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© DIELECTRIC CERAMIC COMPOSITION AND MONOLITHIC CERAMIC

- : CAPACITOR USING SAME

FIELD OF THE INVENTION
The present invention relates to a dielectric ceramic
composition and a monolithic ceramic capacitor to be used
in electronic instruments, especially those having inner
electrodes made of nickel or nickel alloys.
‘ BACKGROUND OF THE INVENTION
.Mbhoiithic ceramic capacitors are generally produced

as follows.

a

First, sheets of dielectric ceramic 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
integrated under heat and pressure, and the resulting
laminate is baked in a natural atmosphere 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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invention relates to a dielectric 5

Accordingly, the materials for such inner 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 electrodes that satisfy these requirements, noble
metals, such as platinum, gold, palladium and silver-
palladium alloys, have heretofore pgen used.

However, these electréde materials are expensive,
though having excellent characteristics. Accordingly, the
cost of the electrode material reaches 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 monolithic 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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BACKGROUND OF THE | NVENTI ON Monolithic ceram c capacitors
are generally 10 produced as follows. _ First, sheets of
dielectric ceramc |ayers coated with an el ectrode material intended
to be an inner el ectrode are prepared. For exanple, the dielectric
cerami c |layers may consist essentially of BaTiJerr]. Next, 15 a
plurality of such sheets of dielectric ceramc |ayers each coated
with the electrode material are |am nated and i nt egrated under heat
and pressure, and the resulting

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 eaéth metals, such as La, N4, 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-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,Z%n,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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| am nate is baked at from 1250[err]C to 1350[err]C to obtain a

nonol ithic dielectric ceram c body having inner 20 el ectrodes therein.
_To,the both ends of the dielectric ceram ¢ body, OUGRE siRb 86l Beaiias: med
that electrically communi cate with the inner el ectro

baked. Thus is obtained a nonolithic ceram c capacit mmmmummn
Accordingly, the materials for such inner 25 el ect rodes

the foll owi ng requirenents. 1. Since the ceramc |amnate
and the inner el ectrodes are baked together, the melting point of
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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 layers.
Accordingly, there is now a great demand for dielectric
ceramic materials with high reliability having a high
dielectric constant, in which the temperature-dependent
variation is little. ‘

However, the dielectric ceramic materials 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
having a thickness of, for example, 10 um or less are
incorporated into monolithic ceramic capacitors, the number
of ceramic crystals to be in one layer is reduced and
therefore the reliability of the monolithic ceramic

capacitors is lowered. 1In addition, the dielectric ceramic
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materials were further defective in that the temperature-

- dependent variation in the dielectric constant of the
dielectric ceramics 1is 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 Japanese Patent Application Laid-Open No. 62-
256422 was defective in that CaZrO03 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, although.the dielectric constant
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 addition, the material was further
defective in that it does not satisfy the capacitance
characteristic standard as stipulated in the EIA Standard,

which indicates that the temperature-dependent variation in




the tenperature at which the ceramc lanmnate will be baked.

2. Thé materials for S _nust not be oxidized even
in high-tenperature, oxidizing 5 at nospheres and nust not react with

the dielectric dbmammﬁ@#%yam@de As el ectrodes that

satisfy these requirene
pal I adi um and sil

|l e netal s, such as platinum gold,
al l oys, have heretofore been used.

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

Japanese Patent Application Laid-Open No. 63-103861
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 betweeﬂ 1000 and 2000 (R.F). In view
of this, the material could not be practicable.

Although some improvements were made in the non-
reducing dielectric ceramic compositions that Thave
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 problens,
proposed were different compositions, for example, in
Japanese Patent Application Laid-Open Nos. 05-9066, 05-9067

and 05-9068. However, these compositions could not still
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10 However, these el ectrode materials are expensive, al t hough
havingLEXCETTéﬁT—Eﬁé?EEferlstlcs Accor di ngly, the cost of the

el ectrode nater %m&pes from30 to 70% of the total cost of each
nnnollﬁh;@ =hap aci tor, which therefore is an essential factor
of increg it “ m product i on costs of conventional nonolithic ceramc
capaC|to? AR At Al so known are base netals, such as N, Fe,

Co, Wand M, which have a high nelting point. However, such

base nmetals are easily oxidized in high-tenperature, 20 oxi di zi ng

at nospher esaiglty 0tiel hebte@®i lsiehierileof HOGh 1 Bdments fodS ShE&LTILHUR,
Therefore, if such base netals are used
-- 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. 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 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-tempe:ature and high-humidity

conditions.

SUMMARY OF THE INVENTION

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-uyF or more, 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-level characteristic standard as
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as the inner electrodes in nonolithic ceramc capacitors, t hey mnust
be baked along with the dielectric ceranic | ayers in neutrallor
reduci ng at nospheres. However, 25 conventional dielectric ceramic
materials are defective inthat if they are baked |n1hu&hmﬂumwakqﬁmw
reduci ng at nospheres, they are greatly reduced into

sem conduct ors. In order to overcone these dr

30 exanpl e, proposed were a dielectric ceram c nat conpri si ng

a solid solution of bariumtitanate where the ratlo of barium
sites/titansufipalatedi $ngtRat BTt B8ANARLd, and #hOERNhAFRLELE “8htRer

t hereof, such as that disclosed in
.- resistance even in high-temperature and high-humidity load
conditions.

The present invention has been made in consideration
of the above—menfioned 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
mannef 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, which is charactérized in that;

the dielectric ceramic layers each are made of a
material comprising; barium titanate having a content of
impurities, alkali metal oxides of 0.02 % by weight or less,
and scandium oxide, yttrium oxide, 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 SiO2, relative to 100 mols of the essential
component having the following compositional formula:

(l-a-B){BaO}p-TiO2 + aM203 + B(Mn1-xNix)0

where M203 is at least one selected from Sc203 and

Y203; and
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o, B, m and x are as follows:
- 0.0025 = o = 0.020
0.0025 = § < 0.04
B/a < 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 electrodes each are made of a
" sintered layer of an electroconductive metal powder with
glass frit added thereto. Furthgf preferably, the outer
electrodes each are composed-of a first, sintered layer 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.
Fig. 2 is a plan view illustrating the outline of one
embodiment of a dielectric ceramic layer having an inner
electrode thereon, which 1is prepared in the present

invention.
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Japanese Patent Publication No. 57-42588; and a dielectric ceramc
mat erial conprising a solid solution of bariumtitanate and

cont ai ni ng oxi des of rare earth netals, such as La, Nd, Sm Dy and
Y, added thereto, such 5 » lSiade@Sed i n Japanese Pat ent
Application Laid- iso. Al so proposed
were a dielectric ceramc havi ng a conposition of
BaTiJerr]-Cazrgerr]-MO

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 dielectric ceramic layers
constituting the monolithic ceramic capacitor of the
present invention, herein used is a dielectric ceramic

" material comprising at least one oxide selected from
scandium oxide and yttrium oxide, ?nd also 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 capacitance that satisfies
the B-level characteristic standard as stipulated in the
JIS Standard and also the X7R-level characteristic standard
as stipulated in the EIA Standard, and having high

insulation resistance at room temperature and even at high
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such as that disclosed in Japanese Patent Application 10

62-256422; and a dielectric ceramc _ material having a conposition of
BaTi @3- (M, Zn, Sr, Ca) & Blerr]Jerr]-Sigerr], such as that disclosed
in Japﬂﬂﬁﬁﬁﬂﬁﬁmﬁaﬁmﬂmmd Publ i cation No. 61-14611. Usi ng
t hese di EHR™ © materials, 15  ceramc | am nates were obtai ned
whi ch a Em Em I nto sem conductors even when baked in
reducini pheres As a result, it has becone possible to

produce nonolithic ceram c capacitors conprising inner
base net altenpedatdzds.ckel . 20

el ectronics,

In addition, since the crystal grains existing in the
sintered dielectric ceramics constituting the capacitor of
the invention are small, or that is, not larger than 1 um,
the number of the crystal grains to be in one dielectric
ceramic layer may be increased. Accordingly, even if the
dielectric layers are thinned, the reliability of the
capacitor comprising such thin dielectric layers is not
lowered.

It has been confirmed +that, of the essential

" components constituting the dielectric ceramic material for

use in the present invention, sucq.as barium titanate, at
least one oxide selected ffsm scandium oxide and yttrium
oxide, and also manganese oxide and nickel oxide, the
content of the impurities in the barium titanate, such as

alkaline earth metal oxides, e.g., Sr0O and CaO; alkali

metal oxides, e.g., Na20 and K20; and other oxides, e.q.,
A1203 and SiO2, especially 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

Lai d- Open No.

el ectrodes of
Wth the recent devel opnent in
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smal | -si zed el ectronic parts have becone required greatly in the

art, and small-sized, |arge-capacity, nonolithic ceram c capacitors
are therefore greatly required for use therein. For these reasons,
the recent tendency in the 25 art is rapidly toward dielectric ceramc
mat erial s havi ng a higher dielectric constant and toward thinner
dielectric layers. Accordingly, there is now a great demand f or
dielectric ceramic materials with high reliability having a high

di el ectric constant, in which 30 t he tenperature-dependent variation is
smal | . or higher. However, the dielectric ceramc materials

di scl osed in Japanese Patent Publication No. 57-42588 and
- The reason why silicon oxide 1is added to the

dielectric ceramic layers in the present invention is that
said addition improves the sinterability of the layers if
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
hereinabove is used to form the d%electric ceramic layers
constituting the monolithie 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 1is also possible to add to the inner
electrodes a ceramic additive comprising the same
compositional material as that for the ceramic layers and
containing a small amount of other oxides.

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 sintered layers comprising various electroconductive
powders, such as Ag, Pd, Ag-Pd, Cu or Cu alloys, and
various types of glass frit of B203~Li0-5i03-Ba0O, B203-

This Sheet Has Been Replaced \
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Japanese Patent Application Laid-Open No. 61-101459 are

-

Si02-Ba0, Li0-Si02-Ba0 or the like. More preferably, the

.- sintered layers are coated with a plate layer. The plate

layer may comprise Ni, Cu 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 capacitog.of the invention. Fig.
2 is a plan view illustratiné the outline of the dielectric
ceramic layer having an inner 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, ghe monolithic ceramic capacitor 1 of
the 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, copper or the 1like,

and the second plate layers 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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defective in that the crystals constituting the ceramc

|.am nates made fromthe materials are large, though the ceramc
| am nat es thensel ves may have a high dielectric constant, with the

result that
for exanple

if thin dielectric ceramc 5 | ayers having a thickness of,

, 10 [err]mor |ess are incorporated into nonolithic

ceram c capacitors, the nunber of ceramc crystals in each |ayer is

reduced and

Now, 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
oxide selected from scandium oxide and yttrium 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 internal electrode {'of nickel or a nickel
alloy. To form the internal-electrode 4, employable is any
method of screen printing, metal wvapor deposition or
plating.

A. predetermined number of the dielectric ceramic
layers 2b each with the inner electrode 4 formed thereon
are laminated, and then sandwiched between two dielectric
ceramic layers 2a not having the inner electrode 4, 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.

Next, on the both sides of 'the ceramic laminate 3,
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therefore the reliability of the nonolithic ceramc capacitors is

| onered. In addition, the dielectric 10 ceramc materials were further
defective in that the t enper at ur e- dépendent variation in the
dielectric constant of the dielectric ceramcs is great. For these
reasons, the conventional dielectric ceramc materials coul d not

neet the requirenents of the market. 15 On the other hand, the
dielectric ceramc mat eri al di sclosed in Japanese Patent Application
Lai d- Open No. 62-256422 was defective in that CazrG3 and al so

CaTi @B thatsfifad Oéf@dﬁ\gb” bﬂﬂ h@lgégkggﬁét 8p t’ﬁ?ﬁ YdeLlonnected Yilh
secondary phases toget her mAt and ot hers an

--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-

§i02-Ba0 or Lij0-Si0O2-BaO. 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 5. The outer electrodes
5 can be formed by applying an welectroconductive paste
material of metal powder on£§ 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-type, monolithic ceramic
_capacitor 1 of the invention.

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

EXAMPLE 1
First, raw materials of TiCl4 and Ba(NO3)2 having
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20 therefore the high-tenperature reliability of the

capaci tor
conprising the material is problematic, al t hough the dielectric
constant of the ceram c body of the"material is relatively high, the
crystals constituting the ceramc lanmnate are small, and the 25
t enper at ur e- dependent variation in the dielectric constant is small
The dielectric ceramc material disclosed in Japanese Pat ent
Publicati on No. 61-14611 was defective in that the dielectric
constant of the ceram c body of the 30 material is from 2000 to 2800 and
t herefore

bheioBEChbGlees of pEriy waid NS Uq U Wweilghed. These

| ar ge- capacity
.- 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 Sc203, Y203, 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 SiO).

