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MONOLITHIC CERJ\MIC CAPACITQB 
[FIELD OF.THB INVENTION] 
[• l moved from here; text not shown] 

BACKGROUND OF TBE IN'VmJTION 

Cf-:;o21.Jq I= 3 
IPoS 
p_/1021~ 

[Hitherto, a production process of a monolithic ceramic 
capacitor is generally as follows.] l. Field of the 
Invent:iml 

!.!..J.. The present invention relates to a ceramic 
capacitor -used for electronic instruments, and 

I -
particularly co a monolithic ceramic capacitor having 
internal electrodes made up of nickel or a nickel alloy. 

Hitherto, the production process for a 
monolithic ceramic capaqitor is generally as follows. 
First, a sheet-form dielectric ceramic layer having 
coated on [the] its surface [thereof] an electrode 
material. [becoming] for forming an internal electrod~ ie .... 
prepared. As the dielectric ceramic layer, a material 
composed of, for example, BaTi"3 is used as the main 

.• 

component. Then, [by calcining] a laminate is prepared 
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 
at~osphere] b~ing pressed and heated at 1250 to l3S0°C.!­
Thereby, a ~eramic laminate having internal electrodes i~ 
obtained. Also, by plating an exte::tTial electrode 
electrically connecting to the internal electrodes (to 
the side surface of the ceramic laminate], a monolithi~ 

-ceramic capacitor is obtained. 
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Accordingly, it is necessary that the material 
for the inte:rnal electrodes [meets] to me@t the following 
conditions. 

1. Because the ceramic laminate and the 
s 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 

10 with the dielectric ceramic layer. 

15 

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 [occupying] Jes. 
·the monolithic ceramic oapacitor cost reaches from 30 to 
70t, which is the largest factor [of] increasing the 

20 

production cost. 
As other materials having a high melting point 

~than the no~le metals], there are base metals ~uch 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. 'l'hus, to use these 

~S 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 
~ith the dielectric ceramic layer. However, conventional 
dielectric ceramic materials have the fault that when the 

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

SPEC\206570.ralJillc 

~ THIS SHEET HAS BEEN 
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To overcome [such a] thi§ fault. a dielectric 
ceramic material wherein [in a barium titanate solid 
solution,] the ratio of barium site/titanium site [is 
excessive tol in the barium titanate solid solution is 

5 in excess 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, Y, etc., to a barium titanate solid solution as 

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

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

15 of [a] ~ BaTi03-CaZ~-MnO-MgO series composition shown 
in Unexamined Published Japanese Patent No. ~2-256422 and 
a BaTiO, .. (Mg, Zn, Sr, Ca) O-:S20,-Sie>i series composition 
shown in E!Jcamined Published Japanese Patent Application 

20 

No. Sho 61-14611 are proposed. ,.. 
By using such [a] dielectria ceramio [material] 

materials, a ceramic laminate which is. not converted to a 
semiconductor 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 

25 internal electrodes becomes possible. 
With the recent progress [of) in electronics, 

small-sizing of electronic parts [proceeds] has proceeded 
rapidly and the tendency [of) .t.Q small [-sizing] ~ and 

[increasing the] increase in capacity of the monolithic 
30 ceramic capacitor [becomes] i§ remarkable. Accordingly,· 

· [the] demand for [the] a dielectric ceramic material 
having a high dielectric constant, showing a [less] lower 

THIS SHEET HAS BEEN 
REPLACED 
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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 Exam~ned Published Japanese Patent Application 

S No. Sho 5.7-4.2588 and Unexamined Published Japanese Patent 
No. Sho 61-101459, a large dielectric constant is 
obtained but there is [a] ~ fault that the c::rystal 
particles of the ceramic laminate obtained [become} are 
large and when the thickness of the dielectric ceramic 

10 layer in the monolithic ceramic capacitor becomes A.a thin 
as lOµm or thinner, the number of the crystal particles 
in [one] each layer is decreased [to lower the] and th~s 
lowers reliability. Also, there is a problem that the 
temperature change of the dielectric constant is large 

15 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. Sho 62-256422, the dielectric c~nstant is relatively 

20 high, the crystal particles of the ceramic laminate 

obtained are small, and the temperature change of the 
dielectric constant is small, but because Caz~ or CaTi03 

formed during the calcination·process is liable to form 
a secondary phase with MnO, there is a problem [on the] 

2·5 with reliability at [a] high temperature. 

Also, in the dielectric ceramic material shown 
in Examined Published Japanese Patent Application No. Gl-
14611, there is a fault ehat the dielectric constant 
obtained is from 2,000 to 2,aoo and the material is 

JO disadvantageous [in] ~ the view point of small-sizing 
and increasing the capacity of the monolithic ceramic 
capacitor. Furthermore, there is a problem that the 
material does not satisfy the X7R characteristics 

ii1iilili1l1iHiii 
'ffl1S SHEET HAS BEEN 

REPLACED 
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[regulated by] Q..{ the BIA Standard, that is the change 
ratio of the electrostatic capacity between the 
temperature range of from -55 to +125°C [does] i§ not 
[satisfy] within ±15%. 

[Thus, to] IQ solve the above-described 
problems, [the] compositions are proposed in Unexamined 
Published Japanese Patent Application Nos. Hei 5-9066, 

Hei S-9067, and Hei 5-9068. However, [thereafter,] the 
market demand [of markets] for [the] reliability 

10 [becomes) thereafter has become more severe and the 
demand for [the] ~ dielectric ceramic material wh~gh is 
excellent in (the] relia~ility has been increased._ Also, 
at the same time, the demand for thinning the ceramic 
dielectric layer has become severe. 

15 [However, '!#hen] When in the case of thinning 
the ceramic dielectric layer, the rated voltage is to Qi 

~ same as the rated voltage before thinning, the 
electric field applied per [one] layer becomes large and 
thus the. insulation resistanoe at room temperature and at ... 

20 a high temperature is lowered, whereby the reliability is 
greatly lowered. Thus, in conventional dielectric 

.. 

ceramic materials, [in the case of] it is required to 
lpwer the rated voltag! when ~hinning the ceramic 
dielectric layer. Th.erefore. 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] §. 

lgwering 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 
··reliability. 

[Now, in] l!! a small-sized and large capacity 
monolithic ceramic capacitor, [to cope with automatic 

THIS SHEET HAS BEEN 
Rl:PLACED 
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surface packaging,] a plated film such as a soft solder, 
etc., is formed on a baked ext~rnal electrode of an 
electrically conductive metal powder [as the external 
electrode~] to CQPC with automatic surface packaging. 

