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MONOLITHIC CE

IC CAPACY
[FIELD OF THE INVENTION]

[* 1 moved from here; text not shown]

CKGRO E I
5

[Hitherto, a production proceas of a monolithic ceramic

capacitor is generally as follows.] 1. Field of the
Invention

1 The present invention relates to a ceramic
capacitor used for electronic instruments, and
10

particularly to a menolithic ceramic capacitor having
internal electxrocdes made up of nickel or a nickel alloy.

itherte, the production process for a

monolithic ceramic capacitor is generally as follows.

~ First, a sheet-form dielectric cexamic layer havzné
15 coated on [the)l its surface [therecf] an alectrode

material [becoming] for forming an internal electrode is
prepared.

As the dielectric ceramfc layer, a material

composed of, for example, BaTiO; is used as the main
. component. Then, [by calcining]l a laminate ig ﬁrepared
20 by laminating the sheet-form ceramic dielectric layers
[each] coated with the electréde material followed by

[press-sticking by heating in a body in a natural

atmosphere] being presged apnd heated at 1250 to 1350°C.
Ihereby, a ceramic laminate having internal electrodes is

25 obtained. Also, by plating an external electrode
electrically connecting to the interxnal electrodes ([to

the side surface of the ceramic laminate], a monelithic
-ceramic capacitor is obtained
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Accordingly, it is necessary that the material
for the internal electrodes [meets] to meet the following
conditions.

1. Because the c¢eramic laminate and the

5 internal electrodes are simultanecusly calcined, the
material has a melting point of at least the calcination
temperature of the ceramic laminate.

2. The material is not oxidized in an
oxidative high-temperature atmosphere and does not react

10 with the dielectric ceramic layer.

As the electrode meeting such conditions, noble
metals such as platinum, gold, palladiumi,] oxr a silver-
palladium alleoy, etc., have been used. These [However,
these] electrode materials have excellent characterigtics

15 but on the other hand, because the material is expensive,
the ratio of the electrode material cost [occupyingl ko
the monolithic ceramic ¢apacitor gost reaches from 30 to
70%, which is the largest factor [of] increasing the
production cost. .

20 As other materials having a high melting point

' f{than the noble metals], there are base metals such as
Ni, Fe, Co, W, Mo, etc., but these base metals are easily
oxidized in a high-temperature oxidative atmosphere and
becomes useless as the elactrode. Thus, to use these

25 base metals as the internal electrodes of a monolithic
ceramic capacitor, it is necessary that the base metal is
caleined in a neutral or reducing atmosphere together
with the dielectric ceramic layer. However, conventional
dielectric ceramic matexrials have the fault that when the

30 dielectric ceramic materials are calcined in such a
‘neutral or reducing atmosphere, the material [are] is
greatly reduced and converted to semiconductors.

—
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To overcome (such a] this fault, a dielactric
ceramic material wherein [in a barium titanate solid
solution,] the ratio of barium site/titanium site [is
excessive to] _in the barium titanate solid solution is

5 in excess of the gtoichiometric ratio as shown in
Bxamined Published dapanase Patent Application No. sSho
57-42588 and a dielectric ceramic material obtained by
adding the oxide of a rare earth element such as La, Nd,
Sm, Dy, Y, etc¢., to a barium titanate solid solution as

10 shown in Unexamined Published Japanese Patent Application
No. Sho 61-101459 are proposed.

Also, as dielectric ceramic materials having a
[less] _lower temperature change of the dielectric
constant, for example, the dielectric ceramic materials

15 of {[a]l the BaTi0,-CaZxr0;-MnO-MgO series composition shown
' in Unexamined Published Japanese Patent No. 62-256422 and
a BaTiOy~ (Mg, 2Zn, Sx, Ca)0-B;0;-810, series composition
shown in Examined Publighed Japanese Patent Application
No. Sho €1-14611 are proposed. s
20 ' By using such [a] dielectric ceramic [material]

' materials, 2 ceramic laminate which is not converted to a
seniconductor by calcination in a reducing atmosphere can
be cobtained and the production of a monolithic ceramic
capac¢itor using a base metal such as nickel, etc., ag the

25 internal electrodes becomes posgible.

With the recent progress [of] in electronics,
small-sizing of electronic parteg [proceeds] has proceeded
rapidly and the tendency ([of] Lo small [-sizing] size and
[increasing the] increase in capacity of the monolithic

30 ceramic capacitor [becomes] is remarkable. Accordingly, -
" [the] demand for [the] a dielectric ceramic material
having a high dielectric constant, showing a [less] lower
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temperature change of the dielectric constant, and having
[an] excellent reliability [is] has increased.

However, in the dielectric ceramic materials
shown in Examined Published Japanese Patent Application
No. Sho 57-42588 and Unexamined Published Japanese Patent
No. Sho 61-101459, a large dielectriec constant is
obtained but there is [a] gthe fault that the crystal
particles of the ceramic laminate obtained [becomel are
large and when the thickness of the dielectric ceramic
layer in the monolithic ceramic capacitor becomes gg thin
as 10um or thinner, the numbexr of the crystal particles
in [one] _each layer is decreased [to lower the] and this
lowers reliability. Also, there is a problem that the
temperature change of the dielectric congtant is large
and it cannot be said that these matexrials gufficiently
meat the demand of markets.

On the othexr hand, in the dielectric ceramic
material shown in Unexamined Published Japanese Patent
No. Sho 62-256422, the dielectric constant is relatively
high, the crystal particles of the ceramic laminate
cbtained are small, and the temperature change of the
dielectric constant is small, but because CaZrQ, or CaTiQ,
formed _during the calcination process is liable to form
a secondary phase with MnO, there is a problem [on the]
with reliability at [a) high temperature.

Also, in the dielectric ceramic material shown
in Examined Published Japanese Patent Application No. 61-
14611, there is a fault that the dielectric counstant
cbtained is from 2,000 to 2,800 and the waterial is
disadvantageous [in] from the view point of small-sizing
and increasing the capacity of the monolithic ceramic
capacitor. Furthermore, there is a prcblem that the
material does not satisfy the X7R characteristics
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[regulated byl of the EIA Standard, that is the change
ratio of the electrostatic capacity between the
temperature range of from -55 to +125°C [does] is not
[gatisfy) within +15%.

5 [Thus, to] To solve the above-described
problems, [the] compositions are proposed in Unexamined
Published Japanese Patent Application Nos. Hei 5-35066,
Hei 5-9067, and Hei 5-9068. However, ([thereafter,] the
maxket demand [of markets] for (the] reliability

10 [becomes] thereafter has become more severe and the
demand for [the] a dielectric ceramic material which is
excellent in [the] reliability has been jincreased. Also,
at the same time, the demand for thinning the ceramic
dielectric layer has become severe.

