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MONOLITHIC CERAMIC CAPACT
L3¢ [FIELD OF THE INVENTION]
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-3 5 [Hitherto, a production proceas of a monolithic ceramic
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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

g e A SRR R

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.
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As the dielectric ceramfc layer, a material

composed of, for example; BaTiC,; is used as the main
component. Then,

s pben
Sag AR

; [by calcining] a laminate ig ﬁrepared
20

by laminating the sheet-form ceramic dielectric layers
[each] coated with the electrode material followed by
[press-sticking by heating in a body in a natural

s e
S """l"/

atmosphere] being presged apnd heated at 1250 to 1350°C.
: Ihereby, a ceramic laminate having internal electrodes is
i 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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of the T'nvention ** 1 The present invention relates to a
ceram e« capacitor used for electronic instruments, and particularly to

a nmonolithic ceram’c capacitor having

-2 -

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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H|therto production process for a nonolithic ceramc capacitor is
general |y as follows. First, a sheet-formdielectric ceramc |ayer having
coat ed on its surface an electrode material for
form ng an internal electrode is prepared. As the dielectric ceramc
|l ayer, a material = conposed of, for example, BaTiO3 is used as the main
conponent. Then, a lamnate is prepared by | am nating the
sheet-formceramc dielectric |ayers coated with the el ectrode
material followed by bei ng pressed and heated at 1250 to
1350[err] C

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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Al so, t1ng "an external el ectrode electrically connecting to the

intgrnal el ectrodes a
nmonol it hic ceram c capacitor is obtained.

-4 -

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
5 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 dieleactric ceramice
10 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
18 and it cannot be said that these materials gufficiently
' meet 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 ias relatively
20 high, the crystai 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]
25 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
30 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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I nt'er na electrodes to neet the follow ng conditions. 1. Because
the sceratic |am nate and the internal el ectrodes are sinmultaneously
calcined, the material has a nelting point of at |east the calcination
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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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oxi di zed in an oxidative high-tenperature atnosphere and does not react

with the dielectric ceramc |ayer. As the el ectrode neeting such
conditions, noble nmetals such as platinum gold, palladium or a silver-

pal | adi um al | oy,

etc.”, have been used. These el ectrode material s

have excellent characteristics but on thesother hand, because the material
I s expensive, the ratio of the electrode material cost to the
nonol ithic ceram c capacitor cost reaches from30 to 70% which is the

| ar gest factor

10

15

20

25

30

I ncreasi ng the production cost.

- 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.

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
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
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
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
[,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

- abgence of the plated layex.

The present invention has been made in view of
the above-described object.
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there are base netals such as Ni, Fe, Co, W M, etc., but these base
netals .a¥e easily oxidized in a high-tenperature oxidative atnosphere and
becones usel ess as the el ectrode. Thus, to use these base netals as the
internal electrodes of a nonolithic ceramc capacitor, it is necessary that
the base netal is calcined in a neutral_oj reducing atnosphere together
with the dielectric ceramic |ayer. However, conventional dielectric ceranmc
materials have the fault that when the dielectric ceramc materials are
calcined in such a neutral or reducing atnosphere, the material is greatly

reduced and converted to sem conductors.
' 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 _ 0 = x ¢ 1.0
’ 0 sy <1.0
0 s X + y < 1.0
1.000 <« m = 1.035);

I
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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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the ratio of bariumsite/titaniumsite in the bariumtitanate solid
solutiem is in excess of the stoichionetric ratio as shown in
Exam ned Publ i shed Japanese Patent Application No. Sho 57-42588 and a
dielectric ceramic materi al obtained by adding the oxide of a rare earth
el ement such as La, Nd, Sm Dy, Y, etc.. 4ga a bariumtitanate solid

sol ution as shown in Unexam ned Published Japanese Patent Application No.
Sho 61-101459 are proposed.

[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
5 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,

10 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.

15 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

20 invention, by using the dielectric ceramic materiail
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

25 as described above and containing [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

30 deteriorating [the] its characterigtics, and the
monclithic ceramic capacitor [satisfyingl satisfies the B
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change Qf, the dielectric constant, for exanple, the dielectric ceramc

mat eri al s of t he BaTi O3- CaZr BB- MhO- MgO seri es conposition shown in
Unexam ned Published Japanese Patent No. 62-256422 and a BaTiJerr]- (M,

Zn, Sr, Ca)O-B[err](err]-SiJerr] series conposition shown in Exam ned
Publ i shed Japanese Patent Application Ne.l1&he 61-14611 are proposed.
By using such dielectric ceramic materials, a ceramc |lamnate which is
not converted to a sem conductor by calcination in a reducing atnosphere
can be obtained and the production of a nonolithic ceram c capacitor using

a base metal such athaatkelis€iCs [Ay13%ed by] of the JIS Standard ang
[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
dielec;;ic ceramic laminate obtained are small as 1 pm or
smaller, 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 alkaliihetal oxides such as

' Nggx K0, etc., igive] hag a large [influences] influence
on the electric characteristics. That is, it hés 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 Al,0; and Zr0; to the |
oxide glass mainly composed of Li,0-B,0:-(Si, Ti)o,, it

SPEC\208570. redlina
_—
This Sheet Has Bee.

I

THIS SHEET HAS BEEN

3 T A 0T
REPLACED




i Nt &cﬁapp M%%gdg'f?g P@ﬁg %@E 12 (PRINTED PAB&H‘?\’ EhQ}RﬁI@QﬁﬂERdﬁSQQ"ﬁ&&/M
in el ectfonrcs si'zing o

t he.t erelency
the nmonolithic ceram c capacitor is remarkabl e, Accordi ngly,

demand f or
const ant ,

a

shal electronic parts has proceeded rapidly and
to small size and i ncrease in capacity of

dielectric ceramic material having a high dielectric

showi ng a | ower. - 11 -

10

15

20

25

30

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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excell e i abi as i ncreased. However, in the dielectric
ceranmic materials
< 1} 0]

- 12 ~

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 d;electrlc ceramic layera.

20 [Then] Next, the production 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 oxlde,
‘and nickel oxide, magnesium oxide, and [material] powders
composed of an Li0-B,0;~(8Si, Ti)0, series oxide glass, and
an interxnal electrode 4 composed of nickel or a nickel
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and Une%%ﬁﬁ Pubi‘iZhe apanese Patent No. Sho 61-101459, a |arge
di el ecttic constant is obtained but there is the fault that the crystal
particles of the ceram c | am nate obtai ned are | arge and when the
t hi ckness of the dielectric ceramc layer in the nonolithic ceramc
capacitor becones as thin as 10[err]mar jtshi_nner, the nunber of the crystal
particles in each |ayer is decreased and this | owers reliability.
Al so, there is a problemthat the tenperature change of the dielectric
constant is large and it cannot be said that these materials sufficiently
nmeet the demand of narkets. .
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 them]

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, etc., 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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Publ i shed Japanese at ent 256422, the dielectric constant 1s
relatively high, the crystal particles of the ceramic |amnate obtained are
smal |, and the tenperature change of the dielectric constant is small, but
because Cazr(Jerr] or CaTiJerr] fornmed during the calcination process is
|iable to forma secondary phase with Mfx there is a problemwth
reliability at hi gh tenperature. Also, in the dielectric
ceram ¢ material shown in Exam ned Published Japanese Patent Application
No. 61- 14611, there is a fault that the dielectric constant obtained is

from 2,000 to.2, 8070 oain% tah f&éz@,l t'.isn, etc., is formed on the plated

first layer 6 to produce a chip-type monolithic¢ ceramic
capacitor 1. '

Example 1
5 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

10 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
Kind of Kind of] Mean
15 BaTiO, | Mewl | &0 | CO | sio, | apo, | Eemee
¢ 126
[Particle : (i)
BaTiO3]
Oxide
A 0.003 0.012 0.001 0.010 0.005 0.60
B 0.020 0.010 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

20 [
Also, the oxide, the carbonate, and the hydroxide of each
component were weighed such that the composition ratio of
.0.25Li20-0.30B203-0.03T102-0,425102 (mol ratio) was
obtained and after mixing and grinding them, they were

25 evaporated to dryness to provide a power. The powder was
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capacity of the nono

ithic ceramc Capacitor. Furthernore, there is a

probl em~t hat the material does not satisfy the X7R characteristics

10

15

20

25

30

- 15 -

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

.25%.4,0- - i Oy = i 1 rario). w
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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reliability as becone nor e severe and the demand for

a -dietectric ceramc rraterlal which is excellent in reliability has
been increased. Also._at the same tinhe, t hi nning the
ceramc dielectric erghasf When

in th f thingni 3
in e case o0 |En| E%

1l glhe rated voltage is
ol tlle el ectric field
Lnsuliati on resi stance at
dgﬂv\/ﬂereby t he

to be the sane as tlhe
appl i ed per | qyep..beco
room tenperature and fpat %hi
reliability is

o wl =« g el 2 I
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reqU|re ower "the rated vo tage when thinning the ceramc
dielectric layer. Therefore, is desired to
provi de a nonolithic ceramc capaC|tor whi ch does not need a

| owering of the rated voltage by thinning the ceramc dielectric |layer, has
an insulation resistance under a high elagtric field strength, and has
excellent reliability. In a small-sized and | arge
capacity

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

SPFEC\206570. relling
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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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el ectrode. of an electrically conductive netal powder to cope with
automati c surface packaging. As the nethod of formng a plated
film an electrolytic plating method is general used. usually, fine voids
are formed in a baked el ectrode of an electrically conductive nmetal powder
Accordingly, there is a problen1that when2€¢ he nonolithic ceram c capacitor
is imersed in a plating liquid in the case of formng a plating filmon

t he

time and the mean life time was shown. The results are
shown in Table 3 halow.
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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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|nternaﬁ el ectrodes bet ween t he above-described dielectric
ceram c*l ayers such that the end of each of the internal electrodes is
alternatively exposed to different side surfaces of the
above-descri bed dielectric ceramc |layer, and external electrodes forned
such that they are electrically connecte®4 o the exposed internal

el ectrodes, wherein the dielectric ceramic |layers are Constituted by a
material conprising bariumtitanate having a content of alkali netal oxides
as inpurities.in an anount of not nore than about 0.02% by wei ght, at |east

one member sel ected frgMSEARANEY 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~temggrature'1oad life test, is that when 8
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] 20,0015 = v = 0.05, Qreferablx about 0.0025-0.04,
20 is that when v [rerpresenting] ;gg;gggg;;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
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cont ai nkng

- cobalt oxide, and nickel oxide;

magnesi um oxi de as an accessory constituent in

an amount af fromabout 0.5 to 5.0 nols as MpOto 100 nols of
a mai n constituent shown by the follow ng conposition fornula;

(1-Terr]) {[err]}[err]Tierr] + [err]M ]JOerr] + [err](err] + [err]
(Merr]Ni[err]Co[err]) O (wherein, Merr](err] is at |east one of
Sc[err]derr] and Y[err]Jerr]; Re[err]Jerr] is at |east one of
Smerr]derr] and Eu[err](Jerr] and a, [err], [err], [err], X, and y are
0.0025 [err] a + [err] 0. 025 0 [err] 0. 0075

10

15

20

25

30

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 i1s 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
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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
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consti tuent and above-descri bed magnesi um oxi de, and the
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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

5 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

10 them] were measured.

mﬂﬁ
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Al'so, inthe nonolithic ceramc capacitor, it is preferred that I n
the-tridngular diagramof {Li[err]O B[err]derr], (Si[err]Ti[err])Jerr]}
(wherein 0.3 [err] w< 1.0) , the above-described

Li[err]O-Blerr]Jerr]-(Si, Ti)Jerr] series oxide glass is in the inside of
the regi on surrounded by 6 straight |inesz®r-on the lines linking 6 points
of A (0, 20, 80) B (19, 1, 80)

C (49, 1, 50) D (45, 50, 5) E (20, 75, 5)

Il _ Table 4 E

Components of Oxide Glasg
Addition Added
Sample Amount Main Constituents (mol %) Components
I 0 ISP VO S TN RV N
.4
101 1.0 9 20 80 0.7
5 102 L0 19 1 20 0.7
i 103 1.0 49 1 50 0.8
104 1.0 45 50 S 0.5
105 10 2 5 | s 0.4
106 10 0 20 20 0.4
10 107 10 35 15 50 0.3
' 108 10 35 50 15 0.9
109 1.0 20 40 40 0.3
110 K] 10 15 3 |- 07
111 L0 | 10 70 20| 04 5 2 H
15 112 1.0 35 15 50 0.7 15 5
| 113 1.0 k] 15 50 0.7 20
114 10 35 135 50 Q.1 10
s 10 10 3 85 0.5
*116 1.0 55 20 25 0.7
20 17 10 35 62 3 0.7
i ¥ Lo 3 8 10 0.7
*11 1.0 10 15 5 01
*120 10 35 50 15 10 u
, *121 10 3s 50 15 | 07 | 30 l
25 || 122 35 0 | 1 o7 20
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Al [err]aggT Tlsdn&%&w Wﬁ#ﬁ%’umtot al of not nore than about 20 parts

by weight (with a proviso that Zr(Jerr] is not nore than about 10 parts by
wef ght) to 100 parts by weight of the above- described constituents.

Also, in the nonolithic ceram c capacitor, it is preferred that the
above-described external electrode is copgtituted by a sintered |ayer of an
el ectrically conductive netal powder or an electrically conductive netal
powder m xed with a glass frit. Furthernore, it is
preferred that the above- described external electrode is conposed of a

first |ayer
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

5 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

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 detexrmined. Also, the
change ratio of the electrostatic capacity to a

15 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

20 change [ratios (f¢C/C25°C)] ratio fAC[gg§°C! at -58¢C and

' at 125°C usging 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

25 125°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.

30 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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plated layer on the first |ayer. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figh 1 is a schematic cross-sectional view showing an enbodi nent of the
nonolithic ceram c capacitor of the present invention,
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Caparity Temperature
Change Ratio
z 125°C
=10.0
2.8
3.6
3.3
6.8
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5.9
-6.9
10.0
6.5
9.0
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Firing
Temperature
(°C)
1280
1280
1280
1260
1260
1280
1280
1260
1260
1280
1280
1300
1280
1300
1300
1300
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Sample
No.
g
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ceram c |layer having an internal electrode in the present invention,

Fig. 3 iks an expl oded sl ant view showi ng an enbodi nent of the ceranic

| am nate of this invention, and Fig. 4 is a ternary conposition
di agram of {Li[err] ' r]Ti[err])derr]} show ng the
conposition range o err]-(Si, Ti)Jerr] series oxide
gl ass. DETAI LED S OF THE | NVENTI ON

CR Product After
Plating

Table § - Cont'd

- 32 -

This Sheet Has Been Replaced

N

SPBEC\206570.1edline

THIS SHEET HAS BEEN
REPLACED



| R debstventarolsi 13hiec1982 AN C C EE) 34t MBINFROROBRL 3y e, Obp1iRtstsS| HOsiag .
di el ect Y998 6t ¢ Trht (—ﬁRﬁ’él @%\g}ﬁé&aa conpositi oﬁﬁéat io of bariumtitanate, = °

at | east one of scandi um oxi de and yttrium oxi de, at |east one

of “samari um oxi de and eur opi um oxi de, nmanganese oxi de, cobalt oxide, and

ni ckel oxi de adjusted as descri bed above and containing in  addition
magnesi um oxi de and t he Li[err]C)B[errLCEgrL]- (Si, Ti)err] series oxide
glass as the material for the dielectric Ceramc |ayer, the materi al

can be calcined in a reducing

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 [reguléted 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,Ti,.,) Os)
‘(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 linking 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 compositiOn [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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' This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED
e



at FOEFRERGT/A5 18 ™ 130557 From wiATA MRa. o Ch T det gl NeRldReSD  P./ke

characteristics,

the B

10

15

20

25

30

SPEC\206570,redline R

and the nonolithic ceram c capacitor satisfies

- 34 -

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
[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
Sample Nos. 119 and 120, when w representing the 8i
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
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.
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
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
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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the X7TREH T atteris of the EIA Standard,
a high ,jnsul ation resistance and a high reliability at

and has
roomtemmrﬂureand

at “a high tenperature under a high electric field strength.

Al so, -because the crystal grain sizes of the
- 38 -

Also, though as scandium oxide, yttrium oxide,
samarium oxide, europium oxide, manganese oxida, cobalt
oxide, nickel oxide, magnesium oxide, etc., [thel oxide

powders were used, [they are] the invention ig not
5 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.