5 As [a] the method of forming a plated film, an 
ele~trolytic plating method is general used. Usually, 
fine voids are formed in a baked electrode of an 
electrically conductive metal powder[, fine voids are 
formed] . Accordingly, there is a problem that when the 

10 tt10nolithic ceramic capacitor is immersed in a plating 
liquid in the case of forming a plating film on the 
electrodes, the plating liquid permeates [in] the _voids 
of the baked electrodes and reaches the interface between 
the internal electrode and the dielectric ceramic layer 

15 to lower the reliability. 

S'QMMARY OF THE INYENTION 
Thus, the primary object of the present 

invention is to provide a small-si~ed and large capacity 
monolithic ceramic capacitor at a low cost, wherein the 

20 dielectric constant is at least 3,000[,}i 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 MQ•µF and at least 500 MO•µF respectively 

25 [,]~the temperature characteristics of the electrostatic 
capacity [satisfy] satisfies the B characteristics 
[regulated by] Q:f.. the JIS Standard and the X7R 
characteristics {regulated ~yl S2f the BIA Standard[,l.J.. 
and the reliability is high regardless of the presence or 

30 ·absence of the plated layer. 
The present invention has been made in view of 

the above-described object. 

- s SHEET HAS BEEN 
REPLACED ---
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The present invention provides a monolithic 
ceramic capacitor comprising plural dielectric ceramic 
layers, plural internal electrodes [each formed] between 
the above-described dielectric ceramic layers such that 

5 the end of each of the internal electrodes i.§. 

alternatively [exposes] exposed to [both the] different 
side surfaces of the above-described dielectric ceramic 
layer, and external electrodes formed such that they are 
electrically connected to the exposed internal 

10 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} meUlber 

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 o.s to s.o mols 

20 [converted] as MgO to 100 mols of [the] a main 
constituent shown by the following composition formuia1 

(l-a-f:l-'Y) {Ba0}111•Ti02 + ~03 + PRef>3 + 'Y {Mn1.x-yNixCo1 ) 0 

(wherein, M20,. is at least one .[kind selected from] .Qf 

Sc2"3 and Y203 ; Reie>, is at least one [kind selected from] 
25 gt SttlJ~ and Eu,.O, and a, (j, "(, m, x, and y are 

30 

o.002s ~ a + ~ ~ o.02s 
0 :!: p s 0.0075 

0.0025 s 'Y $ o.os 
"(/(a+ fJ) s 4 

0 s x < l.O 

0 ~ y < 1.0 

0 $ x + y < 1.0 

i.ooo <ms l.035}; 

f"THls SHEET HAS BEEN 1 
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AJ1Q. furthermore, containing an Li20-Bz0r (Si, Ti} o2 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 [totalJ of 
the above-described lllelin [constituents] constituent and 

5 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 pref erred that [when] in the triangular diagram of 

10 {Li20, BiO,, (SiwTi1-w) ~} (wherein O. 3 s w < l. O) [is 
formedJ, the above-described Li20-Bz0i- (Si, Ti) 02 aeries 
oxide glass is in the inside of the region surrounded by 
6 straight lines or on the lines linking 6 points of 

15 

20 

A (O, 20, SO} 

B (19, 1, 80) 

c {49, l, 50) 

0 (45, 50, 5} 

E (20, 75, 5) 

F {O, 80, 20) 
~-

and contains by addition at least one [kind] of Al20, and 
ZrOz in the sum total of not more than about 2 o parts by 

weight (with a proviso that Zr~ 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 
is constituted by a sintered layer of an electrically 
conductive metal powder or an electrically conductive 
metal powder [added] mix@g 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 

This Sheet Has Been 
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[added] mixed with a glass frit and a second layer ma.de 
up of a plated layer on the first layer. 

SRIEF QESCRIPTION OF THE DRAWINGS 
Fig. l is a schematic cross-sectional view 

S 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, 

1 O 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 

{Li20, Bi~, {SiwTi1-w) Ci} showing the composition range ot 
the Li20-B203-(Si, Ti)~ se:r:ies_ oxide glass. 

15 DETAILED DESCRifTION OF EMBOD~MEN'TS OP THE INVENTION 
[ 

Then. the practical embodiments of~-the present invent-ion ,, 
are described. 
]In the monolithic ceramic capacitor of the pre~ent 

20 invention, by using the dielectric ceramic materia~ 
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 

25 as described above and containing [byJ .in addition 
magnesium oxide and the Li10-:Bi03 - (Si, Ti)02 series oxide 
glass as the material for the dielectric ceramic la.yer, 
[when] the material [isl can b~ calcined in a reducing 
atmosphere[. the material oan be calcined] without 

30 deterio~ating [the] it.I. characteristics, and the 
monolithic ~eramic capacitor [satisfying] satisfies the B 
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characteristics [regulated by] ~ the JIS Standard and 
[satisfying] the X7R characteristics [regulated by] Qi 
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 electric field 
strength. 

Also, because the crystal grain sizea of the 
dielectric ceramic laminate obtained are sma11·as 1 µm or 
smaller, the number of the cryetal grains existing in 

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

In addition, it has been confirmed that in the 
15 present invention, [in] Q,f the alkaline earth meta: 

oxides such as Sro, Cao, etc., the alkali metal oxides 
.such as Na20, !(20, etc., and other oxides such as Al20,, 
SiO:a, etc., existing as impurities in barium titanate in 
the above-described main constituents, the [contents] 

.~· 20 content of particularly the alkali'metal oxides such as 
Na20, '1t/J, etc., [give] has A large [influences] infiuenoe 
on the electric characteristics. That is, it has been 
confirmed that by using barium titanate wherein the 
[contents] content of the alkali metal oxides existing as 

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

Also, it has been confirmed that by adding 
[the] An oxide glass mainly composed of Li20-BzO,- (Si, 
Ti)02 into the dielectric ceramic layer, the sintering 

30 property becomes good and also [a] plating resistance is 
·improved. Furthermore, by adding Al203 and Zr"2 to the 
oxide glass mainly composed of Li10-B20,- (Si, Ti)02, it 

-ns SHEET HAS BEEN 
H.EPI~i\CED 
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becomes possible to obtain a higher insulation 
resistance. 

