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MONOLITHIC CERAMIC CAPACITOR AND METHOD

OF PRODUCING THE SAME

BACKGROUND OF THE INVENTION

ceramic capacitor and a method of producing it.

E INV ON
The present invention relates

to a monoliéhic
More

particularly, the present invention relates to a

monolithic ceramic capacitor having dielectric ceramic

layers each made of a ceramic material comprising

L. .‘mL

titanate as‘the

m%&g\component and bismuth
oxide or an oxide of a bismuth compound as the—side
£ component

d contalning a reduction

inhibitor, and also to a method of producing it.

DESCRIPTION OF RELATED ART

A monolithic ceramic capacitor is generally
composed of a plurality of dielectric ceramic layers+

3 outer

inner electrodes each sandwiched between the
adjacent ceramic layers; and §

electrodes

disposed on the outer surface of the laminate and

produced according to the following process.

with each inner electrode.

Such a monolithﬁp ceramic capacitor may be

A

dielectric powder is mixed with an organic binder; the
resulting mixture is made 1nto a slurry; the slurry is

shaped into green sheets by a doctor«bladlnq method; the

sheets each are printed with a paste contalning a metal
powder by a screen-printing method or the like; a
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pluwallty of dielectric ceramc layers with innér el ectrodes sandmnched

bet ween the adjacent ceramic |layers and with outer el ectrodes disposed on
the outer surface of the | am nate and connected with each inner el ectrode.
Such a nonolithic ceram c capacitor may be produced according to the
following process. A dielectric powder is m xed wth an organic binder;

the resulting mxture is made into.a slurry; the slurry is shaped into
green sheets by a doctor-bl adi ng nerhéb"the sheets each are printed with a
paste containing a netal powder by a screen-printing nethod or the like; a
plurality of the green sheets each printed wth the paste are | am nat ed;
the resulting lamnate is subjected to pressure to establish tight

ConneCt'onSl“%f“%'liéyaé¥w¥ﬂe green sheets each printed with the paste
are laminated; the resulting laminate are—pressured
¢ to establish tight connections

between the green sheets; the laminate is then fired in
S air at from £ 1300 to 1400°C; an outer electrode
material is applied onto the surfaces of the sintered

body ef—whieh—the inner electrodes arxe
expesed-eut; and the material is baked.

- Fhe—material-of the-dieleetrie |

10 ceraﬁic layers consisting essentially of strontium

titanate and containing a bismuth compound gives—a @
monolithic ceramic capacitor hawirng a relatively

large dielectric constant with small voltage dependence

and a small dielectric loss and therefore hawing high

15 resistance to high voltage.

The ¥ material of the inner electrodes
compr1s1ng a noble metal such as platinum, gold,
palladium or their alloys is advantageous in that (1) the
inner electrode material does not react with the

20 dielectric ceramic during firing since the noble metal
has a melting point higher than the temperature at which
the dielectric ceramic is fired and that (2) the inner
electrode material is not oxidized even when fired in-
air. However, the @ electrode material comprising such

25 a noble metal is expensive. For example, the cost of the
electrode material may often be from 30 to 70 % of the

“total material cost of the ceramic capacitor.

! | inner electrode material
comprising a 511ver-palladiﬁm¢§lloy often worsens the

.30 characteristics of the capeeiébf. For exemp;e, the
dielectric constant of the capacitor is often lowered and
becomes unstable due to the migration of silver.
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; Sheets; the lamnate is then fired in air at fromabout 1300 to [err]; an
outer electrode material is applied onto the surfaces of thé sintered body
havi ng exposed i nner el ectrodes; and the material is baked. Dielectric
ceram c |l ayers consisting essentially of strontiumtitanate and cont ai ni ng
a bismuth conpound gives a nonolithic ceram c capacitor a relatively |arge
dielectric constant with small voltagg dependence and a small dielectric
-2- loss and therefore high resistancé to high voltage.

In order to solve these problems, base metals
such as nickel, copper, iron, cobalt, tungsten,
molybdenum, etc. could be used as the inner electrode
material. However, the material comprising such a base

5 metal must be fired in a neutral or reducing atmosphere
in order to prevent the oxidation of the material during
firing. If fired in such conditions, the bismuth
compound te-be in the dielectric ceramic layers is
reduced and, as a result, the dielectric ceramic becomes

10 semi~ffconductive. ZFf-se
capacitor eeuld |} ¥ not be produced.

Copper can be fired at about 1000°C in a
neutral atmosphere having an oxygen partial pressure of

_ 107 MPa but is easily oxidized at relatively low
15 temperatures. - The #j
copper

a ceramic

3 inner electrode material comprising

diffuses copper into the dielectric ceramic
layers during firing at an oxygen partial pressure that
is higher than the equilibrated oxygen partial pressure
of Cu/Cu0 and often lowers the characteristics of the

20 capacitor produced. Therefore, the HH

inner electrode

material comprising copper requires the strict control of
the oxygen partial pressure in the firing atmosphere,
which, however, results in the increase in the production
cost.

25 SUMMARY OF THE INVENTION
The present invention provides a monolithic

ceramic capacitor which comprises a dielectric ceranmic
material consisting of strontium titanate as the main
component and bismuth oxide or an oxide of a bismuth

30 compound as —the—side [ component and an
inner electrode material eensisting of a base metal and
which therefore has a large dielectric constant with
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A material of the inner el ectrodes conprising a noble netal such as

pl ati num gold, palladiumor their alloys is advantageous in that (1) the

i nner el ectrode material does not react with the dielectric ceram.c during
firing since the noble nmetal has a nelting point higher than the
tenperature at which the dielectric ceramc is fired and that (2) the inner
el ectrode material is not oxidized eveh when fired in air. However, an

el ectrode material conprising such a noble nmetal is expensive. For exanple,
the cost of the electrode material may often be from30 to 70 % of . t he
total material cost of the ceram c capacitor. Mreover, an inner electrode
material conprising a silver-palladiumalloy often worsens the

characteristi a1 Wltage dependence and a small dielectric loss and
has high resistance to high voltage.

Specifically, as the first aspect of the
present invention, there is provided a monolithic ceramic

5 capacitor which is composed of dielectric ceramic layers
made of a ceramic material comprising strontium titanate
as the main component and bismuth oxide or an oxide of a
bismuth compound as the-side :
containing a reduction inhibitor, and inner electrodes

10 made of a base metal material containing nickel or a
nickel alloy.

As one preferred embodiment of the first aspect
of the invention, the reduction inhibitor #e-be in the
ceramic material is represented by a general formula:

15 aMO + bMnO, + cB,0; + (100-a-b-c)Sio, .
wherein M is at least one of Mg, Sr, Ca and Ba; and a, b
and c eaek are ¥Py-mel,—while 10 < a £ 60, 5 < b € 20
and 20 £ ¢ £ 35
As another preferred embodiment, the reduction
20 inhibitor is from 4 to 25 % by weight relative to
the ceramic material containing it.

The present invention also provides as its
second aspect a method for producing a monolithic ceramic
capacitor, which comprises at—least—ene—step I

25 preparing dielectric ceramic green sheets and laminating
an electrode material on each green sheet to form a
laminate comprising the ceramic green sheets each with
the electrode material, followed by héating the resulting
laminate to realize #he #ifi increase in the

30 temperature of the laminate at ;m 10 to
17°C/min, #herm firing it at a predetermined temperatufe
and thereafter cooling it.

e —
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.capacitor. For exanple, the diéelectric constant of the capacitor is
often |l owered and becones unstable due to the migration of silver. In order’
to solve these problens, base netals such as nickel, copper, iron, cobalt,
tungsten, nolybdenum etc. could be used as the inner electrode material.
However, the material conprising such a base metal nust be fired in a
neutral or reducing atnosphere in order to prevent the oxidation of the

material during firing. If fired im3dch conditions, the bismuth
conmpound in the dielectric ceramc layers is reduced and, as a result, the
di el ectric ceram c becones sem -- conducti ve. Accordingly, a ceramc

capaci tor would not be produced.
As one preferred embodiment of the second
aspect of the invention, the laminate is cooled at a rate
10°C/min or more in the last cooling step.
As another preferred embodiment, the ceramic
5 green sheets prepared eaeh comprise strontium titanate as
a main component and bismuth oxide or an oxide of a
bismuth compound as a side component and contain a
reduction inhibitor as an additive.
As still another preferred embodiment, the
10 electrode material {

ceramic green sheet comprlses a base metal material
containing nickel or a nickel alloy.

