constituting the monolithi; ‘ceramic capacitor of the
present invention, herein used is a  dielectric ceramic
material comprising barium titanate, terbium oxide,
dysprosium oxide, holmium oxide, erbium oxide, ytterbium
~ oxide, manganese oxide and nﬂickel oxide, in a 'Spec'ifically
conditioned compbsitional ratio 'such - as that mentioned
hereinabove, and containing magnesium oxide and silicon
‘oxide within the range as defined hereinabove.™ Therefore,
even in a reducing atmosphere, the dieleétric' ceramic
- material can be baked :weil without worsening its
characteristics. As a result, accoi:ding to the present
'-invention, it is -poséible to _obtain a high-reliability,

monolithic ceramic capacitor having a temperature-dependent
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(12) Sanmples with * are outside the invention. (13) As sem conductors were
fornmed, the neasurenment was inpossible. (14) As the sanple was sintered
insufficiently, the neasurenent was inpossible. 28 [err] '

!

capacitance that satisfies ‘the B-level characteristic
standard as stipulated in the 'JIS Standard and also the

- X7R-level characteristic standard as stipulated in thé EIA
Sstandard, and having high insulation resisténce_ at room
tempercture and even at high temperatures.

It has. : b.een confirmed that, of the essential
components constituting the dielectric ceramic material for
use in the present invention, such as barium titanate,
terbium oxide, dysprosium oxicle, holmium oxide, erbium
- oxide, ytterbium oxide, manganese oxide and nickel oxide, -
the content of the impurities in the barium titanate, such
as alkaline earth metal oxides, e.__g., Sr0 and CaO; alkali
metal oxides, e.g., Naz0 anci K20; and other oxides, e.g.,
Al203 and SiO2, especially that of alkali metal oxides such
as Na0 and K20, has a great influence on the electric
characteristics of the capacitor of the invention.
Specifically, it has been confirmed that, if barium
titanate having an alkali metal oxide impurity content of
smaller than 0.02 % by weight is in the dielectric ceramic
material, the capacitor of the 'invention conprising the.
.dielectric ceramic may have a. dielectric constant of 3000
or higher. | |

The reason why silicon oxide is added to the
dielectric ceramic layers in the present invention is that

said addition improves the sinterability-' of the layers' if
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As is obvious fromTable 1, Table 2, Table 3 and Table 4, the nonolithic
ceram c capacitor sanples falling within the scope of the present invention
all were found to have a high dielectric constant e of not |ower than
3,000, and have a dielectric loss tangent, tan [err], of not |arger than
2.5 % while satisfying the B-level characteristic standard as sti pul ated
in the JIS Standard within the tenperature range between -25[err]C and
85[err]C and al'so the X7R-1evel characteristic standard as stipulated in
the EI A Standard

the sintering atmosphere is controlled to have an oxygen
partial pressure near to.the equilibrated oxygen partial
pressure of Ni/NiO at relatively high temperatures during
the sintering step,' while also improving-'the moisture-
resistant load characteristics of the capacitors comprising
the layers.

If the dielectric ceramic material mentioned
hereinabové is used to form'the_dielectric ceramic layers
constituting the 'monolithic ceramic capacitor of the
invention, it is possible to use base metals, nickel or
nickel alloys to form the inner electrodes of the capacitor.
In addition, it is also possible to add a small amount of
ceramic powder to the inner ;lectrodes along with nickel or
nickel alloys. | |

The composition of +the outer electrodes of the
capacitor of the invention is not specifically defined.
Concretely, for example,.the outer electrodes may be made
of sintere& layers of various electroconductive metal
powders, such as Ag, &Pd, Ag-Pd, Cu or Cu alloys, or
sintered layers comprising such electroconductive metal

powders and various types of .glass frit of B203-Li20-Si02-
a0, B203-5i02-Ba0, Liz0-Si02-Ba0, B203-Si02-Zn0 or the
like. If desiréd; a small amount of cefamic powder may be
added - to the - sintéred _layers comprising  such

electroconductive metal powders and optionally giass frit.
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within the tenperature range between -55C and 125[err]C with respect to the
t enper at ur e- dependent variation in the capacitance. Mreover, these sanples
of the invention were found to have high i nsul ation resi stance val ues, when
measured at 25[err]C and 125[err]C, ~of;fot snaller than 6,000 Merr]. [err]F
and not smaller than 2,000 Merr].[err respectively, in terns of the
product of CR Further, these were found to have a long nean life time of
not shorter than 300 hours and none of these failed in the

noi sture-resistant |oad test. I n addi ti on, these were sintered

at  rel atjghedy prelf@¥ably, the sintered layers are coated with a
plate layer. The plate layer may compriee'Ni, Cu; Ni-Cu
alloys or the like, and may be further coated with any
additional plate layer of solder, tin or the like.

Now, the present invention is described in more detail
with reference to the following Examples, which, however,
are not intended to restrict the scope of the invention.

One embodiment of the monolithic ceramic capacitor of
the present invention is referred to. Fig. 1 is a cross-
sectional view illustrating the outline of one embodiment
of the monolithic ceramic capacitor of the invention. Fig.
2 is a plan view illustrating the'oBtline of the dielectric
ceramic layer having an inner electrode thereon, which is
in this embodiment. Fig. 3 is a persbective,'exploded view
illustrating the ceramic laminate to be in this embodiment.