15 [However, when] When in the case of thinning
the ceramic dielectric layer, the rated voltage is to bhe
the same as the rated voltage before thinning, the
electric field applied per [one] layer becomes large and
thus the insulation resistance at room temperature and at

20 a high temperature is lowered, whefeby the reliability is

' greatly lowered. Thus, in conventional dielectric
ceramic materials, [in the case of] it _is ;eggiied to
lower the rated voltage when thinning the ceramic
dielectric layer, _Therefore, it is desired[, it is

25 required to lower the rated voltage.
Thus, it becomes necessary] to provide a monolithic
ceramic capacitor which does not need {to lower] a
lowering of the rated voltage by thinning the ceramic
dielectric layer, has an insulation resistance under a
30 high electric field strength, and has [an] excellent
-yreliability.
[Now, in] In a small-sized and large capacity
monolithic ceramic capacitor, [te cope with automatic
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- surface packaging,] a plated film such as a soft solder,
etc., 1is formed on a baked external electrode of an
electrically conductive metal powder [as the external
electrodes] to cope with automatic gurface packaging.

S Ag [a] the method of forming a plated f£ilm, an
electrolytic plating mathod is general used. Usually,
fine voids are formed in a baked electrode of an
electrically conductive metal powder[, fine voids are
formed] . Accordingly, there is a problem that when the

10 monolithic ceramic¢ capacitor is immersed in a plating
liquid in the case of forming a plating film on the
electrodes, the plating liquid permeates [in] the voids
of the baked electrodes and reaches the interface between

: the internal electrode and the dielectric ceramic layer

15 to lower the reliability.

.SUMMARY OF THE INVENTION
Thue, the primary object of the present

invention is to provide a amall—siged and large capacity
monolithic ceramic capacitor at a low cost, wherein the
20 dielectric constant is at least 3,000[,}; when the
' insulation resistance is expressed by the product with
the electrostatic capacity (CR product), the insulation
resistances at room temperatuie and at 125¢C are high as
_ at least 2,000 MQeuP and at least 500 MQeuF respectively
25 [,]1: the temperature characteristics of the electrostatic
capacity [satisfy] gatigfies the B characteristica
[regulated by] of the JIS Standard and the X7R
characteristics [regulated byl gf the EIA Standardl([,]:
and the reliability is high regardless of the presence or
30  absence of the plated layexr.
The present invention has been made in view of
the above-described object.
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The present invention provides a monolithic
ceramic capacitor comprising plural dielectric ceramic
layers, plural internal alectrodes [each formed] between
the above-described dielectric ceramic layers such that

s the end of each of the internal electrodes is
alternatively [exposes] exposed to [both the] gdifferent
side suxrfaces of the above-described dielectric ceramic
layer, and external electrocdes formed such that they are
electrically connected to the exposed internal

io electrodes, wherein the dielectric ceramic layers are
constituted by a material comprising barium titanate
having a content of alkali metal oxides [contained] as
impurities in an amount of not more than about 0.02% by

weight, at least one [kind] member selected from scandium
15 oxide and yttrium oxide, at least one [kind]l member

selected from samarium oxide and europium oxide,
manganeseé oxidé, cobalt oxide, and nickel oxide;
containing [by addition] magnesium oxide as an accessory
constituent in an amount of from about 0.5 to 5.0 mols
20 [converted] as MgO to 100 mols of fthe] a main
' constituent shown by the following composition formula;
(1-a-B-v) {BaO},0Ti0, + aM,0; + SRe0; + 7¥(Mn,, NiCo,)O
(wherein, M;0, ig at least one d{kind selected from] of
8¢,0, and Y,05; Rey0; is at least one [kind selected from]
25 of Sm0; and Eu,0y and @, £, ¥, m, X, and y are
0.0025 s o + 8 = 0.025
0 =8 s 0.0075
0.0025 = ¥ s 0.05

¥/(x + B) = 4
30 _ 02 x < 1.0

0 <= y«<1.0
0 sX+y<1l.0
1.000 <« m = 1.038);

-
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and furthermore, containing an Li0-B,0,-(Si, Ti)0, series
oxide glasa in an amount of from about 0.2 to 3.0 parts
by weight to 100 parts by weight of the sum [total] of

the above-~described main [constituents] constitwent and

8 above-described magnesium oxide, and the above-described
internal electrodes are constituted by nickel or a nickel
alloy.

Algo, in the wmonolithic ceramic capacitor, it
ig preferred that [when] in the triangular diagram of
10 {Li0, BO;, (Si,Ti,,)0:} (wherein 0.3 < w < 1.0) [is
formed]}, the above-described Li,0-B,0;-(Si, Ti)O, series
oxide glass is in the inside of the region surrounded by
6 straight lines or on the lines linking 6 points of

A (0, 20, 80}
15 B (18, 1, 80)
C (49, 1, 50)
D (45, 50, 5)
B (20, 75, S)
: F {0, 80, 20) .
20 and contains by addition at least one [kind] of Al,0; and

Zr0;, in the sum total of not more than about 20 parts by
weight (with a proviso that Zr0, is not more than about
10 parts by weight) to 100 parts by weight of the above-
described constituents.

25 Also, in the monolithic ceramic capacitor, it
is preferred that the above-described external electrode
ie constituted by a sintered layer of an electrically
conductive metal powder or an electrically conductive

_ metal powder [added] mixed with a glass frit.

30 Furthermore, it is preferred that the above-
‘described external electrode is composed of a first layer
made up of sintered layer of an electrically conductive
metal powder or an electrically conductive metal powder

—_—
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[added] mixed with a glass frit and a second layer made
up of a plated layer on the first layer.

RIP N OF T RAWINGS

Fig. 1 is a schematic cross-sectional view
showing an embodiment of the monolithic ceramic capacitor
of the present invention,

Fig. 2 is a schematic plane view shoﬁing an
embodiment of the dielectric ceramic layer having an
internal electrode in the present invention,

Fig. 3 is an exploded slant view showing an
embodiment of the ceramic laminate of this invention, and

Fig. 4 is a ternary composition diagram of
{Li0, B;0;, (Si,Ti, )0} showing the compogition range of
the Li0-B)0;-(8i, Ti)O, sexies oxide glass.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

{
Then, tlie practical embodiments of,the present invention
are described. ’
lIn the monolithic ceramic capacitor of the present
invention, by using the dielectric ceramic waterial
having a composition ratic of barium titanate, at least
one {kind] of scandium oxide and yttrium oxide, at least
one [kind] of samarium oxide and europium oxide,
manganese oxide, cobalt oxide, and nickel oxide adjusted
as described above and containing I[by] in addition
magnesium oxide and the Li,0-B,0,-(Si, Ti)O, series oxide
glass ag the material foxr the dieleatric ceramic¢ layer,
[when] the material {is] gan be calcined in a reducing -
atmosphere[, the material can be caleined] without
deteriorating [the]l its characterisgticg, and the
monclithic ceramic capacitor [satisfyingl satisfies the B
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characteristics [regulated by] of the JIS Standard and
[satisfying] the X7R characteristics [regulated by] of
the EIA Standard, and [having] has a high insulation
resistance and a high reliability at room temperature and

5 at a high temperature under a high electrie field
strength.

