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The present invention relates to monolithic 
ceramic capaaitors to be used in electronic inatrwnenta, 
especially thos~ having inner electrodes made of nickel 

5 or nickel alloys. 

BACJCGROJJND OF THE XNYmfrIO?f 

Monolithic ceramic capacitors are generally 
produced as follows. First, a sheet of a dielectric 
material "haying coated thereon an electrode 

10 material to be an inner electrode is prepared. 
Por example, the dielectric material may consist 
essentially of BaTiO,. Next, a plurality of such sheets 
each coated with the electrode material are laminated and 
integrated under heat and pressure, and the resulting 

15 laminate is baked at from 12S0°C 
to 1350°C to obtain a monolithic: dielectric cex-amic body 

having inner electrodes therein. ~o the both ends of the 
dielectric ceramic body _ . &a fixed outer electrodes 
that electrically communicate with the inner 

20 electrod.es. Thus is obtained a monolithic ceramic 
capacitor. 

ACcordingly, the materials for such inner 
electroc:les must satisfy the following ~equirements • 

(a) Since the dielectric ceramics and the inner 
25 electrodes are baked together, the melting point of the 

materials for t~e inner electrodes must be not lower than 

This 1iiiil1 llii1i1i1il1iilaced 
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the temperature at which the dielectric ceramics can be 
baked. 

(b) The materials for the inner electrodes must 
not be oxidized even in high-temperature, oxidizing 

5 atmoaphere• and lllUSt not react with dielectrics. 
Aa electrodes that satisfy these requirements, 

noble metals, such as platinum, gold, palladium and silver, 
have heretofore been used. However, these electrode 
material are expensive, althgugh they have 

10 excellent characteristics. Accordingly, the cost of the 
electrode material reaches from 30 to 70 t of the total 
cost of .thl, monolithic ceramic capacitor, which 
therefore is .the essential factor of increasing the 
production costs of conventional monolithic ceramic 

is capacitors. 

Npble metals, known are base 
metals, such as Ni, Fe, Co, w and Mo, _ . have a high 
melting point. However, such base metals are easily 
oxidized in high-temperature, oxidizing atmospher•• _ 

20 And lose their ability to function as 
electrodes. Therefore, if such base m~tals are used aa the 
inner electrcides in monolithic cera~ic capacitors, they 
must be baked in neutral or reducing atmospheres along with 
dielectric ceramics. However, conventional dielectric 

25 ceramic materials were defective in that if they are 
. baked in such neutral or reducing atmospheres, they . . 

are greatly reduced into semiconductors. 
In order to overcome these drawbacks, for 

example, pr()posed were a dielectric material comprising a 
30 solid solution of barium titanate where the ratio of· barium 

sites/titanium sites is over the stoichiometric ratio 
thereof, such .as that disclosed in Japanese Patent 
Publication No. 57-42588; and a dielectric material 

.. 
•. ,J •,, 
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comprising a solid &elution of barium titanate and 
containing oxides of rare earth metals, such as La, Nd, S1I\ 

and Dy, added thereto, such as that disclosed in Japanese 
Patent Application Laid-Open No. 61-101459. 

5 Also proposed were a dielectric material having 
a composition of Ba'l'i<>,-cazro1-MnO-MgO, such as that 
disclosed in Japaneae Patent Application No. 62-256422; and 

a dielectric material having a composi t:ion of BaTiO,­
(Mg, zn, Sr, C&) 0-JlsO,•SiOa, BUC!h as that disclosed in Japanese 

10 Patent Publication No. 61-14611. 
Using these dielectric materials, dielectric 

C!eramics were obtained which are not converted into 
aemicondu.ctors even when baked in reducing atmospheres. Aa 

a reeult, it has become possible to produce monolithic: 
15 ceramic capacitors comprising inner electrodes of base 

metals such as nickel. 
With recent develQRmants in 

electronic:s, small-sized electronic parts have become 
in great d@mand and small-

20 sized, large-capacity, monolithic ceramic capacitors are 
therefore required Por these reasons, 
the recent tendency in the art is rapidly toward use gf 
dielectric materials having a higher dielectric constant 
and toward thinner dielectric layers. Accordingly, there 

25 is now a great demand for dielectric materials 
high reliability having a high dielectric constant 
in which the temperature-dependent variation is 
small· 

HOwever, the dielectric materials disclosed in 
30 Japanese Patent Publication Ho. 57-42588 and Japanese 

SP!C\ll0407 

Patent Application Laid-Open No. 61-101459 g~nerally were 
'defective in that the crystals of the dielectric ceramics 
obtainable from the materials are generally larg~, though 

This 1ii~i11 l1U1ii11iiiced ----
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the dielectric ceramics themselves may have a high 
dielectric conatant, with the result that if t.bin 
dielectric: .l~yers having a thickness of, for example, 10 µm 
or less are made of auch dielectric ceramics and 

s incorporated into monolithic capacitors, the number of 
crystals in .l.Gh layer is reduced and 
therefore the reliability of the monolithic capacitors is 