10 ' 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

15 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

20 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

25 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.

30 Furthermore, because the ¢rystal grain

gize 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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nunber he Ccrysta gralhs existing in each dielectric |ayer can be
i ncreased and thus lowering of the reliability can be prevented when
thinning the thickness of the dielectric ceramc |layer of the nonolithic
ceram c capacitor. In addition, it has been confirnmed that in
the present invention, of t he al kal igge.earth netal oxides such as SrQ
CaO etc., the alkali netal oxides such as NaJerr]O, Klerr]O etc., and

ot her oxides such as Al[err](err], SidJerr], etc., existing as inpurities
in bariumtitanate in the above-descri bed nain constituents, the content of

articularly the al kal tal oxi des such
P y mon iiégic 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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~characteristics. That is, it has been confirned that by using barium

titanate wherein the content of the alkali netal oxides existing
as inpurities are |l ess than about 0.02% by wei ght, the dielectric constant
of 3,000 or higher is obtained. Al so, it has been confirnmed that
by addi ng an oxide glass mainly comgosed of

Lif[err]O-Blerr]Jerr]-(Si, Ti)Jerr] into the dielectric ceramc |layer, the
sintering property becones good and al so plating resistance is

i mproved. Furthernore, by adding Al[err]derr] and Zr(Jerr] to the oxide

glass mainly corrpoiedagf LIzL.far'rnle% I%[Ber%%‘err]é(& I DT|I)SC=I err], it

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

5" 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 gaid capacitor, and external electrodes
[formed such that they are] electrically connected to the

10 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
15 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
20 . 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
25 wherein[,] M0, is at least one [kind] membexr selected
from the aroup consisting of Sc,0, and Y,0,; Re,0; is at
least one [kind] membexr selected from the group
consisting of Sm0; and BuO; and o, 8, ¥, m, x, and y are
' 0.0025 s o + f s 0.025
30 058 s 0.0075
[0.0025] 0.0015 < v = 0.05
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Y/ (e + B) s 4 - \\“\\\
0 s x«< 1.0
0gy«<«<l1l.0
35 0 «gx+y«<1l.0
1.000 <« = 1.035;
to 5.0 mols ag MgO to 100 mols of said main constituent:
and .
40 [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

45 [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 o_+ = 0.02
0.0 0.0025 « s 04 o+ g 3.6, 0.15 =« x + <

‘50 8.5, © 2,000 ¢ m 5 1,03; about 1-4 molsg MgO 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}
5 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)
9 B (19, 1, 80)
' ¢ (a9, 1, 50)
D (45, 50, 5)

— [ .

——————————
————
————
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di el ect }9%€ using the dielectric ceramc material as
descri bed above, a snmall-sized and | arge capacity nonolithic ceramc

capaci tor capable of coping with automatic surface packagi ng, show ng a
smal | tenperature change of the electrostatic capacity, and-having a high
reliability can be realized, and also nigkel or a nickel aIon can

as the internal electrodes. Also, a small anpbunt of a cera 0&5@

S S it

E (20, 75, §)
F (0, 80, 20)

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
nickel alloy.
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 a] and glass frit.
- 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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conp05|t|on of the external electrodes. Practically, the external ‘el ectrode

may be constituted by, for exanple, a sintered | ayer of the powder . of
each of various electrically conductive netals such as Ag, Pd, Ag-Pd, Cu,
Cu alloys, etc., or a sintered | ayer of the above- described
electrically conductive netal powder coapéinded with ' vari ous
glass frits such as the Blerr](ferr]- Li[err]OSi (Jerr]-BaS-series,
Blerr]Jerr]-Sigerr]-BaO seri es, Liferr]O Siderr]-Baf erles
Blerr]Jerr] -SiJerr]-ZnO series, etc. A so, a small anD Rt
powder may be added to the El &‘éri]cala!gx conductive ne ’ ﬂ ﬂm
t he
' C (49, 1, 50}

D {45, S0, 5}

E_(20, 75, 58

F (0, 80, 20)

angd contains at least one member selected from the roup
consisting of Al,0, and ZrOo, in the sum 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
elecgrically conductive metal powder or an electrically
conductive metal powder [added with a] and glass 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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| ayer e plated layer may be only a plated | ayer made up of Ni, Cu, an
Ni:Cu @lloy, etc., and may further have thereon a plated |ayer of a
soft sol der, tin, et c. The present invention will be

practically explained based on the foll ow ng exanpl es but the present
invention is not limted by such exanpleg, .

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 monolithic ceramic capacitor of claim
11, whexein 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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capacitor of the present 1 nvention Is explained by

jtn

S - I

LT IC CAPACITO
CT OF E_DISCILOSURE

A monolithic ceramic capacitor {is disclosed,
comprising plural] has dielectric ceramic layers([, plural
internal electrodes each formed between the dielectric
ceramic layers such that the end]l of [each of the
internal electrodes alternatively exposes to both the
side surfaces of the dialectric ceramic layer, and
external electrodes formed such that they are
electrically connected to the exposed internal
electrodes, wherein the dielectric ceramic layers are
constituted byl 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 selected from scandium oxide
and yttrium oxide, at least one kind selected from
samarium oxide and europium oxide,] wanganese oxide,
cobalt oxide, and nickel oxide; [céﬁtaining by addition
magnesium oxide as an accessory constituent in an amount
of] from about 0.5 to 5.0 mols [converted as] MgO to 100
mols of [the] a main constituent shown by the following
composition formula; )

(1-a-8-7) {BaO},*Ti0; + oMO; + SRe0; + 7¥(Mn,,,NiCo)O
wherein[,] M0; is at least one [kind selected from] of
Sc0; and Y,05; Re0p is at least one [kind selected from}
of Smgk and Eu0; and o, £, ¥, m, X, and y are

0.002% s a + B s 0.025

0 =8 =< 0.0075

0.0025 £ v s 0,05

v/{x + 8) s 4

0 =sx< 1.0
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cross-sectional view show ng an enbodi nent of the m)nol ithic ceramc
capacitor of the present invention, Fig. 2 is a schematic plane view

show hg" an enbodi nent of the | aminated ceramic |ayer of the present

I nvention having an internal electrode, and Fig. 3 is an expl oded sl ant

vi ew show ng an enbodi nent 06 d ?':pre%ent I nventi on. As shown in
Fig. 1, the nonolithic ceramc Capacitor of the present inventionis a
rectangul ar form chi p-type ndrol%¥ t’*hYc<cér9m c capacitor prepared by forning
external ela@strodes 5 a firsiodeakem & atossgkel , copper, etc., and a

second layer 7 of 3g3pLlheSRAAL! \odritBining] an 14,0-B,0s- (84, 'ri)O, [series)
oxide glass 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
main constituent and the magnesium oxide, and the

40 internal electrodes are constituted by nickel or a nickel
alloy. '
-
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etc., at both the sjde r.L.ac a,ceram Iamnate30btalned)by
| am nating plural d#&l %r# %g%’c)f/ayers%a, 2b With  1998/10/8i €15219:22
el ectrodes 4 bet We%(r)s t%;e_d%glda&tsi,i c ceram c | ayers. Next ,
t he produc_tion?rgi Ut nonolithic ceram c capacitor 1 of the present
I nventi onéiﬁ_ﬁpl ai ned in_the QPge_r_oi -the_produggi-on -st6psS+ — — — 30— — — — — —
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First, a c lTaminate 3 is formed. The ceramic laminate 3 is pr oduced

as follo -Aﬁ sh g‘gi%‘ll Fignm?, @ dielectric ceramc |ayer 2b (green
sheet) is Prepared by Tormng a sheet of a slurry conprising the main

constituents conp f bariumtitanate, at |east one of
scandi um oxi de and_yttrium
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_havi ng no_i internal el ectrode and pressed together to provi dQEELMéEMEﬁE SHEET

Thereafter the | am nat ed d|eT‘errrc—ceraﬁfe—Fayers 2a, 24 b, 2T aTE
“cal-¢ined in a reducing at m)sphe}{lses - taq fiornit e Te@mam

Ian(ﬁate 3. Then hwt agedt r odes 5 affe |f ormed at
/he side surfaces of the ceram m uch that thegy are connected
the internal electrodes 4. As for the extednal® el ectrodes 5,

c

(0]

t he sane material as the internal eIectrodes 4 can be useg;wAIso STTVer;
pal | adium a silver-palladiumalloy, copper, a copper alloy, etc., can be
used'. Also t he foregoing netal powder m xed with a gl ass

frit of
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MONOLITHIC CERAMIC CAPACITOR
[FIELD OF THE INVENTION]
[* 3 moved from here; text not shown]

CKGRO OF E _INVENTION
[Hitherto, a production process 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 _
particularly to a meonolithic ceramic capacitor having
internal electrodes made up of nickel or a nickel alloy.

Hitherto, the production process for a
monolithic ceramic capacitor iz generally as follows.

First, a sheet-form dielectric ceramic layer having
coated on [the]l its suxface [thereof]l an electrode
material [becoming] for forming an internal electrods is
brepafed. As the dielectric ceramic layer, a material
composed of, for example, BaTiO; is used as the main
component. Then, [by calcining]l a laminate ig prepared
by laminating the sheet-form ceramic dielectric layers
[each] coated with the electrode material Followed by
[presg-sticking by heating in a body in a natural
atmosphere] being pressed and heated at 1250 to 1350°C.
Thereby, a ceramic laminate having internal electrodes is
obtained. Also, by plating an external electrode
electrically connecting to the internal electrodes [to
the side surface of the ceramic laminate], a moneolithic
ceramic capacitor is obtained.

THEZ SHEET HAS BEEN
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~glass, etc. , can be used rin use,

" place of use, etc., of the m)nollthl ’gﬂ [] i tor o
material is selected. ctrod s *be ﬁé?ned
by coating a met al powder paste, whi ch becones the
on the ceramic |amnate 3 obtained by calcination foll owed by baking but
the paste may also coat ed befaze- cal ci nati on and t helexterna
el ectrodes may be forned sinultaneously with the ceram c | am nate 3.
Thereafter, plating of nickel, copper, etc., is applied onto the external

electrodes 5to forma first layer 6. Finally, a plated second |ayer

Accordingly, it is necessary that ‘the material
for the intexrnal electrodes [meets] to meet the following
conditions.

1. Because the ceramic laminate and the
internal electrodes are simultaneously 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
with the dielectric ceramic layer.

As the electrode meeting such conditions, noble
metals such as platinum, gold, palladium[,] or a silver-
palladium alloy, etc., have been used. These [However,
these] electrode materials have excellent characteristics
but on the other hand, because the material is expensive,
the ratio of the electrode material cost [occupyingl to
the monolithic ceramic capacitor gost reaches from 30 to
70%, which is the largest factor [of] increasing the
preduction cost.

As other materials having a high welting point
fthan the ncoble metais], there are base metals such as
Ni, PFe, Co, W, Mo, etc,, but these base metals are easily
oxidized in a high-temperature oxidative atmosphere and
becomes useless ag the.elactrode. Thus, to use these
base metals as the internal electrodag of a monolithic
ceramic capacitor, it is necessary that the base metal is
caleined in a neutral or reducing atmosphere togsther
with the dielectric ceramic layer. However, conventional
dielectric ceramic materials have the fault that when the
dielectric ceramic materials are calcined in such a
neutral or reducing atmosphere, the material [are] is
greatly reduced and converted to semiconductors.

THiE SHEET HAS BEEN
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To overcome [such a] this fault, a dielectric
ceramic material wherein [in a barium titanate solid
solution,] the ratio of barium gite/titanium site [is
excessive to] _in the barium titanate solid solution is
in excegss of the stoichiometric ratio as shown in
Examined Published Japanese Patent Application No. Sho
57-42588 and a dielectric ceramic material obtained by
adding the oxide of a rare earth element such as la, Nd,
Sm, Dy, ¥, etc., to a barium titanate solid solution as
shown in Unexamined Published Japanese Patent Application
No. Sho 61-101459 are proposed.

Also, as dielectric ceramic materials having a

[less] _lowexr temperature change of the dielectric
constant, for example, the dielectric ceramic materials
of [al the BaTi0,~CaZr0;-MnO-MgO series composition shown
in Unexamined Published Japanese Patent No. 62-256422 and
a BaTiQ;- (Mg, 2n, Sx, Ca)0-B;0;-8i0, series composition
shown in Examined Published Japanese Patent Application
No. 8ho 61-14611 are proposed.

By using such [a] dielectric ceramic [material]
materials, a ceramic laminate which is not converted to a
senmiconductor by calcination in a reducing atmosphere can
be obtained and the production of a monolithic ceramic
capacitor using a base metal such as nickel, etc., ag the
internal electrodes becomes poasible.

With the recent progress [of] in electronics,
small-sizing of electronic parts [proceeds] has proceeded
rapidly and the tendency [of] to small [-sizing] gize and
[increasing the] increasge in capacity of the monolithic
ceramic capacitoxr [becomes] is remarkable. Accordingly,
{the] demand for [the] a dielectric ceramic material
having a high dielectric constant, showing a [less] lower

THIZ SHEET HAS BEEN
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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 dielectric constant is
obtained but there is [a] the fault that the crystal
particles of the ceramic laminate obtained [become]l are
large and when the thickness of the dielectric ceramic
layer in the monclithic ceramic capacitor becomes zg thin
as 10um or thimner, the number 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 constant is large
and it cannot be said that these materials sufficiently
meet the demand of markets.

On the other hand, in the dielectric ceramic
material shown in Unexamined Published Japanese Patent
‘No. 8ho 62-256422, the dielectric constant is relatively
high, the crystal particles of the ceramic laminate
obtained are small, and the temperature change of the
dielectric constant is small, but because CaZrO, 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 ig a fault that the dielectric constant
obtained is from 2,000 to 2,800 and the material is
disadvantageous [in] from the view point of small-sizing
and increasing the capacity of the monclithic ceramic
capacitor. Furthexmore, there is a problem that the
matexrial does not satisfy the X7R charactexristics
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By ‘heat - deconposi ng the precipitates ar“a*tenperafWH%fﬁ-{)(l -
the 4 kinds of barium titanate aTl Oerr]) shd¥ L%ﬁEggg?eéﬂrfT
bel ow were synt hesi zed. Cbntgm t Replaced (Wt

Alkal i I I , mL an KN 1087
Met al Sro CaO Sigerr] I rtigl BaTi O3

Si ze s '

5

[regulated byl gof the BIA 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%.

[Thus, to] To solve the above-described
problems, [the] compositions are proposed in Unexamined
Published Japanese Patent Application Nos. Hei 5-9066,
Hei 5-9067, and Hei 5-9068. However, [thereafter,] the
market demand [of markets] for [the] reliability
[becomes] thereafter has become more severe and the
demand for [the] a dielectric ceramic material which is
excellent in [the] reliability has been increased. Also,
at the same time, the demand for thinning the ceramic
dielectric layer has become gevere.

[However, when] When in the case ¢f thinning
the ceramie dielectric layer, the rated voltage is to be
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
a high temperature is lowered, whereby the reliability is
greatly lowered. Thus, in conventional dielectric
ceramic materials, [in the case of] it ig reguired to

lower the rated voltage when thinning the ceramic
dielectric layer. Therefore. it is desired([, it is

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
high electric field strength, and has [an] excellent
reliability. _

[Now, in] In a small-sized and large capacity
monolithic ceramic capacitor, [to cope with automatic
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- surface packaging,] a plated f£ilm such as a soft solder,
etc., is formed on a baked external electrode of an
electrically conductive metal powder [as the external
electrodes] Lo cope with automatic surface packaging.

As [2] the method of forming a plated f£ilm, an
electrolytic plating method is general uged. TUsually,
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
wonolithic 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 dislectric ceramic layer
to lower the reliability.

SUMMARY OF THE INVENTION
Thus, the primary object of the present

invention is to provide a small-sized and large capacity
monolithic ceramic capacitor at a low cost, whearein the
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 temperature and at 125°C are high as
at least 2,000 MQeuF and at least 500 MQeuP respectively
[,]1: the temperature characteristics of the electrostatic
capacity ([satisfy] sgatigfies the B characteristics
[regulated by] of the JIS Standard and the X7R
characteristics [regulated byl of the EIA Standard(,]:
and the reliability is high regardless of the presence or
absence of the plated layer.