Also, because the crystal grain sizeg of the
dielectric ceramic laminate obtained are emall ‘as 1 pum or
smallef, the number of the crystal grains existing in

10 [one] gach dielectric layer can be increased and thus
lowering of the reliability can be prevented [by] when
thinning the thickness of the dielectric ceramic layer of
the monolithic ceramic capacitor.

In addition, it has been confirmed that in the

15 present invention, [in] of the alkaline earth meta
oxides such as §rO, Ca0, etc., the alkali metal oxides
.8uch as Na0, K0, etc., and other oxides such as Al,Q,,
S1C,, ete., existing as impurities in barium titanate in
the above-described main constituents, the [contents]

20 content of particularly the alkali ‘metal oxides such ag

- Na,0, K0, ete., Igive] has a large [influences] influence
on the electric characteristics. That is, it has been
confirmed that by using barium titanate wherein the

| [contents] gontent of the alkali metal oxides existing as

25 impurities are less than about 0.02% by weight, the
dielectric constant of 3,000 or higher is obtained.

Also, it has been confirmed that by adding
{the]l an oxide glass mainly composed of Li,0-B,04-(Si,
Ti)O; into the dielectric ceramic layer, the sintering

30 property becomes good and also (a] plating resistance is

“improved. Furthermore, by adding A1,0; and Zxr0, to the
oxide glass mainly composed of Li,0-B,0:-(Si, Ti)o,, it

SPEC\208570. redlina
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becomes possible to obtain a higher insulation

resistance.

When a dielectric ceramic layer is formed using

the dielectric ceramic material as described above, a
small-sized and large capacity monclithic ceramie
capacitor capable of coping with automatic surface

packaging, showing a small temperature change of the
electrostatic capacity, and having a high reliability can

be realized, and also nickel or a nickel alloy can be
used as the intermal electrodes. Also, a small amount of

a ceramic powder can be added together with nickel or a

nickel alloy. -

Also, there is no particular restriction on the
composition of the external electrodes., Practically, the
external eslectrode may be constituted by, for example,
[thel a sintered layer of the powder of each of variocus
electrically conductive metals such as Ag, P4, Ag-Pd, Cu,
Cu alloys, etc., or [the] a sintered layer of the above-
described electrically conductive metal powder compounded
with [each of] various glass frits such as [a] the By0q-
Li0-8i0,-Ba0 series, [a] B;0;-8i0,-Ba0 series, [an] Li0-
8i0,-Ba0 series, [al B,0;(-]1-810,-Zn0 series, etc. Also, a
small amount of a ceramic powder may be added [together
with] £o the electrically conductive metal powder and the
glass frit. More preferably, when a plated layer is
formed on the sintered layer, the plated layer may be
only a plated layer made up of Ni, Cu, an Ni-Cu alloy,
etc., and may further [has] have thereon a plated layer
of a goft solder, tin, etec.

(Then, the] The present invention [is] will be.
practically explained based on the following examples but
the present invention is not limited by such examples
[only] .
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First, an embodiment of the monolithic ceramic
capacitor of the present invention is explained by
referring to the accompanying drawings. Fig. 1 is a
schematic cross-sectional view showing an embodiment of

5 the monolithic ceramic capacitor of the present
invention, Fig. 2 is a schematic plane view showing an
embodiment of the laminated ceramic layer of the present
invention having an internal electrode, and Fig. 3 ig an
exploded slant view showing an embodiment of the present

10 invention.

As shown in Fig. 1, the monoclithie ceramic
capacitor 1 of the present invention is a rectangular
form chip-type monolithic ceramic capacitor preéared by
forming external electrodes 5, a2 first layer 6 of nickel,

15 copper, etec., and a second layer 7 of a soft solder, tin,

' etc., at both the gide surfaces of a ceramic laminate 3

obtained by laminating plural dielectric ceramic layers
2a, 2b with [each] internal [electrode] electrodes 4
between the dielectric ceramic layers.

20 [Then]lyggg, the productfon method of the

. monolithic ceramic capacitor 1 of the present invention
is explained in the order of the production steps.

First, a ceramic laminate 3 ig formed. The
ceramic laminate 3 is produced as follows. As shown in

25 Fig. 2, a dielectric ceramic layer [2] 2b (green sheet)
ig prepared by forming a sheet of a slurry comprising the
main constituents composed of barium titanate, at least
one [kind selected from] ef scandium oxide and yttrium
oxide, at least one [kind selected from] of samarium _

30 oxide and europium oxide, manganese oxide, cobalt oxide,
‘and nickel oxide, magnesium oxide, and [material] powders
composed of an Li0-B,0;~(8Si, Ti)0, series oxide glass, and
an internal electrode 4 composed of nickel or a nickel
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alloy is formed on one surface thereof. In addition, the
internal electrode 4 may be formed by a screen printing,
etc., or may be formed by a vapor-deposition method or a
plating method. A necessary number of the dielectric

5 ceramic layers 2b each having an internal electrode are
laminated and as shown in Fig. 3, the laminated layers
are placed between dielectric ceramic layers 2a [each]
having no internal electrode and [press-stuck ﬁheml

pressed together to provide a laminate. Thereafter, the
10 laminated dielectric ceramic layers 2a, 2b[, @ ¢ o ,] ..

2b, 2a are calcined in a reducing atmosphere [at a
definite temperature] to form the ceramic laminate. 3.
Then[,] two external electrodes 5 are formed at

[both]l the side surfaces of the ceramic laminate 3 such

is5 that they are connected to the internal electrodes 4. As
{the] material for the external electrodes 5, the same
material as the internal electrodes 4 can be used. Also,
silver, palladium, a silver-palladium alloy, copper, a
copper alloy, ete., can be used[, alsol. Alsc the

20 foregoing metal powdexr [added] mixed with a glass frit of
a B,0,-510,~Ba0 series glass, a Li0-8i0,-Ba0 series glass,
ete., [is] can be used[, and byl. _Bv considering the
use, [the using] place of use, ete., of the monolithic
ceramic capacitor 1, a proper material is selected.

25 [Also, the]l] The external electrodes § [are] _can be
formed by coating [the] a metal powder paste, which
becomes the [material]l electrode, on the ceramic laminate
3 obtained by calcination followed by baking but the
paste may [be] also coated before calcination and the

30 external electrodes may be formed simultanecusly with thé
‘ceramic laminate 3. Thereafter, plating of nickel,
copper, etc., is applied onto the external electrcdes 5
to form a first layer €. Finally, a plated second layer
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7 of a soft aclder, tin, etc., is formed on the plated
first layer 6 to produce a chip-type monolithic ceramic
capacitor 1. '

Example 1
First, as the starting materials, TiCl, and

Ba (NO;), having various purities were prepared and after
weighing, they were precipitated as barium titanyl
oxalate {BaTiO(C,0,)4H,0} with oxalic acid [to provide
precipitates]. By heat-decomposing the precipitates at a
temperature of 1000°C or higher, the 4 kinds of barium
[titanates] gtitanate (BaTiO;) shown in Table 1 below were
synthesizeqd.