10 

lowered. 
further 
variation 

In addition, the dielectric materials were 
defective in t.hat the temperature-dependent 

.'2f the dielectric constant of the dielectric 
ceramics is great. For these reasons, the conventional 
dielectric materials could not meet the requirements 
gt the market. 

on the other hand, the dielectric material 
lS disclosed in Japanese Patent Application Laid-Open No. 62-

256422 was defective in that CaZrO, and also CaTiO, that is 

formed during the baking step may often form secondary 
phases together with Mn and others and therefore the 
reliability of the capacitor comprising the material is 

20 problematic, although the dielectric constant of the 
ceramic body of the material is relatively high, the 

25 

crystals constituting the ceramic body are small and the 
temperature-dependent variation in the dielectric constant 
is small. 

The dielectric material disclosed in Japanese 
Patent Publication No. 61-14611 was defective in that the 
dielectric constant of the ceramic body of the material is 
from 2000 to 2 BO o and therefore the material is not 
suitable for small-sized, large-capacity monolithic 

30 capacitors. In addition, the material was further 
defective in that it does not satisfy the X7R-level 
characteristic standard stipulated in the EIA 
Standard, which indicates that the temperature-dependent 

SPEC\1&0407 

··--------·----
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variation in the capacitance within the range between -ss•c 
and +12s•c ahall be +/- is t. 

In order to solve the above-mentioned problems, 
I 

proposed wera different compositions, for example, in 
5 Japane•e Patent Application Laid-Open Nos. 05~09066, os-

09067 and 05-09068. However, these compositions could not 
still satisfy the recent severe raquirementa for the 
reliability of capacit:ors in the market. Therefore, there 
is still a great demand for dielectric material• with much 

10 more improved reliability. In addition, there ia also a 
great demand for thinner dielectric layers with much more 
improved charaeteristics for use in monolithic 
ceramic capacitors. In this connection, if the 
conventional dielectric layers are thinned while 

15 •till. haying the.same rated voltage as 
that of the original un,thinne4 dielectric 
layers, the reliability of such thinned layer• is much 
lowered For example, their insulating resistance 
at room temperature and at high temperatures is lowered, 

20 since the electric field strength to be applied to each of 
such thinned layers is enlarged. For such thinned 
dielectric laye~s, therefore, their rated voltage mu.ct be 
lowered. Given the situation, accordingly, it has become 
necei;sary to develop thin dielectric layers with higl:. 

25 reliability, which are not required to have a lowered rated 
voltage and whieh have high insulating resistance in strong 
electric field conditions. 

In order to produce small-sized, large-capacity 
monolithic ceramic capacitors in an automatic surface-

3 D mounting system, the outer electrodes formed by 
baking an alectroeonductive metal powder are plated with 
solder to form a plate film thereon. To foJ:'ft\ such a plate 
film, for example 1 electrolytic plating is generally 

. --··---
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employed. In general, the outer electrodes - formed by 
baking an electroeonductiva metal powder often have fine 
pore• therein. Therefore, if monolithic: ceramic capacitors 
are dipped in a plating bath in order to form· a plate film 

5 over their outer electrodes, the plating liquid penetrates 
into the fine'porea of the baked electrodes, and it will 
reach the interface between the inner electrode and the 
dielectric ceramic layer, thereby lowering the reliability 
of the capacitors. 

10 S'QMMARY or THE INVEN'TION 

Accordingly, the subject matter o~ the present 
invention is to provide a low-priced, small-sized, large­
capacity, monolithic ceramic capacitor, which has a 
dielectric: constant of 3000 or more, which has a high 

15 insulating resistance when measured at 2 'JCll/rrrn and at 
room temperature and 125°C, of 6000 MO-µF or more and 2000 
MQ·µF or more, respectively, in terms of its product with 
the capacitance C the product -- CR) , and sti11 has a high 
insulating resistance, when measured at 20 KV/mm and at 

20 room temperature and l25°C, of 2000 MO-µF or more and 500 
MQ·µF or more, respectively, which has temperature­
dependent capacitance that satisfies the B-level 
clta.racteristic standard _ stipulated in the JIS Standard 

25 

and the X7R-level characteristic standard 
in the EIA Standard, and which has 

- stipulated 
high 

reliability irrespective of the presence or absence of the 
plating over it. 