S —
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nonol ithic ceram c capacitors.

def ecti ve

I n additi on,

the materi al

was further

in that it does not satisfy the
TABLE 1
Samples with * are outside the invention.
|Type of Content of Impurities (wt.$%) Mean Grain
BaTiO, | Alkali Metal Oxides | S8r0 Cao 8i0, Al,O; [Size (jm)
A 0.003 0.012 [ 0.001{ 0.010 | 0.005 0.60
B 0.020 ¢.010 | 0.003 | 0.019% 0.008 0.56
C 0.012 0.179 | 0,018 | 0.155 0.071 0.72
D 0.062 0.014 {0.001 ] 0.019 0.004 0.58
This SlheetHasBeen Replaced
17

THIS SHEET HAS BEEN
YUPLACED




capaci tance characteristic standard as stipulated in the El A

St andard, which indicates that the tenperature- dependent vari ation
in.the capacitance within the range between -55[err] C and +125[err]C
shall be +/- 15 %or less. 5 Japanese Patent Application
Lai d- Open No. 63- 103861 di scl oses a non-reducing dielectric ceramc
mat eri al which, however, was defective in that its

Next, these raw materials were mixed in wvarious
.. compositional ratios as shown in Table 2 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
ocbtain a rectangular green sheet having a thickness of 11
um. Next, an electroconductive paste consisting
essentially of Ni was printed on Ehis ceramic green sheet

to form thereon an electroconductive paste layer, which is

formed into an inner electrode.
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in
resi st ance

vari ation
so as to obtain

size of the crystals of

fal | s between 1000 and

for the insulating

conponent constituting the materi al

is difficult to control

I n additi on,

the product of the insulating 15

)

mat eri al

£

characteristics.

o
T -
— O
o o
C —
oo TABLE 2
.m.. ©
ﬁlm . Samples with * are outside the invention.
Sample (1-a-f){Ba0} 'Ti0, + M0, + B (Mn,_Ni )O MgO | S§iO,
.u%d Type of o B B/« m | (mol} | (mol)
- O BaTiO, ¥,0, 8c,0, Total ®
p 1 A - - 0.0000/0.005 | 0.3 - |1.010}1.20 | 1.00
£2 A |o.010 0.01000.000 - 0 |1.010|1.20}1.00
* A |o.010 [0.002 0.0120(0.005 | 0.3 5/12 [0.990| 1.20 | 1.00
A |o.012 0.0120/0.005 | 0.3 5/12 [1.000} 1.00 { 1,00
A |o.0080 ‘ 0.0080 [0.0100 | 0.3 1 |1.010]0.00 | 1.00
A |0.0100 0.0100 [0.0100 | 0.3 1 |1.015[1.20 0.00
A ]0.0075 0.0075/0.0075 | 0.5 1 |1,015(1.50 | 0.10
A 10.0025 0.0025[0.0025 | 0.1 1 |1.005{0.50 | 0.20
E 59 A |0.0050 [0.0050 0.0100[0.0080 | 0.5 4/5 |1.010{1.00|1.00
Ho A |0.0080 [0.0040 0.0120 |0,0080 | 0.0 2/3 |1.010]1.50 | 1.50
P4y, A |0.0090 0.0090 [0,0090 | 0.4 1 |1.015|1.20]1.50
C %»m A |o0.0080 0.0080{0,0080 | 0.3 1 |1.010{ 1,20 1.00
- 13 C  [0,0015 [0.0050 0.0200(0.0400 | 0.8 2 |1.005(1.00]|2.00
> mmm B ]0.0030 0.0030 [0.0060 | 0.4 2 [1.010]3.00|5.00
L 3
+ as A 0.0080 0.0020 0.0100 [0.0050 | 0.0 1/2 |1.010]1.00 | 1.50
L 9 A [0.0060 0.0060]0.0240 | 0.6 4 |1.035| 0,50 | 2,50
B A [0.010 [0.010 0.0200/0.0050 | 0.1 1/4 |1.,015(2.00}1.50

is the essenti al

I nsul ating resi stance and the tenperature-dependent
. F

capacity are greatly influenced by the grain 10
val ue and t he capacitance val ue (product CR)

and therefore the

resi stance of the materi al,
Al t hough sone

ceram c conpos

BaTi O3 whi ch
2000 ([err]

st abl e
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20 her et of ore been proposed in the art, such as those ment i oned

her ei nabove, to nmake them have good insul ation resistance in
hi gh-tenperature load |ife tests, the I nprovenent in their
i nsul ation resistance in noisture- resistant |load tests is stil
unsati sfactory. 25 In order to solve the above-nentioned
pr obl ens, proposed were different conpositions, for exanple, in
Japanese Patent Application Laid-Open hbs 05- 9066, 05- 9067 and
05-9068. However, tmesejcofpgstitons—st+hi got¢ T‘-Cé satisfy the
recent severe requijyefrents|far BO 3 | s Pzeﬂ,*laﬁge-ca$ag|ty capacitors
in the market. BEREacs T Bgad | .| 5| tgcenls | ieoil tEnent s f'ﬁ,r these in the
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reliability. Therefore,

mar ket are to make them have nuch thi nner

and hi gher

N

H

S

om0
[ )
TABLE 3 o
Samples .tn..nv ¥ ara outside the invention. U \..A..m
Sample [Baking Dielactric [Dielectric {Temperature-bependent Temparature-Depandent Product of Mean Lifa [Number of Test Grain oo
No. Temperature [Constant, Loss, tan$ [Variation in Capacitance, [Variation in Capacitance, |CR (Q°F), Time Piecas Size o
(g3} € (%) AC/Cz9%¢ (%) AC/Cagoe (¥) at 2500 (hr.} |Failed in Moistura~ |{pm) 2
Resistant Load Tast =
~25ec 85ep ~8Bop 1250n max 16v 3
X 1 1300 3090 2.3 =12.1 -4.5 -16.3 2,2 16.3 8200 7 0/72 0.77
b 2 1280 As semiconductors were formed, the measuremant was imposgible. 2.6
¥ 3 1280 As semiconductors were formed, the measurement wag impossible, 2.1
¥ 4 1280 3290 2.1 -3.1 ~5.4 ~3.4 ~5,3 5.5 2250 201 0/72 0.73
¥ 5 1280 3380 2.0 0.5 -10.7 1.5 -17.0 17.0 4700 300 0/12 0.74
¥ ] 1360 As_the sample was sintered ingufficiently, the measurement was impossible. 0.61
¥ 7 1330 3220 1.9 -2,1% -5.1 > =3.0 ~4.9 5.2 4200 307 53/72 0.66
8 1300 4050 2.4 -8.1 -6.5 -12.3 -12.7 12,7 7140 311 0/72 0.72
9 1280 3290 1.8 -2.5 ~5.2 ~2.5 ~5.6 5.6 6380 489 0/72 0.68
10 1300 3100 1.7 -2,7 -4.9 ~-2,9 -5.1 5.1 6170 497 0/72 0.69
11 1280 3510 2.1 -1.7 -6.2 -2.0 -92.3 9.8 6820 530 0/72 0.71
12 1280 3590 2.2 -1.2 ~7.7 ~1.1 -9.9 10.2 6760 512 0/72 0.72
13 1300 3020 1.7 ~2.0 -5.1 -2.0 -5.2 5.2 6010 589 0/72 0.78
14 1260 3470 2.0 -4.0 =6.7 ~5,3 10.7 10.7 .1220 311 0/72 0.64
15 1280 3310 1.9 =-2,0 -5.8 ~2.2 ~6.6 6.6 6190 509 /72 0.69
16 1300 3370 1.9 ~1.0 -8,8 -1.4 -11,6 11.8 6630 307 0/72 0.68
17 1300 3000 1.4 -1.9 ~4.5 1.8 4.2 4.5 6040 567 0/72 0.68
¥ 18 1360 2120 1.2 2.1 2.4 3.0 1.9 3.2 3690 202 9/72 0.65
¥* 19 1280 o080 1.8 0.1 -9,8 0.2 16.2 16,2 5420 104 0/72 Q.70
X 20 1300 3550 2.2 -1.3 ~6.6 -2.4 =-7.3 7.3 2760 282 0/72 0.71
¥ 21 1300 3630 2.3 -1.8 -11.0 2,2 ~17,7 17.7 6650 192 0/72 0.72
¥ 22 1360 As the sample was sinteraed insufficientl /., the maasurement was impoesible. 0.61
¥ 23 1360 2350 1.5 -2.3 -3.3 -2.9 2,2 3.4 6080 332 49772 0.66
¥ 24 1200 1950 1.2 ~Ll.3 -2.5 -2,0 3,3 3.3 3620 399 0/12 0.69
X 25 1280 2640 1.7 -2.1 ~1.9 ~3.3 ~4.8 4.8 6250 501 0/72 0.64




is still

a great demand for dielectric ceramic materials capabl e of

produci'ng much thinner dielectric ceramc | ayers in nonolithic

ceramc

capacitors with nmuch hi gher reliability. Gven the

situation, accordingly, it has 5 become necessary to provide _
snall-sized, | ar ge- capaci ty, high-reliability nmonolithic ceramc
capaci tors which still have highly-reliable characteristics even in

hi gh-

A plurality of 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 N2
atmosphere at 350°C whereby the binder was burnt 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 10-11l to 10-8 MPa, at various temperatures
shown in Table 3, to obtain sintergg 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

B203-Li20~5i02-Ba0 was applied onto the both sides of each
sintered ceramic body, and baked again in an N3 atmosphere
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 1.6 mm width x 3.2 mm length x
1.2 mm thickness, and the thickness of each dielectric

ceramic layer as sandwiched between the inner electrodes
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tenperature and high-hum dity conditions. SUMVARY OF THE | NVENTI ON

10 Accordingly, the subject matter of th esent
invention is to provide a | owpriced, small-sized, Ia?&g%Q_*‘_‘~“E§§éCfty,

nmonol i thic ceram c capacitor, which has a di el ectysisfes
3000 or nore, which has a high i nsul ati on resistal;ﬁ
at roomtenperature 15 and 125[err]C, of 6000 Merr] ,
of its product wi th the capacitance (the product '¢¥

t enper at ur e- dependent capaci tance that satisfies the B-

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 J) of
each sample were measured, using an automatic 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 (e) through calculation. Next, to
measure the insulation resistance (R) of each sample, a
direct current voltage of 16 V was applied to each sample
at 25°C for 2 minutes, using an ingplation resistance meter.
After having thus measured tﬁe insulation resistance (R) of
each sample, the product of the capaciténce (C) and the
insulation resistance (R) or, that is, the product of CR of
each sample was obtained. 1In addition, the temperature-
dependent wvariation 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 based 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
the maximum wvariation, in terms of the absolute wvalue,

between -55°C and 125°C (|AC|max)."
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| evel characteristic standard as stipulated in the JIS St andard and

the X7R-level characteristic standard as 20 ~  stipulated in the EIA
St andard, and whi ch has good weat her resistance even in

hi gh-t enperature and hi gh- hum dity | oad conditions.

The present invention has been made in consi deration of the
above-nenti oned object. 25 Specifically, the present

i nvention provides a nonol ithic ceram c capacitor conposed of a
plurality of dielectric ceramic layers, a plurality of inner

el ectrodes formeg bgtveehindetdeHgh-tenpriratueel ARIS life ofi RaTych a
manner that one end of each inner electrode is

.- sample, 36 pieces of each sample were subjected to a high-
temperature load test, in which a direct current wvoltage of
100 Vv was applied to each piece at 150°C, while measuring
the insulation resistance of each test piece which wvaried
time~dependently. 1In this test, the period of time within
which the insulation resistance value (R) of each piece
being tested reached 106 % or lower was measured, which .is
referred to as the life time of each test piece. The
average of all the tested pieces was calculated to obtain
the average life time of each sample.

In addition, to measure thevmoisture-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 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 test pieces that had an insulation resistance value (R)

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

The results obtained in these tests are shown in Table 3.

[
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30 exposed out of an end of the dielectric ceramc |ayers, and
outer €lectrodes electrically connected with the exposed i nner
el ectrodes, which is characterized in that

This Sheet Has Been Replaced
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- 7 - the dielectric ceramc layers are made of a materia

conprising bariumtitanate having a content of alkali nmet al oxi de
impurities of about 0.02 % by weight or |ess, and scandi um oxi de,
yttrium oxi de, manganese oxide and 5 ni ckel oxi de; and containing as

si de conponents,
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magnesi um oxi de in an anmount of fromabout 0.5 to 3.0 mols in terns

of MO, and silicon oxide in an anmount of _ fromabout 0.2 to 5.0
nodls interns of SiJerr], relative to 100 nols of the essentia
conponent having the foll ow ng 10 conposi tional fornmula:

(1-[err]) {BaO[err]Tigerr] + [err]Merr]derr] + [err](M[err]Ni[err])O
where Merr]derr] is at |east one selected from Sc[err]Jerr]

and Y203; and [err], [err], mand x are as follows: 15
0.0025 [err] a [err] 0.020 0.0025 [err] 0. 04
[err] 4 As is obvious from Table 1, Table 2 and Table 3, 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 tangent, tan d, of not larger tham 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 wvariation 1in the

capacitance.

-

Moreover, these samples of the invention were found to
have high insulation resistance values, when measured at
25°C, of not smaller than 6,000 MQ upF, 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 low
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 um. 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

the crystal grains to be in one diélectric ceramic layer is

THIS SHEET HAS BEEN
REPLACED
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O [err] x <1.0 1.000 < ms 1.035; and 20

the inner el ectrodes each are made of nickel or a nickel alloy.
Preferably, the bariumtitanate has a content of alkali netal oxide
i mpurities of about 0.012 % by wei ght or |ess, magnesiumoxide in an
anount of from 25 about 1 to 20 nols in terns of MgO, and silicon oxide
I n an anount of fromabout 1 to 2.5 nols in terns of SiJerr],
relative to 100 nols of the essential conponent, 0.003 [err] a [err]
0.012, 0.005 [err] 0.024, [err] 2, 0.1 [err] x < 0.8, 1. 005 <
m[err] 1.0l&rge. 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 for use
in the present invention are mentioned below.

First referred to are the reasons for defining o to
fall within the range of 0.0025 =< « =< 0.020 in the
composition of (l-a-f){BaO}m-TiO2 + aM203 + B(Mni-xNix)oO,
in which M203 is at least one selected from Sc03 and Y203.
As in Sample No. 1, if the amount, «, of Mp03 is smaller
than 0.0025, the temperature-dependent variation in the
capacitance is great, and the mean\}ife time is vexry short.

On the other hand, as in Sample No. 18, if the amount,
a, of M203 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 temperature 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
baked in the reducing atmosphere, to thereby lower the
insulation resistance.

As in Sample No. 19, if the amount, B, of (Mn,Ni)o is

This Sheet Has Been Replaced
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30 Preferably, the outer electrodes in the ————nmonolithic
céeramc capacitor of the present invention, are nmade of a sintered
| ayer of an el ectroconductive metal powder with gl asJhi Bhett HASBRERe)

T

larger than 0.04, the insulation resistance at 25°C is
.- lower than 6,000 MQ-uF, 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 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 1.0, the insulation resistance at 25°C
is lower than 6,000 MQ-uF, and the mean life time is
shorter than 300 hours.

The reasons for defining B/a to fall within the range
of B/a = 4 are as follows. As iq Sample No. 21, if the
ratio, B/a, of the amount ﬁ.ﬁf (Mn,Ni)O to the amount o of
M203 is larger than 4, the temperature-dependent variation
in the capacitance is large, 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
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

THIS SHEET HAS BELN
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preferably, the outer electrodes each are conposed of a first

sintered | ayer of an el ectroconductive metal—powder wth glass frit
added thereto, and a second pl ated Iaye&, formed on the first |ayer.
his Sheet Has Been Replaced

WA

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 mols in terms of MgO are
as follows. As in Sample No. 5, if the amount of MgO is
smaller than 0.5 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 §tandard.