ﬂ Table 1 i

Content of Impurities (wt%)

Alkali
K[m | Mean

of] . Hunde
Metd | $10 co | sio, | ARo,

[Particle :
BaTiO3] Gem)
Oxide

0.003 0.012 0.001 0.010 0.005 0.60
0.020 0.010 0.003 0.019 0.008 0.56
0.012 0.179 0.018 | 0.155 0.071 0.72
0.062 0.014 0.001 0.019 0.004 0.58

i
(=]
m

:

Uin |w|»

| .
Also, the oxide, the carbonatae, and the hydroxide of each

component were weighed such that the composition ratio of

.0.25L120-0.30B203-0.03T102-0,4258102 (mol ratio) was

obtained and after mixing and grinding them, they were
evaporated to dryness to provide a power. The powder was
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placed in an alumina crucible and after melting by
heating at 1300°C, by quickly cooling and grinding the
molten powder, an oxide glass powder having a mean grain
size of 1 um or smaller was obtained.)

Aiso, oxideg, carbonateg and hydroxides were

ined such that the ¢o gition ratioc of

0.251.3,0-0,30B,0,-0, 03TiC,-0.42810, (mol ratio). was
obtain frer mixin nd grindi il
drvness ¢t rovide a wer, he powder was ed i

alumina crucible and after melting by heating at 1300°C,
guickly cooled and ground the molten powder ground to
produce an oxide glass powder having a mean grain gize of
1 pm ox swaller,

Then, BaC0; for adjusting the Ba/Ti mol ratio
[m] {m} of barium titanate and Sc,0;, ¥,0;, Sm0s, Bu0,,
MnCO;, NiO, Co0;, and Mg0 each having a purity of at
least 59% were prepared. These raw material powdexrs were
compounded with the above-described oxide glass powder
such that the composition ratios shown in Table 2 were
obtained to provide compounded products. To each of the
compounded products were added a [polyvinylbutyrall
polyvinvl butvral series binder and an organic solvent
such as ethancl, etc., and the resultant mixture was wet-
mixed in a ball mill to provide a ceramic slurzy. Using
the ceramic slurry, a sheet was formed by [a] the doctor
blade method to provide a rectangular green sheet having
a thickness of 11 um [was obtained]}. Then, an
electrically conductive paste mainly composed of Ni was
screen-printed on the ceramic green sheet to form an
electrically conductive paste layer for constituting the

“internal electrods.
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The plural ceramic green sheets [each] having
formed thereon the electrically conductive paste layer
were laminated such that the protruded sides of the
conductive paste layers were alternated to provide a

5 laminate. After [calecining] eliminating the binder by
heating the laminate in an N, atmosphere at a temperature
of 350°C, the laminate was calcined in a reducing
atmosphere of an H,-N;-H,0 gas of an oxygen partial
pressure of from 10® to 10% MpPa for 2 hours at the

10 temperature shown in Table 3 below to provide a ceramic
laminate. '

After calcination, a silver paste containing a
B;0;-11,0-810,-Ba0 serias glass frit was coated on both the
side surfaces of the ceramic laminate obtained and baked

15 in an N; atmosphere at a temperature of 600°C to form
external electrodes electrically connected to the
internal electrodes.

The outside dimensions of the laminated
condenser obtained as described above were 1.6 mm in

20 width, 3.2 mm in length{,] and 1.2 mm in thickness, and

. the thickness of the dielectric ceramic layer dispcsed
between the internal electrodes was 8 um. Also, the
total number of the effective dielectric ceramic layers
was 19 and the area of the counter electrode per [one]

25 layer was 2.1 mm?.

[Then, the] The electric characteristics [of
them] were measured. The electrostatic capacity (C) and
the dielectric loss (tan §) were measured using an
automatic bridge-type wmeasurement instrument at a

30 frequency of 1 kHz, 1 Vrms[,] and at a temperature of _
' "25°C, and the dielectric constant (¢) was calculated from
the electrostatic capacity. Then, [for measuring the
insulation resistance (R),] using an insulation

SPEC\206570. radling
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resistance meter [was used], a direct current voltage of
16 volts was applied for 2 minutes[,] and the insulation
resistances (R) at 25°C and at 125°C were measured and
the product of the electrostatic capacity (C) and the
5 insulation resistance (R), that is the CR product, was
determined. Furthermore, for measuring the insulation
resistance (R) at an electric field of 20 kV/mm, a direct
current voltage of 160 V was applied for 2 minutes and
the insulation resistances (R) at 25°C and at 125°C were
10 measured similarly and the CR product, was determined.
[Also, the change ratio of the electrostatic capacity to
a temperature change was measured.]
[In addition, about the] The change ratio of
the electrostatic capacity to [a] temperature change was
15 measured. .
In particular, the change [ratios (_C/C20°C)]
io 2009 at
-25°C and at 85°C using the electrostatic capacity at
20°C as the standard, the change [ratios (_C/C25°C)]
20 ratio (AC/C25°C) at ) |
=55°C and at 125°C using the electrostatic capacity at
25°C as the standard, and the absolute value [(]|_C|max}
that] {]AC|.) of the largest change ratic [as the
absolute value] within the range of from -55°C to 125°¢C
25 was [largest] were shown.
Also, as a high-temperature load life test,
using 36 each samples, a direct current voltage of 100 V
was applied at 150°C and the change of the insulation
resistance with the passage of time was measured. [In
30 addition, in) The time the high-temperature load life
' test[, the time] when the insulation resistance (R) of
each sample became 10° Q or lower was defined as the life
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time and the mean life time was shown. The results are
shown in Table 3 halow.
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Table 3
Capacity C aci Temperature CR Product Product
. s . " Temperatyre Change Rati (25°C) 125°C Mean .

Sample Terf: erature Dislectric ?..l:lwt“ Y Change Ratio ACIC2(§°Cm° (MasuP) (MilesF) Life %?m

No. | 0G| Constante | 3730 | ACCNC(%) 20 kKV/mm applied Vimm apolied | Time | 22

25°C | 85°C | -55°C | 125°C | max | 25°C | 125° 5°c | 125°C f

* 1280 2850 2.4 48 | 178 | -0 | 128 | 261 ) 6320 | 460 | 5230 480 | 4 0.89

o] 1300 Unmeasurable owing to Becoming Semiconductor 2.1

= 1280 3440 | 20 | 04| 74| a2 92 [92] 80 [ 280 ] 300 [ ;o[ a9] s

o’ 1280 Unmeasurable owing to Becoming Semicogductor 17

* 1280 3320 22 | 02 ]| 85} 05 |-106|106| 5130 {1580 | 1760 | 450 | 288 | om

6 1300 3500 23 12 [ 96 | Lo | -181 ] 197 ] 4000 1410 | 1520 340 | 212 0.77

*7 1360 ' Unmeasurable owing to Sintering Deficien 0.61

3 13 3250 19 03 | 94 | 08 | 204 |104] 7160 | 2810 | 2980 840 | 565 | 0.65

9 1300 3100 18 | 00 | 79| 05| 00 {90 sor0 [ 2240 | 2480 | 610 | 658 | pom |

10 1280 3220 L8 02 | 88| 04 | 08 | 98 | 7400 | 2750 | 2920 210 | 564 0.69

1 1300 3020 L4 | o5 | 85| 06 |a28| . 6580 | 2430 ) 2600 | 720 | 602 | om

2 1300 3010 L5 | 03 | 92| o6 [-130|130]| ss0 | us0| 25m [ sm | sz | o |
L 13 1300 3200 15 | 01] -8 09 | 86 | 86 6100 | 2280 2410 630 | 653 0.69