When a dielectric: ceramic layer is formed using 
the dielectric ceramic material as described above, a 

5 small-sized and large capacity monolithic 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 

10 used 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 

is external electrode may be constituted by, for example, 
[thel s sintered layer of the powder of each of various 
electrically conductive metals such as Ag, Pd, Ag-Pd, Cu, 
Cu alloys, etc., or [the] g sintered layer of the above­
described electrically conductive ~etal powder compounded 

20 with [each of] various glass frits.such as [a] the B20:!­
Li10-Si02-Ba0 aeries, [a] :BzO,-SiCi-BaO eerie.s, [an] Li:i(>­
Si01-BaO series, [a] B20 3 [-].:,SiOz-ZnO series, etc. Also, a 
small amount of a ceramic powder may be added [together 
with] .tg the electrically conductive metal powder and the 

25 glass frit. More preferably, when a. plated layer is 
formed on the sintered layer, the plated layer ma.y 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 soft solder, tin, etc. 

30 [Then, the] The present invention [is] will bt 
practically explained based on the following exa.tnples but 
the present invention is not limited by such examples 
[only]. 

~
·-;~~';;-~::'1,n;-;:;r H '\S BEEN 
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First, an embodiment of the monolithic ceramic 
capacitor of the present invention is explained by 

re~erring to the accompanying drawings. Fig. 1 is a 
schematic cross-sectional view showing an embodiment of 

s the monolithic ceramic capacitor of the present 
invention, Pig. 2 i$ a schematic plane view showing an 
embodiment of the laminated ceramic layer of the present 
invention having an internal electrode, and Pig. 3 is an 
exploded slant view showing an embodiment of the present 

10 invention. 

15 

As shown in Fig. l, the monolithic oe~amic 

capacitor l of the present invention is a rectangular 
form chip-type monolithic ceramic capacitor prepared by 

forming external electrodes 5, a first layer 6 of nickel, 
copper, etc.,·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 [each) internal [electrode] electrodes 4 
between the dielectric ceramic lay~rs. 

20 ['l'hen] ~' the producti.on method of the 
monolithic ceramic oapacitor 1 of the present invention 
is explained in the order of the p~oduction steps. 

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

25 Pig. 2, a dielectric ceramic layer [2] .aQ {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] ~ scandium oxide and yttrium 
oxide, at least one [kind selected fromJ Qt samarium 

30 oxide and europium oxide, manganese oxide, cobalt oxide, 

and nickel oxide,. magnesium oxide, and [material] powders 
composed of an Li2o-aio,- {Si, Ti) 02 series oxide glass""' and 
an internal electrode 4 composed of nickel or a nickel 

THIS SHEET HAS BEEN 
REPLACED 

·----' 
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alloy is formed on one surface thereof. In addition, the 
internal electrode 4 may be formed by a screen printing, 
etc., or may be formed by a vapor-deposition method or a 
plating method. A necessary number of the dieleotrio 

5 ceramic layers 2b each having an internal electrode are 
laminated and as shown in Pig. 3, the laminated 1·ayers 
are placed between dielectric ceramic layers 2a [each) 
having no internal electrode and [press-stuck themJ 
pressed togethex to provide a laminate. Thereafter, the 

lO laminated dielectric ceramic layers 2a, 2b[, • • • ,] 

2h, 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 
[bothJ the side surf aces of the ceramic laminate 3 such 

15 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, etc., can be used[, ~lsoJ. Also the 

20 foregoing metal powder [added] mixed with a glass frit of 
a B2~-SiOa-BaO series glass, a Li:P-Si02-BaO series glass, 
etc., (isJ can be used[, and by]. By considering the 
use, [the using] place of use~. etc., of the monolithic 
ceramic capacitor 1, a proper material is selected. 

25 [Also, the] Thg external electrodes 5 (are] can be 
formed by coating [the] !: metal powder paste, which 
becomes the [material] 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 simultaneously with the 
ceramic laminate 3. Thereafter, plating of nickel, 
copper, etc., is applied onto the external electrodes s 
to form a first layer 6. Finally, a plated second layer 

r-;:';:;-,~ SHEET HAS BEEN 
I REPLACED 
!..~·--·---·-·-----,-------' 
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7 of a soft solder, tin, etc., is fo:rmed on the plated 
first layer 6 to produce a chip-type monolithic ceramic 
capacitor 1. 

Example 1 

s First, as the starting materials1 TiCl4 and 
Ba(N03) 2 having various purities were prepared and after 
weighing, they were precipitated as barium titanyl 
oxalate {BaTiO(C204)•4H20} with oxalic acid [to provide 
precipitates] . By heat-decomposing the precipitates at a 

10 temperature of l000°C or higher, the 4 kinds of barium 
[titanates] titanate (BaTi03} shown in Table 1 below were 
synthesized. 

Table 1 

Content of Impurities (wtfO) 

Alkali 

15 
Kind of 

[Mean 
~ 

BanQ, 
Kind.of] 

Particle Metal SrO ~o ;Si~ Al:zO, 
[Particle : 

Si7.e 

BaTi03] 
(,mi) 

Oxide 

A 0.003 0.012 0.001 0.010 o.oos 0.60 

B 0.020 0.010 0.003 0.019 0.008 O.S6 

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 carbonate1 and the hydroxide of each 
component were weighed such that the composition ratio of 

.0.25Li20-0.30B203-0.03Ti02-0.42Si02 (mol ratio) was 
obtained and after mixing and grinding them, they were 

25 evaporated to dryness to provide a power. The powder was 

···--·---

t-iJ',· ~,7-n;~.;:tt,\S BEEN ' 
j. .. .... • • ~' .......... 
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placed in an alumina crucible and after melting by 

heating at 1300°C, by quickly cooling and grinding the 
molten powder, an oxide glass powder having a mean grain 
size of l µm or smaller was obtained.) 

Also, ox.id,es. carbonates and hydroxides were 
weigbed and gon>bined sues that the eomposit;on ratio of 
o.2SLi:iO-o.:30~~-o.oJTiQa-0.42SiRJ Cmol ratio). was 
obtained after mixing and grinding and eyaporating tg 
dryness to provide a power. The powder was placed in an 

10 alumina crµcibl~ and after melting by heating at l30Q°C. 
gµickly cooled and around the molten powder ground to 
produce an oxide glass powder having a mean grain size of 
1 wn o• smaller. 

Then, Baco3 for adjusting the Ba/Ti mol ratio 
15 [m] lml. of barium titanate and Sc2.0:31 Y20,, Sm10 3 , ~0:11 

MnCO,, NiO, Co2~, and MgO each having a purity of at 
least 99' were prepared. These raw material powde~s were 
compounded with the above-desoribed oxide glass powder 
such that the composition ratios shown in Table 2 were ,.. 