The present invention has been made in view of
the above-described object.
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The present invention provides a monolithie
ceramic capacitor comprising plural dielectric cerxamic
layers, plural internal electrodes [each formed] between
the above-described dielectric ceramic layers such that
the end of each of the internal electrodeg is
alternatively [exposes] exposed to [both the] different
side suxrfaces of the above-described dielectric ceramic
layer, 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 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
oxide and yttrium oxide, at least one [kind] member
selected from samarium oxide and europium oxide,
manganese oxide, 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
[converted] as MgO to 100 mols of {[the] a main
constituent shown by the following composition formula;

(1-a-8-7) {Ba0},*Ti0, + oM0; + PRe0; + (Mo, NilCo)O
(wherein, M;0; is at least one [kind selected from] of
8c,0; and Y,05; Re0; is at least one [kind selected froml

of sm0, and Eu0; and «, B, ¥, m, X, and y are

0.0025 = o + 8 < 0.025
0 <8 s 0.0075

0,0025 = v s 0.08

v/ (e + B) = 4

0 = x < 1.0

0 s y«<1.0

0 s X+¥Y<1l.0

1.000 <« m = 1,035);
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grain size of

and furthermore, containing an Li0-B,0,-(Si, Ti)0, series
oxide glass 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] constituent and
above-described magnesium oxide, and the above-described
internal electrodes are constituted by nickel or a nickel
alloy.

Also, in the monolithic ceramic capacitor, it
is preferred that [when] in the triangular diagram of
{Li0, BO;, (Si,Tiy,)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}
B (19, 1, 80)
C (49, 1, 50)
D (45, S0, S)
E (20, 75, 5)
F (0, 80, 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.

Also, in the monolithic ceramic capacitor, it
is preferred that the above-described external electrode
is constituted by a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal powder [added] mixed with a glass frit.

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 powdexr or an electrically conductive metal powder

THZ SHEET HAS BEEN
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Theh, BaCO err] for adjusting the Ba/Ti nol ratio of QﬁﬁhwRL
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NiO Co[err](err], and MO each havi ng £
prepared. These raw material powders wer lwm i W|th 20 0NT maz
above-descri bed oxide gl ass powder suc OSItIOnmLﬁLLQS showg_
in Table 2 were obtained to provide conpounded products. o each of the

conpounded products were added a <@ yvi nyl butyral series_binder

and an organic solvent such as ethanol, etc., and the resultant mxture was
wet- mxed in a ball mll to provide a ceranic slurry. Using the ceramc
slurry, a sheet was forned by the doctor blade nethod to provide a

rectangul ar ﬁﬂﬂﬁ%&jsﬂiﬁéghﬁf%ﬁ“é glass frit and a second layer made
up of a plated layer on the first layer.

BRIEF DEGCRIPTION OF THE DRAWINGS

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 showing an
embodiment of the dielectric ceramic layer having an
internal electrode in the present invention,

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

Fig. 4 is a ternary composition diagram of
{Li0, BO;, (S5i,Ti,,)0,} showing the composition range of
the LifD-Bﬁk-(Si,'Ti)Cb series oxide glass.

DETATILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
[
Then, the practical embodiments of the present invention
are described.
l1In the monolithic ceramic capacitor of the present

invention, by using the dielectric ceramic materiai
having a composition ratio 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 [by] in addition
magnesium oxide and the LiﬁD-Bﬁk-(Si, Ti)O, series oxide
glass as the material foxr the dielectric ceramic layer,
[when] the material {is] can be calcined in a reducing
atmosphere[, the material can be calcined] without
deteriorating [the] its characteristics, and the
monolithic ceramic capacitor [satisfyingl satisfies the B

HiS SHEET HAS BEEN
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characteristics [regulated byl of the JIS Standard and
[satisfying] the X7R characteristics [regulated by) of

the EIA Standard, and [having] has a high insulation
ragistance and a high reliability at room temperature and -
at a high temperature under a high electxric field
strength.

Also, because the crystal grain sizes of the
dielectric ceramic laminate obtained are small as 1 pm or
smallef, the number of the crystal grains existing in
[one] each dielectric layer can be increased and thus
lowering of the reliability can he prevented [by] when
thinning the thickness of the dielectric ceramic layexr of
the monolithic ceramic capacitor.

In addition, it has been confirmed that in the
presgent invention, [in] of the alkaline earth metal
oxides such as Sr0, CaQ, etc., the alkali metal oxides
such as Na,0, K,0, etc., and other oxides such as Al,0,,
510,, etc., existing as impurities in barium titanate in
the above-described main constituents, the [contents]
content of particularly the alkali metal oxides such as
Na,0, K0, etc., [give] has a large [influences] influence
on the electric characteristies. That is, it has been
confirmed that by using barium titanate wherein the
[contenta] gontent of the alkali metal oxides existing as
impurities are less than gbout 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,0s~(Si,
Ti)0, into the dielectric ceramic layer, the sintering
property becomes good and also (a] plating resistance is
improved. Furthermore, by adding Al,0; and ZxrQ0, to the
oxide glass mainly composed of Li0-B,0,-(8i, Ti)O,, it

I
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becomes possible to obtain a higher ingulation
resistance.

When a dielectric ceramic layer is formed using
the dielectric ceramic material as described above, a
small-sized and large capacity moneclithic ceramic
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 electrode may be constituted by, for example,
[thel a sintered layer of the powder of each of variocus
electrically conductive metals such as Ag, Pd, 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 B,0,-
Li,0-8i0,-Ba0 series, [a] B,0;-Si(,-Ba0 series, [an] Li,0-
8i0,-Ba0 series, [al] B,04(-]-810,-Z2n0 series, etec. Also, a
small amount of a ceramic powder may be added [together
with] to 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 a2 soft solder, tin, etc.

[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'fhe accompanying drawings., Fig. 1 is a
schematic cross-sectional view showing an embodiment of
the monolithic ceramic capacitor of the present
invention, Pig. 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
invention.

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

[Then] Next, the production 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 is formed. The
ceramic laminate 3 is produced as follows. As shown in
Fig. 2, a dielectric ceramic layer [2] 2b (green sheet)
is prepared by forming a sheet of a slurry comprising the
main constituents composed of barium titanate, at least

one [kind selected from] of scandium oxide and yttrium
oxide, at least one [kind selected from] of samarium
oxide and europium oxide, manganese oxide, cobalt oxide,
and nickel oxide, magnesium oxide, and [material] powders
composed of an Li0-B,05~(8i, Ti)0, series oxide glass, and
an internal electrode 4 composed of nickel or a nickel
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Thé plural ceramc green sheets aV|ng f or med thereoﬂEﬁUﬁaE&mpl SHEET

.electrically conductive paste | ayer were

%&ﬁ&nﬂh&*’ed hat tgrrc protT uded

si des of the conductive paste |ayers we pr0\|de @p|&WL NELe.
After el i mnating t he bi nder %“m‘ | am nait e 'n"an

N err] atnosphere at a tenperature of 350

am natie Wﬁb calcined

I n a reducing atnosphere of an Herr]-Nerr]-Herr]O gas of fan oxygen

partial pressure of from10[err]- 288 120[err] MPa for 2 hours ‘at—tte

tenperature shown in Table 3 below to provide a ceram c

alloy 1s formed on one surface thereof. 1In addition, the
internal electrode 4 may be formed by a screen printing,
etc., or may be formed by a vapor-deposition methed or a
plating method. A necessary number of the dielectric
ceramic layers 2b each having an internal electrode are
laminated and ag shown in Pig. 3, the laminated layers
are placed between dielectric ceramic layers 2a [each]
having no internal electrode and [press-stuck them]
presgsed together to provide a laminate. Thereafter, the
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] the side surfaces of the ceramic¢ laminate 3 such
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. Also the
foregoing metal powder [added] mixed with a glass frit of
a By0;-510,-Ba0 series glass, a Li0-8i0,~-Ba0 series glass,
ete., [is] can be used[, and byl. By considering the
use, [the using] place of use, ete., of the monolithic
ceramic capacitor 1, a proper material is selected.
[Also, the] The external electrodes 5§ [are] _can be
formed by coating [the] a metal powder paste, which
becomes the [materiall electrode, on the ceramic laminate
3 obtained by calcination followed by baking but the
paste may [be] also coated before calcination and the
external electrodes may be formed simultaneously with the
ceramic laminate 3. Thereafter, plating of nickel,
copper, etc., is applied onto the external electrodes 5§
to form a first layer €. Finally, a plated second layer

THES SHEET HAS BEEN
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| ami nat e. After calcination, a silver_paste containing a
BHH]QGH}LHGHH}SQGHLBM)%HGSma%%%ﬁjm§ﬂmuﬂ£1thtm

side surfaces of the ceram c | am nate obtai ned a 1s aked in an N[err]

at nosphere at a tenperature of 600[err]Cto form lﬁﬂBaﬂ L des

el ectrically connected to the internal electrodes out5|de

di rensi ons of the | am nated condenser obtai ned as ve were 1.6
mmin width, 3.2 mmin length ~ &Ad~1.2 mMmin thlckness he t hi ckness

of the dielectric ceramc |ayer disposed between the |nternal el ectrodes
was 8 [err]m Also, the total nunmber of the effective dielectric ceramc
| ayers )

' 7 of a soft solder, 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] titanate (BaTiO;) shown in Table 1 below were

synthesized.
Table 1 |
Content of Impurities (wt%)
Alkali
Kindof | poof Mean
BaTIO; |  Metal $:0 Ca0 sio, | Ao, | Eerick
[Particle @zs
BaTiO3]
Oxide
A 0.003 0.012 0.001 0.010 0.005 0.60
B 0.020 0.010 0.003 0.019 0.008 0.56
c 0.012 0.179 0.018 | 0.155 0.071 0.72 ||
{ o 0.062 0.014 0.001 0.019 0.004 0.58 "

[ .
Alsgo, the oxide, the carbonate, and the hydroxide of each

component were weighed such that the compogition ratio of
0.25L120-0.30B203-0.03T102-0.4258102 (mol ratioc) was
obtained and after mixing and grinding them, they were
evaporated to dryness to provide a power. The powder was

I'HI3 SHEET HAS BEEN
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was 19 and the area of the counter el ectrode per tayer—was

The electric characteristics MShéeﬁPa@Héeﬁﬂepl LOf §

Vr ns

was cal cul ated fromthe electrosteglc capaC|ty Then

usi ng

I
capacity (C) and the dielectric loss (t nmeagu
automati c bridge-type neasurenent instr ! uengy jo

i

and at a tenperature of 25[err] ectn

an insul ati on

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.)

Also, oxides, carbonates and hydroxides were

wei ined such that the compogition ratio of

0.251.3,0-0.308:,0:-0,03Ti0,~0.42810, (mol ratie) was
obtained after mixing and agrinding and evaporating to
dxynegs to provide a power. The powder was placed in an
alumina crucible and after melting by heating at 1300°C,
quickly cooled and ground the molten powder ground to
produce an oxide glass powder having a mean grain size of

sm X,
Then, BaC0O; for adjusting the Ba/Ti mol ratio
(m] (m) of barium titanate and Sc,0;, ¥,0;, Sm0;, Bu,0,,
MnCO;, NiO, Co0;, and MgO each having a purity of at
least 99% were prepared. These raw material powders 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]
rolvvinvl butvral series binder and an organic solvent
such as ethanol, etc., and the resultant mixture was wet-
mixed in a ball wmill to provide a ceramic slurry. 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 electrode.
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16 volts was applied for 2 mnutes and the insulation res Q5 - -
25[err] C and at 125[err] C were neasured and the product o S@%‘?’%ﬁ‘/&@r %E[T

el ectrostatic capacity (C) and the insulation resistance (R
was det erm ned. Furthernore,

CR product,

det er m ned.

for neasuring the indul oL 611997
resistance (R) at an electric field Qflgo_k\dnn] a direct{clrrent voltage
of 160 V was applied for 2 m nutes and=the-insul ation res|stances (R) at
25[err] C and at 125[err]C were neasured simlarly and the
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the electrostatic capacity to t enper at ure change was neasaFe8EMMENT SHEET
In particular, the change ratio ([err]C C20[err]C) at -25[erj]Eand--at
85[err]C using the electrostatic capacity at 20[err]C as the staa¢a¢9ﬁ~m@g
change ratio ([err]C/ C25[err]C) at -55[err]C and at 125[err]|C usfng the"”
el ectrostatic capacity at 25[err]C as the standard, and the |[absotute-vatue
([err]) of the I argest change rqt&g absol ute value] w thin tlhe range of

from-55[err]C to 125[err] C was wer e shown. AST,asda
hi gh-tenperature load life test,

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
laminate. After [calcining] 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 1012 Mpa for 2 hours at the
temperature shown in Table 3 below to provide a ceramic
laminate. '

After calcination, a silver paste containing a
B;05-1i,0-810,-Ba0 series glass frit was coated on both the
side surfaces of the ceramic laminate obtained and baked
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 cobtained as described above were 1.6 mm in

- width, 3.2 mm in length{,] and 1.2 mm in thickness, and
the thickness of the dielectric ceramic layer disposed
between the internal electrodes was 8 pm. Also, the
total number of the effective dielectric ceramic layers
wag 19 and the area of the counter electrode per [one]
layer was 2.1 mm?.

[Then, the] The electric characteristics [of
them] were measured. The electrostatic c¢apacity (C) and
the dielectric loss (tan §) were measured using an
automatic bridge-type measurement instrument at a
frequency of 1 kHz, 1 Vrmg([,] 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
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using 36 each sanpl es,

a direct current voltage of 100 V wds '«!ﬁB’p{‘@lé&Féﬁ SHEET

.150[ err] C and the change of the insulation resistance wth it hepassage—of—
ti me was neasur ed. The tine t he hi gh-tenperatju E’h@ﬁd‘ﬁﬂﬁqg? 1
t est when the insulation resistance (R) of each nple becane
10[ err] or lower was defined as the life e

B e |

B

Lo st
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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 259C 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. 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
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
neasured.

In particular, the change [ratios {_C/C20°C)]
ratio (AC/C20°C) at
-25°C and at 85°C using the electrosgtatic capacity at
20°C as the standard, the change [ratios (_C/C25°C)]
ratio {AC/C25°C) at
-55°C and at 125°C using the electrostatic capacity at
25°C a= the standard, and the absolute value [(]|_C|max)
that] (JAC|.) of the largest change ratic [as the
absolute value] within the range of from -55°C to 125°C
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

- reaistance with the passage of time was measured. [In

addition, in) The time the high-temperature locad life
test[, the time] when the insulation resistance (R) of
each sample became 10° @ or lower was defined as the life

[
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- 20 - time and the nean life time was shown. The results
Tabl e 3 bel ow. £

- 2¢ -

time and the mean life time was shown. The results are
shown in Table 3 balow.
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As 1s 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 & is 2.5% or lower, and the change ratio of the
electrostatic capacity to the temperature satisfies the B
characteristic [standard regulated by] of the JIS
Standard in the range of from -25°C to 85°C and satisfies
the X7R characteristic [standard regulated by] of the EBIA
Standard in the range of from -55°C to 125°C,

Furthermore, the insulation resistances at 25°C
and at 125°C under a high electric field strength of 20
kV/wm show high values of 2000 MQeum or higher and 500
MQeum or highexr, respectively. Also, the mean life time
is long as 500 hours or longer. Furthermore, the
calcination temperature is relatively low {agl., 1300°C or
lower, and the grain size is small [as], 1 pm or smaller.

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

The reason for limiting the sum of ¢ and § in
(1-a-8-v) {Ba0},*Ti0, + aM0, + BRe0; + 7 (Mn, NiCo,)O
(wherein, M)0; is at least one [kind selected from] of
8¢,0, and Y,0;; Re,0; is at least one [kind selected from]
of 8m0; and Eu,0;) to the range of 0.0025 s o + 8 < 0.025,
preferably about 0.006-0.02, is that when "o + gv
representing the (M0; + Re,0;) amount is less than _about
0.0025 ag in Sample No. 1, the dielectxric constant ¢ is
lower than 3,000 and temwperature change ratic of the

| electrostatic capacity becomes large. Also, the
insulation resistance in the case of applying 20 kg/mm at
1259C is lowered and also the mean life time is extremely
shortened.
-
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capaci tor of the present invention, the dielectric constant—{er+i{—ts biﬁp
as 3,000 or higher, the dielectric loss tan [err] is 2. 5@60ht?b%éb,t%h EET
the change ratio of the electrostatic capacity to the tenpergature
satisfies the B characteristic pf otthen J1 897
Standard in the range of from-25[err]Cto 85[err]C and satisfles the X7R
characteristic - 24 - of the Bl A Standard—tnthe
range of from-55[err]Cto 125[erriC: Furthernoye, the

i nsul ation resistances at 25[err]C and at 125[err] C under afighereciric
field strength of 20 kV/ mm show hi gh val ues of 2000 M err]mor higher and
500 Merr]mor higher, respectively. Also, the nean life tine 1is long as
500 hours or |onger. ®Rrihfeathes, bapd, when "o + " representing

the (M0; + Re0;) amount is more than about 0.025 as in
Sample No. 19, the dielectric constant does not exceed
3,000, the insulation reasistances at 25°C and at 125°C
are lowered, the mean 1ife time becomes short, and the
calcination temperature is increased.