14 1300 3070 L5 | 00 | 74 | 07 | 83 |83 | 760 | 2880 | 3080 | e40 | Sl0 | o8 |

15 1300 3040 14 | 09 ) 60| 20| 70 [ 70| suo | 230 | 2440 | 580 | 583 | 067 |

16 1300 3180 18 | 03| 82| 13| 94 |94 | 6810 | 280 | 270 | 6w | 592 | 069

17 1300 110 Ls | 07 | 67 | 04 |07 17| 6920 | 2740 | 2m0 | 650 | 560 | oe8
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" 18 1300 3220 1.7 1.0 9.8 L4 -14.8 148 7010 2780 0.69 I
|| ‘Table 3 - Cont’d ﬂ
. a2l | Capacity Temperature CR Product
E Mg Dielectric | Dieleetric Ch_mLRaji‘.’. ACIC20°C (%l M (—.ﬂﬂ. Lj_&
— é No m{g Constante | Loss tan { AC/C20°C (%) 20 kV/mm applied 'mm applied | Time
— §(%)
e .8;. :25°C | 85°C | -55°C | 125°C | max 25°C 125°C &
— 1
S— o *9 1360 2180 1.6 0.3 -1.0 =12 -8.3 8.3 2660 920 218
=3 | 0 1300 3470 18 L5 | 23| 09 | 180|180 s100 | 1440 33
=7 = 1300 3420 17 13 | 22| o8 | 186 |186] so20 | 1mo 2 | om
— 3 '
— N
8 I *22 1300 3380 2.1 2.8 -12.0 34 -17.6 176 6660 2310 2590 72 0.74
23 1300 3280 19 02 | 97 | 05 | 1.7 { 117 | 3680 650 1420 176 0.73
u 1300 3100 1.3 =0.5 =14 -14 8.6 8.6 3800 540 1120 231 0.70¢
25 1300 315 16 | 02 | 78 | 06 |-i25 125} 320 [ 980 | 160 174 | om0
526 1360 Unmeasurable owing to Sintering Deficiency 0.61
R 20 | 10 | 0a| 57 4] 69 [69[ 60 | 220 | 1m0 22 | o6
28 1260 2090 13 0.8 22 0.9 3.9 3.9 6720 3660 2340 522 0.7
29 1300 2490 1.6 04 = 0.8 62 | 62 6980 2320 2720 312 0.67

Marxk * is Outside the Range of the Invention
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As is clear from Table 1, Table 2{,] and Table
3, it can be seen that in the monolithic ceramic
capacitor of the present invention, the dielectric
constant ¢ is high as 3,000 or higher, the dielectric
loss tan 6 is 2.5% or lower, and the change ratioc of the
electrostatic capacity to the temperature satisfies the B
characteristic [standard regulated by] of the JIS
Standard in the range of from -25°9C to 85°C and satisfies
the X7R characteristic [standard regulated by] of the EIA
Standard in the range of from -55°C to 125°C,

Furthermore, the insulation resistancea at 25°C
and at 125°C under a high'electric field strength of 20
kvV/om show high values of 2000 MQeum or higher and 500
MQepm or higher, resgpectively. Also, the mean life time
iz long as 500 hours or longer. Furthermore, the
calcination temperature is relatively low {asl, 1300°C or
lower, and the grain size is small [as]_. 1 pm or smaller.

Now, the reasons of limiting the compositions
in the present invention are explained.

The reason for limiting the sum of & and g in
(1-a-B-7) {Ba0},*Ti0, + aM0;, + SRe0; + 7 (M Ni,Co,)O
(wherein, M0, is at least one [kind selected ffom] of
8¢,0, and Y,0;; Re,0, is at least one [kind gelected from]
of Sm0, and Ew0,) to the range of 0.0025 = & + 8 < 0.025,
preferably about 0.006-0.02, is that when "o 4+ gr
representing the (M0, + Re,0;) amount is less than _about
0.0025 as in Sample No. 1, the dielectric constant ¢ is
lower than 3,000 and tewperature change ratio of the
electrostatic capacity becomes large. Also, the
insulation resistance in the case of applying 20 kg/mm at

1 125°C is lowered and also the mean life time is extremely

shortened,
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On the other hand, when "a + B" representing
the (M,0; + Re;0;) amount is more than about 0.025 ag in
Sample No. 19, the dielectric constant does not exceed
3,000, the insulation resigtances at 25°C and at 125°C

5 are lowered, the mean life time becomes short, and the
calcination temperature is increased.

Also, the reason for limiting # to the range of

< B = about 0.0075, preferably a ~0.005, the

high-temperature load life test, is that when §
10 representing the Re,0, amount is 0 as in Sample No., 3, the

mean life time becomas shorter than 500 hours.
On the other hand, when @ [representing the
Re203 amount] is over zbout 0.0075 as in Sampla No. 22,
the temperature change ratio of the electrostatic
15 capacity becomes large and the sample does not satisfy
the B characteristics of the JIS Standard and the X7R
characteristics of the EIA Standard.
Also, the reason for limiting ¥ to the range of
: [0.0025] 0.0015 < v = 0.05, prefersbly about 0.0025-0.04,
20 is that when v [rerpresenting] ;ggigggg;;gg the (Mn, Ni,
- Co)O amount is less than [0.0025} abouyt 0.0015 as in
Sample No. 2, [when] and the sample is calcined in a
reducing atmosphere, the dielectric ceramic is reduced to
be converted to a semiconductor and the insulation
25 resistance is lowered.
On the other hand, when ¥ representing the (Mn,
Ni, Co)O amount is over about 0.05 as in Sample No. 20,
the insulation resistance at 125°C is lowered regardless
of the electric field strength, the mean life time is
30 . shortened, and further, the temperature change ratio.of
-the electrostatic capacity is increased.
Also, the reason for limiting x + y to the
range of 0 = X + ¥ < 1.0 ahout 0.15-0.5, is

SPEC\Q06570. redling
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that when x + y = 1.00 without containing Mn as in Sample
Nos. 23, 24, and 25, the insulation resigtance is lowered
and the mean life time becomes shorter than 500 hours.

Also, the reason for limiting v/(a¢ + 8) to the
range of y¥/(a + B) = 4 efera about
that when the that ratio y/(a + §) of the (M0; + Re,0,)
amount, "a + 8" and the (Mn, Ni, Co)0O amount, v is over
dhout 4 as in Sample No. 21, the temperature change ratio
of the electrostatic capacity becomes large and the mean
life becomes shorter than 500 hours.