2 O obtained to provlde compounded products. To each of the 
compounded products were added a [polyvinylbutyralJ 
polyyinvl butyral series binder and an organic solvent 
such as ethanol, etc., and th~ resultant mixture was wet­
mixed in a ball mill to provide a ceramic slurry. Using 

~s the ceramic slurry, a sheet was formed by [a] ~ doctor 
blade method to provide a rectangular green sheet having 
a thickness ot ll µm [was obtained). Then, an 
electrically conductive paste mainly composed of Ni was 
screen-printed on the ceramic green sheet to form an 

30 electrically conductive paste layer for constituting the 

·internal electrode. 
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Table 2 • Conl'd 

~+111M1'!~+1met2.+:liM!J...,J!L~Q 
II& 14 I! !'f!!.. 19!!2r % 

BaTiO. a+B .!!. .@lg :t '5L±ll .Is y s .. !!! 
!!2 b:. 0.0240 ~ 0.0300 0.0060 o.~ O.OlSO ~ 

~ A 0.0180 Jl.!!m 0.0210 0.0030 0.17 0.0800 ll 
•:n A 0.0060 O.OOIS Ym 0.0015 ~ g,gg M 

~ A 0.0050 0.0090 0.0140 ~ !,g ~ M 

~ A !).(JOSO ~ 0.0060 O.OOl!J 0.20 0.0150 u 
•24 !!. 0.0075 o.oms 0.0100 0.0025 O.JJ ~ u 
~ A O.OO!!if) 0.001, 0.0075 O.OOIS !W 0.0120 L§ 

2! !! 0.0080 0.0020 0.(HOO ~ w 0.0200 Z& 

!ll A o.ooliO 0.0010 O.oo70 ~ 0.17 0.0200 2.9 

~ A 0.0060 0.001.5 ~:· YU 0.25 0.0250 3.3 

•29 !! 2J!!!!l 0,002.0 0.0100 0.0020 0.2.5 0.0300 ~ 

* is Qut§ide the Range of the Invention 
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The plural ceramic green sheets [each] having 
formed thereon the electrically conductive paste layer 
were laminated such that the protruded sides of the 
conductive paste layers were alternated to provide a 

s laminate. After [calcining] eliminating the binder by 

heating the laminate in an N:a atmosphere at a temperature 
of 3S0°C, the laminate was calcined in a reducing 
atmosphere of an Ei-N2-H:i0 gas of an oxygen partial 
pressure of from 10"' to 10·12 MPa for 2 hours at the 

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

After calcination, a silver paste contai~ing a 
Bz03-Li20-SiOrBaO series glass frit was coated on both the 
side surf aces of the ceramic laminate obtained and baked 

15 in an N2 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 ah9ye were l.6 mm in 

20 width, 3.2 mm in· langth(,] and 1.2·mm in thicknessL and 
the thickness of the dielectric ceramic layer disposed 
between the internal electrodes was 8 µm. Also, the 
total number of the effective dielectric ceramic layers 
was 19 and the area of the counter electrode per [one) 

~s layer was 2 • l mm2
• 

{Then, the] The electric characteristics [of 
them] were measured. The electrostatic capacity (C) and 
the dielectric loss (tan 6) were measured using an 
automatic bridge-type measurement instrument at a 

30 frequency of l kHz, l Vrms(,] and at a temperature of 
·2s0c~ and the dielectric constant (e) was calculated from 
the eleotrostatie capacity. Then, [for measuring the 
insulation resistance (R),] usins an insulation 

iliiiii~Ui 
--------. 

\ 

THIS SHEET HAS BEEN 
REPLACED 
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resistance meter [was used], a direct current voltage of 
lG volts was applied for 2 minutes{,] 4ns1 the insulation 
resistances {R) at 25°c and at l25°C were measured and 
the product of the electrostatic capacity (C) and the 

S insulation resistance (R), that is the CR product~ was 
determined. Furthermore, for measuring the insulation 
resistance (R) at an electric field of 20 kV/tmn, a direct 
current voltage of 160 V was applied for 2 minutes and 
the insulation resistances (R) at 25°c and at l25°C were 

10 measured similarly and the CR.productL was determined. 
[Also, the change ratio of the eleotrostatic 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 particular1 the change (ratios (_C/C20°C)] 

ratio c4c/c20°c1 at 
-2s0 c and at as0 c using the electrostatic capacity at 

20 °c a·s the standard, the change [:ratios (_C/C25°C) J 
; ~ 

20 ratio <Aetc2s 0 c> at 
-55°C and at l25°C using the electrostatic capaeity at 
2s 0 c as the standard, and the absolute value CCl_Clmaxl 
that] CfACI._> of the largest change ratio [as the 

absolute value] within the range of from -ss 0 c to 12soc 
25 was [largest] wer~ shown. 

Also, as a high-temperature load life test, 
using 36 each samples, a direct current voltage of 100 v 
was applied at lS0°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 cime] when the insulation resistance (R) of 
each sample became 106 Q or lower was defined as the life 

tt-HS SHEET HAS BEEN 
. Rr:pLACED \.. ___ ,_,_.:.::.'...--.-----



------------------------------------------~··· ············· ~ 

[ RECEIVED 07/16 13:00 1997 AT 533-069~ PAGE Zl (PRINTED PAGE Zl) 
1997-07-16 13:53 FROM l'fJRATFl MFG. TO DREW HFPIERCSCD P.21/44 

·" 

- 20 -

time and the mean life time was shown. The results are 
shown in Table 3 below. 

THIS SHEET HAS BEEN 
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Table3 

Caoacily: 
~aci!! TemPerature 

CR Product 
Temperature ~ Change Ratio Change Ratio CMO•uPl AC/C'20°C Cll 
A~/C20°C £%l 20 kV/mm agelied 

-2s0 c 8S°C -S5°C 125°c ~ ~ ~ 

~ 17.B -11.0 12.8 2§J. §320 2460 

Ynrneasurable owigg to Becoming Semb:onduclQl 

-0.4 =1d -1.2 -9.2 ~ ~ 2820 

Ynmeasurable owing to Becoming Semi£2llduetor 

-0.2 -9.S -0.5 -10.6 10.6 S130 1580 

1.2 -9.6 J..J! -18.1 19.7 4000 1410 

Unms:gumbJe owing to Sinteriog Deficieng: 

-0.3 :M -0.9 -10.4 10.4 7160 mo 
QJl -749 -0.S -9.0 9.0 5970 ~ 
0.2 -8.8 -0.4 :il 2& 7400 27SO 