On the other hand, as iﬁ Sample No. 23, if the amount
of Mg0 is larger than 3.0 mols, the sintering 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 Si0O2 are as
follows. As in Sample No. 6, if the SiOy content is 0
(zero), the sample could not be sintered. As in Sample No.
'7, if the 8i02 content is smaller than 0.2 mols, the
sintering temperature shall be too high, the insulation
resistance is low, and ﬁany test pieces of the sample

failed in the moisture-resistant load test.

1
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5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a

cross-sectional view il lostrating the outline of one enbodi nent of

the nonolithic ceramc capaC|tor of the present invention.

Fig. 2 is a plan view il {5 ShaetHexPeetienlgeti| i ne 10 of one enbodi ment of a

dielectric ceramc layer h l H ‘ i nner el ectrode thereon, which is
c i t

prepared in the present Fig. 3is a
per spective, exploded view rati ng one enbodi nrent of a ceramc
| am nate as

l'us
On the other hand, as in Sample No. 24, if the S§i02

..content is larger than 5.0 mols, the dielectric constant
could not be over 3000, and the insulation resistance at
25°C could not be over 6,000 MQ-uF.

The reasons for defining the impurity, alkali metal
oxide content of barium titanate to be not larger than
0.02 % by weight are as follows. 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 n;t 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.

Powders of scandium oxide, yttrium oxide, manganese
oxide, 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

interfering with the characteristics of the capacitors

THIS SHEET HAS BEEN
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15 _TN%ng@Led_Ln—Phe—present I nventi on. DETAI LED DESCRI PTI
THE ENTI ON Now, preferred nodes of carrying out

i nven

mat er i af i
nonol i t MERRIRE
Is a di

sel ected

ON OF

t he
_&w@“ﬁaﬁﬁmwbéb in detail hereinunder. As the
¥ i ectric ceramc 20 | ayers constituting the
i1 paci tor of the present invention, used herein

ceramc material conprising at | east one oxide

from scandi um oxi de and yttrium oxi de, and al so manganese
oxi de and nickel oxide, in the specifically conditioned

produced, provided that they are formulated to constitute

-the dielectric ceramic layers falling within the scope of

the present invention.

In the monolithic ceramic capacitor of the present
invention, the dielectric ceramic layers are made from a
dielectric ceramic material that can be baked even in a
reducing 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, since the dielectric ceramic

"material can be baked at relatively low temperatures of

1300°C or lower, the production co§ts 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.

Further, the capacitor has high insulation 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 ox

smaller, the layers can be thinned well, without reducing
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25 conposi tional ratio nentioned herei nabove, and contai ni ng

magnesi-um oxi de and silicon oxide within the range defined .
her.ei nabove. Therefore, even in a reducing = =~ atmosphere, the dielectric
ceram c material can be baked wel | without worsening its _ _
characteristics. As a result, 30 according to the present invention, it
I's possible to obtain a high-reliability, nonolithic ceramc

capaci tor

the number of the crystals to 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, large-capacity, 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.

'Ilus Sheet H_as Been Replaced
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havi ng a tenperature-dependent capacitance that satisfies

AR il 1

1. A dielectric ceramic composition comprising:

WHAT IS CLAIMED IS:

barium titanate;
scandium oxide, yttrium oxide, manganese oxide and
nickel oxide,
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 SioO3,
relative to 100 mols of the essential component having the
following compositional formula:
h (1-0-B) {BaO}p*Ti02 + aM203 + B(Mn1-xNix)0
where M203 is at least one selected from Sc203 and
Y203; and ) )
o, B, m and x are as follows:
0.0025 < a =< 0.020
0.0025 < f§ < 0.04
B/a < 4
0 <x<1.0
1.000 <m < 1.035.

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

%‘ s sunEt !53‘*\ R

y (I!W

RIS
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the B-level characteristic standard as stipulated in the JI'S
Standard and also the X7R-1evel characteristic standard as
st.ipulated in the EIA Standard, and having 5 hi gh insul ation

resi stance at rg ¥ nd even at high tenperatures.

I n addition, si H-mmm“ﬂ;m Er ains existing in the sintered
dielectric ceram Csf constitutisng the capacitor of the invention are
small, or that is, not 10 | arger than about 1 [err]m the nunber of the
crystal grains in each dielectric ceramc |ayer may be increased.

Accor di ngl ¥1aeMep, | fhéheidli &4 8L W G 8 tandte GAtNAads alkali hé€al
rellablllty of the capaci tor conprising such thin

- oxide oxides of 0.02 % by weight or less.

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

one oxide selected from SrO, Ca®, S$i0O: and Al:0s.

5. A monolithic ceramic capacitor composed of;

a dielectric ceramic layers,

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, al:xd

outer electrodes as electrically connected with the
exposed inner electrodes,

the monolithic ceramic capacitor being characterized
in that;

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

barium titanate;

scandium oxide, yttrium oxide, manganese oxide and
nickel oxide;

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 SiOj,
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dielectric layers is not |owered. 15 It has been confirned

that of the essenti al conponents constituting the dielectric ceramc
mat.eri al for use in the present inventiom—steh as barium

titanate, at |east one oxide selecte xi de and
yttrium oxide, and al so manganese ox Eﬂmmﬁﬁﬂm,M oxi de, the
content of the inpurities in the baritime such as al kal i ne
earth nmetal oxides, e.g., SrO and Cao; al kali netal oxi des, e.g.,
Na[err] O and K[err]C7 and ot her oxides, e.g., Al[err]Jerr] and
Sigerr], .l EQ,%% u r] O
and K[ er r] %%%gdsﬁaé é:rc%a;!ﬁio Fols olfnfﬁlﬁée%eéeodrﬁﬂe %}&l ctr |n§ ?ﬁé’?‘?ﬁ %;t I CcS
of the .. following compositional formula:

(1-a-~B){BaO}m Ti02 + aM203 + B(Mni_-xNix)O
where M203 is at least one selected from Sc203 and
¥203; and
a, B, m and x are as follows:
0.0025 = a < 0.020
0.0025 < § < 0.04
B/a < 4
0 =x<1.0
1.000 <m =< 1.035.
6. The monolithic céramic capacitor according to
claim 5, wherein said barium titanate having at least one

alkali metal oxide as an impurity.

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 least

one oxide selected from SrO, Ca0, SiOz and Al:0s.

9. The monolithic ceramic ° capacitor according to

I —
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capacitor of the invention. Specifically, it has been confirmed that
i f bariumtitanate having an al kali netal oxide inpurity content of
smal | er than about 0.02 % by wei ght “s—i i Lc ceram c

material, the 30 capacitor of the inventj gy LiS he dielectric
ceramic may have a dielectric constant of BOHHMHW ] HJ'
¢ L C ceramc

The reason why silicon oxide is added to the '«
claim 5, wherein at least one of said inner electrodes is

| ayers in the present invention is

-made of at least one base metal.

10. The monolithic ceramic capacitor according to

claim 9, wherein said base metal 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 1is

made of a sintered layer of an electroconductive metal

-

powder.

13. The monolithic ceramic capacitor 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 according to
claim 5, wherein the outer electrodes each comprising 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.
This Sheet Has Been Replaced
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ABSTRACT

A dielectric ceramic composition and a monolithic
ceramic capacitor using same are provided. The dielectric
ceramic composition includes:

barium titanate;

scandium oxide, yttrium oxide, manganese oxide and
nickel oxide,

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 Sioj,

" relative to 100 mols of the essential component having the

following compositional formula:

ar

(1-a-B) {BaO}m-Ti02 + oM203 + B(Mni-xNix)O
where M203 is at least one selected from Sc203 and
¥203; and
¢, B, m and x are as follows:
0.0025 <= o < 0.020
0.0025 < B < 0.04
B/a = 4
0 <x< 1.0

1.000 <m = 1.035.
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that said addition inproves the sinterability of the Aave £S}h§8)
sintertng atnospher edis 55D s glgseeA g1 have = an oxygen par (I
pressure near to the equilibrated oXygen parti al pr@gsg% [p/zqf &#jowl
at relatively higlr /504 =t28x0eszrt ures during the sintering s ep, whi

al so | mproving the noi sture-resistant |oad characteristics of

the capaci tlgksy conprising -t he-Hadler - — — — ~ — — — 20— — — Lf-the diephectric _ _

ceramc material nentioned . her ei nabove i s used to formthe

dielectric @erBm c(EFé&)s 18E i oasd |dﬁ|t%4,@@n){mn m\owcﬁeam C

capacitor of the invention, it is possible use base tal s,
ni ckel or nk Bidel a‘ﬁg)y@ to formthe inner electrodes of the
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capacitor. In addition, it is also possible to add to t he inner
el ectrodes a ceram. c Fauiqerdyi e ganpoFsjng_the 15 sane corrf)\)‘swfl bnar// 28)

material as that for the ceramc | ayefs and cont ai nln
anount of other pxdess = 26-297p The conposition of? q{éléﬁ e198 04:27
el ectrodes of the capacitor of the invention is not specifically
limted. rre-yt Coner-etelys f or— gxanple. the out 8 el ectrodes _ay be made
20 of Sitatered |ayers conprising various el étroconductive =0 - ——
powders, sush~#s AHE P, I d, Cu or Cu alloys, and vari ous types
of glass frit, such as o %[ rr]qerr]-Li[err]OSiqerr]-BaO,
Bl err] Qetfr)f-‘Sf)CIerr]-BaO Liferr]OSiJerr]-BaO or the like. Mre
preferably, the sintered | ayers are coate%vvith a plate layer. The

a

_—
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25 pl.ate layer may conprise Ni, Cu or the like, and may be
furtherfcoated with any additional plate |ayer of solder, tin-or-t-he.,
Fike. = . Now,  the present invention is descri ppet AQSRMITeS~ o7
detail with referen he prIomnng Exanpl es, which, 3( r—-h@mevep-~a§e
not intended to restry 428 BeenReplacgd 't he i nvent i or pisps iy |
Fig. 1 is a cross-sec é "i? %j,Iustratlng t he cuvll%e of’ ong? !
enbodi ment of the nbn cid)t ) [ 1 - g

DIELECTRIC CERAMIC COMPOSITION AND MONOLITHIC CERAMIC

CAPACITOR USING SAME

FIELD OF THE INVENTION
The present invention relates to a dielectric ceramic
composition and a monolithic ceramic capacitor to be used
in electronic instruments, especiélly 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 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 atmosphere 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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Accordingly, the materials fér such inner 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 electrodes that satisfy these requirements, noble
metals, such as platinum, gold, palladium and silver-
palladium alloys, have heretofore Qgen used.

However, these electréde materials are expensive,
though having excellent characteristics. Accordingly, the
cost of the electrode material reaches from 30 to 70 % of
the total cost of one monolithic ceramic capacitor, which
therefore is the essential factor of increasing the
prodﬁction costs of conventional monolithic ceramic
c#pacitors.

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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capacitor of the invention. Figr—2-is—a—pran—view. TrUsT T arToT L
outline of the dielectric ceramic ]ayer havi ng an #ﬁﬁé&v@ﬁéékﬁgdéz
thereon, which is in this e eﬁ@nﬁmmmmgumﬁ IS a pEr3peEcCTiveE, !
exploded view 5 illustrating t nate to bema1ﬁh1$m3 ;
enbodi nent . In Fig i thic ceranic capacitor] 1
of the present invention is in the forn1 a re angula

paral | el epi ped chip, in which the outer el ectrodes 5 constitute firsg
pl ate |l ayers 6 made of nickel, copper or- t he I|ke, and second plate
| ayers 7 made of solder, tin or the like forned on the both sides of

the ceram c

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 ofr barium titanate and
containing oxides of rare eaéth 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 BaTi03-CazZrO3-MnO-MgoO, such as that
disclosed in Japanese Patent Application Laid-Open No. 62-
256422; and a dielectric ceramic material having a
composition of BaTiO3~(Mg,2n,Sr,Ca)0-B203-5102, 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




| am nate 3 fornmed through | am nati of a plurality of 4%4&{%%%+§fmﬂ
4 t hprsiyefgBBEYT SHelT

ceramc | ayers 2a anﬂmﬁhmwﬂkﬂmg r electrodes 15
Now, a nethod for pro F' 26t i thic ceramcjc eh%e+w&~of1

the invention is desc in the order of t e;s%p PSa:in e
First, the cerain Iah1ﬁate 3 |§

constituting the nethod. ]
ceramic lamnate 3 is produced as seef. ‘-As—itr-Frg—2.

formed. This 20
A raw nmat eri al powder conprising bariumtitanate; at | east

one oxi de sel ected from scandi um oxi de afid yttri um oxi de; METTganese
oxi de, nickel oxide, magnesium oxide; and oxi des consi sting
essentially of silicon oxide is forned

ceramlc 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 layers.
Accordingly, there is now a great demand for dielectric
ceramic materials with high reliability having a high
dielectric constant, in which thg temperature-dependent

-

variation is little.

However, the dielectric ceramic materials 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
’having a thickness of, for example, 10 um or less are
incorporated into monolithic ceramic capacitors, the number
of ceramic crystals to be in one layer is reduced and
therefore the reliability of the monolithic ceramic

capacitors is lowered. In addition, the dielectric ceramic




25 into a slurry, and then sheeted to prepare a dle|?CLLLQ_m_“m —
ceram c | ayer 2b (green sheet). On one surface of the : greenhsheaL:”“

formed is_an internal el ectrode 4 of nickel or a nickel. . aLF "'TU
enpl oyabl e i s any nethod of screen

formthe internal electrode 4,

printi ng,m;aégn%a;aa{m ed dep05| tion or plating. KR
predet er m hil ' he dielectric ceram c | ayers 2b.eanh Wit h
t he i nner med thergon are laninated, and then

sandwi ched

materials 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 Japanese Patent Application Laid-Open No. 62-
256422 was defective in that CaZrO3 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, although the dielectric constant
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 addition, the material was further
defective in that it does not satisfy the capacitance
characteristic standard as stipulated in the EIA Standard,

which indicates that the temperature-dependent variation in
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the capacitance within the range between -55°C and +125°C
shall be +/- 15 % or less.

Japanese Patent Application Laid-Open No. 63-103861
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 betweeﬁ 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 1life tests, the

improvement in their insulation resistance in moisture-

resistant load tests was still unsatisfactory as vet.