Also, the reason for limiting § to the range of

0 < f = about 0.0075, preferably about 0.001-0.005, the
high-temperature ioad life tegst, is that when B8

representing the Re,0; amount is 0 as in Sample No. 3, the
mean life time becomes shorter than 500 hours.

On the other hand, when f [representing the
Re203 amount] is over about 0.0075 as in Sample No. 22,
the temperature change ratio of the electrostatic
capacity becomes large and the sample doeg not satisfy
the B characteristics of the JIS Standard and the X7R
characterigstics of the EIA Standard.

Also, the reason for limiting 7 to the range of
[0.0025] 0.001S < v s 0.05, preferably about 0.0025-0.04.
is that when 7 {[rerpresenting]l xrepresenting the (Mn, Wi,
Co)O amount is less than [0.0025! zbout 0.0015 as in
Sample No. 2, [when] and the sample is calcined in a
reducing atmosphere, the dielectric ceramic iz reduced to

be converted to a semiconductor and the insulation
resistance is lowered.

On the other hand, when ¥ representing the (Mn,
Ni, Co)Q amount is over agbout 0.05 as in Sample No. 20,
the insulation resistance at 125°C is lowered regardless
of tha electric field strength, the mean life time is
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 + ¥y < 1.0 erably about 0.18-0.5, is
eplaced

T




calcination temperature is relatively |ow 1300[ er r | C| oREPLASKMENTNGHEET

.the grain size is small 1 [err]mor snaller. Now—Theé
reasons of limting the conpositions in the present inventijon peT aen?
expl ai ned. The reason for limting the sumof a anda% err] in

(1-Terr]) {BaO[err]Tigerr] + [err]Merr]derr] + [err]Re[qrrTTerr] +
[err] (Merr]Ni[err]Co[err]) O (wherein, Merr]derr] is atl | east one of

SClerr]Jerr] and Y[err]Jerr]; RA®rr]Jerr] is at |east o of
Smerr]derr] and Eu[err](Jerr]) to the range of 0.0025 [err] + [err] <
0. 025, preferably about 0.006-0.02, is that when [err] representing the
(Merr]derr]+ Re[err]derr]) anount is |ess than about 0.0025 as in Sanple

yganée ﬁgtel Oh%ftee,he&ac xCONgtant deeidiknbic! Q¥kEaidialy 038 2RdshApPEr ature
Nos. 23, 24, and 25, the insulation resistance is lowered
and the mean life time becomes shorter than S00 hours.

Also, the reason for limiting v/(c + 8) to the
range of y/(a + ) = 4, preferably about 3.6 or less, is
that when the that ratio y/{a + B8) of the (M0; + Re,0,)
amount, "« + B" and the (Mn, Ni, Co)O amount, ¥ is over
ahout 4 as in Sample No. 21, the temperature change ratic
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 1.005-31,03, is that
when the mol ratio m of barium titanate is less than
[1,000] 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
insulation resigtance is 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 sintexring property
is extremely deteriorated.

Also, the reason for limiting wagnesium oxide
to the range of from gbout 0.5 to 5.0 mols 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. &, the
insulation resistance is lowered and the mean life time
becomes shorter than 500 hours. Furthermore, although
the temperature change ratio of the electrostatic
capacity satisfies the B characteristics [regulated byl]
of the JI8 Standard, it does not satisfy the X7R
characterigtics [regulated by] of the EIA Standard.

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

—_—
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el ectrostatic capacity becomes large. Al so, the insulation rqstt ANy SHE
.the case of applying 20 kg/mm at 125[err]C is |lowered and al go |t he mean
life time is extrenely shortened. 20 0CT 1897
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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 Li,0-B;0;,-(8i, Ti)O, series oxide glass to
the range of about 0.2 te 3.0 parts by weight, preferablv

about 1-2.5, is that when the addition amount of the
Li0-B,0;-{S1, Ti)O, series oxide glass ie less than _about
0.2 part by weight as in Sample No. 7, sintering becomes insuffic

On the other hand, when the addition amount of
the Li,0-B,0;-(8i, Ti)QO, series oxide glass is over about
3.0 parts by weight as in Sample No. 28, the dielectric
constant is lowered.

Also, the reason for limiting the content of
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 iz over about
0.02% by weight as in Sample No. 29, lowering of the
dielectric constant occurs.

In addition, there is no particular restriction
on the ratio (8/a) of the Re,0; amount, S, to the MO,
émount, o, 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 A/«
s 1, preferably = 0.7.

Exa e 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
{BaO},s*Ti0; + 0.6¥,0; + 0.4Ew,05 + 2.0 (Mng Nig,Co,,) 0 (mol
ratio) with 0.8 mol of Mg0 was prepared, [the] a Li,O-
B,0;-(Si, Ti)O, series oxide glass having a mean grain
size of 1 pm or smaller shown in Table 4 prepared by

—_—
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- 24 - On the other hand, when "[err] +[err] [' ﬁ@bféﬂﬁﬂmT@gﬁgT
the (Merr]derr] + Re[err](Jerr]) anount is nore than about] O ~BG et sflre
Sanpl e No. 19, the dielectric constant does not exceed 3, 0Q0, _@ ArT 897 Z

i nsul ation resistances at 25[err]C and at 125[err]C are | oyerie ‘t hé 'ngdh | I
life tinme beconmes short, and the calcination tenperature i§ i EasedeWWNJ

Al so, the reason for limting [errl7to t he range of o l

heating at a temperature of from 1200°C to 1500°C by the
same method as in Example 1 was added to the raw
waterials, and each monolithic ceramic capacitor having
formed thereon external electrodes made up of silver
electrically connected to internal electrodes was
brepared by the same method as in Example 1, In
addition, the external dimensions, etc., 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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0 <Jerr] about 0.0075, preferably about 0.001-0.005, the :
high-tenperature load life test, is that when [err] repregeREpDACEIET SHEET
Re[err](Jerr] anmobunt is 0 as in Sanple No. 3, the nean I|fe¢ .Jxe....becgn@s-«
shorter than 500 hours. On the other hand, whgn 2? orT %07

I's over about 0.0075 as in Sanple No. 22, the tenperaturg cha “a‘tl’O’

the electrostatic capacity becomesf | arge and the sanple eb—hot sa{isf“
the B characteristics of the JI'S Sthrdard and the X7R chj acterlstlcs of

the EI A Standard. Al so, the reason for |imtinget
range of 0.0015 [err] 0.05, preferably about O. 0025 0.04, is
that when [err] representing - the (M, Ni,
Table 4
Companents of Oxide Glass
" éédﬁénmgn Added
ﬁa_&_—n:__']g Glas.s Main Constitnents (mol %) S'gmei 5 eanr?;
wt. % Lio, B0, .{.S_lwﬁl.\v)g; ALO, z10,
101 1.0 9 20 20 0.7
102 L0 19 1 80 0.7
103 | 10 49 1 so | o8
104 1.0 45 30 3 0.3
u 105 1.0 20 5 3 04
06 | 10 0 80 |- 20 0.4
| 207 | 10 | 3 | 15 | s0 | os
108 10 33 30 A5 0.9
H 109 10 20 40 40 03
110 1.0 10 15 5 0.7
111 1.0 10 70 20 0.4 3 2
112 1.0 35 15 20 0.7 15 3
113 1.0 S 13 20 0.7 20
114 1.0 33 15 30 Q.7 10
ha U} 10 10 3 85 0.3
X116 1.0 33 20 25 0.7
r Mzl 10 | 3 | & 3 0.7
g | 10 5 85 10 0.7
=119 10 10 13 15 0.1
*120 1.0 33 30 15 1.0
| m20 [ 10 { 38 | s0 | 15 | o7 | 20
II *122 3 S0 13 9.7 20
——
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Co) O anpunt is |ess than about 0.0015 as in Sgple—No: CUERT
ge R&Pe?%d*f‘s VT SHEET

.and the sanple is calcined in a reducing atnosphere, t
ceramic is reduced to be converted to a sem conductor an
resi stance is | owered. On the ot her hand, when
the (M, N, Co)O anount is over about 0.05 as in Sanple
I nsul ation resistance at 125[err]C is | owered regardl ess

' bf HttreeteeTITe”

-

t pe-irnsutatTon
7 fegnesﬁfﬁwmgy
No th

tenperature change ratio of the electrostatic capacity i
, the reason for limting x + y to the range of O [err] x +y < 1.0,
preferably about 0.15-0.5, is

field strength, the nean life ti-n@% s shortened, and furiner, t he

The electrostatic capacity (C) and the
dielectric loss (tan §) were measured using an automatic
bridge-type measurement 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.

Thén, for measuring the insulation resistance
(R) at an electric field of 20 kV/mm, using an insulation
resistance meter, a direct currxent 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 determined. Also, the
change ratio of the electrostatic capacity to a
temperature change was measured([. In addition, about the
change ratic of the electrostatic capacity to a
temperature change, the change ratios (f¢C/C20°C)]1;: _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 (AC/C25°C) at -55°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 ]
absolute value (Ac/c20°¢|..) of the largest change ratio
{as the absolute value] within the range of from -55°C to
125°C [was laxrgest 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] _capacitors having external electrodes plated
thereon [was] were obtained. On the monolithic ceramic
capacitor, the electrostatic capacity (¢) was measured
using an automatic bridge-type measurement instrument at
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 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 determined. The [above]
results are shown in Table 5.

\
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that when x + Yy = T.00 without- containing M as in Sanple [ dVo
.and 25, the nsul ation resistance is | owered and the neap ‘[

g?ﬁ,@@“s“m
beconmes sho et BOReplwoadr S . Al so, the reaspnjfc 7q
[err]/([err] e range of [err]/([err] + [err]) [e?r%]ﬁﬁ @.9
preferably a s, is thatzqwhen the that ratlo [ “LrJ/(rerrl +
[err]) of the (I\/[err] err| + Re[er"Tq_e—r"]) anount, "[erf] + [err]" and
the (M, Ni, Co)O anount, [err] is over about 4 as in SanmplLe.No,. .21,  the

tenperature change ratig the electrg ;gfgim;%hbgsm rge and
the nmean |Ii 5,9hof t er t Han[ 500 [hdur k. alalgle Alsd, lEhe reason
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1.000 <

the sanple is converted

bari um

hour s.

1.035 as in Sanple No. 26,

det eri or at ed.
t he range of
1-4 nol, is

m[err] 1.035, preferably about 1.005-1.03, is that._.when the nol
ratio mof bariumtitanate is |ess than 1. 000 as in paopl-eNo-- 4, -
to a semiconductor and when the molf rAti ool Sm=s
titanate is 1. 000 as in Sanple No. 5, the in#ﬁh@hiqn_ -
resistance is lowered and the mean life4ime becones shorter (than 660 1°%;
On the ot her handr—s%eﬂ—Lhe nmol ratio m{slover_about R
the sintering property is extrengly
Al so, the reason for limting nmagnesiwmoxide to
t_0 5 1o 5 0 nols converted as MO, preferably about
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anbunt is less than about 0.5 nol as in Sanple No. 6,the i sﬁ‘ﬁ-gt
.resistance is lowered and the nmean |life time becomes shorter [han 500"_

hours. Furthernore, although the tenperature change ratio 0 hg 0 657 1297

el ectrostatic capacity satisfies the B characteristics of the JI S
Standard, it does not satisfy the X7R characteristics of
the BI A Standard. On the other hand, when the ad ition_ampunt of

MyO i s over about 5 nols as in Sagple Nos. 27, the

As is clear from Table 4 and Table 5, in the
monolithie ceramic¢ capacitor of the present invention
constituted from the dielectric ceramie layers containing
by addition the Li,0-B,0,-(Si, Ti)O, series oxide glass, '
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 [regulated by] of
the JIs Standard within the range of from -25°C and 85°C
and the X7R characteristic standard [regulated by] of the
EIA 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
deterioxated.

When trianqular diagram of {Li,0. B.O:.

[When triangular diagram of {Li20, B203,] (8i,Ti,,)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
lines or on the 6 straight lines linking 6 pointe, that
is {[the] point A [showing] of the composition ([that]
where Li0 is 0 mol%, B0, is 20 mol%, and (Si, Ti)O, is 80
mol%; [the] point B [showing] of the composition (that]
where Li0 is 19 mol%, B,O; is 1 mol%, and (8i, Ti)O, is 80
mol%; [the] point C [showing] of the composition [that]
where Li,0 is 49 mol%, B,0; is 1 mol%, and (Si, Ti)O, is 50
mol%; [the] point D [showing] of the composition {[that]
where Li,0O is 45 mol%, B,O; is 50 mol%, and (Si, Ti)0O, is §
mol%; [the] point E [showing] _of the composition [that]
where Li0 is 20 mol%, B0, ie 75 mol%, and (8i, Ti)O, is
5 mol%; and (the] point F [showing]l of the composition
[that] where Li;O is 0 mol%, B0 is 80 mol%, and (8i,

\\\
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sintering tenperature becones high, the dielectric c
not exceed 3,000, and the nean life tine is

—G-E

"RERHCERSS SHEET

L

Ti)O, is 20 mol¥%. On the other hand, Sample Nos. 115 to
118 which are outside the region surrounded by the §
straight lines or are not on the 6 straight lines are
undegirable since they [become] are sintering
[deficiency] deficient or even when they are sintered,
the insulation resistance is extremely lowered by
plating.

Also, even when samples are in the inside of
the above-desacribed region or on the straight lines as in
Sample Nos. 119 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 kV/um after plating is extremely lowered, [the] both
of which are undesirable.

Also, as Sample Nos. 111 to 114, monolithie
ceramic capacitors each having the insulation resistances
at 25°C and at 125°C in 20 kV/mm of 3,000 MQeuF and 1,000
MQeuF, respectively, are obtained but as in Sample Nos.
121 and 122, when the addition amount of 21,0; is over 20
paxrts by weight or the addition .amount of Zr0, is over 10
paxts by weight, the sintering property is extremely
lowered, which is undesirable.

In addition, even though in the above
examples{, as] _the barium titanate{, the] powder
[thereof] wag produced by an oxalic acid method [was
used], the barium titanate is not limited [to the powder]
thereto but a barium titanate powder produced by an
alkoxide method or a hydrothermal synthetic method may be
used. By using these powderas, it isg possible that the
characteristics are more improved than those shown in the
Examples of this invention.

\
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shorter than 500 hours. Al so, the reason for limitfin Pkﬁﬁgﬁg&’ SHEET
-addition amount of the Li[err]OBlerr]derr]-(Si, Ti)Qerr] gerfies oxide
glass to the range of about 0.2 to 3.0 parts by weight, prefe¢rgbl?8abdutisn?

1-2.5, is that when the addition anmount of the Li[err]O B[erg] rrl-(Si,
Ti)Jerr] series oxide glass is |ess than about;. 0.2 part by weight as In
Sanple No. 7, sintering becones insufficient Ont ot her hand,

when the addition anount of the Li¥®err]O-Blerr]o[err]-(Si, Ti)Jerr] series
‘oxide glass is over about 3.0 parts by weight as in Sanple No. 28, the
dielectric constant is |owered. Al so, the reason for limting
the content of alkali netal oxides contained in bariumtitanate as

Also, though as scandium oxide, yttrium oxide,
samarium oxide, eurcpium oxide, manganese oxide, ccbalt
oxide, nickel oxide, magnesium oxide, etc., [the]l oxide
powders were used, [they are] 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.

: Az described above, [ by using the monolithic
ceramic capacitor of the present invention,) because the
dielectric ceramic layer is constituted by the dielectrie
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 layex can be caleined at a
relatively low temperature as 1300°C or lower, whereby
[the] a lower cost [down] of the monolithic ceramic
capacitor can be realized. '

Also, [in the monolithic ceramic capacitor
using the dielectric ceramic material,] the dielectric
constant is 3,000 or higher and the temperature change of
the dielectric constant is small in the monolithic
ceramic capacitor 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 laver 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 layexr iz
thinned, the amount of the crystal grains [exiséing] in
the layer can be increased compared with conventional

This Sheet Has Been Replaced
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inpﬁrities to about 0.02% by weight or lower is that when the dﬁﬁﬂﬁﬂE*@ﬂT SH!