As still another preferred embodiment, the
reduction inhibitor €e—¥e in each ceramic green sheet is

15 represented by a general formula:

aMO + bMnO, + cB,0, + (100-a-b-c)Sio,
wherein M is at least one of Mg, Sr, Ca and Ba; and a, b
and c each are $by-moel;—while 10 < a £ 60, 5§ < b £ 20
and 20 £ c £ 35

20 DETAILED DESCRIPTION OF THE INVENTION
The reduction inhibitor ## of &

general formula:
aMO + bMnO, + ¢B,0; + (100-a-b-c)Sio,
wherein M is at least one of Mg, Sr, Ca and Ba; and a, b
25 and c each are % by moly it contains QQESZEKEQQ?ﬁEi’
If MO is less than § the reduction
inhibitor, the insulating resistance of the ceramic
capacitor is lowered and the dielectric loss thereof is
increased. If it is more than 16 i mol¥, the
30 insulating resistance of the ceramic capacitor is also
lowered. Therefore, the mol% (a) of MO in the reduction
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«Copper can be fired at about [err] in a neutral atnobsphere having an oxygen
partial pressure of [err] MPa but it is easily oxidized at relatively | ow
tenperatures. An inner electrode material conprising copper also diffuses
copper into the dielectric ceramc layers during firing at an oxygen
partial pressure that is higher than the equilibrated oxygen partia
pressure of Cu/CuO and often |owers_the_characteristics of the capacitor
pr oduced. Therefore, an inner electfode naterial conprising copper
requires the strict control of the oxygen partial pressure in the firing
at nosphere, which, however,

inhibitor preferably satisfies 10 < a < 60

7 ; ;%F%he—redue%ien—inhtbitoy/functions
as Pn—agceptez—aad—aise-aq/a.reduction inhibitor. If b
5 is less than 5 mol%, the dielectric ceramic becomes
semi-conductive. If it is more than 20 mol%, the
insulating resistance of the ceramic capacitor is
lowered. Therefore, it is desirable that 5§ < b £ 20

10 functions as a glass former. If c is

less than ¢

Jut 20 mol¥, the green sheets cannot be
sintered sufficiently. Therefore, the dielectric loss of
the ceramic capacitor is increased and the insulating
resistance thereof is lowered. If c is more than

15 35 mol%, the dielectric constant of the ceramic capacitor
is lowered. Thérefore; it is desirable that 20 £ ¢ £ 35

{300-a-b~e) 5i0, functions as a glass former.
For—this;—if §f a, b and c are outside the ranges of 10 <
20 a <60, 5<b< 20 and 20 < ¢ £ 35, the insulating
resistance of the ceramic capacitor is lowered, the
dielectric loss thereof is increased and the dielectric
constant thereof is lowered.
If the amount of the reduction inhibitor te—be
25 added to the dielectric ceramic material is less than
4% by weight, it is difficulf to prevent the
reduction of the dielectric material. If, however, it is
more than # 25% by weight, the dielectric constant of
the ceramic capacitor is noticeably lowered. Therefore,
.30 it is preferable that the monolithic ceramic capacitor of
the present invention contains from § 4 to 25 % by
weight of the reduction inhibitor relative to the
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¢-3-.sresults in the increase in the production cost. SUMVARY OF THE

| N\VENTI ON The present invention provides a nonolithic ceram c capacitor
whi ch conprises a dielectric ceramc material consisting of strontium
titanate as the mai n conponent and bi smuth oxide or an oxide of a bismuth
conpound as an additional conponent and an inner electrode nmaterial of a
base netal and which therefore has a |large dielectric constant wth snal
vol t age dependence and a smal | di el &cthrit | oss and has hi gh resistance to
hi gh voltage. Specifically, as the first aspect of the present

i nvention, there is provided a nonolithic ceram c capacitor

dielectric ceramic material

the method of the present

5 invention for producing the dielectric ceramic, i£ :
the heating rate at—the—step—of §§ firing the—laminate

is lower than § £ 10°C/min, the dielectric
ceramic becomes semi-conductive. If, however, it is-
higher than : 17°C/min, the green sheets cannot be

10 sintered sufficiently. If the heating rate is lower than

fioit 10°C/min and the cooling rate for cooling the
31ntered body is lower than 10°/min, the dielectric
ceramic also becomes semi-conductive. Therefore, in the
method of the present invention for producing the

15 dielectric ceramic, it is preferable that the heating
rate for heating the laminate is at from 10 to

: and that
the cooling rate for cooling the sintered body is at
10°C/min or highe

20

Since a dielectric ceramic material containing
a reduction-inhibitor is used to produce the monolithic
ceramic capacitor of the present invention, the bismuth
compound in the dielectric ceramic material is not
25 reduced even theugh—it } | is fired in a
neutral or reducing atmosphere. Therefere,—aeccording
to the present invention, it is
possible to obtain a monolithic ceramic capacitor having
a high dielectric constant with small voltage dependence '
.30 and having a low dielectric loss.
In addition, since the monolithic ceramic
capacitor of the present invention can be produced by
firing in a neutral or reducing atmosphere, £he

inner
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. whi,eh is conposed of dielectric ceramic |ayers nade of a ceramic nateri al
conprising strontiumtitanate as the main conmponent and bi snuth oxide or an
oxi de of a bisnmuth conpound as an additional conponent and containing a
reduction inhibitor, and inner electrodes nade of a base netal materi al
contai ning nickel or a nickel alloy. As one preferred enbodi nent of the
first aspect of the invention, the reguction inhibitor to be in the ceramc
material is represented by a generaT ormul a: wherein Mis at |east one of

My, Sr, Ca and Ba; and a, b and c are 10 [err] a [err] 60, 5 [err] b [err]
20 and 20 [err] c [err] 35 in nol percent. As another preferred enbodi nent,
the reduction inhibitor is fromabout 4 to 25 % by weight relative to the

electrode material comprising nickel or a nickel alloy

ceranic

the—eapaciter—ecemprising-silver— electrodes. o
10 Accordingly, the present invention can provide
monolithic ceramic capacitors with excellent
characteristics at low eests gdst
In the method of the present invention for
producing a monolithic ceramic capacitor, the heating
15 rate for heating the ceramic laminate is defined—at from
10 to 17°C/min and the cooling rate for cooling the
sintered ceramic body is defined-at  10°C/min or
higher. Therefore, the method can produce monolithic
ceramic capacitors with excellent characteristics while
20 preventing the inner electrodes from being oxidized and
preventing the dielectric ceramic layers from becoming
semi-conductive. .

_ In addition, even when nickel or a nickel alloy
is used as the inner electrode material in the method,
nickel is not oxidized k¥ firing under an oxygen
partial pressure higher than the equilibrated oxygen
partial pressure of Ni/Nio.

25

Examples of the present invention are mentioned
below, which, however, are not intended to restrict the
.30 scope of the invention.
Example 1+
i materials fer—dieleectries—of
Srco;, Pb;0,, CaCO;, Bi,0;, SnO, and TiO, were prepared and
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nafefiaf containing it. The present invention also provides as its second
aspect a nethod for prodUC|ng a nonolithic ceram c capacitor, which
conprises the steps of preparing dielectric ceram c green sheets and

| am nating an el ectrode material on each green sheet to forma |amnate
conprising the ceram c green sheets each with the el ectrode materi al,

foll owed by heating the resulting lamnate at a rate to realize an increase
in the tenperature of the | am nate of=f®omabout 10 to [err],

predeterm ned tenperature and thereafter cooling it.

10

15

20

25

. 30

SPEC\156559

weighed to obtain a dielectric substance ef
36.9 SrTiO; + 26.4 PbTiO; + 19.5 CaTiO; + 4.3 Bi0; + 1.8
SnoO, + 11.1 Tio,, and these-were wet-milled in a ball mill
for 16 hours. The resulting mixture was dried through
vaporization inte powder, the powder was
calcined in an alumina box at from 900 to 950°C for 2
hours. The calcined body was ground into g powder having
a mean particle size of 1 um. Thus was obtained a .
calcined dielectric powder.