In order to solve the above-mentioned problems,
proposed were different compositions, for example,. in
Japanese Patent Application Laid-Open Nos. 05-9066, 05-9067

and 05-9068. However, these compositions could not still
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dielectric ceramc |layers 2a not having the inner el ectrode 4, as

seen in Fig. 3, and these are integrated under pre aqu togrve—a
| ami nate. Next, the resulting | ami nate conposed of | tHw| 6yé%e%Yrvc“
ceram c layers 2a, 5 2b, . . . 2b, 2a is baked in a [educrmnyg 1
at nosphere at a predeterm ned tenperature to obtaih ihe'geranm& g
| am nat e 3. Next, on the both sidgs LB{ t he ceranu
| am nat e 3, forned are two -outer glectrodes 5 thatjare connected—10
with the inner electrodes 4. The material of the outer el ectrodes §

may be the sane as that of the inner

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. 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 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 INVENTION
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-uF or more, 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-level characteristic standard as
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el ectrodes 4. Apart fromthis, silver, palladium

al | oys, copper, copper alloys and others can be useﬁwas erl
= AR,

of the outer el ectrodes 5,
gl ass of the type of Blerr]Jerr]-
I n consideration of the
the invention

materi al s

el ectrodes 5 can be forned by applying an
of netal powder onto the

mat eri al
by baki ng.

silver- palladium

to 15 whi ch can be added gl ass;

are selected for the outer elqgtrodes 5. The 20' out er

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-menfioned 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 dielectric ceramic layers, and outer
electrodes as electrically connected with the exposed inner
electrodes, which is charactérized‘in that;

the dielectric ceramic layers each are ~made of a
material comprising; barium titanate having a content of
impurities, alkali metal oxides of 0.02 % by weight or less,
and scandium oxide, yttrium oxide, 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 MgoO,
and silicon oxide in an amount of from 0.2 to 5.0 mols in
terms of - Si0y, relative to 100 mols of the essential
component having the following compositional formula:

{1-0-B){BaO}p-Tiony + aM203 + B(Mni-xNix)0

where M203 is at least one selected from Sc203 and

¥203; and

This Sheet Has Been Replaced
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Sigerr]-BaO or L|QS|Qerr] BaO.
use of the monolithic ceranjc: capaci‘tor af .
and the site at which the capacitor iis Used.. sultabte
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baked ceramic lanminate 3 fol | owed
Al ternatively, the paste material can be applied onto the
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non- baked ceramc lam nate 3, and the conbination is 25
time. After this, the outer electrodes 5 may be
copper or the like to forma
first plate | ayer

tin or

ceram c capacitor
Exanple is to further

baked al

at a
plated wth nickel

first plate |ayer 6 thgk,
6 is coated with a second pl at ¢ ﬁ qﬁ%§§

the like. Thus is produced the chip-type, ncnollthlé 30
1 of the invention. Thda DRI AUGNGS

s!l

1

eI
i

illustrate §he invention in nore detail.

-th§
of sofder,

i
{
i
i

a, B, m and x are as follows:
0.0025 = a = 0.020
0.0025 s B = 0.04
B/a = 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 electrodes each are made of a
sintered layer of an electroconductive metal powder with
glass frit added thereto. Furthef preferably, the outer
electrodes each are composed-of a first, sintered layer 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.

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.
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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 dielectric ceramic layers
constituting the monolithic ceramic capacitor of the
present invention, herein used is a dielectric ceramic
material comprising at least one oxide selected from
scandium oxide and yttrium oxide, fnd also 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 capacitance that satisfies
the B-level characteristic standard as stipulated in the
JIS Standard and also the X7R-level characteristic standard
as stipulated in. the EIA Standard, and having high

insulation resistance at room temperature and even at high
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wei ghed. These

havi ng vari ous degrees of purity were prepared and
' preci plt.at.e.ofbart+ua—

were treated with oxalic acid to obtain a
titanyl oxalate (BaTiQ Cerr]Jerr])4Herr]O. 5 g gopr ATt hitichas
deconposed under heat at 1000[err] C or hi gher t -fet--t-ypes
of bariumtitanate (BaTiJerr]) as shown in Tablle An 1633
Next, prepared were Scl[err](err], Y[err](err], MO N cil\/g I
each having a purity of 99 %or nore, angsa col | oi dal l stHtca
containing silicon dioxide in an anount 20 % by j melght in terns

of Sigerr].
temperatures.

In addition, since the crystal grains existing in the
sintered dielectric ceramics constituting the capacitor of
the invention are small, or that is, not larger than 1 um,
the number of the crystal grains to be in one dielectric
ceramic layer may be increased. Accordingly, even if the

- dielectric layers are thinned, the reliability of the
capacitor comprising such thin dielectric layers is not
lowered.

It has been confirmed that, of the essential
components constituting the dielectric ceramic material for
use in the present invention, such as barium titanate, at
least one oxide selected ffgm scandium oxide and yttrium
oxide, and also manganese oxide and nickel oxide, the

content of the impurities in the barium titanate, such as
alkaline earth metal oxides, e.g., Sr0 and Ca0; alkali
metal oxides, e.g., Naz0 and K20; and other oxides, e.gq.,
Al203 and Sioj, especially that of alkali metal oxides such
as Naz0 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
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TABLE 1
Mean is
BaTi ( err]
([err]m
B

0.012

0.014 0.001 0.019 0.004 0.58

i nventi on.

Type Cont ent of

Inpurities (Ww. %

G aj

i.n

of . T Ghenrl™ Sizer |
: : O Ca0O SiJgerr] Al ;?lﬁ@mﬁgﬂa hLE |

Al kali Metal Oxides Sr 0 012 0. 001 C.§ _QOE«MWWQ.QO

A 0. 003

0. 020 0.010 0.003 0.019. 0.008 0.56

.018 0.155 0.071 0.72 20
0.179 0.01 Sanpl s wi tH *

or higher.

3 29 ADT82 |
ajr e

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

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

hereinabove 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 to the inner

electrodes a ceramic additive

comprising the

sane

compositional material as that for the ceramic layers and

containing a small amount of other oxides.

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 sintered layers comprising various electroconductive

powders, such as Ag, Pd, Ag-Pd,

Cu or cCu alloys,

various types of glass frit of B203-Lij0-8i02-Bao,
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Next, these raw mterials were mxed in V?ghguzonpositigggpoE£§"ff JaYYT;ﬁmﬁT

’ i to prepare var : ' et o-
as_sggr?igz Izglaef-nilfedpin 25 a ball mll, and evaporgat U¥gryﬁe557
f?%MaH1a powdery raw material mxture. 11 alon t%Q f o0y ;
resulting mixture was wet-mlled in a ball |n1 t 2uchgas SO 4]
polyvi nyl butyral binder and an organic I C sla?ryeaas doctjor bl ade

. 1 i 30 Cerﬁm N ‘ a.4a
optain a ceramc slurry. ThIchtanguIar green sheet having a thr CKness of~t+

sheeted to obtain a

[err]m

§1i02-Bao, Li20-8i02-Ba0 or the like. More preferably, the
sintered layers are coated with a plate layer. The plate
layer may comprise Ni, Cu 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 capacitoa_of the invention. Fig.
2 is a plan view illustratiné the outline of the dielectric
ceramic layer having an inner 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
the 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, 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 laminate 3
as formed through lamination of a plurality of dielectric
ceramic layers 2a and 2b via the inner electrode 4

therebetween.

This Sheet Has Been R; eplaced
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Now, 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
oxide selected from scandium oxide and yttrium 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 internal electrode {“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
layers 2b each with the inner electrode 4 formed thereon
are laminated, and then sandwiched between two dielectric

ceramic layers 2a not having the inner electrode 4, 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.

Next, on the both sides of ‘the ceramic laminate 3,
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was printed

' i sti lally of N
Next, an el ectroconductive paste consisting essenti .
on thIS ceram c green sheet to formthereon an eIectroconduc%;ﬁgwpasief~;;T"T
|l ayer, which is forned into an inner electrode. TR e
i

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 thé outer electrodes 5, to which
can be added glass frit, such as glass of the type of B203-
Si02-Ba0 or Liz0-8i03-Ba0. 1In 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 5. The outer electrodes
5 can be formed by applying an welectroconductive paste
material of metal powder onfs 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-type, monolithic ceramic
_capacitor 1 of the invention.

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

EXAMPLE 1

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

This Sheet Has Been Replaced
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various degrees of purity were bPrepared and weighed. These
were treated with oxalic acid to obtain a precipitate of
barium titanyl oxalate (BaTi0(C204) *4H20). This
precipitate was decomposed under heat at 1000°C or higher
to obtain four types of barium titanate (BaTio03) as shown
in Table 1.

Next, prepared were Sc203, Y203, 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 Siojg.
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TABLE 1
Samples with * are outside thae invention,
Type of Content of Impurities {wt.%) Maan Grain
BaTiO, | Alkali Metal Oxides 8r0 Ca0 SiQ, Al,0; |Size (pm)
A 0.003 €.012 | 0,001 | 0.010 0.005 Q.60
B 0.020 0.010 | 0.003| 0.015 0.008 0.56
C 0.012 0.179 {0.018 | 0.155 0.071 0,72
D 0.062 0.014 | 0.001| 0.019 0.004 0.58

—_—
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Next, these raw materials were mixed in various
compositional ratios as shown in Table 2 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 wés 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

- b

to form thereon an electroconductive paste layer, which is

formed into an inner electrode.
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B T 5o : .
"~ O © |sample (1-a-f){Ba0) -TiO, + aMO, + B (Mn, Ni)O Mgo | sio,
[T o.—
TO oS- No. Type of P 8 B/ e | m |[(mol)|(mol)
.&M w.& < BaTio, Y,0, | Sc,0, Total
co_ac - - . . . - . . .
R m.nnp 1 A 0.0000{0.005 0.3 1.010(1.20}1.00
..hL nvw.m oD 2 A 0.010 0.01001}0.000 0 1.010({1.20 (1.00
DE® O >
< m o nvw 3 A 0.010 |0.002 0.0120{0.005 0.3 5/12 |0.990] 1.20 | 1.00
24 WM a A ]0.012 0.0120 0. 005 5/12 [1.000{1.00 | 1.00
)
w (0} M M w 5 A 0.0080 0.0080(0.0100 | 0.3 1 1.010{ 0.00 |.1.00
TR 8 6 A (0.0100 0.0100|0.0100 | 0,3 1 |1.015/1.20 | 0.00
cow e.&
Hen.m i 7 A 0.0075 0.0075)0.0075 | 0.5 1 1.015f 1.50 | 0.10
= >E.- o 8 A [0.0025 0.0025 {0.0025 | 0.1 1 ]1.005] 0.50 | 0.20
S —
(8} L - 9 A 0.0050 10.0050 0.0100(0.0080 | 0.5 4/5 11.010)1.00 | 1.00
wnSnco'>
EZ2=~"8 [ 10 A ]0.0080/0.0040 0.0120/0.0080 | 0.0 2/3 {1.010| 1.50 | 1.50
OF >o__ J
8O bn.m& 11 A 0.0090 0.0090/0.0090 { 0.4 1 1.015{1.20 | 1.50
| - —
e m% 12 A |0.0080 0.0080 |0.0080 | 0.3 1 {1.010(1.20 | 1.00
S
mm e]m 13 c 0.0015 [0.0050 0.0200[0,0400 | 0.8 2 |1.005(1.00 | 2.00
_.% anrp.lr.u_ 14 B 0.0030 0.003010.0060 | 0.4 2 1.010{ 3.00 ] 5.00
&f —_ M
o clT ® 15 A 0.0080 [0.0020 0.010010.0050 | 0.0 1/2 1,010 1.00 ] 1.50
- Tod
M.ﬁ S%l 16 A 0.0060 0.006010.0240 | 0.6 4 1.035] 0.50 ) 2.50
m 5 b 17 A 0.010 |0.010 0.0200(0.0050 | 0.1 1/4 |1.015}2,001{ 1.50
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capacitors thus obtained was 1.6 mmw dth x 3.2 mm 25

t hi ckness,

sandw ched between the ;
nunber of the effective dielectric ceran1c;+ayensmmai“19d

ETCS
)

The t ot al

and the area of the facing 30 el ectrodes per ceramc ayer ¥a§;g

mierr].

and the thickness of each
i nner el ectrodes was 8 [err]nﬁh:;=-5$m?

length x 1.2 nm
dielectric ceram-c-layer._as_ . _

9y
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A plurality of 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 H2, N2 and H20 and having an oxygen partial
pressure of from 10-1l to 10-8 MPa, at various temperatures
shown in Table 3, to obtain sintered 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

B203-Li20-Si02~-Ba0 was applied onto the both sides of each
sintered ceramic body, and baked again in an N2 atmosphere
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 1.6 mm width x 3.2 mm length x
1.2 mm thickness,. and the thickness of each dielectric

ceramic layer as sandwiched between the inner electrodes

This Sheet Has Been Replaced
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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 mmZ.