EET

the alkali metal oxides is over about 0.02% by wei ght as in Sanpe—~Ne-
| owering of the dielectric constant occurs. I n add tig?rﬁthggqﬁﬁ?

is no particular restriction on the ratio ([err]) of the Re[efr

._ ,

anount, [er] to the Merr](err] anount, a, but in order that]thke

tenperature change ratio of the electrostatic capacity has a purplus from

the al l owabl e val ue of the standar8, ~it is preferred that [erri{—fter+i

1
'Ll

preferably [err]0.7. As a dielectric ceramic material, raw
material s
wmonolithic ceramic capacitors. Thus, a small-gized and
large capacity meneolithic ceramic capacitor having a high
reliability can be obtained. Also, because the electric
c¢haracteristics are not lowered by plating, it is
possible to cope with automatic surface packaging.
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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obt ai ned by conpoundi ng 100 nols of the conposition fornula §ﬁﬁ§'ﬁﬁ

titanate of Ain Table 1, 97.0 {BaC}[erLLILﬁlgLLl_i_Q;Qllggr QFeTT] +... con
0.4Eu[err]Qerr] + 2.0( Mn[err]Ni[err]CJerr])O (nol ratio 'tN%jiif?ﬁﬁ!“df

MyO was prepared, .a Li[err]O B[ er rTHisaed HasBin refladed] € 1Yl SET T €5

gl ass having a nean grain size of 1 [err] I oW | able 4
preparea by mmr
- 37 - \

[What is claimed is] WHAT IS CLAIMED I1S:

1. A monolithic ceramic capacitor comprising
[plural] at _least three dielectric ceramic layers,
[plural] at least two internal electrodes [each formed]
between [said]l adjacent dielectrxic ceramic layers such
that [the]l an end of each of the internal electrodes
[alternatively exposes to both the side surfaces of said
dielectric ceramic layer] ig exposed at a different side
surface of gaid 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] cowmprise a
main_ component 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]l _member selected from the group
consisting of scandium oxide and yttrium oxide, at least
one [kind] member selected from the group consisting of
gamarium oxide and europium oxide, and manganese oxide,

cobalt oxide, and nickel oxide[; containing by addition
magnesium oxide as an accessory constituent in an amocunt
of fxom 0.5 to 5.0 mols converted as MgO to 100 mols of
the main constituent shown byl., of the following
composition formula;

(1-a-8-7) {BaO},*Ti0, + aM0; + BRe0; + ¥ (Mny,,Ni,Co,)0
wherein[,] M,0; is at least one [kind] membex selected
from the aroup consisting of Sc,0; and Y¥,0,; Re,0; is at
least one [kind] membexr selected from the group
consisting of Sm0; and BuO; and o, 8, ¥, m, x, and y are

0.0025 s @ + § = 0.025
0 = 8 s 0.0075
[0.0025] 0.0015 = v = 0.05

———
———— e
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_27; heating at a tenperature of from 1200[err]C to 150([@ﬁgh@ bst [

sane nethod as in Exanple 1 was added to the raw naterials

uﬁ-..Fi

nonol ithic ceram ¢ capacitor having formed thereon external electrogg%ﬂq? ¢
up of silver electrically connected to internal el ectrodes wgs 20 057 138
- 38 =
[
v/l + B) s 4 heet Has Been Replaced
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0 sy<«1.0
0=x+y«<1.0
1.000 « m = 1.035;

nagnesium ox in a unt of from about 0.5
to 5.0 mols as MgO to 100 wmols of said main constituent;

and

{furthermore, containing] an Li,0-B,0;-(Si, Ti)O,

[series] oxide glass 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

(1.

[and said internal electrodes are constituted by nickel

or a nickel alloy. ]

2. The monolithic ceramic capacitor of claim
1, wherein [when the ]0.006 s o + s 0.02, 0.001 <
0.00%, 0.0025 = s 0.04 o _+ g 3.6, 0.15 = x +
0.5, 05 < 1.03; about 1-4 mols MgO to 100

mols of said main congtituent: and about 1-2.5 pph glass.

3. The monolithic ceramic capacitor of claim
2, wherein said L3i,0-B,0,-{8i, Ti)O, oxide glass is in the

ingide of the region of a mol% triangular diagram of:
(14,0, BO;, (Si,Tiy,)0;}
wherein 0.3 s w < 1.0, [

is formed, said Li20-B203-(Si, Ti)02 series oxide glass
is in the inside of the region] surrounded by [6 straight

lines] or on the straight lines liﬁking 6 points of
A {0, 20, 80)

B (19, 1, 80)

© (9, 1, 50 ] ) R
* [4 L M S *

D (45, 50, 5)
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prebared by the sanme nethod as in Exanple 1. In addition, t

di nensi ons,

[ e
..._-..u Y Ad

s e ‘?..\!i w3t ti‘f :

hggglf(}t er nal . SJ

etc., of the monolithic ceram c capacitor prepgred mg}gysgaa7a

those in Exanple 1 The electric characteristics
measur ed.
I
-39 as Been Replaced

E (20, 75, §) \

F (0, 80, 20)
and contains [by addition] at least one [kind] member
selected from the group consisting of Al,0;, and Zr0, in
the sum total of not more than about 20 parts by weight,
with [a] the proviso that 2Zr(, is not more than about 10
parts by weight, to 100 parts by weight of said
[constituents.] glass,

4. The monolithic ceramic ¢apacitor of claim
3, wherein said intermal electrodes are nickel or a

nickel alloy.

{3] 5. The monolithic ceramic capacitor of
claim [1] 2, wherein said external electrode [is
constituted by] _comprises a sintered layer of an
electrically conductive metal powder or an electrically
conductive metal powder [added with a] and glass frit.

&. Ihe monolithic ceramic capacitor of claim

4, wherein sajd external electrode comprises a first
laver sintered layer of an electrically conductive metal

electrically conductive metal powder and

glass frit and a second laver plated laver on the firgt

layer.

1. Ihe monolithic ceramic capacitor of claim

1., wherein said 1i,0-B.0;- (81, Ti)O, oxide glass ig in the

inside of the region of a mol% triangular diagram of:
{Li0, B0y, (S1.Td,.)0,)

ines linking 6 points of

A (0, 20, 80) [ —

Ry IIIII Illll I
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B (19, 1. 80) This Sheet Has Been Replaced
C (49, 1, 50} Iulu

D {45, S0, 5}

E (20, 75, S}

F (0, 80, 20)

and containsg at Jeast one member selected from the croup
consisting of Al.,0, and Zr0Q, in the gum total of not more
than about 20 varts by weight, with the proviso that Zr0O,
ig not more than about 10 parts by weight, to 100 parts
by weight of said glass,

8. The monelithic ceramic capacitor of claim
7. wherein gsaid internal electrodes are nickel or a
nickel allov.

[4] 3. The moncolithic ceramic capacitor of
claim [2] 8, wherein said external electrode {is
constituted byl _comprises a sintered layer of an
electrically conductive metal powder or an electrically
conductive metal powder [added with a] and glass frit.

(5] 10. The monolithic ceramic capacitor of
c¢laim [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
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
claim [2] 1, whexein said intgrnal electrodes are nickel

| T
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12. The monolithic ceramic capacitor of claim
11, wherein said external electrode [is composed of a

first layer made up of] compriges a sintered layer of an
electrically conductive metal powder or an electrically
conductive metal powder [added with a Jand alass friz.

13. The monolithic ceramic capacitor of claim
11, wherein gai xternal electrode comprises a firass
laver sintered layer of an electrically conductive metal
powdey or an electrically conductive metal powdexr and

glass frit and a second layer [made up of a] plated layer
on the first layer.

14. The monolithic ceramic capacitor of claim
1, wherein said external electrode comprises a sintered
laver of an electrically conductive metal powder or an
alectrically conductive metal powder and glass frit.

15. The monolithic ceramic capacitor of claim
1, wherein gaid external electrode comprises a first
laver sintered laver of an electrically conductive metal
powder or an electrically conductive metal powder and
glass frit and a second laver plated laver on the first

layer.

Hllllll Iy Hl!l il

THIE SHEET HAS BEEN
REPLACED
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MONOLITHYIC CERAMIC CAPACTITOR

ABSTRACT OF THE DISCI.OSURE

A monolithic ceramic capacitor [is disclosed,
comprising plural] has dielectric ceramic layers|[, plural
internal electrodes each formed between the dielectri¢
ceramic layers such that the end] of [each of the
internal electrodes alternatively exposes to both the
side surfaces of the dielectric ceramic layer, and
external electrodes formed such that they are
electrically connected to the exposed internal
electrodes, wherein the dielectric ceramic layers are
constituted byl 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
waeight, [at least one kind selected from scandium oxide
and yttrium oxide, at least one kind selected from
samarium oxide and europium oxide,] manganese oxide,
[containing by addition

cobalt oxide, and nickel oxide;
magnesium oxide as an accessory constituent in an amount
of] from about 0.5 to 5.0 mols [converted as] MgO to 100
mols of [the] a main constituent shown by the following
composition formula;

(1-c-B-v) {Ba0},*Ti0, + aM,0; + PBRe0; + ¥ (Mo, NiCo)O
wherein[,] M0; is at least one [kind selected from] of
Sc,0; and Y,0;; Re,0; is at least one [kind selected fromi
of Sm0; and Eu,0, and o, B, 7y, m, x, and y are

0.0025 = o + 8 = 0.025
0 = B = 0.0075

0.0025 s ¥ s 0.05

v/ i + 8) = 4
0 s x< 1.0

. This Sheet Has Been Rep

WA
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0 <x+y<l.0
1.000 <m < 1.035;

[furthermore, containing] an Li0-B,0;-(8i, Ti)Q,

[series)

oxide glass in an amount of from abgut 0.2 to 3.0 parts
by weight to 100 parts by weight of the sum total of the
main constituent and the magnesium oxide, and the
internal electrodes are constituted by nickel or a nickel

alloy.
FIG. 4
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cal cul ated fromthe el ectrostatic capacity. o
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FIG. 3




Then, for neasuring the insulation resistance (R at an el-eetst+e—i+retd
of 20 kV/nm wusing an insul ation resi stance neter, a di reatpb{ﬁm\ﬁii‘ﬂ SHEET

vol tage of 160 V was applied for 2 mnutes, the i nsul at i jon—+eststances
(R at 25[err] C and at 125[err] C were neasured, and the |pr odg caft tdo
el ectrostatic capacity (C) and the insulation resistance (RFthat is
the CR product, was determ ned. Also, the change ratio re—-

el ectrostatic capacity to a tenperatélre change was neasuf ed t he
change ratio ([err]C C20[err] O —_ . at—=25{erT]C

and at 85[err]C using the

(SiwTi-wOa

Li:0 20 40 60 B0 B0
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electrostatic capacity at 20[err]C as the standard, thej p gh .
.ratio ([err]C/ C25[err]C) . at -55[err]Cand - gt ﬁgﬁ‘g&fﬁﬁﬁ
and t

“the electrostatic capacity at 25[err]C as the st andand, € utje
value ([err]C/C20[err]derr]) of the largest change ratijo| 85 NOV 97

within the range of from-55[err]Cto 125[err]C

- Af ter 1
nmeasuri ng , a nickel plating liquid cont ai ni ng nicEET—EEWT?ﬁ??J

ni ckel chloride, and boric acid was prepared and ni ckel.pl

applied on the external silver electrodes by the barrel platlng met

was

Finally, a solder plating Iiquid conposed of an AS bath (alkanolsulfonlc

acid) was prepared and by
- 1 -

MONQLITHIC CERAMIC CAPACITOR

BACKGROUND OF THE INVENTION

1. Field of the invention

x* 1 The present invention relates to a ceramic

capacitor used for electronid instruments, and
particularly to a moneolithic ceramic capacitor having

internal electrodes made up of nickel or a nickel alloy.

Hitherto, the productlon process for a monolithic

ceramic capacitor is generally as follows.
First, a sheet-form dielectric ceramic layer having

" coated on its surface an electrode

material for formlng ‘an internal electrode is

ﬁrepared. As the dielectric ceramic layer, a material
composed of, for example, BaTiO; is used as the main
component. Then, 2 laminate is prepared
by laminating the sheet-form ceramic dielectric layers
coated with the electrode material followed by

being pressed and heated at 1250 to 1350°C,

Thereby, a ceramic laminate having internal electrodes is

obtained. Also, by plating an external electrode
electrically connecting to the internal electrodes

- , a monolithic
ceramic capacitor is obtained.
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Accordingly, it is necessary that the material
for the internal electrodes to meet the following
conditions.

1. Because the ceramic laminate and the
internal electrodes are simultaneously 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
with the dielectric ceramic layer.

. As the electrode meeting such conditions, noble
metals such as platinum, gold, palladium ~ or a silver-
palladium alloy, etc., have been used. These

electrode materials have excellent characteristics
but on the other hand, because the material is expensive,
the ratio of the electrode material cost to
the monolithic ceramic capacitor cost reaches from 30 to
70%, which is the largest factor increasing the
production cost.

As other materials having a high melting peoint

, 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 electrode. Thus, to use these
base metals as the internal electrodes of a monolithic
ceramic capacitor, it is necessary that the base metal is
calcined in a neutral or reducing atmosphere together
with the dielectric ceramic layer. However, conventional
dielectric ceramic matexials have the fault that when the
dielectric ceramic materials are calcined in such a
neutral or reducing atmosphere, the material is
greatly reduced and converted to semiconductors.
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were obtained. On the nonolithic ceram c capacitor, th
capacity (C was neasured using an automatic bridge-type adu
instrunent at a frequency of 1 kHz, 1 Vrns and at a te eratﬂ.:ﬁeﬁﬁif 1997

Then, for neasuring the insulation resisttance (R) _at a

25[err] C
a direct

capacitors havi ng external el ectrodes ph?®fﬁb

electric field of 20 kV/mm wusing an insul ation resistancejneter,

current voltage of 160 V was -3 -

ey

J"i

To overcome this fault, a dielactric

ceramic material wherein
the ratio of barium site/titanium site

in the barium titanate solid solution is in excess of

the stoichiometric ratio ag shown in
Examined Published Japanese Patent Application No. Sho
57-42588 and a dielectric ceramic material obtained by
adding the oxide of a rare earth element such as La, Nd,
Sm, Dy, ¥, etc., to a barium titanate solid solution as
shown in Unexamined Published Japanese Patent Application
No. Sho 61-101459 are proposed.

Also, as dielectric ceramic materials having a
lower temperature change of the dielectric
constant, for example, the dielectric ceramic materials
of the BaTiQ;-CazZx0;-MnO-MgO series composition shown
in Unexamined Published Japanese Patent No. 62-256422 and

a BaTiQ;~ (Mg, 2n, Sx, Ca)0-B;0;-8i0, series composition
shown in Examined Published Japanese Patent Application
No. Sho €1-14611 are proposed.

By using such dielectric¢ ceramic

"materials, a ceramic laminate which is not converted te a

senmiconductor by calcination in a reducing atmosphere can
be obtained and the production of a monolithic ceramic
capacitor using a base metal such as nickel, etc., as the
internal electrodes becomes possible.

With the recent prograss in electronics,
small-sizing of electronic parts has proceeded '
rapidly and the tendency to small size and

increase in capacity of the monolithic
ceramic capacitor is remarkable Accordingly.,

demand for a dielectric ceramic materlal
having a high dielectric constant, showing a lower



applied for 2 mnutes, the insulation resistances (R) at
~125[err] C were neasured, and the product of the electros at
“and the insulation resistance (R), that is the CR product
The results are shown in Table 5.

G S
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temperature change of the dielectric constant, and having
excallent reliability 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 dielectric constant is
obtained but there is the fault that the crystal
particles of the ceramic laminate cbtained are
large and when the thickness of the dielectric ceramic .
layer in the monolithic ceramic capacitor becomes as thin
as 10pm or thinner, the number of the crystal particles _
in each layer is decreased and this lowers

reliability. Also, there is a problem that the
temperature change of the dielectric constant is large
and it cannot be said that these materials sufficiently
meet the demand of markets.

On the other hand, in the dielectxic 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
obtained are small, and the temperature change of the
dielectric constant is small, but because CaZrQ; or CaTiO,
formed during. the calcination process is liable to form
a secondary phase with MnO, there is a problem
with reliability at high temperature.