As in Fig. 1, the monolithic ceramic capacitor 1 of
the present lnventlon is in the form of a rectangular
parallelepiped chip, in which ‘the outer electrodes 5, the
first plate layers 6 made of nickel, copper or the like,
and the second plate layers 7 made of solder; tin or the
‘like are formed on the both sides of the ceramic.lamihate_3.
as formed through lamination of a plurality of dielectric
ceramic layers 2a and  2b via the inner electrode 4

- therebetween.
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tenperatures of not higher than 1300[err]C, ‘and the crystal grains in the
sintered sanples were snmall to have grain sizes of not |arger than 1
[err]m Since the crystal grains existing in the dielectric ceramc |ayers
in these sanples are small, or that is,,not larger than 1 [err]m the
nunber of - the crystal grains to bé;F% one dielectric ceramc |ayer is

| ar ge. Accordi ngly, even if the ceramc |amnate conprising these
| ayers is thinned, the reliability of the :

Now, a method for prodﬁcing the monolithic 'cetamic
capacitor 1 of the invention is described below in the
order of the steps conétituting-the method. |

First, the ceramic laminate 3 is formed. .This ceramic
laminate 3 is produced as follows. As in Fig. 2, a raw
material powder comprising barium titanate; at least one or
more rare earth oxides selected from terbium ' oxide,
dysprosium oxide, holmium oxide, erbium oxide and ytterbium
oxide; manganese oxide, nickel oxide, magnesium oxide; and
oxides consisting essentially of silicon oxide is formed
into a slurry, and then sheeted to prepare a dielectric
ceramic layer 2a (green sheet). On one surface of the
green sheet, formed is an inéernal electrode 4 of nickel or

~a nickel alloy. To form the internal electrode 4,
.employable is any method of screen printing, metal vapor
deposition or plating. ' |

A predetermined number of the ldielectric ceramic
layérs 2b each with the inner electrode 4 formed thereon
are laminated, and then sandwiched between two dielectric
ceramic layers 2a with no inner electrode;'aS‘in Fig. 3,

..and these are integrated under pressure to give a laminate.
Next, the resulting laminate COﬁlposed of the dielectric
ceramic layers 2a, 2b,'. . « 2b, 2a is baked in a reducing
atmosphere at a Qredete_rmined temperature to obtain the

ceramic laminate 3.
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capacitor conprising the lamnate is not |owered. Now, the reasons for
defining the conpositions for use in-the present invention are nentioned
below. First referred to are the reasons for defining a to fall within the
range of 0.0025 [err] a [err] 0.0204gin the conposition of '
(1-[err]-[err]){BaCGnli Q2 + [err] Re2A3™F P(M[err]-xNi x)O, in which Re2G3
Is at | east one selected from Th2G3, Dy203, Ho2C3, Er208 and Yb2(G3. As in
Sample No. 1, if the anount, [err], of Re2@ is smaller than 0.0025, the

t enper ature- dependent variation in the capacitance is great, the

insulation resigéropeod dRE[ ®OC $EdedHWoranchd heemBaicl ifaminate 3,
formed are two outer electrodes 5 that are connected with
the inner electrodes 4. .The material of the outer
electrodes 5 may be the same as that of the inner

- electrodes 4. Apart from this, silver, palladium, silver-
palladium alloys, copper, copper alloys and others can be

used as the material of the outer electrodes 5, to which
can be added glass frit, such as glass of the type of B203~
Si02-Ba0 or Li0-Si0z-Ba0. In consideration of the use of
the monolithic ceramic capacitor of the invention and the
site at which the capacitor is used, suitable ﬁaterials are
selected for the outer electrodes 2. The outer electrodes
5 can be formed by applyir;g a.' paste materiai of metal
powder onto the baked ceramic'l&minate 3 followed by baking
it. Altefnatively, the paste;material.cén be applied onto
the non-baked ceramic laﬁinate 3, which.is baked all at a
time. After this,.the'outer électrodés 5 may be plated
with nickel, copper or the like to form a first plate layer
6 thereon. Last, the first plate layer 6 is coated with a
second platé layer 7 of solder, tin orlthe_like.- Thus is
_produced the chip-type, monolithic ceramic capacitor 1 of
the invention. |

. The following Example is to further illustrate the
invention in more detail. N '

EXAMPLE 1

This is the replacement sheet

“a’é:e:. ) AUG 99T



time is very short. On the other hhand, as in Sanple No. 18, if the anount,
a, of Re2G3 is larger than 0.020, the dielectric constant is not |arger
than 3,000, the insulation resistance at- 25[err]C and 125C is | ow, the nean
life time is short, sone test pieces fgiled in the noisture-resistant | oad
test, and the sintering tenperature i i gh. The reasons for defining [err]
to fall within the range of 0.0025 [err] 0.04 are as follows. As in Sanple
No. 2, if the anount, [err], of (M, Ni)Ois snmaller than 0.0025, the
dielectric ceram cs were reduced into sem conductors, when

First, raw materials of TiCls4 and Ba(NO3)2 having

various degrees of purity were prepared and weighed. These
were treated with oxalic acid to obtain a predipitate of
barium titanyl oxalate  (BaTiO(C204)-4H20). This
precipitate was decomfosed ﬁnder heat at 1000°C.or higher
to obtain four types of barium titanate (BaTiO3) as shown
in Table 1. | o _

| Next, prepared were Tb203, Dy203, Hozd3, Erp03, Yb303,
MnO, NiO and MgO each having a purity of 99 % or more, and

a colloidal silica containing silicon dioxide in an amount

"of 20 % by weight in terms of SiO2.
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baked in the reduci ng atnosphere, to thereby |lower the insulation
resistance. As in Sanple No. 19, if the amount, [err], of (M, N )Ois

| arger than 0.04, the insulation resistance at 25[err]C and at 125[err]Cis
lower than 6,000 Merr].[err]F and 2,009 Merr].[err]F, respectively, the
mean life tinme is shorter than 300 houTs;, and the tenper.ature-dependent
variation in the capacitance is too large to satisfy the X7R-I|evel
characteristic _ -

TABLE 1
(1) Type of BaTiO3 '
(2) Content of Impurities (wt.%)
(3) Alkali Metal Oxides |

(4) Mean Grain Size (mm)
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standard of the EIA Standard. The reasons for defining [err]/[err] to fall
within the range of [err]/[err] 4 are as follows. As in Sanple No. 21, if
the ratio, [err]/[err], of the amount [err] of (M1,N)O to the anount a of
Re203 is larger than 4, the tenperaturgg dependent variation in the
capacitance is large, the insulation réesistance at _125*C is | ower than 2000