The capacitance (C) and the dielectric loss (tan 8) of
each sample were measured, using an automatic 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 (e) through calculation. Next, to
measure the insulation resistance (R) of each sample, a
direct current voltage of 16 V was applied to each sample
at 25°C for 2 minutes, using an ingylation resistance meter.
After having thus measured tﬂe insulation resistance (R) of
each samplé, 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 variation 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 on the capacitance at 25°C (AC/C25°C), and
the maximum wvariation, in terms of the absolute value,

between -55°C and 125°C (|AC|max).
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O ....nm e 0 Samples with ¢ are outside the invention.
— Mﬂ M._pu“ i @.‘,C o Sample |Baking Dielectric [Dielectric |Temperature-Dependant Temparature-Dapendent Product of Mean Life Mumber of Test Grain
o .ww_, ﬂmﬂﬁ(z % No. Temperature [Constant, Loss, tand |[Variation in Capacitance, [Variation in Capacitance, CR (R'F), Tima Pieces Sixe
— %., 3+ m_w ; () ey € (%) AC/Cagre (V) AC/Cagee (W) at 25+ (he.) u.uww.i in Moisture- {{um)
—_— Ay b — Rasistant Load Test
. % ,.mlu s W) ~25+¢ BSep “S8eg | 125e¢ max iev
_W. mt ~ e ~ |% 1300 3090 2.3 ~12.1 -4.5 -16.3 2,2 16.3 8200 7 0/72 0,77
W m b= ‘B O ._nm mn\ ¥ 2 1280 A semiconductors were formed, the measurement was impossgible, 2.6
n__.u _H m nrp = w () ¥ 3 1280 As semiconductors ware formed, the measurement was impassible. 2.1
.mu 2 M DE Ix 1280 3290 2.1 -3.1 -5.4 ~3.4 | 5.3 5.5 2250 201 0/72 0.73
” w w m “ = m B 3 1280 3380 2.0 0.5 -10,.7 1.5 ~37.0 17.0 4700 300 0/72 Q.74
% o] ” o mm m w ¥ 6 1360 As the sample was sintered insufficiently, the measurement was impossible. 0,61
/..H..\ .m_“ m @®© % b 7 1330 3220 1.9 -2.7 ~5.1 * -3.0 -4.9 5,2 4200 . 307 53/72 0.68
N - 0n n — 8 1300 4050 2.4 -8.1 -6.5 -12.3 ~12.7 12.7 7140 311 0/72 0.72
% N % m m 9 1280 3290 1.8 ~2.5 ~5.2 ~2.5 ~5.6 5.6 6380 489 0772 0.68
m .m o o> m@ 10 1300 3100 1.7 ~2.7 -4.9 ~2.9 ~5.1 5.1 6170 497 0/72 0.69
02 © S m ©-® 1 1280 3510 2.1 -1,7 -6.2 -2.0 | -3.3 9.8 6820 530 0/72 0.71
H m LD A n.la m 12 1280 3590 2.2 -1,2 -7.7 ~1.1 ~9.9 10.2 6760 512 0/72 0.72
56 m 5% w m | 13 1300 3020 1.7 ~2.0 5.3 ~2.0 ~5.2 5.2 6010 589 0/72 0.8
m ..m n % ) m - 14 1260 3470 2.0 -4.0 6,7 ~-5.3 10.7 10.7 7220 311 0/12 0,64
.alp @®© m % w - 15 1280 3310 1.9 -2.0 ~5.8 ~2.2 -6.6 6.6 6190 509 8/72 0.69
© w m dOH @© 16 1300 1370 1.9 ~-1.0 -8.8 ~1.4 ~11.6 11.8 6620 307 0/72 0.68
anp gV _.nm..l_blgm 17 1300 3000 1.4 ~1,9, ~4.5 1.8 -4.2 4.5 6040 567 0/72 0.68
- C o WHI o ¥ 18 1360 2120 1.2 2.1 2.4 3.0 1.9 3.2 3690 202 8/72 0.65
S0 .m £ [%¥ 19 1280 jo8o 1.8 0.1 ~9.8 0.2 16,2 16.2 5420 104 0/72 9,70
% > T 2 =_"" % 20 1300 3550 2.2 -1.3 6.6 -2.4 -7.3 7.3 2760 282 0/72 9.71
\llw 1.@ w ¥ 21 1300 3630 2.3 ~1.5 ~11,90 ~2.2 -17.7 17.7 6650 192 0/32 0.72
/Plb\ rUI H__M b.u.ﬂ. w X 22 1360 As the sample was sintored insufficiently, the measurement ¥as impospible. 0.61
o % X @vﬁm % ¥ 23 1360 2350 1.5 -2, ~3.3 -2.9 ~2,2 3.4 6080 332 49712 0.66
m m A T m ¥ 28 1200 1950 1.2 ~1.3 ~2.5 ~2.0 3.3 3.3 3620 399 0/72 0.69
m o ..m %n m (qV] " .Tv..m 25 1280 2640 1.7 -2,1 -1.9 ~3.3 -4.8 4.8 §250 uo.u 0/72 0.64
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capaci tance between -25[err]C and 85[err]C based on the

of the capacitance (C) and the insulatfcﬂ“TE§T§TaﬁE€—__ (R _or, that __

t he product CR of each sanple was

t enper at ur e- dependent variation :3:
det er m ned. For t ;
' capaci tance, obtained were [

at 20[err]C ([err]Cd Cerr]), the variation in the 20 capacitance

bet ween -55[err] C and 125[err] C based o4 he capaci t ance..at-.25[-et+}-C—-
([err]d derr]), and the maxi num vari ation,

val ue, between

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-dependently. In this test, the period of time within
which the insulation resistance value (R) of each piece
being tested reached 106 % or lower was measured, which .is
referred to as the life time of each test piece. The
average of all the tested pieces was calculated to obtain
the average life time of each sample.

In addition, to measure thewmoisture-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 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 test pieces that had an insulation resistance value (R)

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

.The results obtained in these tests are shown in Table 3.

- dependgnt varj ation ;
inthep 23 3
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As is obvious from Table 1, Table 2 and Table 3, 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 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
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, of not smaller than 6,000 MQ pF, 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 Ilow
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 um. 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 éf

the crystal grains to be in one dieélectric ceramic layer is
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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 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 =< a =< 0.020 in the
composition‘of (1-o-B){BaO}m*TiO2 + aM203 + PB(Mni-xNix)oO,
in which M203 is at least one selected from Sc203 and Y203.
As in Sample No. 1, if the amount, «a, of M203 is smaller
than 0.0025, the temperature-dependent variation in the

capacitance is great, and the mean life time is very short.

LS

On the other hand, as in Sample No. 18, if the amount,
o, of M203 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 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
baked in the reducing atmosphere, to thereby lower the

insulation resistance.

As in Sample No. 19, if the amount, B, of (Mn,Ni)O is.
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value (R) of each piece being tested reached 10[err] of L,3\;«1:.!.0\;\/6” ;
neasuréd? which is referred to as the life tine o 5%5 fést ﬁlec i
The average of all the tested pi eces was cal cul atpdito obtain thg

average life time 5 of each sanpl e. _ In addi Gion"t6™™y | |
neasu?e t he npi sture-resistant | oad life of each sample, 72 pleces

of each sanple were subjected to a high-humdity | oad test, in which
a direct current voltage of 16 V was applied to each.. :

larger than 0.04, the insulation resistance at 25°C is
lower than 6,000 MQ-+uF, 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 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 1.0, the insulation resistance at 25°C
is lower than 6,000 MQ-uF, and the mean life time is
shorter than 300 hours.
The reasons for defining B/« 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 (Mn,Ni)0 to the amount « of
M203 is larger than 4, the temperature~dependent variation
in the capacitance is large, 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
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

This Sheet Has Been Re placed el 2

LT




%g pi ece at 121[err]C under 2 atnospheres (relative hum.dify: 100
%, while neasuring the insulation resistance of epich sesks
which varied tine-dependently. In this test, the k"5% §¥'? e%$Es1
pi eces that had an i nsul ation resistance val ue (l@ é Q rL Dr
| ower Wi thin a period of 250 hours was counted. The B 9997
obtained in these tests are shown in Table 3.

28

preparing thin ceramic laminates (Sample No. 4).

Oon the other hand, as in Sample No. 22, if the molar
ratio, m, is larger than 1.035, the sinterability of the
sample 1s very poor.

The reasons for defining the magnesium oxide content
to fall between 0.5 mols and 3.0 mols in terms of MgO are
as follows. As in Sample No. 5, if the amount of MgO is
smaller than 0.5 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-leve;
characteristic standard of the JIS\?tandard.

On the other hand, as ih Sample No. 23, if the amount
of Mg0 is larger than 3.0 mols, the sintering 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 Si02 are as

follows. As in Sample No. 6, if the SiO2 content is 0

(zero), the sample could not be sintered. As in Sample No.

7, if the Sioz 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.
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On the other hand, as in Sample No. 24, if the SiO3

content is larger than 5.0 mols, the dielectric constant
could not be over 3000, and the insulation resistance at
25°C could not be over 6,000 MQ-uF.

The reasons for defining the impurity, alkali metal
oxide content of barium titanate to be not larger than
0.02 % by weight are as follows. 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 nét 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.

Powders of scandium oxide, yttrium oxide, manganese

oxide, 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

interfering with the characteristics of the capacitors
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produced, provided that they are formulated to constitute
the dielectric ceramic layers falling within the scope of
the present invention.

In the monolithic ceramic capacitor of the present
invention, the dielectric ceramic layers are made from a
dielectric ceramic material that can be baked even in a
reducing 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, 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.
Further, the capacitor has high insulation 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 or

smaller, the layers can be thinned well, without reducing
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- 21 - As is obvious from Table 1, Table 2 and Table 3
ﬁe~scopg of

the nonolithic ceram c capacitor sanples falling mﬁthln
have a high d|elechFQ,kr S

the present invention all were found to ey
constant of not lower than 5 3,000, and have a dielectrjc/loss—.___~"3 j
tangent, tan [err], of not larger than 2.5% while s |sfyupa,;he B

& andard’™ T

B- I evel characteristic standard stipulated in the Jli
ot —
° h““"“*‘*—... \f

the number of the crystals to 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, large-capacity, 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.
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Wi thin the tenperature range between -25[err]C and 85[err] C and
the X7R-1evel characteristic standard stipulated 10 in the EIA Standard

wi thin the tenperature range

Mor eover

al so

I nsulation r lﬂi en 15. nmeasured at 25[err] C PLasie 1angy
smal | er thaneﬁ, ﬂm;mm,’ﬂﬂlrm terns of the product ?Eurther

t hese were found s

300

resi st ant

hours, and none of these failed in the noisture-

ave a |long life time of not ﬁﬂff%?“fhaﬂ“

bet ween -55[err] C and 12§[er#+€;Mw%h~ e
respect to LDQ_____QT_LEE?E;ﬁ;yre dependent variation in the; Gaﬁaﬁffﬁﬁﬁéf‘er
, these sanples o I nvention were found to vewhhgh }

1

| oad test.
WHAT IS CLAIMED IS:

1. A dielectric ceramic composition comprising: .

barium titanate;

scandium oxide, yttrium oxide, manganese oxide and
nickel oxide,

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 Si03,
relative to 100 mols of the essential component having the
following compositional formula:

(1-a-f){BalO}y-TiO2 + aM203 + B{Mn1_xNix)0

where M203 is at least one selected from Sc203 and

A

¥203; and

a, B, m and x are as follows:
0.0025 = ¢ = 0.020
0.0025 < 8 < 0.04
B/a < 4
0=x< 1.0

1.000 <m =< 1.035.

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
r‘: A
This Sheet Has Been Replaced - ™% 113 57 1AQ ppny [
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20 In addition, these were sintered at relatively | ow

tenperatures of not higher than 1300[erfr]C, and the crysta gra s

in the sintered sanples were small ha si zbS BILAREME Nir@ T

than 1 [err]m Since the crystal mllm[lmﬂ} g |n tl”’“"dl’“é'l*ect'r“r&

ceramic layers in 25 t hese sanpl es sare suom SOl * s{ P»o§ ,ha*g _____ ap

t han about 1 [err]m the nunber of the crystal gralns i n each

dielectric ceramic layer is large. Accordingly, even | T The ceranm¢
33 thinned, the reliability of the |

| am nate conprising these |ayers is
capaci tor conprising 30 the lam nate i s not |owered.

claim 2, wherein said barium titanate includes alkali metal

oxide oxides of 0.02 % by weight or less.

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

one oxide selected from Sr0, CaO, S$i0: and Al:0s

5. A monolithic ceramic capacitor composed of;

a dielectric ceramic layers,

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, aﬁd

outer electrodes as electrically connected with the
exposed inner electrodes,

the monolithic ceramic capacitor being characterized
in that;

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

barium titanate;

scandium oxide, yttrium oxide, manganese oxide and
nickel oxide;

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 S§iog,

ThlsSheetHasBeenRe placed .. 3hin U Has BEEN
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relative to 100 mols of the essential component having the
following compositional formula:
(1-a~B) {BaO}y-Tioy + aM203 + B(Mn]_xNix)o
where M203 is at least one selected from Sc203 and
Y203; and
a, B, m and x are as follows:
.~ 0.0025 <= o =< 0.020
0.0025 < B < 0.04
B/a =< 4
0 sx<1.0
1.000 <m s 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.

7. The monolithic ceramic capacitor accoiding 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 least

one oxide selected from SrO0, CaO, Si0O: and Al:0;3.

9. The monolithic ceramic ‘capacitor according to
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- 22 - Now, o
use in the present invention are nentioned bel ow. FIESIT LEET

referred to are the reasons for deLi ning a OITpOS;['?I Lﬁlt}lof{mtm—m.tﬂh&.iwa ge
~020 in the c
of 0. 0025;-;”_! e fert) (Nh[err]l](l er'r]“)O‘ 1993

+ [err]Merr]
fﬁ &ETLL ' [Ieast one sel ected fron1Sc[elﬁTffeﬁ%+uandw_J
35

the reasons for defining thereen@osLLLnni_LgL

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 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.

13. The monolithic ceramic capacitor 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 according to
claim 5, wherein the outer electrodes each comprising a
first, sintered layer of an electroconductive metal powder
or of an electroconductive metal powder with glaés frit
added thereto, and a second, plated layer formed on the
first layer. R
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Ylerr]Qerr]. As shown in Sanple No. 1, if the anobunt, a, jof- LEVEAT SHEERT

S et 4 s At Ay

Merr]derr] is smaller than about 0.0025, the tenperature- |

dependent variation in the capacitance is great, and 10 the"mean f5ege
tinme is very short. On the other hand, as in{Sdnple No. 18, __iif
t he anount, a, of Merr]Jerr] is larger than about 0.020, the
dielectric constant is not larger than3$% 000, the insul ation

resi stance at Cis lowthe 15 a stu~a§§§§§%e one test
b ates Tai | od DRERHERIC i Loz iR Ayt I
sintering t enperature |sﬂy TOR USING SAME'The reasons for defining

[err] to fall within the
ABSTRACT

A dielectric ceramic composition and a monolithic
ceramic capacitor using same are provided. The dielectric
ceramic composition includes:

barium titanate;

scandium oxide, yttrium oxide, manganese oxide and

-~ nickel oxide,

magnesium oxide, as a side component, in an amount of
from 0.5 to 3.0 mols in terms of Mg0O, and silicon oxide in
an amount of from 0.2 to 5.0 mols in terms of SioOp,
relative to 100. mols of the essential component having the
following compositional formula: ;

(1~a-B){Bal}y - Ti02 + aMéO3 + B(Mn}-xNix)oO

where M203 is at least one selected from Sc203 and

Y203; and

¢, B, m and x are as follows:

0.0025 = ¢ = 0.020

0.0025 <= B = 0.04

B/o < 4

0 =sx<1.0

1.000 < m = 1.035.
_FIG. 1
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range of 0.0025 [err] [err] 0.04 are as follows. As seen T 20—~
Sanple No. 2, if the amount, [err], of (M, Ni)Ois smaller | =7 . {Ragyr gﬁﬁ;;7
about 0.0025, the dielectric ceram cs were reduced O
sem conduct ors when baked in the reducing at nosphere,; tio ther.ghy,. . ! !
| ower the insulation resistance. As seen in Sanplg No. 19;° #f: j ]
the amount, [err], of 25 (M, Ni)Ois larger than about .07, tte———..] I
i nsul ati on resi stance at 25[err]Cis |ower than 6,000 Merr] F, anqu“]
t he mean life tine is shorter than 300 hours. ThHe
reasons for defining [err] to fall wthin the range of [err]/a s 4

are as follows. As noted in Sanple 30 L1 No. 21, if the ratio, [err], of
the amount [err] of (M, Ni)O

3
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- 23 - oo T to the anount a of Merr]Qerr] is larger than about
4,the-%." - tenperature-dependent variation in the capacitance i.S.———
| arge, "and the nmean life tinme is shorter than 300 TLRQURSL BT A
The reasons for defining mto fall within the y ! e e

DIELECTRIC CERAMIC COMPOSITION AND
MONOLITHIC CERAMIC CAPACITOR USING SAME

FIELD OF THE INVENTION
The present invention relates to a dielectric
-5 ceramic composition and a monolithic ceramic capacitor to
be used in electronic instruments, especially those
having inner electrodes made of nickel or nickel alloys.