0.5 ::Y 0.6 -12.8 
12.8 

6S80 2430 

~ -9.2 0.6 -13.0 13.0 6680 2450 

-0.1 ::M -0.9 -8.6 y 6100 2280 

QJ! -7.4 -0.7 -8.3 8.3 mQ 2880 

M -6.0 -2.0 -1.0 7.0 !IDQ 2320 

-0.3 -8.2 -1.3 :M 9.4 6810 mo 
°=.! -6.7 :!lJ. -11.7 11.7 fi920 2740 
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11 ml! 3220 1.7 1.0 :Y M -14.B 
14.8 7010 2780 

Table 3 • CoJl.t•d 

Qpacitl'. CJPa<;itI Tem1lel'ltgm CR Product 
Temperature ~ Ekin& Caange Ratio ~ Dielectric Dielectric Change Ratio (MO•uF) Iemoerature ACIC20°C £%} & (oC) Constant~ !:gss bm AC/C20°C {%} 20 kV/nun aoolied 

Wil -2s0 c 8S°C -ss•c 125°C ~ ~ J2SDC 

•19 1360 2180 .L! -0.3 -7.0 .:l.J, -B.3 u 1660 920 
•20- 1300 3470 11 ~ -12.~ ~ -18.0 18.0 6100 1440 

.!11 1300 3420 1.7 Ll -12.2 0.8 -18.6 18.6 6020 1710 

*22 1300 m 2.1 u -12.0 3.4 -17.6 l7.6 6660 2310 

*13 1300 3280 t".9 -0.2 -9.7 .:Q.J -11.7 ll.7 3680 .@ 

~ ll@ 3100 1.3 -05 ::1.1 -1.4 -8.6 t!i 3800 ~ 
~ 1300 ~ 1.6 fil -7.8 0.6 -12.5 12.S 3220 2§Q 
~ 13@ Unmeasurable gwi11g to Sintering Deficlenc! 
*27 1360 2430 1.0 :fil -5.1 -1.4 -6.9 6.9 ~ am 
*28 ll§Q 2090 .L1 -0.8 ~ -0.9 5.9 S.9 6120 3660 
~ 1300 2490 L! Qd ~ OJI -6.2 6.2 6980 2320 
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As is clear from Table l, Table 2[,] and Table 
3, it ~an be seen that in the monolithic ceramic 
capacitor of the present invention, the dielectric 
constant £ is high as 3,000 or higher, the dielectric 

5 loss tan 6 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 ss0 c and satisfies 
the X7R characteristic [standard regulated by] ~ the EIA 

io Standard in the range of from -55°C to 125°C. 
Furthermore, the insulation resistances at 2s 0 c 

and at 12S°C under a high electric field strength .of 20 
kV/mm show high values of 2~00 MO•µm or higher and 500 
MQ•p.m or higher-'- respectbrely. Aleo, the mean life time 

15 is 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]. l ~m or smaller. 
Now, the reasons of limiting the compositions 

in the present invention are explained. 
-~·· 

20 The reason for limiting the sum of a and ~ in 
(l·a-~-'Y) {Bao lm•Ti01 + 0!~03 + {JRe,.03 + 'Y (Mn.1.x.-PixCOy} O 

(wherein, ~o, is·at least one [kind selected froml sf 
Sc20!t and Y2°'1,; Re2~ is at leas~ one (kind selected from] 

~ S~ and Eu,.~) to the range of 0.0025 ~ a + # < 0.025~ 

25 preferably about 0.006-0.02. is that when "a + fJ" 
representing the (z..\0, + Re20 3) amount is less than about 
0.0025 as in Sample No. l, the dielectric constant ~ is 
lower than 3,000 and temperature change ratio of the 
electrostatic capacity becomes large. Also, the 

30 insulation resistance in the case of applying 20 kg/mrn at 
· 125°C is lowered and also the mean life time ia extremely 
shortened. 

THIS SHEET 1-lf\S BEEN 
REPLACED 
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On the other hand, when 11 0! + fJ" representing 
the (M,.0, + Re10,) amount is more than about 0.025 as in 
Sa.mple No. 19, the dielectric: constant does not exceed 
3,0oo. the insulation resistances at 25°C and at 12S0 c 

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

Also, the reason for limiting P to the range of 
O < P s about 0.0075. preferably about 0.001-o;oos, the 
high-temperature load life test, is that when P 

10 representing the Re20, amount is 0 as in Sample No. 3, the 
mean life time becomes shorter than 500 hours. 

15 

20 

on the other hand, when P [representing ~he 
Re203 amount] is over ahgut 0.0075 as in Sample No. 22, 
the temperature change ratio of the electrostatio 
capacity becomes large and the sample does not satisfy 

the B characteristios of the JIS Standard and the X7R 
characteristics of the EIA Standard. 

Also, the reason for limiting y to the range of 
[0.0025] 0.0015 s 1 ~ o.os, preferably about 0.0025-0.04. 

,;. 

is that when 'Y [rerpresenting] representing the (Mn, Ni, 
Co)O amount is less than [0.0025] aboyt 0.0015 as in 

Sample No. 2, [when] and the sample is calcined.in a 
.r;educing atmosphere, l:he dielectric ceramic is reduced to 
be converted to a semiconductor and the insulation 

25 resistance is lowered. 
On the other hand, when 'Y representing the (Mn, 

Ni, Co)O amount is over abOUt 0.05 as in Sample No. 20, 
the insulation resistance at 12s 0 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 o ~ x + y < 1.0. preferably abgut 0.15-0.5. is 

f THlS SHEET HAS BEEN 1 
I REPLA~ J 
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that when x + y ... l.00 without containing Mn as in Sample 
Nos. 23, 24, and 25, the insulation re~istance ia lowered 
and the mean life time becomes shorter than 500 hours. 

Also, the reason for limiting 1/Ca +a> to the 
5 range of y/Ca + P> • 4, preferably about 3.6 or les1~ is 

that when the that ratio "'f/ (a + {J) of the (~03 + Re203) 

amount, ••a + ~n and the (Mn, Ni, Co)O amount, 'Y is over 
a.bout 4 as in Sample No. 21, the temperature change ~atio 
of the electrostatic capacity becomes large and the mean 

10 life becomes shorter than 500 hours. 
Also, the reason for limiting m to the range of 

l.000 ·< ms l.035. preferably about 1.005-1.03. is that 
when the mol ratio m of barium titanate is lees than 
[l,OOO] i.ooo as in Sample No. 4, the sample is converted 

15 to a semiconductor and when the mol ratio m of barium 
titanate is [1,000] l.OOO as in Sample No. 5, the 
insulation resistance is lowered and the mean life time 
becomes shorter than soo hours. 