Also, in the dielectric ceramic material shown
in Examined Published Japanese Patent Application No. 61-
14611, there ig a fault that the dielectric constant
obtained is from 2,000 to 2,800 and the material is
disadvantageous from the view . point of small-sgizing
and increasing the capacity of the monolithic ceramic
capacitor. Furthermore, there is a problem that the
material does not satisfy the X7R characteristics
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of the EIA Standard, that is the change
ratio of the electrostatic capacity between the
temperature range of from -55 to +125°C is not
within +15%.
To agolve the above-described

problems, coﬁpositions are proposed in Unexamined
Published Japanese Patent Application Nos. Hei 5-9066,
Hei 5-9067, and Hei 5-9068. However, the

market demand for reliability

' thereaftei_has become.;nmre severe and the
demand for  a  dielectric ceramic material which is
excellent in reliability has been increased. Also,
at the same time, the demand for thinning the ceramic
dielectric layer has become severe.

When in the case of thinning
the ceramic dielectric layer, the rated voltage is to be
the same as the rated voltage before thinning, the
electric field applied per layer becomes large and
thus the insulation resistance at room temperature and at
a high temperature is lowered, whereby the reliability is
greatly lowered. Thus, in conventional dielectric
ceramic materials, it is required to lower the o

rated voltage when -thinning the céfamiéM”m
dielectric layer. Therefore, it is desired

to provide a monolithic

cexramic capacitor which does not need a
lowering of the rated voltage by thinning the ceramic
dielectric layer, has an insulation resistance under a
high electric field strength, and has excellent
reliability.

In a small-sized and large capacity
monolithic ceramic capacitor,
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a plated film such as a soft solder,
etc.,, 1s formed on a baked external electrocde of an
electrically conductive metal powder
to cope with automatic surface packaging.

As the method of forming a plated film, an
electrolytic plating method is general used. Usually,
fine voids are formed in a baked electrode of an
electrically conductive metal powder
. Accordingly, there is a problem that when the
monelithic ceramic capacitor is immersed in a plating
liquid in the case of forming a plating film on the
electrodes, the plating liguid permeates " the voids
of the baked electrodes and reaches the interface between
the internal electrode and the dielectric ceramic layer
to lower the reliability.

SUMMARY OF THE INVENTION
Thus, the primary object of the present

invention is to provide a amall-sized and large capacity
monolithic ceramic capacitor at a low cost, wherein the
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 temperature and at 125°C are high as
at -least 2,000 MQeuF and at least 500 MQeuF respectively
i the temperature characteristics of the electrostatic

capacity satisfies .the B characteristics
' . of the JIS Standard and the X7R
characteristics of the BIA Standard =/

and the reliability is high regardless of the presence or
absence of the plated layex.
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 between
the above-dascribed dielectric ceramic layers such that
the end of each of the internal electrodes is
alternatively exposed to different
side surfaces of the above-described dielectric ceramic
layer, and external electxodes formed such that they are
electrically comnected to the exposed intexnal
electrodes, wherein the dielectric ceramic layers axe
gonstituted by a material comprising barium titanate
having a content of alkali metal oxides - as
impurities in an amount of not more than about 0.02% by
weight, at least one member selected from scandium
oxide and yttrium oxide, at least one member
selected from samarium oxide and europium oxide,
manganesé oxide, cobalt oxide, and nickel oxide;

containing magnesium oxide as an accessory
constituent in an amount of from about 0.5 to 5.0 mols
} as Mg0O to 100 mols of a “main

constituent shown by the following composition formula;
(1-a-B-7) {Ba0},sTi0, + aM0, + BReQ; + ¥ (Mn,, Nico,)O
{(wherein, M;0; is at least one ;' of
8C,0, and Y,0;; Re,0; is .at least one of
Smy0, and Eu,0; and o, B, ¥, m, X, and y are
0.0025 = ¢ + § = 0.025
0 =8 s 0.0075
0.0025 = v s 0.05
v/ (@ + B) = 4
0 = x < 1.0
0 s y<1l.0
0 sX+¥ <1.0
1.000 < m = 1.0358);



33 -

05 MOV 1897

REPLACEMENT SHEET

and furthermore, containing an Li,0-B,0,-(8i, Ti)0, sexies
oxide glass in an amount of from about 0.2 to 3.0 parts
by weight to 100 parts by weight of the sum _ of
the above-described main constituent and
above-described magnesium oxide, and the above-described
internal electrodes are constituted by nickel or a nickel
alloy.

Also, in the monolithic ceramic capacitoxr, it
is preferred that in the triangular diagram of
{vi0o, B,05, (Si,Ti,)0;} (wherein 0.3 s w < 1.0)

» the above-described Li0-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}
B (18, 1, 80)
C (49, 1, 50)
D (45, 50, 5)
E (20, 75, 5)
F (0, 80, 20)
and contains by addition at least one 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.

Also, in the monolithic ceramic capacitoxr, it
is preferred that the above-described external electrode
is constituted by a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal powder' mixed with a glass frit.

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




As’is clear from T Table 4 and Table 5, in the nonolithic ce
of the present invention constituted fromthe dielectric c
containing by addition the Li[err]OB[err]derr]-(Si, Ti)Q
oxi de glass, the dielectric constant [err] is high as 3,00
dielectric loss tan [err] is 2.5%or |ess, and the change
el ectrostatic capacity to tenperature satisfies the B char

| e ACPGRAY SHeer
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h series

D or Nl WY 199%he]
Fatlo of the
acteristic

st andard of the JI S.Spandard within the range

of from

-25[err]C and 85[err]C and the X7R characteristic standard

of

the EIA Standard within the range of from-55[err]C and 125[err]C

mixed with a glass frit and a second laye
up of a plated layer on the first layer.

BRIEF DESCRIPTION OF THE DRAWINGS

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

r made

iew
apacitor

Fig. 2 is a schematic plane view showing an

embodiment of the dielectric ceramic layexr having
internal electrode in the present invention,

an

Fig. 3 is an exploded slant view showing an

embodlment of the ceramic laminate of this invent

ion, and

Fig. 4 is a ternary composition diagram of
{ri0, B,0;, (8i,Ti,,)0,} showing the composition range of

the Li0-B,0;-(81i, Ti)O, sexries oxide glass.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

_In the monolithic ceramic capacitor of the present

invention, by using the dielectric ceramic materi

az

having a composition ratio of barium titanate, at least
one of scandium oxide and yttrium oxide, at least
one "~ of samarium oxide and europium oxide,
mandanese oxide, cobalt oxide, and nickel oxide adjusted
as described above and containing in additicn
magnesium oxide and the Li0-B,0,-(Si, Ti)O, series oxide
glass ag the material fox the dielectric ceramic layer,

the material can be calcined in a reducing
atmosphere : " without
deteriorating its characteristics, and the

monolithic ceramic capacitor satisfies the B



Furthernore, there is a feature that when plating is applied, the electric--

Characteristics are not deteriorated. When tri ang s e} N
{Li[err]O Blerr](err], REPLACEMENT - SHEET"
(Si[err]Ti[err]) err]} (wherein, 0.3 [err] w[err] 1.0), [preeferably—about

0.4-0.8, is fornmed, the oxide glass conposed of Li[err]C>B[errg£$eEhk—gﬁz,
Ti)err] is in the inside of the region surrounded by 6 strdi ‘"ne r
I nt—A of

on the 6 straight lines linking=6lBornts, that is poi nt-
the conposition where Li[err]Ois 0 nol% B[err](err] is 20 nol% and (Si
Ti)(err] is 80 nolt; point B of the c -
Liferr]Ois 19 nol% B[err]Jerr] is 1 nol% and (Si, Ti)02 is 80
characteristics of the JIS Standard and
the X7R characteristics of
the EIA Standard, and has a high insulation

resistance and a high reliability at room temperature and
at a high temperature under a high electric field
strength. -

Also, because the crystal grain sizes of the
dielectric ceramic laminate obtained are small as 1 pm or
smallef, the number of the crystal grains existing in

each dielectric layer can be increased and thus
lowering of the reliability can be prevented when
thinning the thickness of the dielsctric ceramic layer of
the monolithic ceramic capacitorx.

In addition, it has been confirmed that in the
pregent invention, of the alkaline earth metal
oxides such as Sr0O, Ca0, etc., the alkali metal oxides
such as Na,0, K0, etc., and other oxides such as Al,Cs,
§10,, etc., existing as impurities in barium titanate in
the above-described main constituents, the
content ©of particularly the alkali metal oxides such as
Na,0, K0, etc., has a large influence
on the electric characteristics, That is, it has been
confirmed that by using barium titanate wherein the

content of the alkali metal oxides existing as
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

an oxide glass mainly composed of Li,0-B,0;-(Si,
Ti)O;, into the dielectric ceramic layer, the sintering
property becomes good and also . plating resistance is
improved. Furthermore, by adding Al,0; and ZrO, to the
oxide glass mainly composed of Li0-B,0,-(8i, Ti)0,, it
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nmol t; point C of the conposition wher

ol % Blerr]dJerr] is 1 nml% and (Si, Ti)Jerr] is 50 nol

of t he conposition where Li[err]Ois 45 nol% B[err]

mol % and (Si, Ti)Jerr] is 5 nol% poi nt E of

conposition where Li[err]Ois 20 nol% B[err]derr] is 75{mol % and (S
Ti)Qerr] is 5 mol % and point F of t he rtTon

where Li[err]Ois O nol% B[err]Owr]+ is 80 nol% and (Si

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 monelithic ceramice
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
uged as the internal 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,

a sintered layer of the powder of each of wvariocus
electrically conductive metals such as Ag, P4, Ag-Pd, Cu,
Cu alloys, etec., or a sintered layer of the above-
described electrically conductive metal powder compounded
with various glass frits such as the B0z~
Li0-810,-Ba0 series, - B,04-810,-Ba0 series, . Li,0-
8i0,~-Ba0 series, B,0; . ~-8iQ;~-Zn0 series, ete. Also, a
small amount of a ceramic powder may be added

to 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 have thereon a plated layer
of a soft solder, tin, etc. o

The present invention will be
practically explained based on the following examples but
the present invention is not limited by such examples
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on the 6 straight lines are undesirable since they ar 0 R IO @97ng
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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
the monolithic ceramic capacitor of the present
invention, Pig. 2 is a schematic plane view showing an
embodiment of the laminated ceramic layer of the present
invention having an internmal electrode, and Fig. 3 ig an
exploded slant view showing an embodiment of the present
invention.

} As shown in Fig. 1, the monolithic cexramic
capacitor 1 of the present invention is a rectangular
form chip-type monolithic ceramic capacitor preﬁared by
forming external electrodes 5, a first layer 6 of nickel,
copper, etec., and a second layer 7 of a soft solder, tin,
etc., at both the side surfaces of a ceramic laminate 3
obtained by laminating plural dielectric ceramic layers
2a, 2b with internal electrodes 4

between the dielectric ceramic layers,

Next, the production 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 is formed. The
ceramic laminate 3 is produced as follows. As shown in
Fig. 2, a dielectric ceramic layer 2b (green sheet)
is prepared by forming a sheet of a slurry comprising the
main constituentg composed of barium titanate, at least

‘one of scandium oxide and yttrium
oxide, at least one of T gamarium
oxide and europium oxide, manganese oxide, cobalt oxide,
and nickel oxide, magnesium oxide, and powders

composed of an Li0-B,0;~(Si, Ti)0, series oxide gi_a_tss,"and
an intermal electrode 4 composed of nickel or a nickel



def'i ci ent

or even when they are sintered, the ins
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resistance is extrenmely |lowered by plating. Al so, EVEHPLARBMENT SHEET
sanples are in the inside of the above-described region or op fhe~strarght
lines as in Sanple Nos. 119 and 120, when w representing thejSi &untyiisgy

jent

| ess than about 0.3, the sanples are sintering def]c

and when w representing the Si anount is about 1.0, the insujatTon

resi stance at 20 ky/mm after platid®g-is extrenely | owered,

bot h of

whi ch are undesirabl e. Al so, as Sanple Nos. 111 to 1174
nmonol ithic ceram c capacitors each having the insulation resistances

alloy ls formed on one surface therecf. 1In addition, the
internal electrode 4 may be formed by a acreen printing,
etc., or may be formed by a vapor-deposition method or a
plating method. A necessary number of the dielectric
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
having no internal electrode and
pressed together to provide a laminate. Thereafter, the
laminated dielectric ceramic layers 2a, 2b
2b, 2a are calcined in a reducing atmosphere
- to form the ceramic laminate 3.
Then , two external electrodes 5 are formed at
the side surfaces of the ceramic laminate 3 such
that they are connected to the internal electrodes 4. As
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. Also : the
foregoing metal powdex mixed with a glasg frit of
a B,0,-S10,-Ba0 series glass, a 1i,0-8i0,-Ba0 series glass,
ete., <an be used - By considering the
use, place of use, ete., of the monolithic
ceramic capacitor 1, a proper material is selected.
The external electrodes § Can be
formed by coating @ ‘metal powder paste, which
becomes the electrode, on the ceramic laminate
3 obtained by calcination followed by baking but the
paste may also coated before calcination and the
external electrodes may be formed simultaneously with the
ceramic laminate 3. Thereafter, plating of nickel,
copper, etc., is applied onto the external electrodes 5
to form a first layer 6, Finally, a plated second layer




at 25[err]C and at 125[err]Cin 20 kVVmm of 3,000 Merr]F and 1,000 Merr]F
respectively_ are obtained but as in Sanple Nos. 121 and 1227 WTerT T1
RERLASEMINT: SHRET

addition anount of Al[err](err] is over 20 parts by weight {o
anount of ZrJerr] is over 10 parts by weight, the sintering dgréperty 1s
extrenely | owered, which is undesirable. | n addi tijory, egefdt/hi®Ednh
powdgr was

I n the above exanpl es t he bariumtitanate

produced by an oxalic acid nethod 14 - the bariumtitanatg is not imted
[to the powder] thereto but a bariumtitanate powder producgd by an
al koxi de nmet hod or a hydrothermal synthetic nethod may be used. By using

t hese powders, it is possible that the

7 of a soft solder, 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 (NQ;), having various purities were prepared and after
welghing, they were precipitated as barium titanyl
oxalate {BaTiO(C,0,)*4H,0} with oxalic acid

R By heat-decomposing the precipitates at a
temperature of 1000°C ox higher, the 4 kinds of barium

titanate {(BaTiQ;) shown in Table 1 below wers
synthesized. _
" | Table 1 ﬂ
l! Content of Impurities (wt%) |
Alkali
Mean
Kind of | Meta $r0 Ca0 §i0, Ao, |PHCle
(=)
Oxide
A 0.003 0.012 0.001 0.010 0.005 0.60
B 0.020 0.010 0.003 0.019 0.008 0.56
o 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




characteristics are nore inproved than those shown in the
Jinvention. '

- 15 -

. Also, oxides, carbonates and hydroxides were
welghgd and combined such that the composition ratio of
0.251.4120—0.30B203-0.03Ti02-0 .4281i02 (mol ratio) was
obtained after mixing and grinding and evaporating to
dryn?ss to provide a power. The powder was placed in an
alumina crucible and after melting by heating at 1300°(C,
quickly cooled and ground the molten powder ground to
produce an oxide glass powder having a mean grain size
of 1 pum or smaller.

Then, BaCO; for adjusting the Ba/Ti mol ratio
- ~ (m) of barium titanate and Sc0;, ¥,0;, Sm0,, EW,0,,

MnCoOy, Ni0, Co0;, and MgO each having a purity of at
least 99% were prepared. These raw material powdexs 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 Ppolyvinyl butyral

- series binder and an organic solvent
such as ethanol, etc., and the resultant mixture was wet-
mixed in a ball mill te provide a ceramic slurry. Using
the ceramic slurry, a sheet was formed by the doctor
blade method to provide a rectangular green sheet having
a thickness of 11 um . 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 electrode.