Also, the reason for limiting m to the range of
1.000 « m s 1.035, preferably about 1.005-1.03, is that
when the mol ratio m of barium titanate is less than
f1,000] 1.000 as in Sample No. 4, the sample is converted
to a semiconductor and when the mol ratio m of barium
titanate is [1,000] 1.000 as in Sample No. 5, the
ingulation resistance 1s lowered and the mean life time

becomes shorter than 500 hours.

On the other hand, when the mol ratio m is over
about 1.035 as in Sample No. 26, the sintering property
is extremely deteriorated.

Also, the reason for limiting magnesium oxide
to the range of from ghout 0.5 to 5.0 molg converted as
MgO._ preferably about 1-4 mol, is that when the MgO
amount is less than gbout 0.5 mol as in Sample No. 6, the
insulation resistance is lowered and the mean life time
becomas shorter than 500 hours. Furthermore, although
the temperature change ratio of the electrostatic
capacity satisfies the B characteristics [regulated by]
of the JIS Standard, it does not satisfy the X7R

" characteristics [regulated by] of the EIA Standard.

On the other hand, when the addition amount of
MgO is over about 5 mols as in Sample Nos. 27, the

SPECQ206570.1edline
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sintering temperature becomes high, the dielectric
constant does not exceed 3,000, and the mean life time is
shorter than 500 hours.
Also, the reason for limiting the addition

[ amount of the Li0-B,0,-(8i, Ti)O, series oxide glass to
the range of about 0.2 teo 3.0 parts by weight, preferably
about 1-2.5, is that when the addition amount of the
Li,0-B,0;~ (81, Ti)O, series oxide glass is less than _about
0.2 part by weight as in Sample No. 7, sintering becomes insufficient

10 . On the other hand, when the addition amount of
the Li,0-B,0;-(Bi, Ti)O, series oxide glass is over about
3.0 parts by weight as in Sample No. 28, the dielectric
constant is lowered.

Also, the reagon for limiting the content of

15 alkali metal oxides contained in barium titanate as
impurities to about 0.02% by weight or lower is that when
the content of the alkali metal oxides is over about
0.02% by weight as in Sample No. 29, lowering of the
dielectric constant occurs. p

20 In addition, there is nowparticular restriction
on the ratio (B/a) of the Re,0; amount, B, to the M0,
amount, @, but in order that the temperature change ratio
of the electrostatic capacity has a surplus from the
allowable value of the standard, it is preferred that B/w

25 £ 1, preferably < 0.7.

Exa a 2
As a dielectric ceramic material, raw materials
obtained by compounding 100 mols of the composition
formula using barium titanate of A in Table 1, $7.0
30 {BaO); ns*Ti0, + 0.6Y,0; + 0.4Eu,0p + 2.0 (MngNig,C0p,)0 (mol

ratio) with 0.8 mol of Mg0 was prepared, [the] a LiO-
B)0,- (Si, Ti)O, series oxide glass having a mean grain
size of 1 um or smaller shown in Table 4 prepared by

SPRC\206570, redline
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heating at a temperature of from 1200°C to 1500°C by the
same method as in Example 1 was added to the raw
materials, and each monolithic ceramic capacitor having
formed thereon external electrodes made up of silver
electrically connected to internal electrodes was
prepared by the same method as in Example 1. 1In
addition, the external dimensions, atc., of the
monolithic ceramic capacitor prepared were same as those
in Example 1. [Also,] The electric characteristics [of
them] were measured.
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Il _ Table 4 E

Components of Oxide Glasg
Additicn _Added
Sample Amount Main Constituents (mol %) Components
N, Q%%Eslsﬂﬁ (weight parts)
8 | o | po DS 10 | 20
b4
101 1.0 Q 20 80 0.7
5 102 10 19 1 80 0.7
i 103 L0 49 1 30 0.8
104 1.0 45 30 S 0.3
108 1.9 20 - 3 0.4
106 L0 0 80 20 0.4
10 107 1.0 35 13 30 0.5
' 108 L0 33 | 30 15 | o9
109 1.0 20 40 40 0.3
110 1.0 10 15 15 - 0.7
111 10 | 10 70 20 - 0.4 3 2 H
15 112 1.0 3 15 20 0.7 13 3
' 113 1.0 35 15 30 0.7 20
114 1.0 33 13 30 Q7 10
S 1.0 10 3 85 0.5
: *116 1.0 33 20 23 0.7
20 17 1.0 33 62 3 0.7
i ¥ 1.0 3 8 10 0.7
211 1.0 10 15 15 0.1
*120 1.0 35 30 15 L0 u
' *121 L0 35 30 15 07 | 30 l
25 “ 22 33 30 | 15 Q7 20
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The electrostatic capacity (C) and the
dielectric loss (tan §) were measuwed using an automatic
bridge-~type measurewent instrument at a'frequency of 1
kHz, 1 Vrms, and at a temperature of 25°C and from the
dielectric constant (&) was calculated from the
electrostatic capacity.

Then, for measuring the insulation resistance
(R) at an electric field of 20 kV/mm, using an insulation
resistance meter, a direct current voltage of 160 V was
applied for 2 minutes, the insulation resistances (R) at
25°C and at 125°C were measured, and the product of the
electrostatic capacity (C) and the insulation resistance
(R), that is the CR product, was detexrmined. Also, the
change ratio of the electrostatic capacity to a
temperature change was measured{. In addition, about the
change ratio of the electrostatic capacity to a
temperature change, the change ratios (f¢C/C20°C)]; _the
change ratio (AC/C20°C) at -25°C and at 85°C using the
electrostatic capacity at 20°C as the standard, the
change [ratios (f¢C/C25°C)] ratio fAC[gg§°C! at -58¢C and
at 125°C using the electrostatic capacity at 25°C as the
standard, and the [value (]f¢C/C20°C|max) that the ]

golute val A ha f the largegt change ratio
[as the absoclute value] within the range of from -55°C to
125°C [was largest were shown].

After measuring [them], a nickel plating liquid
containing nickel sulfate, nickel chloride, and boric
acid was prepared and nickel plating was applied on the
external silver electrodes by the barrel plating method.