Next, |

raw materials for i reduction
MgO, BaO, Sro, Ca0®, MnO,, B,0,
and SiO, were prepared and weighed to obtain a mixture of
a general formula, aMo + bMnoO, + cB,0; + (100-a-b-c)SioO,
(where M is at least one selected from Mg, Sr, Ca and Ba;
a, b and ¢ are % by mol and falls within the ranges of 10
£as<é60, 5<b<20and 20 £ ¢ £ 35) as
Table 1 below. The resulting mixture was wet-milled in a
ball mill and then dried through vaporization. This was
then —£ully heated and melted in an alumina crucible at
1300°C. The resulting melt is—steepiy cooled
to be ; ® vitrified and then ground
into powder having a mean particle size of 1 um. '

The calcined dielectric powder and the
reduction inhibitor obtained above were mixed at the
' f shown in Table 1, te—which—were—added
polyv1ny1 butyral binder, ethanol and toluene §

The resulting mixture was wet-milled in a ball mill for

16 hours inte slurry. The resulting slurry was
shaped into a sheet by & doctor-blading method, dried
and then cut into a predetermined size. Thus was
obtained a ceramic green sheet. A nickel paste was
applied to one main surface of the thus-obtained ceramic
green sheet by & screen-printing method. A plurality
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~4--As one preferred enbodi nent of the second aspect of the invention, the
| am nate is cooled at a rate of about [err] -or nore in the last cooling
step. As another preferred enmbodi ment, the ceramic green sheets prepared
each conprise strontiumtitanate as a main conponent and bisnuth oxide or
an oxide of a bismuth conpound as a m nor conponent and contain a reduction

inhibitor as an additive. As still another preferred enbodi ment, the
el ectrode material |amnated to be Gni8ath ceram c green sheet conprises a
base netal material containing nickel or a nickel alloy. As still another

preferred enbodi nent, the reduction inhibitor in each ceramc green sheet
IS represented by a )

of the thus-printed ceramic green sheets were lamlnated
under pressure to obtain a laminate.

The resulting laminate was heated in air at
300°C to remove the binder therefrom and then fired in a

5 mixed gas atmosphere comprising N,, H, and H,0 and having
a partial oxygen pressure of from 10%¥ to 10“%# Mpa at
from 850 to 1050°C for 2 hours to obtain a sintered body.
During the firing, the laminate was heated up to the
highest temperature at a rate of from 10 to 17°C/min.

10 After having been thus fired, the sintered body was
cooled at a rate of 10°C/min or higher.

A silver paste was applied to the both edges of
the sintered body and baked thereon to form external
electrodes as electrically connec¢ted with the internal

15 electrodes. Thus was obtained a monolithic ceramic
capacitor. This had a thickness of 30 pum.

The dielectric constant eﬁ at room temperature,
the dielectric loss tan d@ at room temperature, the
temperature coefficient of capacity TCC and the DC bias

20 characteristic of the thus-obtained monolithic ceramic
capacitor were measured. The data obtained are shown in -
Table 1, in which the samples with * are outside
the scope of the present invention and the other samples
are within the scope thereof.

25 The dielectric constant e§ and the dielectric
loss tan —éﬁ were measured at a temperature of 25°C, at a
frequency of 1 kHz and a& a voltage of AC 1 V. The
temperature coefficient of capacity TCC indicates the
temperature-dependent characteristic of the capacitor as

.30 stiﬁulated by the JIS Standard. The DC bias
characteristic indicates the variation in the
electrostatic capacity of the monolithic ceramic

—_—
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.general formula: wherein Mis at |least one of My, Sr, Ca and Ba; and a, b
and ¢ are 10 [err] a‘[err] 60, 5 [err] b [err] 20 and 20 [err] c [err] 35
in % by nol. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred reduction
inhibitor is of the general fornula:[err] wherein Mis at |east one of M,
Sr, Ca and Ba; and a, b and c each are % by nol. It contains a reduction
inhibitor MO If MOis less than about. 10 nol % of the reduction inhibitor,
the insulating resistance of the cer c capacitor is |owered and the
dielectric -l'oss thereof is increased. If it is nore than 10 nol % the

i nsul ating resistance of the ceramc capacitor is also |lowered. Therefore,
the nmol % (a) of MO in the reduction

capacitor to which was applied a dlrect current voltage
of 2 kV/mm

- . This Sheet Has Been Rerlaced
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.inhkbitor preferably satisfies 10 [err] a [err] 60 and nost preferably 35
[err] a [err] 55. Also, [err] functions as a reduction inhibitor. If bis
| ess than about 5 nol % the dielectric ceram c becones seni-conductive.

If it is nore than about 20 nol % the insulating resistance of the ceramc
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. 20 ol % the green sheets cannot be sintered sufficiently. Therefore, the
dielectric loss of the ceram c capacitor is increased and the insulating
resi stance thereof is lowered. If c is nore than about 35 nol % the

di el ectric constant of the ceramc <cagacitor is lowered. Therefore, it is
desirable that 20 [err] c¢ [err] 35 and nost preferably 25 [err] c [err] 30.
Si2 functions as a glass forner. If a, b and c are outside the ranges of
10 [err] a [err] 60, 5 [err] b [err] 20 and 20 [err] c [err] 35, the

i nsul ating resistance of the ceram c capacitor is |lowered, the dielectric

| oss thereof is increasEgoBRn@able di abeveri dtcdssinownt that kbeer ed.

I'f the amount ggihptBs heéuebheaihahgbther raduetion ARiIBIRLRChAe aeramc
material is Ieiahtglglgg g&c41%%2ya g &ow insulating re51stance
while the voltage dependence of their dielectric constant
is large. Therefore, these samples are not applicable to
monolithic ceramic capacitors. | o
Example 2+
In the same manner as in Example 1, raw
materials were prepared and weighed to produce a mixture
of a general formula, uSrTio, + vPbTiO, + wCaTiO; + xBi,0;
+ ySnozi-leoz(where u, v, W, X, y and z are eenstants)
5 8 in Table 2 below§ The resulting mixture
was wet-milled and ground in a ball mill, #hen dried
through vaporization and thereafter calcined. The
calcined body was dry-ground and sieved to obtain a
calcined powder.

_ Next, also in the same manner as in Example 1,
raw materials for reduction inhibitors were prepared and
weighed to produce a mixture of a % chemical formula;
10 MgO + 15 SrO + 10 Ca0 + 15 BaO + 10 MnO, + 25 B,0; + 15
Si0, (mol%). The resulting mixture was wet-milled and
ground in a ball mill, dried through vaporization and
then fully melted under heat at 1300°C in an alumina
crucible. The resulting melt was rapidly cooled to.be
vitrified and then ground into powder having a mean
particle size of 1 unm.

The calcined dielectric powder and the
reduction inhibitor thus prepared were mixed at the ratie
shown in Table 2. Using the thus-obtained
mixture, a monolithic ceramic capacitor was produced in
the same manner as in Example 1, and its electric
characteristics were measured also in the same manner as
in Example 1. The data obtained are shown in-Table 2, in
which the samples with (*) are outside the scope of the
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.1t +~is difficult to prevent reduction of the dielectric material.

I f, however, it is nore than about 25 % by weight, the dielectric constant
of the ceram c capacitor is noticeably |owered. Therefore, it is
preferable that the nonolithic ceramyg capacitor of the present invention
contains fromabout 4 to 25 % by meiéht of the reduction inhibitor relative
to the dielectric ceramc nmaterial and nore preferably about 8 to 20% The
firing tenperature of the ceramic is conventional. However, in the nethod
of the present invention for producing the dielectric ceram c, when the
heati ng rate presentninvenpiontané thel othertsampiésuaréewithihhthe
dielectric ce%§g$g Pﬁ&? f'seni-conductive. I f, however, it is higher than

about [err], €  green Sheets cannot be sintered sufficiently. If
uskTable 2k

113111

)L?o cJLa*;LA_ s e AL it~ )7;L1f; Z
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the heating rate is |ower than about [err] and the cooling rate for cooling
the sintered body is |ower than about [err], the ~dielectric ceramc

al so becones sem -conductive. Therefore, in the nmethod of the present
invention for producing the dielectric ceramc, it is preferable that the
heating rate for heating the lamnate is at fromabout 10 to [err],
preferably about 15 to [err], and thai the cooling rate for cooling the
sintered body is about [err], hlgher preferably about 15 to
[err]. Since a dielectric ceramc nater!al contai ning a reduction inhibitor
I's used to produce the nonolithic ceram c capacitor

As shown in Table 1 and Table 2; the monolithic
ceramic capacitor samples of the present invention have a
high insulating resistance of 10" f.cm or more and a
relatively high dielectric constant with small voltage
dependence while having a small dielectric loss.

The nickel or silver paste as used as the
material for the inner electrodes and the outer
electrodes in Example 1 and Example 2 was §
by adding a warmish; ethyl cellulose to a nickel
or silver powder having a particle size of from 0.5 to 5
pm followed by dispersing the resulting powder in a
solvent such as a-terpiheol or the like. Preferably, the
inner electrodes have a thickness of from 0.5 to § pm and
the outer electrodes have a thickness of from 10 to 80
pm.

prepared

Example 3+ .