Merr].[err]F, and the nean life time is shorter|ftHan]|300 hours.| The
reasons for defining x to fall within the range pf [0 |Jer|r] [x <1.0Rre as
follows. As in Sanple No. 20, if the amount of NO| x| ifs 1.0,8tlhe &
I nsul ation resistance at 25[err]C - ' glolol»] % o
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and at 125[err]Cis lower than 6,000 Merr].[err]F and 2,000 Merr].[err]F,
respectively, and the nean life tine is shorter than 300 hours. The reasons
- for defining mto fall within the range of 1.000 < mJ[err] 1.035 are as
follows. As in Sanple Nos. 3 and 4, i{qthe nolar ratio, m of barium
titanate is not |arger 32 than 1. , the dielectric ceramc was
converted into : :

Next, these raw materials were mixed in various
compositional ratios as shown in Table 2 and Table 3 to
prepare various compositioné. Each coﬁposition was wet-
milled in a ball mill, evaporated to dryness and dressed to
obtain a powdery raw material mixture.

The resulting mixture was wet-milled.in a ball mill
along with a polyvinyl butyral binder and an organic
solvent such as ethanol to obtain a ceramic siurry. This
ceramic slurry was shéeted_according ﬁo doctor blading to
obtain a rectangular green sheet having a thickness of 11

;pm.- Next, an electroconductive paste consisting
essentially of Ni was printed on Eyis'ceramic green sheet

to form thereon an electroconductive paste layer, which is

formed into an inner electrode.
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seni conduct ors when baked in the reduci ng at mosphere, whereby the
i nsul ation resistance of the capacitor was | owered (Sanple No. 3); or the
i nsul ation resistance of the capacitor was |lowered and the nmean life tine

t hereof was short so that the dielectnpﬁ.ceranic could not be used in
preparing thin ceramc |amnates (Sanple No. 4). On the other hand, as in
Sanple No. 22, if the nolar ratio, m is larger than 1.035, the
sinterability of the sanple is very poor. The reasons for defining the
magnesi um oxi de content to fall between 0.5 nols and 3.0 nols in terns of

MO are © - TABLE 2
(1) Sample No.
(2) Type of BaTiO3

{(3) Total
(4) (mol)

(S) Samples with * are outSide the invention.
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as follows. As in Sanple No. 5, if the amount of MJOis smaller than 0.5
nols, the insulation resistance is |ow, and the tenperature-dependent
variation in the capacitance coul d not satisfy the X7R-level characteristic
standard of the EIA standard thoggh satisfying the B- 1 evel
characteristic_standard of the JIS Standard. On the other hand, as in

Sanpl e No. 23| iff tlhe|l anounpt bf [MyD i}s llarper} t hanf 3.]0 S, the,,.;in-t,ering
t enperature shal |. Be -09-hilghi. tihe ‘glgeqtric,.cqnst‘?ﬁt* ,odldnotg pe Bver
3,000, and mafy [Fes? Bt d&%sVof t{Re] sdnpli ¥ [iled™i IF tihe|Tdi stWr & @ fesgst ant
| oad test. o
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The reasons for defining the silicon oxide content to fall between 0.2 nols

and 5.0 nols in terns of Sigerr] are as 33 follows. As in Sanple No.
6, if the SiA2 content is O (zero), the sanple could not be sintered. As
in Sanple No. 7, if the SiQ2 content isgssmaller than 0.2 nols, the

sintering tenperature shall be too high, the insulation resistance is |ow,
and many test pieces of the sanple '

TABLE 3
(1) Sample No.
(2) Type of BaTiO3

(3) Total
(4) (mol)

(5) Samples with * are outside the invention.

This is the replacement sheet

Date: -~ 1 A5 g7



failed in the noisture-resistant load test. On the other hand, as in Sanple
No. 24, if the SiQ2 content is larger than 5.0 nols, the dielectric
constant could not be over -3000, and the insulation resistance at
125[err] C could not be over 2,000 Merrdz[err]F. The reasons for defining
the inpurity, alkali nmetal oxide conteAt of bariumtitanate to be not

| arger than 0.02 % by weight are as folllols. A i l ef No. 25, if=the
impurity, alkali metal oxide content.ﬁf@e%i@kjt,@nje;is | ar g t H@n 0. 02
% by weight, the dielectric constant{95¥ ¢Refed> [© |© |® - °
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I n the above-nentioned Exanple, used was a powder of bariumtitanate as
prepared according to the oxalic acid nethod, which, however, is not
limtative. Apart fromthis, also enployable are powders of bariumtitanate
as prepared according to an al koxi de ngghod or a hydrothermal reaction

met hod. | f the latter. powdetrs- are used, t he
characteristics of the capacitors nay often be inproved nore than those of
t he sanpl es as denonstrated in the Exanpl e herein.

A plurality of these ceramic green sheets each having
the electroconductive paste 1layer formed thereon were
laminated in such a manner that the side of one sheet with
the electroconductive paste exposed out of it was
alternated with that of another sheet with the
electroconductive paste not exposed out of it. Thus was
obtained a laminate. This laminate was heated in an N3
atmosphere at 350°C whereby the binder was bﬁrnt out, and
then baked for 2 hours in a reducing atmosphere comprising
gases of H2, N2 and H20 and having an 'oxygen partial
pressure of from 10~11 to 10-8 MPa, at various temperatures
shown in Table 4, to obtain sintereg ceramic bodies.