On the other hand, when ~he mol ratio m is over 
20 abOut 1.035 as in Sample No. 26, the aintering property 

is extremely deteriorated. 
Also, the reason for limiting magnesium oxide 

to the range of from 51ibout 0.5 to 5.0 mols converted as 
MgOd preferably about 1-4 moJ,, is that when the MgO 

.25 amount is less than about o.s 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 ratio of the electrostatic 
capacity satisfies the B characteristics [regulated by] 

30 .Qt the JIS Standard, it do~5 not satisfy the X7R 
· characteristics [regulated by] gt the EIA Standard. 

On the other hand, when the addition amount of 
MgO is over ab9ut 5 mols as in Sample Nos. 27, the 

TH1S SHEET HAS BEEN 
, REF'l .ACED . 1 
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eintering temperature becomes high, the dielectric 
constant does not exceed 3,000, and the mean life time is 
shorter than 500 hours. 

Also, ehe reason for limiting the addition 
5 amount of the Li20-Bz03- (Si, Ti) Oi series oxide glass to 

the range of about 0.2 to 3.0 parts by weight. Preferably 
about 1-2.5 1 is that when the addition amount of the 

Lil0-B:i03- {Si, Ti)~ series oxide glass is less than about 

O. 2 part by weight as in Sample No. 7, sintering becomes insufficient 
10 on the other hand, when the addition amount of 

15 

the Li20-Bi~- (Si, Ti)~ se::t"ies 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 is over @bout 
0.02' by weight as in Sample No. 29, lowering of the 

dielectric constant oecurs. 
~-

20 In addition, there is no ·particular restriction 
on the rat:io CP/fX.) of the Re203 amount, fJ .... to thei M,.O, 

amount, a, but in order that the temperature change ratio 
of the electrostatic capacity .l'las a surplus from the 
allowable value of the standard, it ie preferred that P/a 

~5 s l. preferably~ 0,7. 

Example 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, 97.0 

3 O {Bao} 1•015•TiOi + o . EiY20, + . o . 4Eu::i03 + 2 • o <Mno.4Ni0.,.COo.a> O (mol 

·ratio) with o. a mol of MgO was prepared, [the] A Li30-

Bi03- (Si, Ti)Oz series oxide glass having a mean grain 
size of 1 µm or smaller shown in Table 4 prepared by 

~ralliaae 
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heating at a temperature of.from 1200°c to lSOODC 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 Exauple l. In 
addition, the external dimensions, etc., of the 
monolithic ceramic capacitor prepared were same as those 
in Example 1. [Also,] l'.bA electric characteristics [of 

10 them] were measured. 

-'.'!· 

''.··~~~\ 
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Ad5ii1WD 

SaiJmle Amount 
of Oxide 

tiQ.,. 
~ 

Cwt.%) 
Li~ 

ill. lJ2 2 
5 102 1:2 19 

.!m 1.0 ii 
104 1.0 4S 

.Im lJl ~ 
106 .L2 2 

10 107 1.0 3S 

lm .LQ .ll 
109 .LQ 20 

110 1Jl 10 

111 1.0 10 

15· 112 1.0 35 

113 1.0 35 

ill: 1.0 35 

!ill l.Jl .12 
•116 1.0 ~ 

20 *117 1.0 3S 

*118 .L.Q ~ 

..!il2 1.0 .12 
*120 1.0 » 
•121 1.0 3S 

25 ~ .l...Q ~ 
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Table 4 

Comgonents of Oxide Qlass 

Main Constituents (mol1U 

w., 
!£.Lu Ti,..,lQi 

lt 

~ m 2:1 
! 80 0.7 

1 so 0.8 

so .i Q.2 
75 ~ M 
80 20 g,j 

.u ~ ~ 

so ~ 0.9 

~ 40 0.3 

la ~ !L1 
70 20 ~--·· ~ 

15 so 0.7 

ll ~ 0.7 

y ~ ~ 
.. 

~ ~ 0.5 

20 ~ 0.7 

62 ~ lLZ 
~ lQ 2:Z 
ll ~ .Q.1 

so 15 !J2 
so ll Q.1 

~ u 2,1 

Added 
Cpmnonen.m 

(weight pgts} 

AhQ. ..ZIQ. 

2 1i 

"- i 
2Q 

.1.Q 

~ 

2il 
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The electrostatic capacity (C) and the 
dielectric loss (tan 6) 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 

5 dielectric constant (E) ~as 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 
CR), that is the CR product~ was determined. 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)] 1 tbe 
chang; ratio C4C/C20°cl at -2s0 c and at ss 0 c using the 
electrostatic capacity at 20°C as ~he standard. the 

20 change [ratios {f¢C/C25°C)] ratio (AC/c2s 0 c> at -ss 0 c and 
at l2S°C using the electrostatic capacity at 2s 0 c as the 
standard, and the [value <lf¢C/C20°Cjmax) that the ] 
a.bsolute value C4C/c20°cL-> of the largest change ratio 
[as the absolute value] within the range of from -ss 0 c to 

25 12s0 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] monolithic ceramic 

THIS S~-JEET HAS BEEN 
. i::: :;'LACED 
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[capacitorl capacitors having external electrodes plated 
thereon [was] ~ 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.insulation 
resistance meter, a direct current voltage of 160 V was 

lO 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 resi$tance 
(R), that is the CR product~ was determined. The [above] 
results are shown in Table 5. 
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Firing Sample Dieleclric Temoerature No. COD&l811tE (OC) 

101 1280 3330 

m 1280 3280 

103 1280 3160 

nM 1260 3100 

105 1260 3050 

106 1280 ~ 
107 mQ mg. 
.ll>J 1260 3000 
109 1260 llOO 
!IQ 1280 3280 

.ill 1280 3100 

112 l3m 3090 
113 1280 m 
fil 1300 m 
*115 

*116 

•111 1300 3080 

•us 1300 ~ 
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Table S 

Capacity 
Cmaci!X Temnerature CR Product After 

Temp;rature Plating Dielecttic Chance Ratio Change Ralio <MO•td? Loss tan& AC/~20°C nu t\CJC20°C Cll 20 kV/mm, ll!t:!lled w 
~ ss•c -ss•c 12s0 c !!!!16. 2SoC ~ 

1.9 -0.4 -6.8 :2Ji -8.3 1.2 2740 Im 
LI -0.3 -7.8 :.!La .:liYl ru 2580 m 
1.2 -0.2 :Zd :O.d .:2:J. 2J. 2510 780 

.L1 -0.9 -S.5 -1.2 :M M 2720 790 

u -0.6 -S.3 -0.8 -S.S 2:2 2860 860 
1.6 -0.2 -6.0 -0.6 ~ u 2740 700 
1.8 ~ -6.5 -1.1 -6.8 6.8 2660 820 
1.7 -0.6 -S.1 -0.9 -S.9 S.9 2810 860 
t.7 "-0.8 -6.5 -1.0 -6.9 ~ 2no 820 
.Y -0.I -1.S ·0.2 -10.0 10.0 1710 13Q 

.L1 -0.7 -6.2 -1.0 -6.S ~ 3740 1200 
1.5 -0.3 ·1.S -OA -9.0 U! nm 1150 
Ll -0.l -S.3 -0.1 -10.9 10.9 3800 .l2m 
1.6 M -7.I .:Q=1 -7.3 7.3 3650 1100 

Unmeasurable owing ta sintering deficiency 

Unmeasurable owing to sin!ering deticlenc! 