The laminate for sample No. 1 in Example 1 was
fired at varying heating rates and varying cooling rates
as in Table 3 below. The electric characteristics of the
monolithic ceramic capacitor samples obtained herein were
measured and shown in Table 3, in which the'samples with
(*) are outside the scope of the present invention and
the other samples are within the scope thereof.

/
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-6--of the present invention, the bisnuth conmpound in the
dielectric ceramc material is not reduced even when the material is.fired
in a neutral or reducing atnosphere. According to the present invention, it
is therefore possible to obtain a nonolithic ceram c capacitor having a
high dielectric constant with small vol tage dependence and having a | ow
dielectric loss. In addition, since the noholithic ceram c capacitor of the
present invention can be produced by firing in a neutral or reducing

at nosphere, an inner electrode material conprising nickel or a nickel alloy
can be used and is not oxidized. The

Ml‘aﬁle Stk

- 16 -
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. nickel does not mgrate |ike silver does. when usd to nmake inner el ectrodes.
Accordingly, the present invention can provide nonolithic ceramc
capacitors with excellent characteristics at low cost. In the nmethod of the
present invention for producing a nonolithic ceram c capacitor, the heating
rate for heating the ceramc lamnate is fromabout 10 to [err] and the
cooling rate for cooling the sinteregh eram c body is defined at [err] or
hi gher. Therefore, the method T ‘produce nonolithic ceramc
capacitors with excellent characteristics while preventing the inner

el ectrodes from being oxi dized and preventing the dielectric ceramc |ayers
from becom ng sem -conducti ve.

If the heating rate and the cooling rate are
too low in preparing the inner electrodes, the inner
electrodes produced are oxidized with the result that the
insulating resistance thexreef %
and the dielectric loss thereef is enlarged.

Example 4+

Monolithic ceramic capacitor samples were
produced in the same manner as in Example 1 except that a
nickel alloy paste having a composition of 10Cr-9oNi
(atm.%) was used as the metal paste for the inner

is lowered

electrodes in place of the nickel paste in Example 1.
The electric characteristics of the samples obtained were
measured in the same manner as in Example 1.

As a result, it was confirmed that the nickel
alloy paste produced the same characteristics as those -
which the nickel paste produced.

Apart from the dielectric powders as
illustrated hereinabove, for example, also employable are
SrTio; + MgTio; + Bi0; + TiO, + Pb;0, illustrated in
JP-B-59-8923, SrTioO; + CaTiO; + Bi0;,.nTi0, in Japanese
Patent Laid-Open No. 59-20908, #i# srrTio; + Bi0; + Tio, +
NiO in JP-A-60-145951, for example.

Oxides of MgO, BaO, SrO, CaO, MnO,, B,0, and Sio,
were used hereinabove as the raw materials for reduction
inhibitors. In addition to these, however, the
corresponding carbonates and hydroxides can also be
employed.

Nickel or nickel alloys were used as the raw
materials for inner electrodes. In addition to these,
however, nickel or nickel alloys+ to which at least one
of the raw materials for dielectric powders and the raw

SPEC\156559 Sheet Has Been Replaced
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.I'n addition, even when nickel or a nickel alloy is used as the inner

el ectrode material in the nmethod, the nickel is not oxidized when firing
under an oxygen partial pressure higher than the equilibrated oxygen
partial pressure of Ni/N O Exanples of the present invention are nmentioned
bel ow, which, however, are not intended to restrict the scope of the

I nvention. Exanple 1. Dielectric ram/ggtgrials [err] [err] were prepared
and wei ghed to obtain a dielectric substance which was 36.9 [err] [err],
and wet-mlled in a ball mll for 16

materials for inner electrodes—is
also be employed.

Various additives such as manganese oxide, iron
oxide, silicon oxide, glass, etc. can be added to the
materials for the monolithic ceramic capacitor of the
present invention, so far as they do not detract from the
characteristics of the capacitor produced.

Where nickel alloy pastes are used, it is
desirable that the additional metals exeept
nickel +e—ke in the pastes are selected without
noticeably detracting from the characteristics of the
capacitors to be produced, as compared with those of the
capacitors comprising pure nickel, since the
electroconductivity and the melting point of nickel
alloys often vary depending on the kind of the additional
and the amount thereof. Accordingly, the
composition of the nickel alloy paste to be used shall
g0 be modified depending on the # use of the
monolithic ceramic capacitor to be produced and on the
compositions of the dielectric powder and the reduction
inhibitor to be used.

The materials for outer electrodes may be the
same as those for inner electrodes. Silver, palladium,
silver palladium alloys, etc.% are also employable. 1In
any case, materials suitable for use in laminate ceramic
capacitor of the present invention are selected.

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. |

added can
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. -7-+hours. The resulting m xture was dried through vaporization to a
powder, and the powder was calcined in an alumna box at from900 to [err]
for 2 hours. The cal ci ned body was ground into a powder having a nean
particle size of 1T pm |hus*mas obtained a cal cined dielectric powder.
Next , the the reduction inhibitor MO, BaO, [err], [err],
[err], [er muﬁm"ﬂ"lﬁ ﬂ prepared'\’lzg]d_ wei ghed to obtain a m xture of a
general fortulea, Y err|s[efr]i (where Is at | east one selected. fromM, Sr,
Ca and Ba; a, b and c are @6by nol and falls within the ranges

C :
1. A monolithic ceramic capacitor ecempesed—ofy

dielectric ceramic layers made
of a ceramic material comprising strontium titanate as
the main component and bismuth oxide or an oxide of a
bismuth compound as the-side
containing a reduction inhibitor,

and inner—electrodes—made—of-a—base—nmetal

component and

f nickel or a nickel alloy.

2. The monolithic ceramic capacitor accordlng
to claim 1, wherein the reduction inhibitor is
represented by a general formula:

aMO + bMnO, + cB,0; + (100-a-b-c)Sio,
in which M is at least one of Mg, Sr, Ca and Ba; and a, b

and ¢ eaeh are %QBy-ne%7—whé%e 10 < a <60, 5<bcxg 20
and 20 £ ¢ £ 35

3. The monolithic ceramic capacitor according
to claim %5 which eentains the reduction inhibitor
in an amount of from 4 to 25 % by weight
relative to the ceramic material.

—_—
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~of 10 Terr] a [err] 60, 5 [err] b [err] 20 and 20 [err] c [err] 35) as set
forth in Table 1 below. The resulting m xture was wet-mlled in a ball mll
and then dried through vaporization. This was then fully heated and nelted
in an aIunLnaweLue+£#{+{&—+{w+] The resulting melt was rapidly cooled to
~ cause the nel become vitrified and then ground into powder having a
mean parti cI ﬂll!ll B m M!The cal cined dielectric powder and the
reduction i above W% i xed at the ratios shown in Table
1, and a ponV|nyI butyral binder, ethanol and toluene. The resulting
m xture was wet-mlled in a ball ol for 16 hours to forma slurry. The
resul ting slurry was shaped |nto a sheet by the doctor-bl adi ng net hod,
dried and th : raaladupms

4 ¥. A method for producing a monolithic
ceramic capacitor+ comprising;

preparing dielectric ceramlc green sheets,

laminating an electrode material on said qreen

ceramic green sheets eaeh with the electrode material #

heating the resulting laminate realising—the
# temperature increase i of the—laminate—at from
10 to 17°C/min,

firing said laminate at a predetermined
temperature; and,

cooling the fired laminate.

5 ﬁ. The method for producing a monolithic
ceramic capacitor according to claim 4 g, wherein the
laminate is cooled at a rate of }

10°C/min or higher.

6 §. The method for producing a monolithic
ceramic capacitor according to claim 4 g, wherein the
ceramic green sheets prepared-each-ecomprises
strontium titanate as the main component and bismuth
oxide or an oxide of a bismuth compound as the—side §

SPEC\156559
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. Size. Thus was obtained a ceramic green sheet. A nickel paste was applied
to one main surface of the thus-obtained ceram c green sheet by the

screen- printing—ethed—A-plurality of the thus-printed ceram c green

sheets were under pressure to obtain a lamnate. The resulting

| am nat e waijlm Eﬁ"&l} .[err] to renove the binder therefromand then

fired in a ere couphiysing N2, H2 and H20 and having a

partial oxygen pressure of fronr[err to [err] MPa at fromJ[err] to [err]

for 2 hours to obtain a sintered body. During the firing, the |am nate was

heated up to the highest tenperature at a rate of from10 to [err]. After

havi ng been thus fired, the sintered body was cooled at a rate of [err] or

hi gher. component and contain a reduction inhibitor as the
additive.
eapee-rter—aeeerétng—%e—e&a—i:n—é, wherein the reduction
inhibitor te-be—in—each—eeramie—green—sheet is
represented by a general formula:
aMO + bMnO, + c¢B,0; + (100-a-b-c)SioO,
in which M is at least one of Mg, Sr, Ca and Ba; and a, b
and c each are %by-mol;—while 10 < a £ 60, 5 < b < 20
and 20 £ ¢ £ 35
SPEC\156559
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A silver paste was applied to the both edges of the -8- sintered body
and baked thereon to formexternal electrodes as electrically connected

with the internal el ectrodes. Thus was obtained a nmonolithic ceramc
capacitor. ng@lﬂl“@l“"t““ﬂtﬂltﬁ of 30 pm The dielectric constant [err]
at roomte lectric loss tan [err] at roomtenperature,

t he tenperat ur e ‘coéf f'ci &nt of capachby.TCC and the DC bias characteristic
of the thus-obtained nonolithic ceramc capacitor were neasured.