The surface of each sinéered ceramic body was observed
with a scanning, electronic microscope at a magnification
of 1500 times, to determine the grain sizes of the'grains
seen in the field of view. '

A silver paste containing glass frit of the type of

'3203-Li20-3102-Bao was applied onto the both sides of each
| sintered ceramic body, and baked again in an N2 atmosphere
at 600°C to fhereby form outer electrodes as électrically

connected with the inner electrodes. |
The outer . dimension of each of these monolithic

'Capacitors thus obtained was 1.6 mm width x 3.2 mm length X

1.2 mm thickness, and the thickness of each dielectric
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34 Powders of terbium oxide, dysprosium oxide, holmum oxide, erbium oxide,
ytterbi um oxi de, nmanganese oxi de, nickel oxide and others were used in the
Exanpl e, which, however, are not also limtative. Solutions of alkoxides or
organi ¢ netal conpounds for such oxi deggcan al so be enpl oyed, in place
of such oxide powders, wthout interfering with the characteristics of
the capacitors produced, provided that they are fornmulated to constitute
the dielectric ceramc layers falling within the scope of

ceramic  layer as sandwiched between the inner electrodes
was 8 um. | |

The total number of the effective dielectric ceramic
layers was 189, and the area of the facing electrodes per
one ceramic layer #as 2.1 mm2. |

The capacitance (C) and the dielectric loss (tan §) of
each sample were_measured,'using an auﬁomatic bridge-type
meter at a'frequency of 1 KHz, at 1 V rms and at 25°C.
From the capacitance thus measured, obtained was the
dielectric constant (é) through calculation. Néxt, to
measure the insulation resistance (R) of each sample, a
direct current voltage of 16 V wag;applied to each sample
at 25°C or 125°C for 2 ;inutes, using an insulation
resistance meter. After having thus measured the
insulation resistance (R) of each sample, the product of
the capacitance.(C) and the insulation resistance (R) or,
that is, the product of CR of each sample was obtained. 1In
addition, the temperature-dependent variation in the
capacitance of each sample was determined.

For the temperature-dependent variatidn in the
.capacitance, obtained were the variation in the -capacitance

between -25°C and 85°C based on the capacitance at 20°C

(AC/C20°c), the variation in the capacitance between -55°C

and 125°C based_onﬂthe'capacitance at 25°C (Ac/C25°c), and
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the present invention. In the nonolithic ceramc capacitor of the present

I nvention, the dielectric ceramc |layers are nade froma dielectric ceramc
mat erial that can be baked even in a reducing at nrosphere  w t hout

being. reduced into sem conductorsgg Therefore, a base netal of .nickel
or a nickel alloy can be used as the naterial for the electrodes in the
capacitor. In addition, since the dielectric ceramc nmaterial can be baked
at relatively |ow tenperatures of 1300[err]C or |ower, the production costs
of the capacitor can be reduced. '

the maximum variation, .in' terms of the absolute wvalue,
between -55°C and 125°C (|AC|max). |
Té determine the high-temperature load life of each
sample, 36 pieces of each sample were subjected to a high-
temperature load tést, in which.a direct current vbltage of
100 Vv was applied to'each*piece at 150°C, while measuring
the insulation resistance of each test piece which varied
' time-dependently. 1In this test, the period of time within
which .the insulation reéistance value (R) of each piece
being tested reached 106 Q or lower was measured, thch is
referred to as the life time of each test piece. The
average 6f all the tested.pieces was calculated to obtain
the average life time of eacﬂ sample. |
In addition, to measure the.moisture-resistant load
life of each sample, 72 pieces of each sample were
subjected to a high-humidity load test, in which a direct
current voltage of 16 V was appliéd to each piece at 121°C
under 2 atmbspheres (relative humidity: 100 %), while
measuring thé insulation resistance of . each test piece
which varied time-dependently. In this test, tHle number of
the test pieces that had an insulation resistance value (R)

of 106 Q or lower within a period of 250 hours was counted.

The results obtained in these tests are shown in Table 4.
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Moreover, the nonolithic ceramc capacitor

of the invention that

conprises ceramc |ayers made fromsuch dielectric ceramc materials has a

di el ectric constant of 3000 or higher,

and the tenperature-dependent
variation in the high dielectric constggt of the capacitor

is small. 35

Further, the capacitor has high insulation resistance and has good

characteristics,

TABLE 4
(1) Sample No. _ _
(2) Baking Temperature (°C)
(3) Dielectric cOnstanﬁ,;e
{(4) Dielectric Loss, tan & (%)
(5) Temperature-~Dependent
AC/C20°C (%)
(6) Temperature-Dependent
Ac/C25°c (%)
(7) Product of CR-(Q°F), at 25°C
(8) Product of CR (Q-+F), at 125°C
(9) Mean Life Time (hr.)
(10) ‘
Load Test

(11) Grain Size (um)

" Variation in .

Vvariation in

and their characteristics are not

Capacitance,

- Capacitance,

Number of Test Pieces Failed in Moisture-Resistant

(12) Samples with * are outside the invention.

(13) As semiconductors were formed, the measurement was

impossible.

(14) As the sample was sintered insuffiqiently, the

measurement was impossible.

This is the replacement sheet
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In

bei ng different

the | ayers can be thinned well,

hi gh-hum dity conditions.