BACKGROUND OF THE INVENTION
i Monolithic ceramic capacitors are generally
10 produced as follows.

First, sheets of dielectric ceramic layers
coated with an electrode material intended to be an inner
electrode are prepared. For example, the dielectric
ceramic layers may consist essentially of BaTiO;. Next,

15 a plurality of such sheets of dielectric ceramic layers
each coated with the electrode material are laminated and
intqg&ated under heat and pressure, and the resulting
laminate is baked at from 1250°C to 1350°C to obtain a
monolithic dielectric ceramic body having inner

20 electrodes therein. To the both ends of the dielectric
ceramic body, outer electrodes that electrically
communicate with the inner electrode are fixed and baked.
Thus is obtained a monolithic ceramic capacitor.
Accordingly, the materials for such inner
25 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




range of 1.000 < m[err] 1.035 are as follows. As shown in Sampl e

3 dnd-4, if the nolar ratio, m of barium titanate i s not
Iarger t han about 1.000, the dielectric ceramc -cohverted-into;
sem conduct ors when baked in 10 t he reduci ng at nosphefRéi mhereby the
i nsul ati on resi stance of the capacitor was | owere gSaﬁpIe -
or the insulation resistance of the capacitor was red:an d~the
mean life time thereof was short so that the dlelbc C ceran1c
could not be used in 15 prepari thin ceramc Ian1n t es—(-Sanpl e No.
4) . On tne other hand,” shown in Sanpl e hb} 22, if

the nolar ratio, m is larger than about 1.035, the

the temperature at which the ceramic laminate Eii& be
baked.

2. The materials for the inner electrodes must
not be oxidized even in high-temperature, oxidizing

5 atmospheres and must not react with the dielectric

ceramic layers.

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

10 However, these electrode materials are expensive,
although having excellent characteristics. Accordingly,
the cost of the electrode material reaches from 30 to 70%
of the total cost of each monolithic ceramic capacitor,
which therefore is an essential factor of increasing the

15 production costs of conventional monolithic ceramic
capacitors.

Also known are base metals, such as Ni, Fe, Co,
W and Mo, which have a high melting peoint. However, such

' base metals are easily oxidized in high-temperature,

20 oxidizing atmospheres‘ggg_lose their ability to function
as electrodes. Therefore, if such base metals are used
as the inner electrodes in monolithic ceramic capacitors,
they must be baked along with the dielectric ceramic
layers in neutral or reducing atmospheres. Ho;e;g;:

25 conventional dielectric ceramic materialsaggs_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
30 example, proposed were a dielectric ceramic material

comprising a solid solution of barium titanate where the
ratio of barium sites/titanium sites is greater than the
stoichiometric ratio thereof, such as that disclosed in




S|nterahlllty of the sanmple is very poor. The reasons for

defi ni hg t he magnesi um oxi de 20 content to fall between about 0.5

nol es and about 3.0 mols in terns of MJO are as fo-+ows:--As- noted
in Sanple No. 5, if the amount of MyO is smaller] tifahAT o 1 L about
0.5 nols, the insulation resistance is | ow and t he - o

t enper at ur e- dependent variation in the capacitance 25 1c%quJpotﬁ
satisfy the X7R-level characteristic standard of 'Ef A standard .
al t hough satisfying the B-1evel characteristic s1a “of" the JI S
St andar d. On the ot her” h%nd as noted in Safple No. 23, if

the anount of MgOis larger than about 3.0 nols, the

10

15

20

25

30

Japanese Patent Publication No. 57-42588; and a
dielectric ceramic material comprising a solid sclution
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 BaTiO;-CaZrO;-MnO-MgO,
such as that disclosed in Japanese Patent Application
Laid-Open No. 62-256422; and a dielectric ceramic
material having a composition of BaTiO;- (Mg, 2Zn,Sr,Ca)0-
B,0;-810;, 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 ceramic 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 greatly required for use
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 layers. Accordingly, there is now a great
demand for dielectric ceramic materials with high
reliability having a high dielectric constant, in which
the temperature-dependent variation is small.

However, the dielectric ceramic materials
disclosed in Japanese Patent Publication No. 57-42588 and
Japanese Patent Application Laid-Open No. 61-101459 are




30

.sintering tenperature is too high, the dieletic

10

i5

20

25

30

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 having a thickness of, for example, 10 um or less
are incorporated into monolithic ceramic capacitors, the
number of ceramic crystals in_EEEE layer is reduced and
therefore the reliability of the monolithic ceramic
capacitors is lowered. In addition, the dielectric
ceramic materials 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;gg the market.

On the other hand, the dielectric ceramic
material disclosed in Japanese Patent Application Laid-
Open No. 62-256422 was defective in that CaZr0; and also
CaTiO, that*gislformed 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,
although the dielectric constant of the ceramic body of
the material is relatively high, the crystals
constituting the ceramic laminate arxe 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 addition, the material
was further defective in that it does not satisfy the



- 24 -, - constant could not be over 3,000, and many tests pieces
of "t he’ sanple failed in the noisture-resistant |oad r*_test.
The réasons for defining the silicon oxide content ; Ly e

capacitance characteristic standard as stipulated in the
EIA Standard, which indicates that the temperature-
dependent variation in the capacitance within the range
between -55°C and +125°C shall be +/- 15 % or less.

5 Japanese Patent Application Laid-Open No.

6€3-103861 discloses a non-reducing dielectric ceramic

material which, however, was defective in that its
insulating resistance and the temperature-dependent
variation in capacity are greatly influenced by the grain

10 size of the crystals of BaTiO; which is the essential
component constituting the material and therefore the
material is difficult to control so as to obtain stable
characteristics. 1In addition, for the insulating
resistance of the material, the product of the insulating

15 resistance value and the capacitance value (product CR}
falls between 1000 and 2000 (Q.F). In view of this, the
material is not practicable.

Although some improvements were made in the
non-reducing dielectric ceramic compositions that have

20 heretofore been proposed in the art, such as those
mentioned hereinabove, to make them have good insulation
resistance in high-temperature load life tests, the
improvement in their insulation resistance in moisture-
resistant load tests is still unsatisfactory.

25 In order to solve the above-mentioned problems,
proposed were different compositions, for example, in
Japanese Patent Application Laid-Open Nos. 05-9066, 05-
9067 and 05-9068. However, these compositions still
could not satisfy the recent severe requirements for

30 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 higher reliability. Therefore, there



5 to,fall between about 0.2 nols and 5.0 nmols in terns of Si Q2

are as. follows. As seen in Sanple No. 6, if the Si-gf-er-r}--cont-ent...i.s.;
O (zero), the sanple could not be sintered. As se¢eRiRin Sanple.Noi:
7, if the SiJerr] content is smaller than about (. 2-mol-s, the- - |
sintering 10 tenmperature is too high, the insulationirgsistance i.s, : |
| ow, and many test pieces of the sanple failed in the Pov T oyt e
nmoi sture-resistant | oad test. On the ot her h%ndrwaSwseeﬁwFﬁd {
Sanmple No. 24, if the Si(Jerr] gcantent is larger than about 5.0 i
nmol s, the 15 dielectric constant could not be over 3686—andtte i

I nsul ation resistance at 25[err]C could be not over 6,000

is 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

5 become necessary to provide small-sized, large-capacity,
high-reliability monolithic ceramic capacitors which
still,Eézs_highly-reliable characteristics even in high-
temperature and high-humidity conditions.

SUMMARY OF THE INVENTION
10 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

158 and 125°C, of 6000 MQ-uF or more, in terms of its product
with the capacitance {(the product CR), which has
temperature-dependent capacitance that satisfies the B-
level characteristic standard as stipulated in the JIS
Standard and the X7R-level characteristic standard as

20 stipulated in the EIA Standard, and which has goocd
weather resistance even in high-temperature and high-

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

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

30 exposed out of an end of the dielectric ceramic layers,
and outer electrodes electrically connected with the
exposed inner electrodes, which is characterized in that



Merr]. F.~ The reasons for defining the alkali neta

content’ inpurity of bariumtitanate to be not |arger 20—.—than-about 0.02

% by weight are as follows. As noted in Sanpl e| MEet 25 i f the
impurity, alkali metal oxide content of bariumi}itanate-is.l.arger-

t han about 0.02 % by weight, the dielectric constanf %SiLQW@J@d{

I n the above-nentioned Exanple, used was a powder 25 ofF * ' ;
prepared according to the oxalic acid method, whi eh—hewever;-4+is not
limtative. Apart fromthis, also enpl oyable are powders of barium

ari‘tim 14 tianat e

titanate as prepared according to the al koxi de met hod

the dielectric ceramic layers are made of a material
comprising barium titanate having a content of alkali

metal oxide impurities of about 0.02 % by weight or less,
and scandium oxide, yttrium oxide, manganese oxide and

5 nickel oxide; and containing as side components,
magnesium oxide in an amount of from about 0.5 to 3.0
PSR

mols in terms of MgO, and silicon oxide in an amount of

from about 0.2 to 5.0 mols in terms of $i0,, relative to
TEE———t

100 mols of the essential component having the following

10 compositional formula:
(1-a-B) {Ba0},TiO, + aM,0; + B{(Mn, Ni,}O

where M;0; is at least one selected from Sc,0

and Y,0;; and

¢, B8, m and x are as follows:
15 0.0025 s o s 0.020

0.0025 = 8 s 0.04

B/a s 4

0 = x< 1.0

1.000 < m s 1.035; and

20 : the inner electrodes each are made of nickel or

a nickel alloy.

Preferably, the barium titanate has a content

of alkali metal oxide impurities of about 0.012 % by

weight or less, magnesium oxide in an amount of from

25 about 1 to 20 mols in terms of MgO, and silicon oxide in

an amount of from about 1 to 2.5 mols in terms of SiQ,,

relative to 100 mols of the essential comgpnent, 0.003 =

a s 0.012, 0.005 s 8 < 0.02¢4, B/ s 2, 0.1 = X < 0.8,

1.005 <« m = 1.015.

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

5 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.
Fig. 2 is a plan view illustrating the outline
10 of one 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
15 prepared in the present invention.

DETATLED DESCRIPTION OF THE INVENTION
Now, preferred modes of carrying out the
invention are described in detail hereinunder.
As the material for the dielectric ceramic
20 layers constituting the monolithic ceramic capacitor of
the present invention, used herein is a dielectric

ceramic material comprising at least one oxide selected
from scandium oxide and yttrium oxide, and also manganese
oxide and nickel oxide, in the specifically conditioned
25 compositional ratio mentioned hereinabove, and containing
magnesium oxide and silicon oxide within the range
defined hereinabove. Therefore, even in a reducing
atmosphere, the dielectric ceramic material can be baked
well without worsening its characteristics. As a result,
30 according to the present invention, it is possible to
obtain a high-reliability, monolithic ceramic capacitor
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having a temperature-dependent capacitance that satisfies
the B-level characteristic standard as stipulated in the
JIS Standard and also the X7R-level characteristic
standard as stipulated in the EIA Standard, and having
high insulation resistance at room temperature and even
at high temperatures.

In addition, since the crystal grains existing
in the sintered dielectric ceramics constituting the
capacitor of the invention are small, or that is, not
larger than about 1 um, the number of the crystal grains
inkgésg_dielectric ceramic layer may be increased.
Accordingly, even if the dielectric layers are thinned,
the reiiability of the capacitor comprising such thin
dielectric layers is not lowered.

It has been confirmed that of the essential
components constituting the dielectric ceramic material
for use in the present invention, such as barium
titanate, at least one oxide selected from scandium oxide
and yttrium oxide, and also manganese oxide and nickel
oxide, the content of the impurities in the barium
titanate, such as alkaline earth metal oxides, e.g., SrO
and Ca0O; alkali metal oxides, e.g., N30 and K,0; and
other oxides, e.g., Al;0, and SiQ,;, especially that of
alkali metal oxides such as Na,0 and K,0, 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 about 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



manganese” oxi de, nickel oxide and others were used in 5 the Exanpl e,

whisch,”. however, are not also linmtative. Sol uti ons 2@LKOXI. QRS Or
organi ¢ netal compounds for such oxi des can al so be ehplvyed rnvfiiii
pl ace of such oxi de powders, wi thout interfering mnth,the - e
characteristics of the capacitors produced, provided 10 tihdl ~t Hgyi are ,
formulated to constitute the dielectric ceramc | ay ri_falllng Pl
wi thin the scope of the present i nventi on. I'n the —— 5
monol i thirc ceram ¢ capacitor of the ppesent i nventi the §
dielectric ceramc layers are made from 15 a dielectric ceramic materi ar

t hat can be baked even in

that said addition improves the sinterability of the
layers if the sintering atmosphere is controlled to have
an oxygen partial pressure near to the equilibrated
oxygen partial pressure of NI/NiO at relatively high
5 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
10 constituting the wmonolithic ceramic capacitor of the
invention, it is possible to use base metals, nickel or
nickel alloys to form the inner electrodes of the
capacxtor. In addition, it is also possible teo add to
the inner electrodes a ceramic additive comprising the
15 same compositional material as that for the ceramic
layers and containing a small amount of other oxides.