- 35 - Al so, though as scandi um oxi de, yttr|un1qxﬁdecgﬁﬁm¢r$wggT

.oxi de, europi um oxi de, manganese oxi de, cobalt oxide, nickel ex-de;
magnesi um oxi de, etc., oxi de powders were used, g;tgmapgkgp .
S not limted to these powders but if they are conpoundnd t heti't it ef il
the dielectric ceramc |layers of the_rgpge of the present .ipv

sol utions of al koxides, organic netals, etc., can be used W thout redUC|ng

the characteristics obtained.
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As descri bed above,

the dielectric ceramc |ayer

materi al which is not

Is constituted by the dielectr
reduced and is not converted to a semn

by cal cination in a reduci ng atnosphere,
a nickel alloy can be used as the elec
ceramic |layer can be calcined at a relatively |low tenperatufe as 1300[err]C
a | ower
capacitor can be realized.

or | ower, whereby
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constant is 3,000 or higher and the tenperature change off TOg L
.constant is small in the monolithic ceram c capacitor u5|nbi He“% f é*
ceramic material. Al so, the insulation resistance in a hijghjelectric f|eI
is high and the life time at high tenperatures is |ong. cprgiongliK 18
when the dielectric ceramic layer is thinned, it is unneclesgary to Iomer
the rated voltage. Furthernore, because the crystal grain size 1s small as

1 [err]mor snaller, when the di"eldctric ceram c |ayer is|thinned, the
anount of the crystal grains in the | ayer can be i1 ncreased
conpared with conventiona

The plural ceramic green sheets 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
laminate. After 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 102 MPa for 2 hours at the
temperature shown in Table 3 below to provide a ceramic
laminate. ‘

After calcination, a &ilver paste containing a
B,05-L1,0-810,-Ba0 serias glass frit was coated on both the
side surfaces of the ceramic laminate cbtained and baked
in an N, atmosphere at a temperature of 600°C to form
external electrodes electrically connected to the
internal electrodes.

The ocutside dimensions of the laminated
condenser obtained as described above were 1,6 mm in
width, 3.2 mm in length and 1.2 mm in thickﬁess, and
the thickness of the dielectric cerxamic layer disposed
between the internal electrodes was 8 pm. Alszo, the
total number of the effective dielectric ceramic layers
was 19 and the area of the counter electrode per
layer was 2.1 mm’.

The electric characteristics

were measured. The electrostatic capacity (C) and
the dielectric loss (tan §) were measured using an
automatic bridge-type measurement instrument at a
frequency of 1 kHz, 1 Vrms and at a temperature of
25°C, "and the dielectric constant {¢) was calculated from
the electrostatic capacity. Then,
using an insulation
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resistance meter , a direct current voltage of
16 volts was applied for 2 minutes' and the insulation
registances (R) at 259C 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. 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
measured similarly and the CR product, was determined.

. The change ratio of
the electrostatic capac1ty to temperature change
was measured.

In particular, the change -
ratio (oC/C20°C) at
-25°C and at 85°C using the electrostatic capac1ty at
20°C as the standard, the change

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

f(lAC[mx) of the largest change ratio

absolute value] within the range of from -55°C to 125°C
was . were showrn.

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.

The time the high-temperature load life
test when the insulation resistance (R) of
each sample became 10° @ or lower was defined as the life



nonolithic ceram c capacitors. Thus, a small-sized and |arge c
ronol ithic ceram c capacitor having a high reliability can be
Al so, because the electric characteristics are not | owered by
is possible to cope with automatic surface packagi ng.

i nvention has been described in detail and with reference to §
enbodi nents thereof, it will be apparent to one skilled in thg

bl Bting, Tt E
W 1% Mg 1997 '

pecific
art that

vari ous changes and nodifications %N be made therein without

departing

fromthe spirit and scope thereof.

time and the mean life time was shown. The results are

shown in Table 3 balow.
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{ REPLAGEMENT ontil |
1. A nonolithic ceram c capacitor conprising at llegst—three
_dielectric ceramc |ayers, at least two internal elleqt rpgessy 1997
bet ween adj acent dielectric ceram c | ayers such t hat an end
of each of the internal electrodes i s exposed at a differant~3ide
surface of said capaci tor, _ and external eliectrodes ...
electrically connected to the expose%jzi nternal el ectrodes, WHEre€in the
dielectric ceram c | ayers conprise a mai h conponent
conprising bariumtitanate having a
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content of alkali netal oxides inpuritlGSREPIAQQﬂTN;néuﬁET

_of not nore than about 0.02% by wei ght, at | east one
sel ected fromthe group consi sting of scandi um oxi de and ytﬂiEuﬁPH%ﬁH@
at | east one nenber selected fromthe group consisting dgf sanmari um

oxi de and europi um oxi de, and manganese oxi de, cobalt oxi de, and ni ckel
oxi de of the follow ng conposition
formul a; (1-Terr]-[err]-[ers]23 {-BaCG[err]Tierr] + [err]Merr]Jerr]

+ [err]Re[err]Jerr] + [err](M[err]Ni[err]Co[err])O

As 1s 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
congtant ¢ is high as 3,000 or higher, the dielectric
loss tan & is 2.5% or lower, and the change ratio of the
electrostatic capacity to the temperature satisfies the B

characteristic ' of the JIS
Standard in the range of from -25°C to 85°C and satisfies
the X7R characteristic of the EIA

Standard in the range.of from -55°C to 125°C.
Furthermore, the insulation resistances at 25°C
and at 125°C under a h:gh electric field stxength of 20
kv/mum show high values of 2000 MQeum or higher and 500
MQeum or higher, respectively. Also, the mean life time
is long as 500 hours or longer. Furthermore, the
caleination temperature is relatively low , 1300°C or
lower, and the grain size is small , .1 pm or smallex.
Now, the reasons of limiting the compositions
in the present invention are explained.
The reason for limiting the sum of ¢ and £ in
(1-a-B-v) {Ba0},*Ti0, + aM0, + BRe;0; + ¥ (Mn, NiCo,)0
(wherein, M0, is at least one of
chh and Y,0,; Re,O, is at least one
_ of Sm;0y and Eu203) to the range of 0.0025 s o + § < 0.025,
preferably about 0.006-0.0 02, is that when "o + g
representing the (M0, + Re,0;) amount is less than about
0.0025 ag in Sample No. 1, the dielectxric constant ¢ is
lower than 3,000 and temperature change ratio of the
electrostatic capacity becomes large. 2Also, the
ingulation resistance in the case of applying 20 kg/mm at
125°C is lowered and alsc the mean life time is extremely
shortened.



.consisting of Sc[err]derr] and Y[err]Jerr]; Re[err]Jerr

wherein[,] Merr]derr] is at |east one menber selecte

one menber selected from the group consisting of S
Eu[err](err] and a, [err], [err], m x, and y are
a+ [err] 0. 025 0 [err] 0. 0075
0. 0015 [err] 0. 05
- 24 =~

On the other hand, when "« + 8" representing
the (M0; + Re,0;) amount is more than about 0.028 as in
Sample No. 19, the dielectric constant does not exceed
3,000, the insulation resistances at 25°C and at 125°C
are lowered, the mean life time becomes short, and the
calcination temperature is increased.

Also, the reason for limiting 8 to the range of
0 < B sabout 0.0075, preferably about 0.001-0.005, the

‘high-temperature load life test, is that when 8
representing the Re,0, amount is ¢ as in Sample No. 3, the
mean life time becomes shorter than 500 hours.

) On the other hand, when S .

ig over about 0.0075 as in Sample No. 22,
the temperature change ratio of the electrostatic
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 7y to the range of

0.0015 =< ¥ < 0,05, preferably abput 0.0025-0.04,

is that when v representing the (Mn, Ni,
Co)O amount is less than about 0.0015 as in
Sample No. 2, and the sample is calcined in a

reducing atmosphere, the dielectric ceramic is reduced to
be converted to a semiconductor and the insulation
resistance is lowered. .

On the other hand, when ¥ representing the (Mn,
Ni, Co}0 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
shortened, and furthexr, the temperxature change ratio of
the electrostatic capacity is increased.

Also, the reason for limiting X + ¥y to the
range of 0 = X + ¥ < 1.0, preferably about 0.15-0.5, is
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that when x + y = 1.00 without containing Mn as in Sample
Nos. 23, 24, and 25, the insulation resistance is lowered
and the mean life time becomes shorter than 500 hours,

Also, the reason for limiting v/(«¢ + B) to the
range of v/{a + B) = 4, preferably about 3.6 or less, is
that when the that ratio ¥/{a + B8) of the (M0; + Re,0;)
amount, "a + 8" and the (Mn, Ni, Co)O amount, ¥ is over
about 4 as in Sample No. 21, the temperature change xatio
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 5 1.035, preferably about 1.005-1.03, is that
when the mol ratio m of barium titanate is less than

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  as in Sample No. 5, the

insulation resistance is 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.

Algo, the reason for limiting magnesium oxide
to the range of fromabout 0.5 to 5.0 mols converted as

- MgO, preferably about 1-4 mol, is that when the MgO

amount is less than about 0.5 mol as in Sample No. 6,. the
insulation resistance is lowered and the mean life time
becomes shorter than 500 hours. Furthermore, although
the temperature change ratic of the electrostatic
capacity satisfies the B characteristics of '

the JIS Standard, it does not satisfy the X7R
characteristics of the EIA Standard.

On the other hand, when the addition amount of

MgO is over gbout 5 mols as in Sample Nos. 27, the




O Jerr] x +y <1.0 1.000 < mJ[err]. 1.035;

in an amount of fromabout 0.5 to 5.0 nols as MyO to 100 nplgEpphCEMENT Bkl

“constituent; and an
Lif[err]O-Blerr]derr]-(Si, Ti)Jerr] oxi de glass In
fromabout 0.2 to 3-.0 parts by weight to 100 parts by wei ght

total of said main constituent and sai d nmagnesi um oxi de.
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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,-(Si, Ti)0O, series oxide glass to

the range of about 0.2 to 3.0 parts by weight, preferably
about 1-2.5, is that when the addition amount of the
Lis0-B,0,-(8i, Ti)0, series oxide glags is less than about;

0.2 part by weight as in Sample No. 7, sintering becomes insufficient

On the other hand, when the addition amount of
the Li0-B,0;- (8i, Ti)O, series oxide glass is over about
3.0 parts by weight as in Sample No. 28, the dielectric
constant is lowersd.

Also, the reason for limiting the content of
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.

In addition, there is no particular restriction
on the ratio (8/«a) of the Re,0; amount, 8. to the MO,
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 pre'ferred that B/w
£ 1, preferably =0.7.

Example 2

As a dielectric ceramic material, raw materilals
obtained by compounding 100 mols of the composition
formula using barium titanate of A in Table 1, %7.0
{Ba0},ys*Ti0; + 0.6¥,0; + 0,4Eu;0; + 2.0 (MngNigC0,,)0 (mol
ratio) with 0.8 mol of MgQO was prepared, a . LiO-
B,0,- (81, Ti)Q, series oxide glass having a mean grain
size of 1 um ox smaller shown in Table 4 prepared by




2.  The nonolithic ceranic capacitor of claim1, wherein 0.006 {err]  +

3[ € 0.02, 0.001 < 0. 005, 0.0025 0.04, [ e
[gfii%[err] 3.6, 0.15 {Z;;} X +y < 0.5, 1.0%§ri]n1[err] Ekg%ﬁdﬂwnﬂﬂ;SHEﬁr

mols MgO to 100 nols of said main constituent; and about {1- glass

3. The nonolithic ceramc capacitor of claim2, wherein salﬂ$ L? 997
Li[err]O-Blerr](Jerr]-(Si, Ti)02 oxide glass is in the inside of_ the regiion
of a nol % triangular diagramof:- 27 - {Li[erlr] G B B[err]C{err]

(Si[err]T[err])Jerr]} wherein 0.3 [err] w< 1.0,

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
moncolithic ceramic capacitor prepared were same as those
in Exanmple 1. The electric characteristics

were measured.
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Table 4
Compogents of Oxide Glass
| %%nsli!&m _ _ Added
_SANnEQ —fG—?:;;gI Main Constituents (mol %) %?u}fp%
- 8!
(wt. %) LiO, B.O, ﬁﬁi&mag; ALO, 70,
101 1.0 Q 20 80 07
102 10 19 1 80 0.7
| 103 1.0 49 1 30 0.8
104 1.0 43 1] S 0.5
105 1.0 20 5 3 0.4
106 Lo Q 80 20 0.4
107 10 35 15 50 0.5
108 10 35 50 15 0.9
| 100 | 10 | 20 | 40 | 4« | o3
Il 120 | 10 | 0 | 15 | 75 | 01
b | w0 | 10} 1 20 | 04 5 2
112 1.0 33 15 30 0.7 i3 5
113 1.0 35 i3 30 0.7 20
114 1.0 35 13 20 Q.7 10
*115 1.0 10 3 83 0.5
*116 10 35 20 25 0.7
" az | 10 | s | e | 32 | o3
[L g | 10 5 85 10 | 07
*119 1.0 10 13 13 0.1
*120 1.0 35 50 15 10
*121 1.0 33 50 15 0.7 30
122 | 10 35 30 15 07 20
| —— e —




.contains at | east one nenber selected fromt k) e rr T
(o OETT (SARET

- 39 - E (20, 75, 5) F (0,,.80, :.20). and

consisting of Alferr]Jerr] and ZrJerr] in the sumtotal o
about 20 parts by weight,

PR AT e
05 Ny ey

;-—-m_.-.n..-,.._.

L T

- 29 -

The electrostatic capacity (C) and the
dielectric loss (tan 6) were measured using an automatic
bridge-type measurement ingtrument 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
registance 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 determined. Also, the
change ratio of the electrostatic capacity to a
temperature change wag measured .

; the change ratio (AcC/C20°C)

at -25°C and at 85°C using the
electrostatic capacity at 20°C as the standard, the
change ratio (AcC/ C25°C) at -55°C and
at 125°C using the electrostatic capacity at 25°C as the
standard, and the , '
absolute value (AC/C20°C|mx) of the largest change ratio
.o . within the range of from -55°C to
125°C
After measuring + 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 liguid composad of an
AS bath (alkanolsulfonic acid) was prepared and by
applying solder plating on the mnickel plated layer by a
barrel plating method, monolithic ceramic



with the proviso that zZrJerr] is not nore than about 10 p&EFbﬁ%@ﬂLNT SHEET

wei ght, to 100 parts by weight of said glass. 4. he~ponot-TthiT
ceram-c capacitor of claim3, wherein said internal electrodes af nifpkede?
or a nickel alloy. 5. The monolithic ceranjc capaC|tor of
claim 2, wherein said external electrode conprj ses™ a
sintered | ayer of an electrically conductive netal powder or}an
electrically - 30 - -
capacitors having external electrodes plated
thereon were obtainaed. On the monolithic ceramic

capacitor, the electrostatic capacity (C) was measured
using an automatic bridge-type measurement instrument at
a frequency of 1 kHz, 1 Vrms and at a temperature of
25°9C,

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 determined. The
results are shown in Table 5.