and

“hi gh-tenperature

in

since the crystals constituting the dielectric |ayers are smal

even
Wi t hout reducing the nunber of the crygigals to be therein,

to have grain sizes of 1 [err]mor smaller,

wor sened
addi ti on,

ey
o
@
- 5
[Table 4) g
= Sarfible | Baking | Dieleclric | Dielectric | Temperalure-Dependent Temperature-Dependent Product | Product | Mean Life Number of Tes Grain %
- Temp. | Constant,{ Loss, | Variation in Capacilance, Vatriation in Capacilance, ofCR | of CR Time _ | Pieces Failed in Size ol
dcwm (°C) € tan 6 (%) AC/C20°C (%) AC/C25°C (%) (F), | (@F), (hr) | Moisture-Resistant | () o
3°°9 al 25°C | at 125°C | Load Test o
- O _ .
g (=l =)) -25°C 85°C -55°C 125°C max 16V 6V m
QO ¢ . . =4
VAH 1300 | 3090 2.3 -12.1 -4.5 -16.3 2.2 - 16.3 8200 |° 1880 7 /72 0.77 S
e *2 1280 As semiconductors were formed, the measurement was impossible. . . . 2.4 W
d _
4 - *3 1280 As semiconductors were formed, the measurement was impossible, 2.1
- e O "
M«LWW! 1280 - 3420 . 2.3 -3.3 -6.2 -3.4 -6.5 6.5 2360 570 158 72 0.75
E m 5 1280 33%0 2.0 0.1 -105 ,0.7 -16.3 16.3 4700 1510 302 0/72 0.74
(@ : .
q % 1360 As the sample was sintered insufficiently, the measurement was impossible : 0.61
h. .m 1330 3250 2.0 -3.2 -5.5 -3.2 -5.9 5.9 4400 1820 310 51/72 . 0.68
s _
g o # 1300 4110 2.5 7.4 -7.4 -i1.9 -13.8 13.8 7700 4630 325 0/72 0.72
H .9 1280 | 3320 19 | 24 5.5 25 | 67 | 67 | 5980 | 2320 | 503 or72 0.68
How® 1300 3120 1.8 -3.0 -4.3 -3.2 -4,7 4.8 6100 | 2230 | s48 0/72 0.69
J4 O .~ : : \
17 g K 1280 3490 2.0 -1.2 -7.2 -0.3 -10.2 105 6550 2480 526 0/72 0.71
o= i - -
m © g 1280 3570 2.1 1.5 -7.6 -1.0 -9.4 11.8 6660 2850 518 0/72 0.72
© 3 1300 3050 1.5 . -1.9 -4.8 -1.8 --5.4 5.5 6060 2040 601 0/72 0.78
-0 . . )
0 O i 1260 3430 1.9 -3.7 -7.0 -4.4 -10.9 11.0 7380 3970 356 /72 0.64
4 O15 O 1280 3330 2.0 -0.8 -6.1 1.4 -6,2 6.2 6090 | 2120 388 0/72 0.69
V2@5| 1300 | 380 1.8 0.4 9.0 20 | 123 | 123 | esvo | 2450 | 311 0/72 0.68
O @© .
17 Q : . . - . _ )
i 17 ﬁ 1300 3010 1.5 1.6 3.5 2.2 2.7 3.8 6060 2040 632 0/72 0.68
9 8| 1360 2310 1.3 -2.2 -2.3 3.5 -2.4 3.6 3840 | 1010 213 . 772 0.65
T - _
wa o+19.2| 1280 | 3070 1.8 0.2 -9.6 02 | -159 | 159 | s630 [ s510-] 112 0/72 0.70
5o G . _ |
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Wi le the invention has been described in-detail and with reference to

speci fic enbodi nents thereof, it will be apparent to one skilled in the art
t hat various changes and nodifications can be made therein wthout
departing fromthe spirit and scope-_thﬁeof. 36 WHAT IS CLAIMED | S: 1.

A dielectric ceram c conposition conprising:

As is obvious from Table 1, Table 2} Table 3 and Table
4, the monolithic ceramic capacitor samples falling within
the scope of the present invention all were found to have a
high dielectric constant ¢ of not lower than 3,000, and
have a dielectric loss taﬁggnt, tan 8, of not larger than
2.5 %, while satisfying the B-level characteristic standard
as stipulated in the JIS Standard within the temperature
range between -25°C and 85°C and also the X7R-level
characteristic standard as stipulated in the EIA Standard
within the temperature range between -55°C and 125°C with
respect to the temperature-dependent variation in the

capacitance.

~

Moreover, these samples of the invention were found to
have high insulation resistance values, when measured at
25°C and 125°C, of not smaller than 6,000 MQ~yf and not
smaller than 2,000 MQ-uF, respectively, in terms of the

.product of CR. Further, these were found to have a long
mean life time of ﬁot shorter than 300 hours, and noné of
these failed in the moisture-resistant load test. In
addition, these were sintered at relatively 1low
_temperatures ~of not higher than 1300°C, and the crystal
grains in the sintered samples were Small_to have grain
sizes of not larger than 1 pm. Since the'crystal grains.

existing in the dielectric ceramic layers in these samples

are small, or that is, not larger than 1 pm, the number of

. This is the replacement sheet

 Date: = 1 AUG 1997



bariumtitanate; at |east one rare earth oxide selected fromterbium oxide,
dyspr osi um oxi de, hol m um oxi de, erbium oxi de and ytterbi um oxi de;
manganese oxide and ni ckel oxide; and magnesi um oxide, as a side conponent,
in an anount -of from0.5 to 3.0 nDIs | terns of NgO and silicon oxide in
an anount of fromO0.2 to 5.0 nols erms of SiO2, relative to 100 nols
of the essential conponent having the fol | ow ng conpositional fornula:
(1-Terr]-[err]){BaOmTi Q2 + [err] Re2A3 + [err](Mf[err]-xN x)O
the crystal grains to be in . one dielectric ceramic layer is
large. - Accordingly, even if the ceramic laminate
comprising these layers is'thinned, the reliability of the
capac1tor comprising the laminate is not lowered.

Now, the reasons for defining the composxtlons for use
in the present invention are mentioned below.