The composition of the outer electrodes of the
capacitor of the invention is not specifically limited.
Concretely, for example, the outer electrodes may be made

20 of sintered layers comprising variocus electroconductive
powders, such-as Ag, Pd, Ag-Pd, Cu or Cu alloys, and
various types of glass frit, such as of B,0;-Li0-Si0,-Baol,
B,0,-810,-Ba0, Li0-Si0,-Ba0 or the like. More preferably,
the sintered layers are coated with a plate layer. The

25 plate layer may comprise Ni, Cu 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,
30 however, are not intended to restrict the scope of the
invention,
Fig. 1 is a cross-sectional view illustrating
the outline of one embodiment of the monolithic ceramic



a reducj ng at nosphere wi thout being reduced into sem conduct ors.

Therefofe, a base metal of nickel or a ni ckel alloy can be used as
thematerial for the el ectrodes in the capacitor. |p-addi-tienstree—
t he 20 dielectric ceramic material can be baked at rel at ipegl y. - icii LA-Qw
tenperatures of 1300[err]C or |ower, the production cests~of~the- -~
capaci tor can be reduced. Moreover, the nonolithié garanhcﬁmn :
capacitor of the i nvention that conprises ceramic Iayﬁr%'hﬁﬁé*fram;
such 25 dielectric ceramc nmater+tal3 has a dielectric constant of
3000 or higher, and the tenperature-dependent variation in the high

di el ectric constant of the

capacitor of the invention. Fig. 2 is a plan view
illustrating the outline of the dielectric ceramic layer
having an inner electrode thereon, which is in this
embodiment. Fig. 3 is a perspective, exploded view

5 illustrating the ceramic laminate to be in this
embodiment.

In Fig. 1, the monolithic ceramic capacitor 1
of the present invention is in the form of a rectangular
parallelepiped chip, in which the outer electrodes S

10 constitute first plate layers 6 made of nickel, copper or
the like, and second plate layers 7 made of solder, tin
or the like formed on the both sides of the ceramic
laminate 3 formed through lamination of a plurality of
dielectric ceramic layers 2a and 2b with inner electrodes

15 4 therebetween.

Now, 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
20 ceramic laminate 3 is produced as seen. As in Fig. 2. A
raw material powder comprising barium titanate; at least
one oxide selected from scandium oxide and yttrium oxide;
manganese oxide, nickel oxide, magnesium oxide; and
oxides consisting essentially of silicon oxide is formed

25 into a slurry, and then sheeted to prepare a dielectric
ceramic layer 2b (green sheet). On one surface of the

green sheet, formed is an internal electrocde 4 of nickel
or a nickel alloy. To form the internal electrode 4,
employable is any method of screen printing, metal vapor
30 deposition or plating.
A predetermined number of the dielectric
ceramic layers 2b each with the inner electrode 4 formed
thereon are laminated, and then sandwiched between two
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dielectric ceramic layers 2a not having the inner
electrode 4, as seen in Fig. 3, and these are integrated
under pressure to give a laminate. Next, the resulting
laminate composed of the dielectric ceramic layers 2a,

S 2b, . . . 2b, 2a is baked in a reducing atmosphere at a
predetermined temperature to obtain the ceramic laminate
3.

Next, on the both sides of the ceramic laminate
3, formed are two outer electrodes 5 that are connected
10 with the inner electrodes 4. The material of the outer
electrodes 5 may be the same as that of the inner
electrpdes 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
15 which can be added glass frit, such as glass of the type
’ of B,0;-Si0,-Ba® or Li,0-Si0,-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 5. The
20 outer electrodes 5 can be formed by applying an
electroconductive paste material of metal powder onto the
baked ceramic laminate 3 followed by baking.
Alternatively, the paste material can be applied onto the
non-baked ceramic laminate 3, and the combination is
25 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-type, monolithic

30 ceramic capacitor 1 of the invention.
The following Example is to further illustrate

the invention in more detail.
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First, raw materials of TiCl, and Ba(NO,),
having various degrees of purity were prepared and
weighed. These were treated with oxalic acid to obtain a
precipitate of barium titanyl oxalate (BaTi0{C,0,)4H.0).

5 This precipitate was decomposed under heat at 1000°C or
higher to obtain four types of barium titanate (BaTiQ;)
as shown in Table 1.
Next, prepared were Sc,0, Y,;0;, MnO, NiO and MgO
each having a purity of 99 % or more, and a colloidal
10 silica containing silicon dioxide in an amount of 20 % by
weight in terms of SiO,.

TABLE 1

15 ggp © Content of Impurities (wt. %) lz}d:aaxﬁ
BaTiO, [Alkali Metal Oxides| SrO [ CaO | SiO, [ AL O, |Size (um)

A 0.003 0.0127{0.001] 0.010 | 0.005|  0.60

B 0.020 0.010 |0.003] 0.01910.008| 0.56

< 0.012 0.179 10.018] 0.155] 0.071| 0.72

20 D 0.062 0.014 10.001] 0.019} 0.004| 0.58

Samples with * are outside the invention.

Next, these raw materials were mixed in various
compositional ratios as shown in Table 2 to prepare
various compositions. Each composition was wet-milled in

25 a ball mill, and evaporated to dryness 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

30 ceramic slurry was doctor blade sheeted to obtain a
rectangular green sheet having a thickness of 11 um.




dielectric.layers are small, having grain sizes of 1 [err]m5 or

smal l er, the layers can be thinned well, w thout redwe+-ng-Lhe pumber
of the crystals therein, being different fromthe cer&FPcatayersz - |
constituting conventional nonolithic ceram c capacitjors—JFherefare, :
according to the present invention, it is possible to 10 btain, .. __. :
high-reliability, small-sized, |arge-capacity, monol}i tthi‘t“céram.c. i
capaci tors. Wil e the invention has been descriibed-in-detail .. }
and with reference to specific enbodi nents thereof, it will be ;
apparent to one skilled in the artthatl4arious 15 changésmaﬂdww- :

nodi fi cati ons can be nmade therein w thout

Next, an electroconductive paste consisting essentially
of Ni was printed on this ceramic green sheet to form
thereon an electroconductive paste layer, which is formed
into an inner electrode.
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1. A dielectric ceram c conposition conprising: a main
caomponent of bariumtitanate, scandi um oxide, yttrium oxide, manganese

oxi e and ni ckel oxide having the conpositional formula:

(1-[err]){BaQ[err] Tigerr] + [err]Merr]Qerr] + [err] (MPEPLARELERT BB

where Merr](Jerr] is at |east one nenber selected fromthe group™ 7]
consisting of Sc[err](err] and Y[err](err], and ag 4 ejir} rom |
and x are as foll ows: 0.0025 [err] a [err] 0.02D o
0.0025 [err] 0.04 [err] 4 O [efr™ X XTI
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A plurality of 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

- 8 it was altermnated with then side of another sheet with
the electroconductive paste not exposed out of it.
Thus was obtained a laminate. This laminate was heated
in an N, atmosphere at 350°C whereby the binder was
burnt out, and then baked for 2 hours in a reducing

10 atmosphere comprising gases of H,;, N, and H,0 and having

an oxygen partial pressure of from 10! to 10% MPa, at
various temperatures shown in Table 3, to obtain
sintered ceramic bodies.

The surface of each sintered ceramic body was

15 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 B,0;-Li,0-810,-Ba0 was applied onto the both sides of

20 each sintered ceramic body, and baked again in an N,
atmosphere at 600°C to thereby form outer electrodes
electrically 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

25 length x 1.2 mm thickness, and the thickness of each
dielectric 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

30 electrodes per ceramic layer was 2.1 mm’.
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The capacitance (C) and the dielectric loss (tan
&) of each sample were measured using an automatic
bridge-type meter at a frequency of 1 KHz, at 1 V rms
and 25°C. From the capacitance thus measured, obtained
was the dielectric constant {Z) through calculation.
Next, to measure the insulation resistance (R) of each
sample, a direct current voltage of 16 V was applied to
each sample at 25°C for 2 minutes, using an insulation
registance 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 CR of each sample was
obtained. In addition, the temperature-dependent
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 based on the
capacitance at 20°C (AC/Cyee), the variation in the
capacitance between -55°C and 125°C based on the
capacitance at 25°C {AC/Cu.c), and the maximum
variation, in terms of the absolute value, between
-55°C and 125°C (JAC ) -

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 V 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 resistance




3. The dielectric ceram c conposition according to claim 2,
bariumtitanate has a content of alkali nmetal oxide inpuritie
0.012 % by weight or |ess, ‘the magnesium oxide is in an anmoun
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value {(R) of each piece being tested reached loéiz(or
lower was measured, which is referred to as the life
time of each test piece. The average of all the tested
pieces was calculated to obtain the average life time
of each 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 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 test pieces that had an
insulation resistance value (R) of 106;g_or lower
within a period of 250 hours was counted. The results
obtained in these tests are shown in Table 3.
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fromabout 1 to 2 nols in ternms of MJO, the silicon oxide is in an anount

of- fromabout 1 to 2.5 nols in ternms of SiJerr], 0.003 [ %err}~~~~1
0.012, 0.005 [err] 0.024, [err] s 2, 0.1 s x < 0.8, 1. QﬁyEAﬁ&[EﬁrL;u-»
1. 015. 4. A monol ithic ceram c capacitor conpose 9L~M~—'~~”“-'"at
| east three dielectric ceramc |ayers, at leastjtwo,in QNAL sonn |

el ectrodes each di sposed between adjacent dielectric cerah1¢ Payers in such
a manner that one end of two inner el ectrode are exposed ?ttdkﬁ%erent ends §
of the dielectric ceramc |ayers, and :

e = pore e BT L e e
r———

W
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As 1is obvious from Table 1, Table 2 and Table 3,
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
5 3,000, and have a dielectric loss tangent, tan §, of
~ not larger than 2.5%, while satisfying the B-level
characteristic standard stipulated in the JIS Standard
within the temperature range between -25°C and 85°C and
also the X7R-level characteristic standard stipulated
10 in the EIA Standard within the temperature range
between -55°C and 125°C with reépect to the

PPOpIeI

temperature-dependent variation in the capacitance.
Moreover, these samples of the invention were
found to have high insulation resistance values when

1S measured at 25°C, of not smaller than 6,000 MQ-y?} in
terms of the product CR. Further, these were found to
havé«;“long mean life time of not shorter than 300
hours, and none of these failed in the moisture-
resistant load test.

20 In addition, these were sintered at relatively low
temperatures of not higher than 1300°C, and the crystal
grains in the sintered samples were small havingng;aig
sizes of not larger than 1 um. Since the crystal
grains existing in the dielectric ceramic laverg.in

25 these samples are small, or that is, not larger than
about 1 um, the number of the crystal grains in each
dielectric ceramic layer is large. Accordingly, even
if the ceramic laminate comprising these layers is
thinned, the rellablllty of the capacitor comprising

T

30 the lamlnatenls not lowered.




outer electrodes electrically connected with the exposed inner el ectrodes,

the monolithic ceramc capacitor being characterized in that_each
dielectric ceramc |ayer conprises the conposition of clai %Fﬁ X 5““‘““1
The nonolithic ceram c capacitor according to claim4, wher IE §ard barluwr*

titanate includes alkali metal oxide inpurity of about O. OZA) y melght or T
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Now, the reasons for defining the compcesitions for
use in the present invention are mentioned below.

First, referred to are the reasons for defining «
to £all within the range of 0.0025 s o < 0.020 in the

-5 composition of (l-a-f) {BaOjm-Ti0; + aMO, + B (Mn, Ni,)0,
in which M;0; is at least one selected from Sc,0, and
Y,0,. As shown in Sample No. 1, if the amount, «, of
M)0; is smaller than about 0.0025, the temperature-
dependent variation in the capacitance is great, and
10 the mean life time is wery short.

On the other hand, as in Sample No. 18, if the
amount, «, of M0; is larger than about 0.020, the
dielectric constant is not larger than 3,000, the
insulation resistance at 25°C and 125°C jg low,..the

15 mean life time is short, some test pieces failed in the
moisture-resistant load test, and the sintering
_temperature is high.
The reasons for defining f to £all within the
range of 0.0025 s f s 0.04 are as follows. As seen in
20 Eémple No. 2, if the amount, B, of (Mn,Ni)O is smaller
‘than about 0.0025, the dielectric ceramics were reduced
into semiconductors when baked in the reducing
atmosphere, to thereby lower the insulation resistance.

As seen in Sample No. 19, if the amount, 8, of

25 (Mn,Ni)O is larger than about 0.04, the insulation
resistance at 25°C is lower than 6,000 MQ-uF, and the
mean life time is shorter than 300 hours.

The reasons for defining f/a to fall within the
range of B/a < 4 are as follows. As noted in Sample

30 No. 21, if the raFid, B/a, of the amount B of (Mn,Ni)O

ST e
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6. The dielectric ceram c capacitor according to claim5, wherein the
bariumtitanate has a content of alkali netal oxide inpurities of about
0.012 % by weight or less, the nagnesiumoxide is in an anpgpp; of‘f¥on1
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about 1 to 2 nols in ternms of MgJO, the silicon oxide is i anpunt of-
fromabout 1 to 2.5 nols in ternms of SiJerr], 0.003 [err] [err], 0.012,
0.005 [err] 0.024, [err] 2, 0.1 [err] x <0.8, 1.005 <gnﬁferp}a1 015 E
&«......-..,.... J—— . -
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to the amount « of M0, is larger than about 4, the

temperature-dependent variation in the capacitance is
large, and the mean life time is shorter than 300

hours.
5 The reasons for defining m to fall within the

range of 1.000 < m < 1.035 are as follows. As shown in
Sample Nos. 3 and 4, if the molar ratio, m, of barium
Titanate is not larger than about 1.000, the dielectric
ceramic was converted into semiconductors when baked in

10 Eﬂe 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 therecL was shert so
that the dielectric ceramic could not be used in

15 preparing thin ceramlc laminates ({Sample No. 4).

I e,
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Of thé other Hand, as shown in Sample No. 22, if
the molar ratlo, m, 1s larger than about 1.035, the
81nterab111ty of the sample is very poor.

The reasons for defining the magnesium oxide

20 content to fall between about 0.5 moles and about 3.0
mols in terms of MgO are as foliows. AS noted in
Sample No. 5, if the amount of MgO is smaller than
about 0.5 hols, the insulation resistance is low and
the temperature-dependent variation in the capacitance

25 could not satisfy the X7R-level characteristic standard
of the EIA standard although satisfying the B-level
characteristic standard of the JIS Standard.

On the other hand, as noted in Sample No. 23, if
the amount of MgO is larger than about 3.0 mols, the

30 sintering temperature is too high, the dielectric
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constant could not be over 3,000, and many tests pieces

of the sample failed in the moisture-resistant load

test.