Finally, a solder plating liquid composed of an

'AS bath (alkanolsulfonic acid) was prepared and by

applying solder plating on the nickel plated layer by a
barrel plating method, (each] monelithic ceramic
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[capacitor] _gapacitors having extarnal electrodes plated
thereon [was] EQIQ obtained. On the monolithic ceramic
capacitor, the electrostatic capacity (C) was measured
using an automatic bridge-type measurement instrument at
5 a frequency of 1 kHz, 1 Vrms{,] and at a temperature of
25°C,
Then, for measuring the insulation resistance
(R) at an electric field of 20 kV/mm, using an insulatioen
resistance meter, a direct current voltage of 160 V was
10 applied for 2 minutes, the insulation resistances (R) at
25°C and at 125°C were measured, and the product of the
electrostatic capacity (C) and the insulation resistance
(R), that is the CR product, was determined. The [above]
results are shown in Table 5.
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Table 5 ﬂ
i, . o2 aci Camacity T m e CR PE;;:EAM mSﬂvmﬁd;:;l Aftet
Sample |y cPR | Dideamic | RS b G Ratio Shange Ratio (MOeuP) (MOeuF)
No. Q) Censtant ¢ %) ACICI0°C (%) 20 kV/mm applied 20 kV/mm applied
25°C | 85°C |55°c |125°C | mex | 25°c | 125°C | 25°c | 125°C
—F 101 1280 1330 19 04 | 68 | 06|83 79| 240 | 70 | om0 | mso |
== 02 1280 3220 18 03 | 28 [ 02 |-100)100] 258 70 | 20 | 10 |
— 1280 3160 2.2 02 | 25 | 05| 98|98 2500 70 | 2510 | 780 ll
=" 1260 3100 LI L9 | 55 | 12 | 56 | 56| 2120 20 | 210 | 820
=3 1260 3050 LS 06 | 53 | 08| 55| 55| 280 860 | 290 | m0
— 1280 3090 16 02 | 60 | 06| 68 |68] 240 700 | 200 | s00
— 1280 3130 L3 07 | 65 | 11| 68 | 68| 2600 | s | 2660 | s
& 1260 3060 L7 06 | 57 109 59 s8] 2z 850 | 2850 | sao
1260 3100 17 08 | 65 | 10 .69 ]|69] 2mm0 820 | 2180 | 240
1280 3280 LS 01 | 25 | 02 |00 00| zo | mo | 2mo | e ||
1280 3100 L7 07 | 62 | -0 65 |6s| 3m0 1200 | 3mo | 230
13 3050 L5 03 | a5 | 04| 00| 00] 30 150 | 330 | 1160
1280 3060 L5 01 | 83 | .01 [ -109(109] 3800 J0s0 | 380 | 1100
- 1300 0; L6 04 | ALl | 05| 33| 13] 3650 1100 | 3650 | iu0
2 Unmeasurable owing to sintering deficiency
2 8 Unmeasurable owing to sintering deficiency
o 300 | 3060 2 A5 | A9 | 21 | 47 |47]| 50 10} 210 | sw
7
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As is clear from Table 4 and Table 5, in the
monolithic ¢eramic¢ capacitor of the present invention
constituted from the dielectric ceramic layers containing
by addition the L1,0-B,0,-(Si, Ti)O, serias oxide glaas,

5 the dielectric constant ¢ is high as 3,000 or higher, the
dielectric loss tan § is 2,5% or less, and the change.
ratio of the electrostatic capacity to temperature
satisfies the B characteristic standard [regulaited byl of
the JI8 Standard within the range of from -25°C and 85°C

10 and the X7R characteristic standard [regulated by) of the
BIA Standard within the range of from -55°C and 125°C.
Furthermore, there is a feature that when plating is
applied, the electric characteristics are not
deteriorated.

15 en trianqular diagram of {Li.0 Q.

[When triangular diagram of {Li20, B203,] (8i,Tii.,) 0.}
‘(wherein, 0.3 = w < 1.0),_preferably about 0.4-0.8, is
formed, the oxide glass composed of Li,0-B,0;~(8i, Ti)O; is
in the inside of the region surrounded by 6 straight

20 lines or on the 6 straight lines link:.ng 6 points, that

| is ([the] point A [showing] of the composition [that]

' where Li,0 ia 0 mol%, B0, is 20 mol%, and (Si, Ti)0O, is 80
; mol%; [the] point B [showing] .of the composition ([that]
where Li0 is 19 mol%, B0, is 1 mol%, and (Si, Ti)O, is 80

25 mol%; [the] point C [showing] of the composition [that]
where Li0 is 49 mol%, B,0; is 1 mol%, and (S8i, Ti)o, is 50
mol%; [the] point D [showing] of the composition [that]
where Li0 is 45 mol%, B,0; is 50 mol¥, and (81, Ti)O, ie S
mol%; [the] point E [showing] _of the compositicm [that]

30 where Li,0 is 20 mol%, B,0; is 75 mol%, and (Si, Ti)Q, is-
5 mol%; and [the] point F [showing] @f the composition
[that] where Li0 is 0 mol%, B,0, is 80 mol%, and (Si,
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Ti)O, is 20 mol%. On the other hand, Sample Nos. 115 to
118 which are outside the region surrounded by the 6
straight lines or are not on the 6 straight lines are
undesirable since they [become] axe sintering
5 [deficiency] deficient or even when they are aintered,
the insulation resistance is extremely lowered by
plating.
Also, even when gamples are in the inside of
the above-described region or on the straight lines as in
10 Sample Nos. 11% and 120, when w representing the Si
amount is less than about 0.3, the samples [become] are
sintering [deficiency] deficient and when w representing
the Si amount is about 1.0, the insulation resistance at
20 kVv/mm after plating is extremely lowered, [the] both
15 of which are undesirable.
Also, as Sample Nos. 11l to 114, monolithic
caramic capacitors each having the insulation resistances
at 25°C and at 125°C in 20 kV/mm of 3,000 MQexF and 1,000
MQeuF, respectively, are obtained but as in Sample Nos.
20 121 and 122, when the addition amount of Al,0; is ovexr 20
parts by weight or the addition amount of Zr0, is over 10
parts by weight, the sintering property is extremely
lowered, which is undesirable. _
In addition, even tﬁough in the above
25 examples [, as] _the barium titanate{, the] powder
[thereof] wag produced by an oxalic acid method [was
used] , the barium titanate is not limited {tc the powder]
thereto but a barium titanate powder produced by an
alkoxide method or a hydrothermal synthetic method may be
30 used. By using these powders, it is possible that the
characteristics are more improved than these shown in the
Examples of this invention.
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Also, though as scandium oxide, yttrium oxide,
samarium oxide, eurcpium oxide, manganese oxide, cobalt
oxide, nickel oxide, magnesium oxide, etc., [thel oxide
powders were used, [they are]l the invention ig not
limited to these powders but if they are compounded to
constitute the dielectric ceramic layers of the range of
the present invention, solutions of alkoxides, organic
metals, etc., can be used without reducing the’
characteristics obtained.

' As described above, [ by using the monolithic
ceramic capacitor of the present invention,] because the
dielectric ceramic layer is constituted by the dielectric
ceramic material which is not reduced and is not
converted to a semiconductor even by caleination in a
reducing atmosphere, nickel, which is a base metal, [and]
or a nickel alloy can be used as the electrode material
and the dielectric ceramic layexr can be calcined at a
relatively low temperature as 1300°C or lower, whereby
[the] a lower cost [down] of the monollthic ceramic
capac1tor can be realized.

Also, [in the monolithic ceramie capacitor
using the dielectric ceramic material,] the dielectrie
constant is 3,000 or higher and the temperature change of
the dielectric constant is small in the monolithic
ceramic capagitor using the dielectric ceramic material.
Also, the insulation resistance in a high electric field
is high and the life time at high temperatures is long.
Accordingly, even when the dielectrie ceramic layexr is
thinned, it is unnecessary to lower the rated voltage.
Furthermore, because the crystal grain size is small as 1

“um or smaller, when the dielectric ceramic layerxr is

thinned, the amount of the crystal grains [existing] in
the layer can be increased compared with conventional
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wonolithic ceramic capacitors. Thus, a small-sized and
large capacity monolithic ceramic capacitor having a high
reliability can be obtained. Also, because the electric
characteristics are not lowered by plating, it is

5 possible to cope with automatic surface packaging.