2..1 -1.6 -5.3 -2.0 -S.O LQ 710 llQ 
~ ::Ll -4.9 .2.1 ~ 4.7 90 jg 

~ fmduct After 
Silver Baking 

fMQ•uF) 
ao kV/mm glied. 

2s•c · 12s0 c 

..2790 &SO 

2580 zm 
2S10 2m 
2750 m 
2930 m 
~ 900 

2660 81.0 

2850 880 

2780 840 

2710 1£l 
3710 mg 
3320 lli.2 
~ 1100 

~ 1110 

2120 §.m 

:Mll! 580 

,.., 

= n 
llQ --c 

• .....l!Q 

·~~ 
I II' .......... 
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SI 
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As is clear from Table 4 and Table 5, in the 
monolithic ceramic capacitor of the present invention 
constituted trom the dielectric ceramic layers containing 
by addition the Li20-S,,Or (Si, Ti}Oi series oxide glass, 

5 the dielectric constant £ is high as 3,000 or higher, the 
dielectric loss tan 6 is 2.5% or less, and the change. 

ratio of the electrostatic capacity to temperature 
satisfies the B characteristic standard [regulated by] Qt 
the JIS Standard within the range of from -25°C and 85°C 

10 and the X7R characteristic standard [regulated by] .Q.[ the 
EIA Standard within the range of from -ss 0 c and l25°C. 
:Furthermore, there is a feature that when plating is 
applied, the electric characteristics are not 
deterio:rated. 

15 When triangular diagram of {Li20, B.:zO,, 
[When triangular diagram of {Li20, B203, J (Si.,Ti1.w} 02 } 

·(wherein, 0.3 ~ w < 1.0), preferably about 0.4-0.8. is 

formed, the oxide glass composed of Li20-Bi03- (Si, Ti) 02 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 Li20 is O mol,, Bi03 is 20 molt, and (Si, Ti) 02 is 80 

molt; [the] point B [showing] .of the composition [that] 
whea Li1o is 19 mol%, ~O, is l mol%, and (Si, Ti)~ is so 

25 mo1% 1 [theJ point C [showing] Qt. the composition [that) 

where Iai20 is 49 molt, B103 is 1 mol%, and (Si, Ti) Ci is so 
mol'; [the] point o [showing) Q-'. the composition [that] 
where L~O is 45 mollfl, B10, is so mol%, and {Si, Ti)02 is 5 

mol%i [the] point ~ [showing] of the composition [that] 
30 where Li2o is 20 mol%, BiO, is ?5 mol'li, and (Si, Ti) 0:2 is · 

s mol%; and [the] point F [showing] sf the composition 
[that] where LiiO is O molt, B:i03 is 80 molt, and (Si, 

THIS SHEET HAS BEEN 
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Ti)~ 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] are sintering 

5 [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-described region or on the straight lines as in 

10 Sample Noe. 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/mm after plating is extremely lowered, [the] both 

15 of which are undesirable. 
:Also, as Sample Nos. lll to 114, monolithic 

ceramic capacitors each having the insulation resistances 
at 25°c and at 125°c in 20 kV/mm of 3,ooo MO•µF and 1,000 
MO•µF.._ respectively. are obtained but as in Sample Nos • ... 

20 121 and 122, when the addition amount of Al203 is over 20 
parts by weight or the addition amount of zro2 is over 10 

parts by weight, the sintering property is extremely 
lowered, which is undesirable . 

.. 
In addition, even though in the above 

~s examples[, as] ~barium titanate[, the] powder 
[thereof] was produced by an oxalic acid metpod [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 
30 used. By using these powders, it is possible that the_ 

characteristics are more improved than those shown in the 
Examples of this invention. 

1ililii1ii~f 
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Also, though as scandium oxide, yttrium oxide, 
samarium oxide, europium oxide, manganese oxide, cobalt 
oxide, nickel oxide, magnesium oxide, etc., (the] oxide 
powders were used, [they are] the invention ii not 

5 limited to these powders hut 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 calcination in a 

lS reducing atmosphere, nickel, which is a base metal, [and) 
.sa: a nickel alloy can be used as the electrode material 
and the dielectric ceramic layer can be calcined ae a 
relatively low temperature as l300°C or lower, whereby 
[the] a lower cost (down] of the monolithic ceramic ,. 

20 capacitor can be realized. 
Also1 [in the monolithic ceramic capacitor 

using the dielectric ceramic material,] the dielectric 
constant is 3,000 or higher a~d the temperature change of 
the dielectric constant is small in the IllQnolithic 

~5 ceramic capacitor using the dielectric ceramic material. 
Also1 the insulation resistance in a hig~ electric field 
is high and the life time at high temperatures is long. 
Accordingly, even when the .dielectric ceramic layer is 
thinned, it is unnecessary to lower the rated voltage. 