R

The reasons for defining the silicon oxide content
to fall between about 0.2 mols and 5.0 mols in terms of

Si0; are as follows. As seen in Sample No. 6, if the

8i0, content is 0 (zexo), the sample could not be
sintered. As seen in Sample No. 7,vif'the Si0, content

is smaller than about 0.2 mols, the sintering

*
temperature is 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 seen in Sample No. 24, if
the Si0, content is larger than about 5.0 mols, the

e —

dielectric constant could not be over 3000 and the
insulation resistance at 25°C could be not over 6,000

MQ-uF.

The reasons for defining the alkali metal oxide
content impurity of barium titanate to be not larger

than about 0.02 % by weight are as follows. As noted

in Sample No. 25, if the impurity, alkali metal gféde

content of barium titanate is larger than about 0.02 %

by weight, the dielectric constant is lowered.

In the above-mentioned Example, used was a powder
of barium titanate 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 the alkoxide method

or hydrothermal reaction method. If the latter powéérs

are used, the characteristics of the capacitors may




7. The nmonolithic ceram c capacitor according to claim®6, wherein at |east
one of said inner electrodes conprises at |east one base netal. 8.
The nonolithic ceram ¢ capacitor according to claim7, wherein said base

nmetal includes ceram c powder.

-5
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20.

25

often by improved more than those of the samples as

demonstrated in the Example hereln
Powders of scandium oxide, yttrlum oxide,
manganese oxide, 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 alsoc 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 dielectric

ceramic layers falling within the scope of the present

invention.
In the monolithic ceramic capacitor of the present
invention, the dielectric ceramic layers are made from

a dielectric ceramic material that can be baked even in

a reducing 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, 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. Furthex, the capacitor has-high.

insulation resistance and has good characteristics, and




9. The nonolithic ceram c capacitor according to claim@8, wherein said
base netal is nickel or nickel alloy. 10. The nonol it
capacitor according to claim9, wherein at |east one of said oﬁfﬁﬁgﬁgﬁ“ Quimar
electrodes is a sintered |ayer of an el ectroconductive netal {p mde@me;;'”ﬁf""r
11. The nonolithic ceram c capacitor according to 3
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their characteristics are not worsened even in high-
temperature and high-humidity conditions.
In addition, since the crystals constituting the
dielectxric layers are small, having grain sizes of 1 um
5 or smaller, the layers can be thinned well, without
reducing the number of the crystals therein, bexqga
different from the ceramic layers constituting
conventional monolithic ceramic capacitors. Therefore,
according to the present invention, it 1s p0951ble to
10 obtain.high-reliability, small-sized, 1arge ee5e51t11
gonol;thlc ceraglc cegac;tors.
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 variocus .
15 changes and modifications can be made therein without
departing from the spirit and scope thereof.




claim9, wherein at |east one of said outer el ectrodes conprises
el.ectroconductive netal powder and glass frit. 12. The nonolithic

ceram c capacitor according to claim9, wherein the outer

conprise a first sintered |layer of an el ectroconductive

an el ectroconductive netal powder with glass frit added therets; " and a

second plated | ayer forned on the first |ayer.
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WHAT IS CLAIMED IS:
1. A dielectric ceramic composition comprising:

a main component of barium titanate, scandium

oxide, yttrium oxide, manganese oxide and nickel oxide

havmng the compositional formula:

(1-a-B) {Ba0},-Ti0, + aM0y + B{(Mn, Ni,) O

where M0, is at least one member selected from the

group consisting of S¢,0; and Y,0,, and
B, m and x are as follows:
0.0025 s a = 0.020
0.0025 s 8 s 0.04
B/a = 4 o
0 sx<1
1.000 <« m s 1.035;

magnesium oxide in an amount of from about 0.5 to

3.0 mols in terms of MgO and silicon oxide in an amount

of from about 0.2 to 5.0 mols in terms of SiOQ,,

relative to 100 mols of the main component

2. The dielectric ceramic composition according

to claim 1, wherein said barium titanate has an alkali
metal oxide impurity content of about 0.02 % by welght

-

-or less.

N e ———

3. The dielectric ceramic composition according
to claim 2, wherein the barium titanate has a content
of alkali metal oxide impurities of about 0.012 % by.
Welght or less, the magnesium oxide is in an amount of

This Sheet Has Been Replaced
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from about 1 to 20 mols in terms of MgO, the silicon

_ox1de is in an amount of from about 1 to 2.5 mols in
terms of Si0,, 0.003 s @ s 0. 012 0 005 s B s 0 024

ﬁ/a < 2, 0.1 s x < 0.8, 1.005 < m < 1.015.

4. A monollthlc ceramic capacitor composed of:
QQ least three dielectric ceramic layers,
at-ié;st two inner electrodes each d;gbosed
between adjacent dielectric ceramic layers in such a
manner that one end of two inner electrode are exposed
aE dlfferent ends of the dielectric ceramic layers, and

outer electrodes electrically connected_with

‘the exposed inner electrodes,

the monolithic ceramic capacitor being
characterized in that each dielectric ceramic layer

comprises the composition of claim 1.

5. The monolithic ceramic capac1tor according to
claim - 4 wherein said barium titanate includes alkall

‘metal oxide impurity of about 0.02% by welght or less.

6. The dielectric ceramic capacitor accordlng to

clalm S wherein the barlum titanate has a content of

— e e e ———

alkali metal oxide lmpurltles of about 0.012 % by

'welght or less, the magnesium oxlde is in an amount of
from about 1 to 20 mols in terms of Mg0O, the silicon
ox1de is in an amount of from about 1 to 2.5 mols in
terms of §i0;, 0.003 s « s 0,012, 0.005 = § = 0.024,
-3/;!-“;.2, 0.1 = x < 0.8, 1.005 < m_s1015

This Sheet Has Been Replaced , e e e
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- 30- 13. The nmonolithic ceram c capacitor according to claim4,

wherein at | east one of said inner electrodes conprises at |east one base .

nmet al . 14. The nonolithic ceram c capacitor according L Aégpggnlls
wherei n said base netal includes ceranic REPL e
{} A J:‘:‘I ! -
[T —
N
7. The monolithic ceramic capac1tor accordlng to

claim 6 whe*eln at least one of ‘said inner electrodes_

comprlses at least one base metal

- 8. The monolithic ceramic capacitor accord'ng to
claim 7, wherein said base metal 1ncludes ceramlc T

éowder.

9. The monolithic ceramic capacitor according to

claim 8, wherein said base metal is nickel or nickel

alloy

10. The monolithic ceramic capacitor according to

cla*m 9, wherein at least one of said outer electrodes

is a sintered layer of an electroconductive metal

Eowder.

11 The monollthlc ceramlc capac1tor according to
claim 9 whereln at least one of sald outer electrodes
comprlses electroconductxve metal powder and glass

.QE%Ea S

12. The monolithic ceramic capacitor according to
claim 9, whereln the outer electrodes each comprlse a

flrst sintered laygr of an electroconductlve metal

powder or of an electroconductive metal powder with

glass frlt added thereto, and a second plated layer

e et —— s m———— [V —

formed on the first layer.
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powder . 15. The nonolithic ceram c capacitor according to claim 14,
wherein said base netal is nickel or nickel alloy.
monol i thic ceramic capacitor according to claim15, whereif
el ectrodes each conprise a first sintered | ayer of an elec
nmetal powder or of an el ectroconductive netal powder wth

HIIlIII IR
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13 The monolithic ceramic capacitor according to

clalm 4 wherein at least one of said inner electrodes

-

comprises at least one base metal.

- 14. The monolithic ceramic capacitor according to
claim 13, wherein said base metal includes ceramic

powder.

15. The monolithic ceramic capacitor according to

claim 14, wherein said base metal is nickel or nickel

alloy.

16. The monolithic ceramic capacitor according to
claim 15, wherein the outer electrodes each comprise 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.

17. The monolithic ceramic capacitor according to
clalm 4 whereln at least one of said outer electrodes

is a sxntered layer of an electroconductive metal

.powder.

18. ' The monolithic cereg}cngegaCLtor according to
claim 4, wherein at least one of said outer electrodes
comprises electroconductive metal powder and glass

_frit.

19. The monolithic ceramic capacitor according to
claim 4, wherein the outer electrodes each comprise a

This Sheet Has Been Replaced F- - .__ : . ‘ j
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glass frit added thereto, and a second plated |layer fornmed on the first
| ayer. 17. The nonolithic ceram c capacitor according to claim4,
wherein at | east one of said outer electrodes is a sintered |ayer of an
el ectroconductive nmetal powder. 18. The nonolithi -%»ee%—awew-apacut of

according to claim4, wherein at feast pne of said outer éPeerfaﬂéS

conprises el ectroconducti \mlmm | JE ”Hrnd glass frit.{ p———

A O

PO

first sintered layer of an electroconductive metal
powder or of an electroconductive metal powder with
glass frit added thereto, and a second plated layer

- e —e e o

formed on the first laye-.
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19. The 'nonolithic ceram c capacitor according to claim4, wherein the
outer el ectrodes each conprise a

vt e e
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DIELECTRIC CERAMIC COMPOSITION AND
MONOLITHIC CERAMIC CAPACITOR USING SAME

ABSTRACT OF THE DISCLOSURE
A dielectric ceramic composition and a monolithic
ceramic capacitor using same are provided. The

dielectric ceramic composition includes a main

component of barium titanate, scandium oxide, yttrium

oxide, manganese oxide and nickel oxide, having the

compositional formula:

(1-a-B) {BaO},-TiO, + aMO; + B{(Mn, Ni )O
where M0; is at least ome of Sc¢,0; and ¥,0;; 0.0025 = o s
0.020, 0.0025 s 8 = 0.04, B/ = 4, 0 s x < 1.0, 1.000 <
m =< 1.035, and
- magnesium oxide in an amount of from about 0.5 to

3 0 mols in terms of MgO, and smllcon oxide in an
amount of from about 0.2 to 5.0 mols in terms of SiO,,

relatlve to 100 mols of the main component.

——— e -

Fig. 1



- 31 - first sintered | ayer of an eIeCtroconductive'netaI pomder or of
an elfectroconductive netal powder with glass frit addeg-t+heteto—arrg
secand plated | ayer formed on the first |ayer. ﬁEPLACHMEN SHE
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WHAT IS CLAIMED IS:

1. A dielectric ceramic composition comprising:
a main component of barium titanate, scandium
oxide, yttrium oxide, manganese oxide and nickel oxide
having the compositional formula:
' (1-a-B) {BaO}, - Ti0, + aM0, + B8 (Mn, Ni,)O
where M0, is at least one member selected from the
group consisting of Sc,0, and Y,0;, and
o, 8, m and x are as follows:
0.0025 s a = ¢.020 ’
0.0025 s f < 0.04
B/a s 4
0 sx<1l
1.000 «m s 1.035; _
magnesium oxide in an amount of from about 0.5 to
3.0 mols in terms of MgO and silicon oxide in an amount
of from about 0.2 to 5.0 mols in terms of Si0,,
relative to 100 mols of the main component

2. The dielectric ceramic composition according
to claim 1, wherein said barium titanate has an alkali
metal oxide impurity content of about 0.02 % by weight

or less.

3. The dielectric ceramic composition according
to claim 2, wherein the barium titanate has a content
of alkali metal oxide impurities of about 0.012 % by
weight or less, the magnesium oxide is in an amount of
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from about 1 to_2 mols in terms of MgO, the silicon
oxide is in an amount of from about 1 to 2.5 mols in
terms of Si0,, 0.003 s @ = 0.012, 0.005 = § = 0.024,
B/¢ s 2, 0.1 s x< 0.8, 1.005 <m s 1.015.

4. A monolithic ceramic capacitor composed of:

at least three dielectric ceramic layers,

at least two inner electrodes each disposed
between adjacent dielectric ceramic layers in such a
manner that one end of two inner electrode are exposed
_at different ends of the dielectric ceramic layers, angd

cuter electrodes elec:ric;lly connected with
the exposed inner electrodes,

' the monolithic ceramic capacitor being

characterized in that each dielectric ceramic layer
comprises the composition of claim 1.

”S. The monolithic ceramic capacitor according to
claim 4, wherein said barium titanate includes alkali
metal oxide impurity of about 0.02% by weight or less.

6. The dielectric ceramic capacitor according to
claim 5, wherein the barium titanate has a content of
alkali metal oxide impurities of about 0.012 % by
weight or less, the magnesium oxide is in an amount of
from about 1 to 2. mols in terms of MgO, the silicon
oxide is in an amount of from about 1 to 2.5 mols in
terms of SiQ,, 0.003 = o = 0.012, 0.005 = B8 =< 0.024,
B/ =2, 0.1 s x < 0.8, 1.005 <m s 1.015.
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7. The monolithic ceramic capacitor according to
claim &, wherein at least one of said inner electrodes
comprises at least one base metal.

8. _ The monolithic ceramic capacitor according to

" ¢laim 7, wherein said base metal includes ceramic

powder.

9. The monolithic ceramic capacitor according to
claim 8, wherein said base metal is nickel or nickel
alloy. '

10. The monolithic ceramic capacitor according to
claim 9, wherein at least one of said outer electrodes
is a sintered layer of an electrpcénductive metal

powder.

11. The monolithic ceramic capacitor according to
claim 9, wherein at least one of said outer electrodes
comprises'electroconductive metal powder and glass
frit.

12. The monolithic ceramic capacitor according to
claim 9, wherein the ocuter electrodes eacbzcomprise 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. '
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13. The monolithic ceramic capacitor according to
claim 4, wherein at least ocne of said inner electrodes
comprises at least one base metal. )

14. The monolithic ceramic capacitor according to
claim 13, wherein said base'metal'includes ceramic

powder.

15. The monolithic ceramic capacitor according to
claim 14, wheréin said base metal is nickel orrnickel
alloy. . ‘

16. The monolithic ceramiclcapacitor according to
claim 15, wherein the outer electrodes“eagh cbmprise 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. :

17. The monollthlc ceramlc capacitor accordlng to
clalm 4, wherein at least one of gsaid outer electrodes
1s a sintered layer of an electroconductive metal  .'

18. ' The monolithic ceramic capacitor according’ to
claim 4, wherein at least one of said outer electrodes
comprises electroconductive metal powder and glass
fric.

19. The monolithic ceramic capacitor according to
claim 4, wherein the outer electrodes each comprise;a
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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.