/
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. The data obtained are shown in Table 1, in which the sanples marked with *
are outside the scope of the present |nvention and the other sanples are
~Within the scope thereof. The dielectric constant [err] and the dielectric
|l oss [err] were neasured at a tenperature of [err], a frequency of 1 kHz
and a voltage of AC 1 V. The tenperature coefficient of capacity TCC

i ndi cates the tenperature-dependent characteristic of the cgp (?
stipulated by the JI'S Standard. The DC bi as characterlstlc in cé&es t he
variation in the electrostatic capacity of the nonolithic ceram c capacitor
to which was applied a direct current voltage of 2 kV/ nm

MONOLITHIC CERAMIC CAPACITOR AND METHOD
OF PRODUCING THE SAME

S (0] ISCLOS

Disclosed is a monolithic ceramic capacitor

composed of plural dielectric ceramic layers made of a
ceramic material comprising strontium titanate and
bismuth oxide or the like, plural inner electrodes made
of a base metal material comprising nickel or a nickel
alloy, which are laminated via the dielectric ceramic
layer to produce the electrostatic capacity of the
capaéitor, and outer electrodes as electrically connected
with the inner electrodes. Each dielectric ceramic layer
in the capacitor contains a reduction inhibitor,
i aMO + bMnO, + cB,0; + (100-a-b-c)Sio, (where M is
at least one of Mg, Sr, Ca and Ba; and a, b and c each
i1 ¥ by mol, white 10 < a < 60, € b < 20 and 20 <
¢ £ 35). In producing the capacitor, the laminate of

dielectric ceramic layers may be fired in a neutral or

reducing atmosphere without being reduced.

-This Sheet Has Been Replaced |
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MONOLITHIC CERAMIC CAPACITOR AND METHOD OF PRODUCING

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates to a monolithic ceramic
capacitor and a method of producing it. More particularly, the
present invention relates to a monolithic ceramic capacitor
having dielectric ceramic layers each made of a ceramic
matei:'i'at'l éomprising strontium titanate as the main component
and bismuth oxide or an oxide of a bismuth compound as an
additional component and containing a reduction inhibitor, and
also to a method of producing it.

DESCRIPTION OF RELATED ART

| A monolithic ceramic capacitor is generally composed of a
plurality of dielectric ceramic layers with inner electrodes
sandwiched between the édjacent ceramic layers and with outer
eiectrodes disposed on the outer surface of the laminate and
connected with each inner electrode.

Such a monolithic ceramic capacitor may be produced
according to the following process. A dielectric powder is
mixed with an organic binder; the resulting mixture is made
into a slurry; the slurry is shaped into green sheets by a
doctor-blading method; the sheets each are printed with a paste
containing a metal powder by a screen-printing method or the
like; a plurality of the green sheets each printed with the

. paste are laminated; the resulting laminate is subjected to
pressure to establish tight connections between the green
sheets; the laminate is then fired in air at from about 1300 to
1400°C; an outer electrode material is applied onto the surfaces
of the sintered body having exposed inner electrodes; and the
material is baked.

Dielectric ceramic layers consisting essentially of
strontium titanate and containing a bismuth compound gives a
monolithic ceramic capacitor a relatively large dielectric
constant with small voltage dependence and a small dielectric

(Y T



prepared and wei ghed to produce a m xture of 55 ' WE'EI.LE!E%FI , W, X, y and
;Z aré the values in Table 2 below). The res Itlng m xture siwet-mlled
and ground in a ball mll, dried through vapprj zaiyg gaNa®W@7t Herleaf t er

cal cined. The cal cined body was dry-ground ahd} si eved to obtlaijn a cal ci ned

powder. Next, also in the same manner as in empte—I raw matlerials for
reduction I nhi bitors were prepared and Kergh d to produce a niiture of the

hem cal SO + 10 CaO + 25
T8 Terr] (AR P RERTS B Ao PR ReS TR S R ound (n & ball
mll, dri ed thrlbugateapaill zft | theardsneheneIedtyodes t edmpndsu.ngea Boblerr]
in an al Ufﬂékzafr!éﬁbﬁ' &s Oﬁ'faﬁf:%%t ! gglﬁzvtpé’ﬁ%dﬁ% dby Eﬂ%'[&d d0ds is

vitrified t hen groun nmean pa
advantageous in that (1) the inner electrode materlal does not

react with the dielectric ceramic during firing since the noble
metal has a melting point higher than the temperature at which
the dielectric ceramic is fired and that (2) the inner
electrode material is not oxidized even when fired in air.
However, an electrode material comprising such a noble metal is
expensive. For example, the cost of the electrode material may
often be from 30 to 70 % of the total material cost of the
ceramic capacitor.

Moreover, an inner electrode material comprising a
silver-palladium alloy often worsens the characteristics of the
capacitor. For example, the dielectric constant of the
capacitor is often lowered and becomes unstable due to the
migration of silver.

In order to solve these problems, base metals such as
nickel, copper, iron, cobalt, tungsten, molybdenum, etc. could
be used as the inner electrode material. However, the material
comprising such a base metal must be fired in a neutral or
reducing atmosphere in order to prevent the oxidation of the
material during firing. If fired in such conditions, the
bismuth compound in the dielectric ceramic layers is reduced
and, as a result, the dielectric ceramic becomes semi--
conductive. Accordingly, a ceramic capacitor would not be
produced.

Copper can be fired at about 1000°C in a neutral atmosphere
having an oxygen partial pressure of 10”7 MPa but it is easily
oxidized at relatively low temperatures. An inner electrode
material comprising copper also diffuses copper into the
dielectric ceramic layers during firing at an oxygen partial
pressure that is higher than the equilibrated oxygen partial

- pressure of Cu/Cu0 and often lowers the characteristics of the
capacitor produced. Therefore, an inner electrode material
comprising copper requires the strict control of the oxygen
partial pressure in the firing atmosphere, which, however,

LY X



sizesof 1 pm The calcined dielectric powder 3
.thus‘prepared were mixed at the ratios shown i
t hus- obt ai ned m xture, a nonolithic ceramc c3
same manner as in Exanple 1, and its electric
also in the same manner as in Exanple 1. The ¢
Table 2, in which the sanples with (*)-aPe~out
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results in the increase in the pro
SUMMARY OF THE INVENTION

The ' present invention pfovides a monolithic ceramic
capacitor which comprises a dielectric ceramic material
consisting of strontium titanate as the main component and
bismuth oxide or an oxide of a bismuth compound as an
additional component and an inner electrode material of a base
metal and which therefore has a large dielectric constant with
small voltage dependence and a small dielectric loss and has
high resistance to high voltage.

Specifically, as the first aspect of the present
invention, there is provided a monolithic ceramic capacitor
which is composed of dielectric ceramic layers made of a
ceramic material comprising strontium titanate as the main
component and bismuth oxide or an oxide of a bismuth compound
as an additional component and containing a reduction
inhibitor, and inner electrodes made of a base metal material
containing nickel or a nickel alloy.

As one preferred embodiment of the first aspect of the
invention, the reduction inhibitor to be in the ceramic
material is represented by a general formula:

aMO + bMnO, + c¢B,0; + (100-a-b-c)SiO,
wherein M is at least one of Mg, Sr, Ca and Ba; and a, b and ¢
are 10 s a s 60, 5 s b < 20 and 20 < ¢ s 35 in mol percent.

As another preferred embodiment, the reduction inhibitor
is from about 4 to 25 % by weight relative to the ceramic
material containing it.