First referred to are the reasons for defining a to
fall within the range of 0.0025 s o =< 0.020 in the
-composition of (l-a-B){BaO}m‘TiOZ'+ aRe203 +'B(Mn1_xNix)o,
in which Re203 is at least one selected from Tb203, Dy203,
" Ho203, Ex203 and ¥b203. As in Sample No. 1, if the amount,

o, of Re03 is smaller than 0.0025, the temperature-

-

dependent variation in the capacitance is .great, the
insulation resistance at 125°C is low, and the mean life
time is very short. _

On the other hahd, as in'Samplé'No. 18, if the amount,
a, of Re203 is larger than 0.020, the,dielectric constant
is not larger than 3}000, the insulation resistance at 25°C
‘and 125°C is 1low, the mean ;ife time is'short,_some test
pieées failed in the moisture~resistant load test, and the
_sintering temperature is high. |

The reasons for defining B'to fall within the range of
0.0025 = B < 0.04 are as follows. As in_Sample No. 2, if
the amount, B, of (Mn,Ni)O is smaller than 0.0025, the

dielectric ceramics were reduced into semiconductors, when

- This is the replacement sheet
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where Re203 is at |east one selected from Tbh203, Dy208, Ho2(3, Er203 and
Yb2O3; and [err], [err], mand x are as follows: 0.0025 [err] 0.020 0.0025
[err] 0.04 [err]/[err] [err] 4 O [err] x < 1.0 1.000 < m([err] 1.035.

31

baked in the reducing atmosbhere, to thereby lower the
insulation resistance.

As in Sample No. 19, if the amount, B, of (Mn,Ni)O is
larger than 0.04, the insulation resistance at 25°C and at
125°C is lower than 6,000 MQ-uyF and 2,000 MQ-uF,

_ respeétively, the ﬁean lifé time is shorter than 300 hours,
and the temperature-dependent variation in the cgpacitance
is too 1large to satisfy the X7R-level ¢héracteristic

_sténdard of the EIA Standard.

The reasons for defining B/a to fall within the range
of B/a = 4 are as follows. As in Sample No. 21, if the
ratio, B/a, of the amount B of (Mniui)o-to the amount a of
Re03 is larger than 4,'the'éemperature-dependent variation
in the capacitance is large, the insulation resistance at
125°C is lower than 2000 MQ-uyF, and the meén'life time is
shorter than 300 hours.

The reasons for defining x to fall within the rangé.bf
0 s x < 1.0 are as follows. As in Sample No. 20, if the
amount of NiO, x, is 1.0, the insulation resistance at 25°C
and at 125°C is lowér than 6,000 MQ-yF.and 2,000 MQ-uF,

‘respectively,'and the mean life time is shorter than 300

hours. | |

The reasons for defining m to fall within the range of
1.000 < m = 1.035 are as follows. As in Sampie Nos. 3 and

4, if the molar ratio, m, of barium titanate is not larger

This is the reptacement sheet.
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37 2. The dielectric ceram c conposition according to claim1, wherein
said bariumtitanate having at |east one alkali netal oxide as an inpurity.
3. The dielectric cerami c conposition according to claim2;, wherein said
bariumtitanate includes alkali nmetal @i des of 0.02 % by weight or |ess.
4. The dielectric ceram ¢ conposition according to claim?2, wherein said
al kali metal oxide includes at |est one oxide selected fromSrQ CaO SiQ2
and Al[err]Jerr] 5. A nmonol ithic ceram c capacitor conprising;

than 1.000, the dielectric ceramic was converted into
semiconductors when baked in the reducing atmosphere/'
whereby the insulation resistance of the capacitor was
lowered (Sample No. 3); or the insulation resistance of the
capacitor was lowered and the mean life time thereof was
short so that.the dielectric ceramic could not be used in
. preparing thin ceramic laminates-(Sampie No. 4).

On the other hand, as in Sample No. 22, if the molar
ratio, m, is larger thanr1;035, the sinterability of thé
sample is very poor.

The reasons for'defining the magnesium.oxide content
to fall between 0.5 mols and 3.0 qgls in terms of MgO are
as follows. As in Sample Nc. 5, if the amount of MgO is
smaller than 0.5 mcls, the insulation resistance is low,
and the ﬁemperature-dep’endent vériation in the capacitance
could not satisfy the X7R-level characteristic standard of
the EIA  standard though satisfying the B-level
characteristic standard of the 3IS'Standard.

On the other hand, as in Sample No. 23,'if'the'amount
of MgO is larger than 3.0 mols, the sintering”temperature
.shall be too high, the diélcctric constant could not be -
over 3,000, and many test.pieces_of the sampie_failed in
the moisture-resistant load test.

The reasons for defining the silicon oxide content to

fall between 0.2 mols and 5.0 mols in terms of SiO2 are as

| ‘This is the replacement sheet
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a dielectric ceramc |ayer, at least two inner electrodes as fornmed between
the dielectric ceramc |layers in such a manner that one end of each inner

el ectrode i s exposed out of either end of the dielectric ceramc |ayers,
and outer electrodes as electrically caanected with the exposed inner

el ectrodes, wherein the dielectric ceramc |ayers each are made of a

mat eri al conprising; bariumtitanate;

follows. As in Sample No. 6, if the SiO3 content is 0

(zerb),_the sample could not be sintered. As in Sample No.
7, if the Si02 content is smaller thén 0.2 mols, the
sintering temperature shall be too high, the insulation
resistance is low, and many test pieces of the .sample
failed in the moisture-resistant load test. |

On the other hand, as in Sample No. 24, if the S§iO2
content is lérger than 5.0 mols, the dielectric constant
could not be over -3000, and the iﬁsulétion resistance at
125°C could not be over 2,000.MQ-yF.

The reasons for defining the impurity, alkali metal
oxide content of barium titanatevto be not 1arger.than
0.02 $ by weight are as foliows. As in Sample No. 25, if
the impurity, alkali metal oxide content of barium titanate
is larger than 0.02 % by weight, the dielectric constant is
lowered. |

In the above-mentioned Example, used was a powder of
barium titanate as prepared according to the oxalic acid
method, which, however,'is not limitative. Apart from this,
also employable are powders of barium titanate *as prepared
according to an alkoxide method or a hydrothermal reaction
method. If the latter powders’ are used, the
characteristics of the capacitors may often be improved

more than those of the samples as demonstrated in the

Example herein.