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

10 therein without departing from the spirit and scope
thereof. :

\
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at claimed is] WHAT C D I1S:

1. A wonolithic ceramic capacitor comprising

[plurall at least three dielectric ceramic layers,
fplural] at _least two internal electrodes [each formed]
betwaen [said]l adjagent dielectric ceramic layers such
that [the] an end of each of the internal electrodes
[alternatively exposes to both the gide surfaces of said
dielectric ceramic layer] ig exposed at a different side
surface of said capacitor, and external electrodes
[formed such that they are] electrically connected to the
exposed internal electrodes, wherein the dielectric
ceramic layers {are constituted by a material] comprise a
main component comprising barium titanate having a |
content of alkali metal oxides [contained as] impufities
in an amount of not more than agbout 0.02% by weight, at
least one [kind] _member selected from the group
congisgting of scandium oxide and yttrium oxide, at least
one [kind] member selected from the group consisting of
samarium oxide and@ europium oxide,uggg manganese oxide,
cobalt oxide, and nickel oxide[; containing by addition
magnesium oxide as an accessory constituent in an amount
of fxom 0.5 to 5,0 mols converted as MgO to 100 mols of
the main conastituent shown byl, of the following
composition formula; _

(1-a-B-v) {BaO},sTiC, + aM0; + PRe0; + 7Y (Mny,,Ni,Co,} 0
wherein([,] M;0, is at least one [kind] member selected

from the aroup consisting of Sc,0, and Y,0,; Re,0; is at
least one [kind] membexr selected from the group

congisting of Sm0; and BuO; and @, 8, ¥, m, X, and y are

0.0025 = &¢ + B g 0.025
0 s 8 = 0.0075
[0.0025] 0.0015 = v = 0.05

This Sheet Has Been Replaced

I

[

L




[ RECEIVED @7/16 13:88 1997 AT
1937

-a37-16

35

40

45

‘50

SPEC\206570.sedlive

533-@69% PAGE 39 (PRINTED .PQGETDBB) ]

FROM MURATA MFG. P.39744

14:01 DREW NAPIER(SG)

S

—

—

This Sheet Has Been Replaced

T

v/(x + B) = 4

0 s x«< 1.0
0gy«<«<l1l.0

0 «gx+y«<1l.0
1.000 <« = 1.035;

to 5.0 mols ag MgO to 100 mols of said main constituent:

and

[furthermore, containing] an Li0-B,0:-(Si, Ti}0,
[series] oxide glasg in an amount of from about 0.2 to
3.0 parts by weight to 100 parts by weight of the sum
total of said main constituent and said magnesium oxide
(el
[and said internal electrodes are constituted by nickel
or a nickel alloy. ]

2. The wmonolithic ceramic capacitor of claim
1, wherein [when the ]0.00 = 0.02
0.0 0.0025 <« s 04 o _+ g 3.6, 0.15 = x + <

0.5, © 2,000 ¢ m 5 1.03; about 1-4 molg MO to 100
mols of said main congtituent: ggd’about 1-2.5 pph glass. .
3. The monolithic ceramic ¢ citor of claim
2. wherein said Li,0-B,0,-{8i, Ti oxide glass is in the
ingide of the region of a mol% triangular diagram of:
{Li,0, BO,, (8i,Ti,.,)0}
wherein 0.3 s w < 1.0, [
is formed, said Li20-B203-(Si, Ti)o02 series oxide glass
is in the inside of the region] surrounded by [6 straight
lines] oxr on the gtraight lines liﬁking 6 points of
A (0, 20, 80)
B (19, 1, 80)
¢ (a9, 1, 50)
D (45, 50, 5)

——————————
————
————
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15 and contains [by addition] at least one [kind] member
selected from the group consisting of Al,0; and Zr0O, in
the sum total of not more than about 20 parts by weight,
with [a] the proviso that Zr0, is not more than gbout 10
parts by weight, to 100 parts by weight of said

20 [constituents.] glasgs,

4. The monolithic ceramic capacitor of claim

herein said interna es nickel or
jokel lov.

f31 5. The monolithic ceramic capacitor of
claim [1] 2, wherein said external electrode [i=s
constituted byl _gomprigses a sintered layer of an
‘electrically conductive metal powder or an electrically
conductive metal powder [added with al and glass frit.

.4
Ll

- Ihe monolithic ceramic capacitor of ¢laim
4, wherein said external electrode comprises a first :
laver sintered layer of an electrically conductive metal

powder or an electrically conductive metal powder and
5 S i a r plated laver on the firs
layver.

7. Ihe monolithic ceramic capacitor of claimnm

rein sai «B,0y= 1)0, oxide glass ig in the
i io f a mol% triangular diagram of
{Li0, B0, (85.Ti 00}
‘'wherein 0.3 s w < 1.0, surroundeqd by or on the stxaight

lines linki & ints

A 2 8 -_—

— I
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4 1 0

D (45, S0, S5}

E (20, 75, 5}

F (0, 80, 20)
and contains at Jeast one member selected from the croup
consisting of Al,0, and Zro, in the gsum total of not more
than about 20 parts by weight, with the provisg that Zx0,

i 10 parts by weight, to 100 parts

by weight of said glass,

8. The monolithic ceramic capacitor of claim
7. wherein gaid internal electrodes are nickel or a

nickel allov.
[4] 8. The monolithic ceramic capacitor of

claim [2] 8, wherein said external electrode [is
constituted byl _comprises a sintered layer of an
electrlcally conductive metal powder or an electrically
condqctlve metal powder [added with al and glamsg frit.

[51 16. The monolithic ceramic capacitor of
claim [1] 8, wherein said external electrode [is composed
of] _compriges a first layer [made up of al] sintered

) layer of an electrically conductive metal powder or an

5 electrically conductive metal powder [added with a] and
glass frit and a second layer [made up of a] plated layer
on the first layer.

(6] 11. The monolithic ceramic capacitor of

"elaim [2] 1, wherein said intgrnal electrodes are nickel
or a nickel allov.
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12, e monolithic ceramic c or o
11, wherein said external electrode [is composed of a
first layer made up of] comprises a sintered layer of an
electrically conductive metal powder or an electrically

conductive metal powder'[added with a Jand glass fric.

13. The lithi¢c ceramic canacitor of ¢

11, wherein gaid external electrode comprises a firse
laver sintered layer of an electrically conductive metal

powder ox an electrically conductive metal powder and
i glass frit and a second layer [made up of a] plated layer

on the first layer.

~14. The wonolithic ceramic capacitor of claim
1, wherein said external electrode compriges a sintered
layexr of an electrically conductive metal powder or an

alectrically conductive metal powder and glassg

15. Thg monolithic cera m c capacitor gg claim

where id + electrode compriges a -}

laver sintered laver of an electrically conductive metal .

owder or an electrical onductive meta owder and

5 glass frit and a second laver plated layer on the firsgt

layer.
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