The present invention also provides as its second aspect
a method for producing a monolithic ceramic capacitor, which-
comprises the steps of preparing dielectric ceramic green
sheets and laminating an electrode material on each green sheet
to form a laminate comprising the ceramic green sheets each
with the electrode material, followed by heating the resulting
laminate at a rate to realize an increase in the temperature of
the laminate of fromabout 10 to 17°C/min, firing it at a
predetermined temperature and thereafter cooling it.
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- 12.- As shown in Table 1 and Table 2, the nOEPLAGTMENTCBHEEN d capaci tor

. sanples of the present invention have a high ipsulati g Tesnstjance of [err]
or nore and a relatively high dielectric constanH¥Mﬁhﬂ @ﬁzll Jol t age
dependence while having a small dielectric ljoss. hg [ | {o] silver paste
as used as the material for the inner electrfod el el ectrodes
in Exanple 1 and Exanple 2 were prepaFe& by faddi ng a et hyl celll ul ose

varnish to a nigkel,or 3LlXelROWIELAIRUY F TS T SESomd Faptct T8 Pnd 1O
invention, the laminate is cooled at a rate of about 10°C/min

or more in the last cooling step.

As another preferred embodiment, the ceramic green sheets
prepared each comprise strontium titanate as a main component
and bismuth oxide or an oxide of a bismuth compound as a minor
component and contain a reduction inhibitor as an additive.

As still another preferred embodiment, the electrode
material laminated to be on each ceramic green sheet comprises
a base metal material containing nickel or a nickel alloy.

As still another preferred embodiment, the. reduction
inhibitor in each ceramic green sheet is represented by a
general formula:

aMO + bMnO, + ¢B,0, + (100-a-b-c)SiO,
wherein M is at least one of Mg, Sr, Ca and Ba; and a, b and c
are 10 s a s 60, 5 s b s 20 and 20 = ¢ s 35 in % by mol.

DETAILED DESCRIPTION OF THE INVENTION .

The preferred reduction dinhibitor is of the . general
formula:

aMO + bMnO, + cB,0, + (100-a-b-c)Si0,
wherein M is at least one of Mg, Sr; Ca and Ba; and a, b and ¢
each are ¥ by mol. It contains a reduction inhibitor MO. If MO
is less than about 10 mol% of the reduction inhibitor, the
insulating resistance of the ceramic caﬁacitor is lowered and
the dielectric loss thereof is increased. If it is more than
10 mol%, the insulating resistance of the ceramic capacitor is
also lowered. Therefore, the mol% (a) of MO in the reduction
inhibitor preferably satisfies 10 s a s 60 and most preferably
35 = a s 55.

Also, MnO, functions as a reduction inhibitor. If b is
less than about 5 mol%, the dielectric ceramic becomes
" gemi-conductive. If it is more than about 20 mol%, the
insulating resistance of the ceramic capacitor is lowered.
Therefore, it is desirable that 5 = b s 20 and most preferably
10 = b s 15. _

B,0, functions as a glass former. If ¢ is less than about



5 [err] followed by dispersing the resul ting JoREBxAGEMENTSHEEEN such as

.a-terpineol or the like. Preferably, the inner dlectrodes have t hi ckness

of fromO0.5 to 5 [err] and the outer el ectrodgs hayg‘ﬁANhngnes of from 10
' anpl

to 80 [err]. Exanple 3: The | am nate for sanplie {No 1 was
fired at varying heating rates and varying codql i‘rg—retes—as—+t Jable 3
bel ow. The electric characteristics of'tﬁe‘nnrolithic ceranic cqpaci tor

ool oo wi D (918 o Ol SFEEeR T BREEERe Gt BF e SIRE AR LrTY DrLHERE BE
ot her sanpmmaraﬁbmeﬁhthetwaeisthﬂdmiesé of the ceramic capacitor is
increased and the insulating resistance thereof is lowered. If

c is more than about 35 mol%, the dielectric constant of the
ceramic capacitor is lowered. Therefore,”it is desirable that
20 = ¢ s 35 and most preferably 25 =< ¢ s 30.

Si0, functions as a glass former. If a, b and ¢ are
outside the ranges of 10 s a s 60, 5 = b s 20 and 20 = ¢ s 35,
the insulating resistance of the ceramic capacitor is lowered,
the dielectric loss thereof is increased and the dielectric
constant thereof is lowered.

If the amount of the reduction inhibitor added to the
dielectric ceramic material is less than about 4 % by weight,
it is difficult to prevent reduction of the dielectric
material. If, however, it is more than about 25 % by weight,
the dielectric constant of the ceramic capacitor is noticeably
lowered.  Therefore, it is preferable that the monolithic
ceramic capacitor of the present invention contains from about
4 to 25 % by weight of the reduction inhibitor relative to the
dielectric ceramic material and more preferably about 8 to 20%.

The firing temperature of the ceramic is conventional.
However, in the method of the present invention for producing
the dielectric ceramic, when the heating rate to £firing
temperature is lower than about 10°C/min, the dielectric ceramic
becomes semi-conductive. If, however, it is higher than about
17°C/min, the green sheets cannot be sintered sufficiently. If
the heating rate is lower than about 10°C/min and the cooling
rate for cooling the sintered body is lower than about 10°/min,.
the dielectric ceramic also becomes semi-conductive.
Therefore, in the method of the present invention for producing
the dielectric ceramic, it is preferable that the heating rate
for heating the laminate is at £from about 10 to 17°C/min,
preferably about 15 to 17°C/min, and that the cooling rate for
cooling the sintered body is about 10°C/min or higher,
preferably about 15 to 17°C/min.

Since a dielectric ceramic material containing a reduction
inhibitor is used to produce the monolithic ceramic capacitor

[ T



13 [err] 14 |f the heating rate and the &ﬁﬂLﬁGﬁ%ﬂ%&t%Hggé too low in ,
.preparing the inner electrodes, the inner lelEctrodes proddcdd are oxidized
with the result that the insulating resistpnce¢f jaReoaprgcijtor is |owered
and the dielectric loss is enlarged. '
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of the present invention, the bismuth compound in the
dielectric ceramic material is not reduced even when the
material is fired in a neutral or reducing atmosphere.
According to the present invention, it is therefore possible to
obtain a monolithic ceramic capacitor having a high dielectric
constant with small voltage dependence and having a 1low
dielectric loss. '

In addition, since the monolithic ceramic capacitor of the

.present invention can be produced by firing in a neutral or

reducing atmosphere, an inner electrode material comprising
nickel or a nickel alloy can be used and is not oxidized. The
nickel does not migrate like silver does when usd to make inner
electrodes.

Accordingly, the present invention can provide monolithic
ceramic capacitors with excellent characteristics at low cost.

In the method of the present invention for producing a
monolithic ceramic capacitor, the heating rate for heating the
ceramic laminate is from about 10 to 17°C/min and the cooling
rate for cooling the sintered ceramic body is defined at
10°C/min or higher. Therefore, - the method can produce
monolithic ceramic capacitors with excellent characteristics
while preventing the inner electrodes from being oxidized and
preventing the dielectric ceramic layers from becoming
semi-conductive.

In addition, even when nickel or a nickel alloy is used as
the inner electrode material in the method, the nickel is not
oxidized when firing under an oxygen partial preésure higher
than the equilibrated oxygen partial pressure of Ni/NioO.

Examples of the present invention are mentioned below,
which, however, are not intended to restrict the scope of the
invention.

Example 1:
Dielectric raw materials SrCO,, Pb,0,, CaCO,, Bi,0,, SnO, and
TiO, were prepared and weighed to obtain a dielectric substance
which was 36.9 SrTiO, + 26.4 PbTiO; + 19.5 CaTiO; + 4.3 Bi,0; +
1.8 SnO, + 11.1 TiO,, and wet-milled in a ball mill for 16



rﬁxaqple 4: Monolithic ceram c capacitor sa1pREHAmere ‘prRpggred in the sane

.manner as in Exanple 1 except that a nicke - paste—hayvijng a
eonposition of [err] (atm % was used as th 3@%%5 flor| the inner

el ectrodes in place of the nickel paste in ”ﬁﬁ?éA Thel el ectric
characteristics of the sanples obtained nmeasured ijn |t he sane manner

as in Exanple 1. As a result, it was codfit
produced the same ¢haract |st|cs as those ste produced

Apar t 11 orROWES di it FARUL e PAXEL TR VoS (95 e S
al so enpl cy gihweder £ 4red rghd powderl vast caledned IiP-dh FA883% Hoer bk from

900 to 9500C for 2 hours. The calcined body was ground into a

rned that the nicKel alloy paste

powder having a mean particle size of 1 pm. Thus was obtained
- a calcined dielectric powder.