This is the replacement sheet
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38 at | east one rare earth oxide selected fromterbium oxide, dysprosium
oxi de, hol m um oxi de, erbium oxide and ytterbi um oxi de, and nmanganese oxi de
and ni ckel oxide, and containing side conponents, magnesi um oxide in an
amount of from 0.5 to 3.0 nols in ternggof MO, and silicon oxide in an
amount of fromO0.2 to 5.0 nols in terns-of SI2, relative to 100 nols of

t he essential conponent having the '

Powders of terbium oxide, dysprosium oxide, holmium
'oxide, erbium oxide, ytterbium oxide, manganese okide,
nickel oxide and others were used in the Example, which,
however, are not also limitative. Solutions of alkoxides
or organic metal compounds for such oxides can also be
employed, in place of such oxide powders, without
intérfering with the characteristics of the caPacitors
produced, provided that they ére férmulated to constitute
the dielectric ceramic la'yers falling within the scope of
the present invention.

In the monolithic ceramic capacitor of the present
invention, the dielectric ceramic v_layers are made from a
dielectric ceramic material-that éan be baked even in a
reducing atmbsphei:e withodt -being reduced into
semiconductors. Therefore, a' base metal of nickel or a
nickel alloy can be used as. the materj..al_‘.for the electrodes
in the capacitor; In addition, since the'dielectric ceramic
material can be baked at relatively low temperatures of
1300°C or lower, the production costs of the capacitor can
be reduced. | "
. Moreover, the monolithic ceramic capacitor of the
‘invention that comprises ceramic layers made from such
dielectric ceramic materials has a dielectric constant of

3000 or higher, and the temperature-dependent variation in

" the high dielectric constant of the capacitor is small.

This is the replacement sheet '
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foll ow ng conpositional formula: (1-[err]-[err]){BaCmli Q2 +
[err]Re[err]derr] + [err](Mf[err]-[err]N x)O where Re203 is at | east one .
selected from Th203, DY2(3, Ho2(3, Er2(3 and Yb2(O3; and [err], [err], mand
x are as follows: 0.0025 [err] 0.020 038025 [err] 0.04 [err]/[err] 4 O
[err] x < 1.0 1.000 < n1[err] 1.035. 67 The nonolithic ceramc capacitor
according to ' :

Further, the capacitor has high ipsulation resistance and
has good characteristics, and their characteristics are not
worsened even in high-temperature and high-humidity
conditions.

In addition, since the crystals constituting the
dielectric layers are small to have grain sizes of 1 um of
smaller, the layers can be thinned well, without reducing
the number of the crystals fd be'therein, being different
from the <ceramic layers constituting conventional
monolithic ceramic. capacitors. Therefore, according to the
present invention, it is possible to obtain high-
reliability, small-sized, 'largg-capacity, monolithic
ceramic capacitors. -. |

While the invention has been described in detail and
with reference to specific embédiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.

This is the replacement sheet
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claim5, wherein said bariumtitanate having at | east one al kali netal

oxide as an inpurity. 7. The nonolithic ceram c capacitor according to
claim6, wherein said bariumtitanate includes alkali nmetal oxides of 0.02
% by wei ght or |ess. 8. The di el ectrgg ceram c capacitor according to

claim6, wherein said al kali metal -oxide includes at | est one oxide
selected fromSrQO CaO Si 2 and Al 2CS.

WHAT IS CLAIMED IS:

1. A dielectric ceramic‘compbsitién comprisiné:

barium titanate;

at least one rare earth oxide selected from terbium
oxide, dysprosium oxide, holmium oxide, erbium'oxide and
ytterbium oxide; '

' manganese oxide and nickel oxide; and

magnesium oxide, as a side component,'in.an amount of

frbm 0.5 to 3.0 mois in terms of MgO, and silicon oxide in

an amount of from 0.2 to 5.0 mols in terms of $i02,

relative to 100 mols of the essential component having the

following compositional formula:
(1-a-B) {BaO}m-TiO2 + aRe203 + f(Mn1-xNix)O
where Rezos is at least one'selected from Tb203, Dy203,
Ho203, Exr203 and Yb203; and |
@, B, m and x are as follows:
0.0025 sas 0.020
.0.0025 =B = 0.04
| B/a = 4
0 =sx<1.0

-1.000 < m = 1.035.

L L
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9. The nmonolithic ceram c capacitor according to claim5, wherein at

| east one of said inner electrodes is made of at |east one base netal. 10.
The monolithic ceram c capacitor according to claim9, wherein said base
nmetal el ectrode includes ceram c powders 11. The nonolithic ceramc
capacitor according to claim9, whereinm Said base netal is nickel or nickel
alloy. 12. The nonolithic ceram c capacitor according to claim5, wherein
~at | east one of said outer electrodes is made of a sintered |ayer of an
el'ect roconducti ve netal

2. The dielectric ceramic composition according to
claim -1, wherein said barium titanate having at least one

alkali metal oxide as an impurity.

3. The dielectric ceramic composition according to
claim 2, wherein said barium titanate includes alkali metal

oxides of 0.02 % by weight or less.

4. The dielectric ceramic composition according to
claim 2, wherein said alkali metal oxide includes at lest

one oxide selected from Sro, cao, $i0O: and Al:203.

-

5. . A monolithic ceramic capacitor.comprising;

a dielectric ceramic layer,

at least two inner electrodes as formed between the
dielectric ceramic layers in such - a manner that dne end of
each inner electrode is exposed out of either end of the
dielectric ceramic layers, and

outer electrodes as electrically connected with the

‘exposed inner electrodes,

wherein the dieléctric ceramic layers each -are made of

a material comprising;. | |

barium titanate;

L] RS
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powder 40 13. The nonolithic ceramc capacitor according to claimb,
wherein at | east one of said outer electrodes is made of an

el ectroconductive netal powder with glass frit added thereto. 14. The
monol i thic ceram c capacitor as clainmedg n cla|n15 wherein the outer

el ectrodes each conprising a

at least one rare earth oxide selected from terbium
‘oxide, dysprosium oxide, holmium oxide, erbium oxide and
ytterbium oxide, and
manganese oxide and nickel oxide,
and containing side components, magnesium oxide in an
amount of from 0.5 to 3.0 molé in terms of MgO, and silicon
oxide in an amount of from 0.2 to 5.0 mols in terms of si0z,
relative to 100 mols of the essential component having ﬁhe
following compositional formula:
(1-a-B) {BaO}p-TiOz + aRe203 + B(Mni-_xNix)O
where Re203 is at least one selected from Tb203, Dy203,
Ho203, Er03 and Yb203; and |
a, B, m and x are as foilows:
_ 0.00ZSl <= as 0.020
0.0025 = B < 0.04
B/c = 4
0 sx<1.0

1.000 < m =< 1.035.