conducti ve netal

conprises a first

powder

and

powder or an electrically conductive netal
second | ayer plated |ayer

glass frit.
.monolithic ceram c capacitor of claim4, wherein said externa

| 6 The al

el ectr ode

| ayer sintered | ayer of an electrically conductive netal

powder and glass frit and a

on the first3£ayer. 7. The monolithic
ceram c capacitor of claim1l,
g 3l & el gl =1l e -
o .~occc=c-ao!cc‘mw=_ ol_«
=t = W R = 1 21 = L I
g g‘:.wlh!?s!sslé&l%;:s_:: 3| &
zu.a"'
:l.’:-
EREE
<z Sigiat 2l il Elal &l 2 2 S SR S
Ay —
& S| Q) Q| & &l S EH SR SRS S S S S
L
R R EE R EIE REEEE SR
& S QN = RH R &l & &t st el =S =) =2} = =]
< 2|~
o 5% g
SECE
S ES =R cl| = =R
= L E B S EENEEEE ERREE
& g&nmm‘ﬂnﬂmlmﬂﬂmmﬁm ™
Q| L
=
S &
8 drap Sl glaly Q|q]cq‘? aigiali =il s
z EFE]:\'V’!VS'I\':\OV‘.WS\COQN wii ~
it = E,.:
£ &) 85
gl | mlgmc}wlxwaﬂgnlcgm’::g‘ﬁl
tlen AR e I ] Bl B | < 121 Bl
ﬁggﬁﬁu'ﬂ"’."‘.’\'"?‘?-;‘?c.‘-rwsel‘f
EAS of( o
a5 C 2
g e ooclmlwlmw'\cl-—c\]cmlcvlw_lmlggql—q
= AR B= 1< M1 B2 A R B B .
C Al =l <l <l =1 <) Sl St A <2 7SS gl ofl S
t Ld B B s
=1
- Sl e
3 @ Al al b al st attalal 2l gl gl s
& gl-= mwbhim:wlwlscm\c(s\checr-E vill <
= &3 wlllllllllllllll==
St mf DA | =
Of Wi .18
el ¥ VO
o™l
SEER
<l of 2 )|
SlStg| s 'ﬂ n{ﬂ[cw~ﬂ ﬂlrw\w % ﬁl’1‘ﬂ ﬁl? @ n(
<) o | sl el «t) <) <l <1 DA <t ) <1 S <) <l |
1
L
-
B || | e e i I | I | B
als
gl 2
At
.- Q2
S SIEIEEE Al KNS g2 g2 § gl g 2l e
—] @ a2l v J et et B TR IR il Nl = <@ Q| Q
gg i el ;i enlf ] enl| enl] enl] enl] oal | onl| enfy enl| el o
!
= At oot o <yl ot < 2 88
| qﬂ I EEEEEEEEEEEEE g8
» ‘z‘ vt | vou{ § vt § wet{ ] vemf | eonq] | e | vt ] emc] § o] | ovea| b o] § o] | ey
4
b= Wyl § WOl =]} =
%lzgl B EEEEEEEEEEEEEEEE
L1l Bl B B B B B B B it I I R B I s B B T B N B Ry | e | Il f
w
e ol




f—
FM.
@0 e
e &
-0 O
il
i3 o=
,m:\mc Nes
i {3
&t
ho9 o
o

<

Ti) 02 oxide gl ass is—in-the jinside

-
Y
=
o
™
..o0o
Scow -
m oc
~ 005 &
- w.m o uo
— . TJUsAUuY SUT jo °b
@\..m Zo 4l 3 URY o] SPTSIN0 ST » SAERH
1 — O
—_— m o C
C_OX ——
Nnup.. Wu o< JUSIY3P SUDIAUIS 0) SUIMO S[qeInEeaway] el
e = @Nl@. CC\[( = rmd e o g e =n e —_— i
o | wee | ot | om | 79 | b | 70 | o9 | 7/ T 1 | oze Al =
g & ASU31p SULIANIE 6F JaIM0 S[qeInsesiur] fow?.
[t [ p— . 0 SL o y . 4 LT Qﬁ—
TS Jo &I DeST M4 JoST Xew | D6TT | D.55- D088 JoST- -
O T . PeiddR WA Y O PIIATE WUi7AY (g #)<
~ers SRQU WHTR) 2T 00073V AL Py Ty | TS 2 N
oo Tk BEAT ST 98 ey S8y ¢ U7} 35675 smpresy | N
s g J9AYS ELTTan] : O YTV T RN UBIRIG REEDT ST * Sjdweg
_W. 5 m UV BRpoIg 13 BV Bt g5 2AANEIRAW [, Kirede?y N.:loﬂﬂ._. : : ULITg
—_ O~ =
—~_ o - Puc)y - 5 9Iqe],
TO—O III_
—_——— = O
C O
» oD
c Ooc
- O —
O C o o
R e O
0 o .
=e@ad -



10 -

(45, 50, 5) E (20, 75, 5)

B (19, 1, 80)

- 33 -

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 Li,0-B,0;-(Si, Ti)O, series oxide glass,
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

gsatisfies the B characteristic standard of
the JIS Standard within the range of from -25°C and 85°C
and the X7R characteristic standaxd of the

BIA Standard within the range of from -55°C and 125°¢,
Furthermore, there is a feature that when plating is
applied, the electric characteristics are not

) deteriorated.

When triangular diagram of {Li20, B203,
(84,Tit) Os)
(wherein, 0.3 = w < 1.0), preferably about 0.4-0.8, is
formed, the oxide glass composed of Li,0-B,0;~(8i, T:.)Oz is
in the inside of the region surrounded by 6 straight
lines or on the 6 straight lines liinking 6 points, that
is point A of the composition

 where Li,0 is 0 mol%, B,0, is 20 mol%, and (Si, Ti)O, is 80

mol%; point B of the composition

“where ,Li,0 is 19 mol%, B,0; is 1 mol%, and (Si, Ti)O, is 80
mol%; point C of ) the composition
where Li0 is 49 mol%, B,0; is 1 mol%, and (81, Ti)O, is 50
mol%; point D of - the composition

where Li0 is 45 mol%, B,0; is 50 mol%, and (Si, Ti)O, is 5

mol%k; point E of the composition

where 1i,0 is 20 mol%, B,0; is 75 mol%, and (Si, Ti)Q, is
5 mol%; and po:.nt F of . the composition
where 11,0 is 0 mol¥, B0 is 80 mol% and (si,
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and contains at |east one nenber selected fromthe group con5|>t|nn of -
A1203 and ZrQ2 in the sumtotal of not nore than about 20 partp W?I ﬁ%ﬂ?
wi-th the proviso that ZrQ is not nore than about 10 parts by Aelg@t o
100 parts by weight of said glass. 8. The nmonolithicjlc &
capacitor of claim?7, wherein said internal electrodes are nickel or a

al | oy. 9. The nonolithic ceranic capatit-or—of ——
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Ti)C, 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 are sintering

deficient or even when they are sintered,
the insulation resistance is extremely lowered by
plating.

Algo, even when samples are in the inside of
the above-described region or on the straight lines as in
Sample Nos. 119 and 120, when w representing the Si
amount is less than about 0.3, the samples are
sintering - deficient and when w representing
the Si amount i1s about 1.0, the insulation resistance at
20 kV/mm after plating is extremely lowered, both
of which are undesirable.

Also, as Sample Nos. 111 to 114, monolithice
ceramic capacitors each having the insulation resistances
at 25°C and at 125°C in 20 kV/mm of 3,000 MQepF and 1,000
MQeuF, respectively, are obtained but as in Sample Nos.
121 and 122, when the addition amount of Al,0; is over 20
paxts by weight or the addition amount of Zx0, is over 10
paxts by weight, the sintering property is extremely
lowered, which iz undesirable.

In addition, even though in the above
examples the barium titanate powdear

was produced by an oxalic acid method

, the barium titanate is not limited {to the powder]
thereto but a barium titanate powder produced by an
alkoxide method or a hydrothermal synthetic method may be
uged. By using these powders, it isg possible that the
characteristics are more improved than those shown in the
Examples of this invention.



P ANCR RN
claim 8, wherein said external electrode conpriggghﬁ”ﬁﬁ;QSESﬁggt
Ssintered | ayer of an electrically conductive netal powder or fan B T
el ectrically conductive netal powder and gl asis frfit: MOV 4957
10. The nonolithic ceram c capacitor of claim 8, whereipn paid external .
el ectrode conprises a first |ayer sintere ayer of an
electrically conductive netal powder or an electrically confductive netal
powder and glass frit and a segmd | ayer pl ated | ayer on
the first |ayer.

Also, though as gcandium oxide, yttrium oxide,
samarium oxide, europium oxide, manganese oxida, ccbalt
oxide, nickel oxide, magnesium oxide, etc., oxide
powders were used, the invention is 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 alkéxides, organic
metals, etc., can be used without reducing the
characteristics obtained.

As described above,

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 calcination in a
reducing atmosphere, nickel, which is a base metal, or

a nickel alloy can be used as the electrode material
and the dielectric ceramic layer can be caleined at a
relatively low temperature as 1300°C or lower, whereby

a lower cost of the monolithic ceramic

capacitor can be realized.

Also,

i the dielectric
constant is 3,000 or higher and the temperature change of
the dielectric constant is small in the monolithic

ceramic capacitor using the dielectric ceramic material.

Also, the insulation resigtance in a high electric field
is high and the life time at high temperatures is long.
Accordingly, even when the dielectric ceramic layex is
thinned, it is unnecessary to lower the rated voltage.
Furthermore, because the crystal grain size is small as 1
pm or smaller, when the dielectric ceramic layer is
thinned, the amount of the crystal grains in
the layer can be increased compared with conventional
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11. - The nonolithic ceranic capacitor of claim1, wherein sai

.el ectrodes are nickel or a nickel alloy. o
oy 05 HOY 1997
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monolithic ceramic capacitors. Thus, a small-gized and
large capacity moneclithic ceramic capacitor having a high
reliability can be cobtained. Also, because the electric
characteristics are not lowered by plating, it is
possible to cope with automatic surface packaging.

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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wherein said external el ectrode

co
| ayer of an electrically conductive nmetal powder or an el c?k?%? q gﬂt%QE@T
conductive netal powder and glass frit.
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WHAT CLAIMED 1S5:

1. A monolithic ceramic capacitor comprising
at least three dielectric ceramic layers,

at least two jinternal electrodes

betwaen adjacent ~dielectric ceramic layers such

that an end of each of the internal electrodes

is exposed at a different side surface of said
-  capacitor, ' and external electrodes
electrically connected to the

exposed internal electrodes, wherein the dielectric
ceramic layers comprise a main component
comprising barium titanate having a
content of alkali metal oxides impurities
.in an amount of not more than about 0.02% by weight, at
least one member selected from the group
consisting of scandium oxide and yttrium oxide, at least
one membexr sg}ééted from the group consisting of
samarium oxide and europium oxide, and manganese oxide,
cobalt oxide, and nickel oxide

, of the following
composition formula;

(L-a--7) {BaO},eTi0, + aM0O; + BRe0; + ¥ {(Mng, NiCo, )o

wherein[,] M;0; is at least one member . selected
from the group consisting of 8c,0; and Y,0,; Re,0; is at
least one member selected from the group

consisting of Sm0; and Ew0; and «, #, v, m, x, and ¥y are
0.0025 s @ + f# s 0.025
0 s 8 = 0.0075

0.0015 < 7 = 0.05 )
* c L M S *
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el ectrode conprises a first layer sintered |ayer of an el ectiii
conductive nmetal powder or an electrically conductive netal ef Ay 1997

glass frit and a second layer pl ated | ayer on th rst | ayer.
14. The nonolithic ceram c capacitor of claim1l, wherein said] external
el ectrode conprises a sintered | ayer of an electrically conduftive netal o

powder or an electrically conductiyge Jretal powder and gl ass fHt-

v/ (e + 8) < 4
0 s x <« 1.0
0=sy< 1.0
0 =sX+y<1.0
1.000 < m = 1.035;
magnesium oxide in an amount of from about 0.5 to
5.0 mols as MgO to 100 mols of said main constituent;
and
an Li,0-B,0s-(8i, Ti)o,
oxide glass 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.

2. The nonolluﬁic ceramlc capacitor of claim
1, wherein 0.006 s « + 3R =.0.02, 0.001 < B = 0.005,
0.0025 = = 0.04,~ /(a.+ B) = 3.6, 0.15 = x +y < 0.5,
1.005 <m s 1.03; about 1-4 mols MgO to 100 mols of said
main constituent; and about 1-2.5 pph glass.

3. The monolithic ceramic capacitor of claim 2,
wherein said Li20-Bz203-(Si, Ti)O2 oxide glass is in the
inside of the region of a mol% triangular diagram of:

{Lizo z BZOS ’ (s iWTil-W) 02}
wherein 0.3 s w < 1.0,

. surrounded by

or on the straightilines 1iﬁking 6 points of
A {0, 20, 80)
B (19,7 1, 80)

c (49, 1;, 50) e S ———

b (45, 50, 5) L Illl
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.el ectrode conprises a first |ayer sintered |ayer of an el ectiri RN
conductive nmetal powder and glass frit and a second | ayer platedegpygw 087
the first |ayer. Vol SR _
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E (20, 75, 5)
F (0, 80, 20)

and contains at least one mewmber ;

selected from the group consisting of Al,0, and Zro0, in
the sum total of not more than about 20 parte by weight,
with the proviso that 2r0; is not more than aboyt 10
parts by weight, to 100 parts by weight of said

glass.

4. The monolithic ceramic capacitor of claim 3,
wherein said internal electrodes are nickel or a nickel

alloy.
5. The monolithic ceramic¢ capacitor of
claim 2, wherein said external electrode
comprises a sintered layer of an
electrically conductive metal powder or an electrically
conductive metal powder and glass frit.
6. The'monolithic ceramic capacitor of claim 4,

wherein said external electrode comprises a first layer
sintered layer of an electrically conductive metal
powder or an electrically conductive metal powder and
glass frit and a second layer plated layer on the first

layer.

7. The monolithic ceramic capacitor of claim 1,
wherein said Li20-B203-(Si, Ti)O: oxide glass is in the
inside of the region of a mol% triangular diagram of:

{Li20, B203, (SiuTi-v) 0z}
wherein 0.3 = w < 1.0, surrounded by or on the straight
lines linking 6 points of
A (0, 20, 80) R

|
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B (19, 1, 80)
C (49, 1, 50)
D (45, 50, 5)
E (20, 75, 5)

F (0, 80, 20)
and contains at least one member selected from the group
consisting of Al203 and ZrO2 in the sum total of not more
than about 20 parts by weight, with the proviso that
ZrOz2 is not more than. about 10 parts by weight, to 100
parts by weight of said glass.

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

alloy.

‘ 9. The monelithic ceramic capacitor of
claim 8, wherein said external electrode
comprises 'a sintered layer of an
electrically conductive metal powder or an electrically
conductive metal powder and glass frit.

N 10. The monolithie ceramic capacitor of
claim 8, wherein said externmal electrode
comprises a first layer sintered
layer of an electrically conductive metal powder or an
electrically conductive metal powder and _
glass frit and a second layer : ) plated layer
on the first layer.

11.. The monolithic ceramic capacitor of

claim 1, wherein said internal electrodes are nickel or

a nickel alloy.
I

M\ﬁm W
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12. The monolithic ceramic capacitor of claim 11,
wherein gaid external electrode Lo
comprises a sintered layer of an

electrically conductive metal powder or an electrically

conductive metal powder and glass frit.

13. The monolithic ceramic capacitor of c¢laim 11,
wherein said externasl electrode comprises a first layer
sintered layer of an electrically conductive metal
powder or an electrically conductive metal powder and

glass.ffit and a second layer plated layer
on the first layer.

14. The monolithic ceramic capacitor of claim 1,
wherein said external electrode comprises a sintered
layer of an electrically conductive metal powder or an
electrically conductive metal powder and glass frit.

15. The monolithic ceramic capacitor of claim 1,
wherein said external electrode comprises a first layer
sintered layer of an electrically conductive metal
powder and glass frit and a second layer plated layer
on the first layer.

ey
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MONOLITHIC CERAMIC CAPACITOR

ABSTRACT OF THE DISCLOSURE

A monolithic ceramic capacitor has dielectric
ceramic layers of a material comprising barium titanate
having alkali metal oxides impurities in an amount of
not more than about 0.02% by weight, manganese oxide,
cobalt oxide, and nickel oxide; from about 0.5 to 5.0
mols MgO to 100 mols of a main constituent shown by the
following composition formula;

(1-a-B-7) {BaO},*Ti0, + oM0; + SReO0; + ¥ (Mn,,,NiCo)O
wherein M0; is at least one of '
Sc,0, and ¥,0;; Re0; is at least one of

Smy0; and Bu,0; and @, B, ¥, m, x, and y are

0.00285 = o + 8 = 0.025
0 =B = 0.0075

0.0025 s ¥ s 0.05
v/ (ax + 8) This Sheet Has Been R,

Voo Hll!ll!llllIHHHIHHI
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0 sy <1.0

0 s x+y<1.0

1.000 < m s 1.035;

an Li0-B,0;- (81, Ti)Q,

oxide glass 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
main constituent and the magnesium oxide, and the
internal electrodes are constituted by nickel or a nickel
alloy.

FIG. 4

-
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MONOLITHIC CERAMIC er

ABSTRACT OF THE DISCILOSURE

A monolithic ceramic capacitor has dielectric
ceramic layers of a material comprising barium titanate
having alkali metal oxides impurities in an amount of
not. more than about 0.02% by weight, manganese oxide,
cobalt oxide, and nickel oxide; from about 0.5 to 5.0
mols MgO to 100 mols of a main constituent shown by the
following composition formula;

(1-@-f-7) {Ba0}.eTi0, + aM0; + BRe0, + ¥ (M Ni,C0,) O

~wherein M0O; is at least one of
T 8¢0, and ¥,0; Rey0; iz at least one of

Sm0; and Buy0y and «, B, v, m, x, and y are
0.0025 s 2 + 8 = 0.025
0 = § = 0.0075 -
0.0025 s ¥ s 0,05
v/(a + B) = 4
0 =sx< 1.0 '

Q gy < 1.0 ] -
0 s X +Yy<1l1l.0
1.000 < m s 1,035;
_ i an 1Li,0-B,0,- (Si, Ti)Oy
oxide glass in an amcunt of from about 0.2 to 3.0 paxts
by weight to 100 parts by weight of the sum total of the
main constituent and the magnesium oxide, and the
incernal electrodes are comstituted by mnickel or a nickel

alloy.
FIG. 4