Next, the raw materials for the reduction inhibitor MgoO,
BaO, SrO, CaO, MnO,, B,0, and Si0, were prepared and weighed to
obtain a mixture of a general formula, aMO + bMnO, + cB,0; +
(100-a~b-c)Si0, (where M is at least one selected from Mg, Sr,

~ Ca and Ba; a, b and ¢ are ¥ by mol and falls within the ranges
of 10 <« a = 60, 5 s b < 20 and 20 s ¢ s 35) as set forth in
Table 1 below. The resulting mixture was wet-milled in a ball
mill and then dried through vaporization. This was then fully
heated and melted in an alumina crucible at 1300°C. The
resulting melt was rapidly cooled to cause the melt to become
vitrified and then ground 1nto powder having a mean partlcle
size of 1 pm. '

The calcined dielectric powder and the reduction inhibitor
obtained above were mixed at the ratios shown in Table 1, and
a polyvinyl butyral binder, ethanol and toluene. The resulting
mixture was wet-milled in a ball mill for 16 hours to form a
slurry. The resulting slurry was shaped into a sheet by the
doctor-blading method, dried and then cut into a predetermined
size. Thus was obtained a ceramic green sheet. A nickel paste
was applied to one main surface of the thus-obtained ceramic
green sheet by the screen-printing method. A plurality of the
thus-printed ceramic green sheets were laminated under pressure
to obtain a laminate.

The resulting laminate was heated in air at 300°C to remove
the binder therefrom and then fired in a mixed gas atmosphere

- comprising N,, H, and H,0 and having a partial oxygen pressure

' of from 10® to 10% MPa at from 850 to 1050°C for 2 hours to
obtain a sintered body. During the firing, the laminate was
heated up to the highest temperature at a rate of from 10 to
17°C/min. After having been thus fired, the sintered body was
cooled at a rate of 10°C/min or higher.

A 511ver paste was applled to the both edges of the



{err] in Japanese Patent Laid-COpen No. 59-209Q8F: M:rﬁNlENErSHEETf br - exanpl e.
.xides of MgO, BaO, SrO CaO, M2, B203 ang [ferrt her ei nabove as
the raw materials for reduction inhibitors. |l |J iﬂ {‘)Aﬁnpé? h¢se, however,
t he correspondi ng carbonat es and hydr oxi des jcgn e“enpljoyed. Nickel or
‘ni ckel alloys were used as the raw materjal g f r qdes. In
addition to these, however, nickel or 7 nikkel| al | oys to which gt | east one

of the raw_paterial or _di.el e owder s i nner
el ectrodessﬁﬁgeﬁggnggageange}ﬁ g?é < %%I%?/ r“{/aq’?toqﬂlgc?ﬁﬁ% ‘iqfcf‘?sas
nmanganese eledericaddyogpusectetiw withoxheeintprassl electmatesde e was t he
materials fBfained a monolithic ceramic capacitor. This had a thickness

of 30 pm.

The dielectric constant € at room temperature, the
dielectric loss tan 8 - at room temperature, the temperature
coefficient of capacity TCC and the DC bias characteristic of
the thus-obtained monolithic ceramic capacitor were -measured.
The data obtained are shown in Table 1, in which the samples
marked with * are outside the scope of the present invention
and the other samples are within the scope thereof.

The dielectric constant € and the dielectric loss tané$
were measured at a temperature of 25°C, a frequency of 1 kHz and
a voltage of AC 1 V. The temperature coefficient of capacity
TCC indicates the temperature-dependent characteristic of the
capacitor as stipulated by the JIS Standard. The DC bias
characteristic indicates the wvariation -‘in the electrostatic
capacity of the monolithic ceramic capacitor to which was
applied a direct current voltage of 2 kV/mm. '
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-often vary depending on the kind of the additional netal and the anount
.thereof. Accordingly, the conposition of th | £ O stte to be used
ean be nodi fi ed dependi ng on the intended u erhE WN}T s/HE:Eq-hi C ceramc
capacitor to be produced and on the conpositf dns of the dielleqtric powder
and the reduction inhibitor to be used. The eAiCalANf P70yt dr el ectrodes
may be the same as those for inner zl¥ettjdes. Silver pal | adi um
silver palladiumalloys, etc., are al so enpljyable. I'n any dase,
materials suitable for use in |amnate ceramic _capacitor.of-tHe present

i nvention are seFecme@ablld | 2 tdbovejventi dis haseheathatesthebeshnpil eket aolt

and wi th referenreihg SREGHLdSEIRPU MUK JPURA o High i eABARAY $8Ls

and a low insulating resistance while the voltage dependence of

their dielectric constant is large. Therefore, these samples
are not applicable to monolithic ceramic capacitors.

Example 2:

In the same manner as in Example 1, raw materials were
prepared and weighed to produce a mixture of a general formula,
uSrTiO; + vPbTiO; + wCaTiO; + xBi,0, + ySnO, + 2TiO, (where u, v,
w, X, Yy and z are the values in Table 2 below). The resulting
mixture was wet-milled and ground in a ball mill, dried through
vaporization and thereafter calcined. The calcined body was
dry-ground and sieved to obtain a calcined powder. _

Next, also in the same manner as in Example 1, raw
materials for reduction inhibitors were prepared and weighed to
produce a mixture of the chemical formula, 10 MgO + 15 SrO + 10
CaO + 15 BaO + 10 MnO, + 25 B,0, + 15 Si0O, (mol%). The resulting
mixture was wet-milled and ground in a ball mill, dried through
vaporization and then fully melted under heat at 1300°C in an
alumina crucible. The resulting melt was rapidly cooled to be
vitrified and then ground into powder having a mean particle
size of 1 pm.

The calcined dielectric powder and the reduction inhibitor
thus prepared were mixed at the ratios shown in Table 2. Using
the thus-obtained mixture, a monolithic ceramic capacitor was
produced in the 'same manner as in Example 1, and its electric
characteristics were measured also in the same manner as in
Example 1. The data obtained are shown in Table 2, in which.
the samples with (*) are outside the scope of the present
invention and the other samples are within the scope thereof.



_to one skilled in the art that various changes and nodifications can be
made therein wi thout departing fromthe spirit and scope thereof. VWHAT
IS CLAIMED IS: 1. A nonolithic ceramc capacitor conprising: a plurality of
dielectric ceramic |layers made of a cgramc material conprising strontium
titanate as the mai n conponent and bikhuth oxide or an oxide of a bismuth
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ahlckel or a nickel alloy. 2. The nonolithic ceram c capacitor according to
.claim1, wherein the reduction inhibitor is remrEpﬁmmegHng ner al
formula: [err] in which Mis at |east one of Ca—aRd—Ba)l and a, b

and c are 10 [err] a [err] 60, 5 [err] b [err] 20 and 20

e

c [err] 35

in %by nol. 3. The nonolithic ceranic capacilftdr d8cJANI® 7to dlaim2, in
whi ch the reduction inhibitor is in arr unt from about 4 tjo 25 % by
wei ght relative to the ceramic material. 4. The nonolithic cergmc

capacitor according to claim3, wherein 35 [ erl—a—forr}—55—4d [err] b
[err] 15 and 25 2 cshewn ]i0Tablés by anddl TableTlds rurelmdrolitdeianteramic

capacitor eeQl g ' G fhAldl 4of the present invention have a high

insulating resistance of 10 Q. .cm or more and a relatively
high dielectric constant with small voltage dependence while
having a small dielectric loss.

The nickel or silver paste as used as the material for the
inner electrocdes and the outer electrodes in Example 1 and
Example 2 were prepared by adding a ethyl cellulose varnish to
a nickel or silver powder having a particle size of from 0.5 to
5 um followed by dispersing the resulting powder in a solvent
such as a-terpineol or the like.

Preferably, the inner electrodes have a thickness of from
0.5 to 5 um and the outer electrodes have a thickness of from
10 to 80 pm.

Example 3:

The laminate for sample No. 1 in Example 1 was fired at
varying heating rates and varying cooling rates as in Table 3
below. The electric characteristics of the monolithic ceramic
capacitor samples obtained herein were measured and shown in
Table 3, in which the samples with (*) are outside the scope of
the present invention and the other samples are within the
scope thereof.