6. The monolithic ceramic capacitor atcording to
claim 5, wherein said barium titanate having at least one

alkali metal oxide as an impurity.

MU s s the roptacement shet
¥ ¢ L m s * _ . B

Date: - ] -AUB '997'



first, sintered | ayer of an el ectroconductive netal powder or of an
el ectroconductive netal powder with glass frit added thereto, and a second,
pl ated | ayer forned on the first |ayer.

39

7. The monolithic ceramic capacitor according to
claim 6, wherein said barium titanate includes alkali metal

oxides of 0.02 % by weight or less.

8. The dielectric ceramic capacitor according to
claim 6, wherein said alkali metal oxide includes at lest

one oxide selected from SrO, Ca0O, Si0O2 and Al:0s.

9. The monolithic ceramic capacitor according to
claim 5, wherein at least one of said inner electrodes is

made of at least one base metal.

10. The monolithic ceramic capacitor according to
claim 9, wherein said base'metal_electrode includes ceramic

powder.

11. The monolithic ceramic capacitor according to

claim 9, wherein said base metal is nickel or nickel alloy.

12. The monolithic ceramic capacitor aé&cording to
claim 5, wherein at least one of said outer electrodes is
made of a sintered laYer'_of an electroconductive metal

powder

(TR REQIY s i the roptacement sheet
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13. The monolithic ceramic capaci'tor according to
claim 5, wherein at least one of said outer electrodes  is
made of an electroconductive metal powder with glass frit

added thereto.

14. The monolithic ceramic capacitor as claimed in
claim 5, wherein the ‘outer electrodes each comprising a
first, sintered layer of an electroconductive metal powder
or of an electroconductive metal éowder with glass frit
added thereto, and a second, plated layer formed on the

" first layer.
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ABSTRACT

DIELECTRIC CERAMIC COMOSITION AND MONOLITHIC CERAMIC

CAPACITOR USING SAME

A dielectroc ceramic composition and a monolithic
Ceramic capacitor using the composition are provided. The
dielectric ceramic composition includes: barium titanate;
at least_one rare earth oxide selected from terbium oxide,
dysprosium oxidé,_holmium oxide, erbium oxide and ytterbium
oxide; manganese -oxide and nickel oxide; ‘and magnesium
oxide in an amount of from 0.5 to 3.0 mols in terms of MgO,
and silicon oxide in an amount of frém 0.2 to 5.0 mols ini
terms of SiOz, relative to 100 mols of the essential
" component having the following compositional formula:

(1-a-B) {BaO}p - TiO2 + cRe203 + p(Mnl_xNix)o

where Re203 is atlleaSt-one selected from Tb203, Dy203,

.H0203, Er203 and Yb203; and | '

a, B, m and # are as folléws:

0.0025 < ¢ < 0.020
0.0025 < B < 0.04
B/a < 4 |
0sx<1.0

1.000 <m < 1.035.

. FIG. 1
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Fig. 1.
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. FIG. 3
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ATETT ANED
Df.\h::. FRSL S

DIELECTRIC CERAMIC COMPOSITION AND MONOLITHIC CERAMIC
CAPACITOR USING SAME

FIELD OF THE INVENTION

.._The present invention relates to dielectric ceramic
composition and monolithic ceramic capacitors using same to
be used in electronic instruments, especially those having

inner electrodes made of nickel or nickel alloys.

BACKGROUND OF THE INVENTION

Monolithic ceramic capacitors are generally produced
as follows.

First, sheets of dielectrj:;._é-;ramic layers each as
coated with an electrode material to be an inner electrode
thereon are prepared. For example, the dielectric ceramic
layers may consist essentially of BaTiO3.’ Next, a
plurality of such sheets of dielectric ceramic layers each
coated with the electrode- material are laminated and
integi:ated under heat and pressufe, and the resulting
laminate is baked in a natural atmosphere at from 1'250°c to
.1350°c to obtain a monolithic dielectric ceramic body
having inner electrodes therein. To the both ends of the
dielectric ceramic body, are fixed and baked  outer
electrodes that electrically communicate with the inner

electrode. Thus is obtained a monolithic ceramic capacitor.
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ABSTRACT

DIELECTRIC CERAMIC COMPOSITION AND MONOLITHIC CERAMIC
CAPACITOR USING SAME

A dielectroc ceramic composition and a monolithic
ceramic capacitor using the composition are provided. The
dielectric ceramic composition includes: barium titanate;
at least one rare earth oxide selected from terbium oxide,
dysprosiﬁm oxide, holmium oxide, erbium oxide and ytterbium
oxide; manganese oxide and nickel oxide; and magnesium
oxide in an amount of frém 0.5 to 3.0 mols in-terms of MgO,
and silicon oxide in an amount of from 0.2 to 5.0 mols in
terms of SiO2, relative to 100 mols of the essential
'component having the following compositional formula:

(1-c-B) {BaO}m-Ti02 + aRe203 + B(Mnl-xNix)O

where Re203 is at least'one selected from Tb203, by203,

HoéO3, Er203 and ¥b203; and

o, B, m and x are as follows:

0.0025 = o =< 0.020
0.0025 < B < 0.04
B/a s 4

0 sx<1.0

1.000 < m = 1.035.

FIG. 1