30 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 [existing] in 
the layer can be increaaed compared with conventional 

·.·· THIS SHEET HAS BEEN 
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monolithic ceramic capacitors. Thus1 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 
thereof, 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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[What ;t.s claimed isl WHJLT IS CLAIMED IS: 

1. A monolithic ceramic capacitor comprising 
[plural] at least three dielectric ceramic layers, 
[plural) at least two internal electrodes [each formed] 
between [said] adjagent dielectric ceramic layers such 

5 that [the] Jlll end of each of the internal electrodes 
[alternatively exposes to both the side surfaces of said 
dielectric ceramic layer) is exposed at a different side 
surface of said capacitor, and external electrodes 
[formed such that they are] electrically connected to the 

10 exposed internal electrodes, wherein the dielectrip 
ceramic layers {are constituted by a material] comprise 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 

15 least one [kind] member selected from the grouR 
consisting of scandium oxide and yttrium oxide, at least 
one [kind] member selected from the group consisting of 
sama~ium oxide and europium o:x;ide, ·and manganese oxide, 
cobalt oxide, and nickel oxide[; containing by addition 

20 . magnesium oxide as an accessory constituent in an amount 
of from 0.5 to s.o mols conver.ted as MgO to 100 mols of 
the ma.in conatituent shown by], of the following 
composition formula; 

(l-a-P-'Y> {aao}m•TiO:z + ~~ + /JRe2o3 + 1'<Mn1 • .,NixCo1)0 
25 wherein[,] Mi~ is at least one [kind) member selected 

from the group consisting of Sc:=z03 and Y20,; Re20, is at 
least one [kind] member selected from the group 
consisting of smao3 and Bui~ and a, ~, 'Yi m, x, and y are 

0.0025 s a + a s 0.025 

30 0 s p s 0.0075 
[0.0025] 0.0015 ~ 1 s 0.05 

-----
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"(/(a.+ fl) :s: 4 

0 :!ii x < 1.0 

0 "y < 1.0 

0 it: x + y < 1.0 

1.000 < m ~ 1.035; 

--------
;\\ii\\~i~f 

magnesium oxide in an amount of :Crom $ut Q...,2 

to s.o mols as MgO to 100 mols of said main cgnstituen~; 

[furthermore, containing] an Li20-B203- (Si, Ti}02 

[series] oxide glase in an amount of from ab9ut 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 

[' ] ...... 
45 [and said internal electrodes are constituted by nickel 

or a nickel alloy. ] 
2. The monolithic ceramic capacitor of claim 

1, wherein [when the ]O.OOG s a+ 8 :s: 0.02. 0.001 s 8 s 

o.oos. 0_002s ~ y s o.o4, yl<a + B> s 3.6. o.1s ~ x + y < 

so ..9..:.2..r.. :. 1 1 005 s m $ 1.03: about 1-4 mols MgO to 100 

mols -,9.t said mai~ constituent: and' about 1-2. 5 PRh glass .... 

~ The monolithic ceramic capacitor of cla~m 
2, wherein said Li70-~0r <SL Til02 oxide glass is in the 

inside of the ~egion of a molt triangular diagram of: 
{LiiO, BzQ3, (SiwTi1.w) Oi} 

~ 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] 
lines] or on the straight lines 

A (0, 20, SO) 

.l.Q. B (19, l, 80) 

c (49, l, 50) 

D (45, SO, 5) 

surrounded by (6 straight 

linking 6 points of 

\ \11\11\ \1\11\ 111\l lll\l ll \Ill 
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E (20, 75, 5) 

P {O, 80, 20) 

and contains [by addition] at least one [kind] membe*' 
selected from the group consisting of ·Al203 and Zr02 in 
the.sum total of not more than abgµt 20 parts by weight, 
with [a] the proviso that ZrOi is not more than about 10 
parts by weight, to 100 parts by weight of said 

20 [constituents.] g_laes. 

!... The monolithic ceramic capacitor of claim 
3. ~herein said internal electrodes are nickel or@ 
nickel alloy. 

[3J ~- 'I'he monolithic ceramic capacitor of 
claim [l] 1. wherein said external electrode [is 
constituted by) comprises a sintered layer of an 
electrically conductive metal powder or an electrically 
cond~ctive metal powder [added with a] &llSl_ glass frit. 

!..&, :the monolithic ceramic capac~tor of cl;:Lm 
4, wnerein said external electrode comprises a first 
layer sintered lay_er of an electrically conductive metal 
powder or an ele~trically conductive metal powder and 

S glass frit and a second layer plated layer on the first 
layer. 

~ The monolithic ceramic capacitgr of claim 
L wherein said Li;tO-BaO,- CSL Ti)02 oxide glass is in the 

inside of the region of a mol~ triangular di9gram of z 
{Li:zOc M' (Siwl:i.1.wlSU 

wherein 0.3 ~ w < 1.0. surroundeg by or on the straight 
line@ linking 6 points o; 

A (0. 20, SO) 

I llllll//lllll Ill/I lllll /I llll 
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B 'l~ I 1 I BQ~ li11J1iiiillilf 1nr c (4~ I 1 1 ~O} 

12 {~2. 50 I S} 

il {20. 75, 51 
F {Q1 §0 I 20) 

and contains at least one member selected from the group 
consisting of AJ.z,C;b and zro2 in the sum total of not morft 
than about 20 parts by weight. with the proviso that ZrQi 
is not IDQre than about 10 parts by weight. to 100 parts 
by weight of° said glass. 

!.:.. Tbe monolithic ceramic c§Pacitor of claim 
7. wherein s1id internal electrodes are niakel o~ a 
nickel allov. 

[4] j,. The monolithic ceramic capacitor of 
claim [2] ~. wherein said external electrode [is 
constituted by] comprises a sintered layer of an 
electrically conductive metal powder or an electrically 
cond~cti ve metal powder [added wi f.h a] and glass fri t. 

(5] l.Q.. The monolithic ceramic capacitor of 
claim [1] i, wherein said external electrode [is composed 
of] comprises a first layer [made up of a] sintered 
layer of an electrically conductive metal powder or an 

5 electrically conductive metal powder [added with al An4 
glass frit and a second layer [made up of a] plated layer 
on the first layer. 

(6) l.!· The monolithic ceramic capacitor of 
·claim [2] 1. wherein said internal electrodes are nickel 
or a nickel alloy. 

I 1111111 111111 11111 1111111 1111 
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12..:. Th.e monolithic ceramic capacitor of claim 
ll., wherein said external electrode [is composed of a 
first layer made up of] comprises a sintered layer of an 
elecerically conductive metal powder or an electrically 
conductive metal powder [added with a ]and alass fri~. 

lJ..:. The monolithic ceramic capacitor of claim 
11. wherein said exte~nal electrode compriaes a first 
layer sintered layer of an electrically conductive metal 
powder or en ~lectrically conductive metal powder an.4 
glass frit and'a second layer [made up of a] plated layer 
on the first layer. 

~ The mono.ithic ceramic capacitor of claim 
1. wherein said external electrode comprises a sintered 
layer of an electrically conductive metal powder or an 
·electrically conductive metal powd,er and glass :~tt. 

l.5..:.. The monolithic ceramic capacito~ of claim 
l. wherein said external electrode comprises a first. 
layer sintered layer of an electrically conductive metal 
powder or an electrically conguc~iv9 metal powder and 

5 glass frit and a second layer plated layer on the fir§t 
layer. 

__ __,__ 
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