Vet



.in which the reduction inhibitor is in an amount of fromabout 8 to 20 % by
. weight relative to the ceramc material. 6. The nonolithic ceramc
capacitor according to claim3, in which the duction iphibifor is in an

anount of from about 4 to 25 % by wei ght rel tRmAcmgmpsqggp'c mat eri al .
7. A nethod for producmgarmnollthl(icerarﬁ rising;
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-fornnng a lam nate of the ceram c green sheets with the el ectrode materi al
.of two adjacent sheets not touching one another I ting
llaminate at a tenperature increase rate of fro alﬁ@kb%&y“”ngﬂ§§f], firing
said lam nate at a predeternm ned tenperature; dl cooling the fifred
| am nate. 8. The nmethod for producinf a no i (il JANC9gnilc [capaci t or
according to claim7, wherein the | am ha 2 7s cboled at a rate |of] about
[err] or higher. 9. The method for produci a nonotr it~ deram c-
capacitor according to claim8, wherein the cerlamic_green sheetsjfconprise
strontiumtitanate as the nmain conponent and '

If the héating rate and the cooling rate are too low in

preparing the inner electrodes, the inner electrodes produced
are oxidized with the result that the insulating resistance of
the capacitor is lowered and the dielectric loss is enlarged.

Example 4:

Monolithic ceramic capacitor samples were produced in the
same manner as in Example 1 except that a nickel alloy paste
having a composition of 10Cr-90Ni (atm.%) was used as the metal
paste for the inner electrodes in place of the nickel paste in
Example 1. The electric characteristics of the samples
obtained were measured in the same manner as in Example 1.

As a result, it was confirmed that the nickel alloy paste
produced the same characteristics as those which the nickel
paste produced.

Apart from the dielectric powders as illustrated
hereinabove, for example, also employable are SrTiO; + MgTiO; +
Bi,0; + TiO, + Pb;0, illustrated in JP-B-59-8923, SrTiO; + CaTiO,
+ Bi,0,.nTi0, in Japanese Patent Laid-Open No. 59-20908, and
SrTiO, + Bi,0, + TiO, + NiO in JP-A-60-145951, for example.

Oxides of MgoO, BaO,. Sr0O, CaO, MnO,, B,0, and SiO, were used
hereinabove as the raw materials for reduction inhibitors. 1In
addition to these, however, the corresponding carbonates and
hydroxides can also be employed.

Nickel or nickel alloys were used as the raw materials for
inner electrodes. 1In addition to these, however, nickel or
nickel alloys to which at least one of the raw materials for
dielectric powders and the raw materials for inner electrodes
has been added can also be employed.

Various additives.such as manganese oxide, iron oxide,
silicon oxide, glass, etc. can be added to the materials for
the monolithic ceramic cépacitor of the present invention, so
far as they do not detract from the characteristics of the
capacitor produced.

Where nickel alloy pastes are used, it is desirable that
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-blsnuth oxi de or an oxi de of a bisnmuth conpou dRQEAQEMngﬁHGEHp nent and
.contain a reduction inhibitor as an additive. |10. The net ho or
produci ng a nmonolithic, ceram.c capacitor accerdi mtJANI®IM P, | wherein the
reduction inhibitor is represented by a genergl {fornmula: in igh Mis at
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capacitors comprising pure nickel, since the

electroconductivity and the melting point of nickel alloys
often vary depending on the kind of the additional metal and
the amount thereof. Accordingly, the composition of the nickel
alloy paste to be used can be modified depending on the
intended use of the monolithic ceramic capacitor to be produced
and on the compositions of the dielectric powder and the
reduction inhibitor to be used.

The materials for outer electrodes may be the same as
those for inner electrodes. Silver, palladium, silver
palladium alloys, etc., are also employable. ~In any case,
materials suitable for use in laminate ceramic capacitor of the
present invention are selected.

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.



inhibitor is in an amount of from about 4 to 25 % by weight relative to the
. ceranic materi al and wherein 35 [err] a [err] 55, 10 [err] b.s 15 and 25

{err] c [e The net ho gre! ajronolithic
ceramc ordlng to claim13, ' -] _gﬁjﬂﬂgyraduction

I nhibitor i sﬂm“ﬁmawnﬂﬂ @“Lrom about 8 to 20 % by weight refjafjive to the
ceram c mater thod fof PPoduci fgla AONGANtBIZ ¢efarmi c
capacitor according to claim?7, wherein the cerfaffic green

WHAT IS CLAIMED IS:

1. A monolithic ceramic capacitor comprising:

a plurality of dielectric éeramic layers made of a ceramic
material comprising strontium titanate as the main component
and bismuth oxide or an oxide of a bismuth compound as a minor
component and containing a reduction inhibitor,

and a plurality of base metal inner electrodes comprising
nickel or a nickel alloy.

2. The monolithic ceramic capacitor according to claim 1,
wherein the reduction inhibitor is represented by a general
formula:

aMO + bMnO, + ¢B,0, + (100-a-b-c)S8iO,
in which M is at least one of Mg, Sr, Ca and Ba; and a, b and
c are 10 s a s 60, 5 = b s 20 and 20 = ¢ < 35 in % by mol.

3. The monolithic ceramic capacitor according to claim 2,
in which the reduction inhibitor is in an amount of from about
4 to 25 % by weight relative to the ceramic material.

4. The monolithic ceramic capacitor according to claim 3,
wherein 35 s a = 55, 10 = b s 15 and 25 s ¢ s 30 in % by mol.

5. The monolithic ceramic capacitor according to claim 4,
in which the reduction inhibitor is in an amount of from about
8 to 20 ¥ by weight relative to the ceramic material.

6. The monolithic ceramic capacitor according to claim 3,
in which the reduction inhibitor is in an amount of from about
4 to 25 % by weight relative to the ceramic material.

7. A method for producing a monolithic ceramic capacitor,
comprising;

preparing dielectric ceramic green sheets;

laminating an electrode material on said green sheets;
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electrode material of two adjacent sheets not touching one
another;

heating the resulting laminate at a temperature increase
rate of from about 10 to 17°C/min, '

firing said laminate at a predetermined temperature; and,

cooling the fired laminate. '

8. The method for producing a monolithic ceramic
capacitor according to claim 7, wherein the laminate is cooled
at a rate of about 10°C/min or higher.

9. The method for producing a monolithic ceramic
capacitor according to claim 8, wherein the ceramic green
sheets comprise strontium titanate as the main component and
bismuth oxide or an oxide of a bismuth compound as a minor
component and'contain a reduction inhibitor as an additive.

10. The method for producing a monolithic. ceramic
capacitor according to claim 9, wherein the reduction inhibitor
is represented by a general formula:

aMO + bMnO, + cB,0, + (100-a-b-c)S8iO,
in which M is at least one of Mg, Sr, Ca and Ba; and a, b and
c each are 10 <= a <= 60, 5 s b s 20 and 20 s ¢ s 35 in % by mol.

11. The method for producing a monolithic ceramic
capacitor according to claim 10, wherein the electrode material
~ comprises a base metal materlal comprising nickel or a nickel

alloy.

12, The method for producing a monolithic ceramic
capacitor according. to claim 11, in which the reduction
inhibitor is in an amount of from about 4 to 25 % by weight
relative to the ceramic material and wherein 35 s a s 55, 10 s

b = 15 and 25 <= ¢ = 30 in % by mol.

13. The method of producing a monolithic  ceramic
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capacitor according to claim 12, in which the reduction
inhibitor is in an amount of from about 8 to 20 % by weight
relative to the ceramic material.

14. The method for producing a monolithic ceramic
capacitor according to claim 7, wherein the ceramic green
sheets comprise strontium titanate as the main component and
bismuth oxide or an oxide of a bismuth compound as a minor
componenet and contain a reduction inhibitor as an additive.

15. The method for producing a monolithic ceramic
capacitor according to calim 7, wherein the reduction inhibitor
is represented by a general formula:

aMO + bMnO, + cB,0, + (100-a-b-c)Sio, _
in which M is at least one of Mg, Sr, Ca and Ba; and a, b and
c each are 10 s a < 60, 5 = b = 20 and 20 s ¢ s 35 in % by mol.
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MONOLITHIC CERAMIC CAPACITOR AND METHOD OF PRODUCING THE SAME

ABSTRACT OF THE DISCLOSURE

Disclosed is a monolithic ceramic capacitor composed of
plural dielectric cefamic layers made of a ceramic material
comprising strontium titanate and bismuth oxide or the like,.
plural inner electrodes made of a  base metal material
comprising nickel or a nickel alloy, which are laminated via
the dielectric ceramic layer to produce the electrostatic
capacity of the capacitor, and outer electrodes as electrically
connected with the inner electrodes. Each dielectric ceramic
layer in the capacitor contains a reduction inhibitor, for
example aMO + bMnO, + c¢B,0, + (100-a-b-c)Si0O, (where M is at
least one of Mg, Sr, Ca and Ba; and a, b and ¢ each are, in %
by mol, 10 = a <= 60, 5 s b s 20 and 20 s ¢ < 35). 1In producing
the capacitor, the laminate of dielectric ceramic layers may be
fired in a neutral or reducing atmosphere without being
reduced. '
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