Specifically, the present invention provides a 
monolithic ceramic capacitor composed of _ a plurality of 

30 dielectric ceramic layers, a plurality of inner electrode& 
_ f orrned between the dielectric ceramic layers in such 

a manner that one end of each inner electrode is exposed 

·-· ---·------



[ RECEIVED 12/17 15:1111 1996 AT 53316911 PASE 8 CPRlllTED PAGE 8) l 199&-12-17 15:59 FRCJWI ICKt."91!.f'J?i:la ff .... .,..,.,..1 TO 24265S33B694 P.BB 

- 7 -
THIS SHEET HAS BEEN 

REPLACED 

out of r · - &n end of the dielectric ceramic layers, 
and outer electrodes - electrically connected wich the 
exposed inner electrodes, which is characterized in that · 

the d~electric ceramic layers each are made of a 
s material comprising barium titanate having a content of 

impurities - of ibow; o. 02 t by weight 
or less, and also yttrium oxide, terbium oxide, dysprosium 
oxide, holmium oxide, erbium oxide, ytterbium oxide, 
manganese oxide, cobalt oxide and nickel oxide, and 

10 containing u a side component, magnesium oxide in an 
amount cf from ibout O . l to 3 • o mols, in terms of MgO, 
relative to 100 mols of the essential component having the 
following compositional formula: 

15 

20 

C1-a-P){Bao}.'Ti0a + aRep, + 1i<Mn....,Ni11Co,>o 
where R~ is one or more selected from Y2~, 
TbzO,, · Dy20,, HoiO,, ErA and· YbiO,; a.nd 
a, p, m, x and y are as follows: 
0.0025 ~ a c 0.025 

0.0025 $ 8 $ o.os 
Pia s ' 
0 s x < 1.0 

0 s; y < l.O 

0 s:·x + y < l.O 

l.OOO < m $ 1.035, 
25 and further containing from about o. 2 to 3. O part a by 

weight, relative to 100 parts by weight of said components, 
of an oxide of the type of Li20-~~-(Si,Ti)01 ; and 

30 

the inner electrodes · 
a nickel alley. 

- - are made of nic:kel or 

Preferably, the oxide of the type of L~O-B,0,­
(Si, Ti)Oz falls within a compositional range as surrounded 
by six lines formed by connecting six points, 

represcntina molt, of: 

----"·-··-· ---··---

Thi• 1lf il1 l1U1iil1ii1aced 
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in a triangular diagram of {Li20, B20,, (Si.'l'ia-) Ci}, in 
which 0.3 c w < 1.0 or more preferlbly 0.4 • w c 0.9; and 
the oxide further contains 8bout 20 parts by weight er 

10 less, relative to 100 parts by weight of said components, 
of at least one of Al20,, and ZzOi, provided that the ZrOz 
content is @bout 10 parts by weight or less. 

Also preferably, the outer electrodes each are 
made of a sintered layer of an electroconductive metal 

15 powder or of an electroconductive metal powder with glass 
frit added thereto. Further preferably, the outer 
electrodes each are composed of a first, sintered layer of 
an electroeonductive metal powder o~ of an 
electroeonductive metal powder with glass frit added 

20 thereto, and a ·second, plated layer formed on the first 
layer. 

As the material for the dielectric ceramic 
layers, herein used is a dielectric ceramic composition 
comprising barium titanate, and one or more rare earth 

25 oxides selected from yttrium oxide, terbium oxide, 
dysprosium oxide, holmium oxide, erbium oxide and ycterbium 
oxide, and also manganese oxide, cobalt oxide and nickel 
oxide, at a specifically conditioned compositional ratio, 
and containing magnesium oxide and an oxide of the type of 

30 Li1Ci-~Os- (Si, Ti)~. Therefore, even in a reducing 
atmosphere, the ~!electric ceramic composition can be baked 
well without worsening its characteristics. As a result, 
it is possible to obtain a high-reliability, monolithic 

·- ··--·------
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ceramic capacitor having a temperature-dependent 
capacitance that satisfies the B-level characteristic 
standard • stipulated in the JIS Standard and also the 
X7R-level characteristic standard , stipulated in the 

s EIA Standard, and having high insulating resistance at room 
temperature and even at high temperatures in strong 
electric field conditions. In addition, since the crystal 
grains constituting the aintered ceramic body are small 

· . baying grain sizes of about l p.m or smaller, 
10 preferably about o. 75 um or less. the number of the ceramic 

crystal grains · in each dielectric layer can be 
increased. Therefore, even'when the dielectric layers in 
the monolithic ceramic: capacitor are thinned, the 
reliability of the capacitor is not lowered. 

15 we, the present inventors. have found that, in 
the dielectric· ceramic composition which is to form the 
dielectric ceramic layers and which comprises barium 
titanate, and one or more rare·earth oxides selected from 
yttrium oxide, .terbium oxide, dysprosium oxide, holmium 

20 oxide, exrbium oxide and ytterbium oxide, and also manganese 
oxide, cobalt oxide and nickel oxide, the content of the 
impurities in the barium titanate, such as alkaline earth 
metal oxides, e.g., sro and cao; alkali metal oxides, e.g., 
N820 · and K,.O; and other oxides,, e.g., Al20, and SiC>i, 

25 especially alkali metal oxides such as N~O and ~o, has a 
great influence on the electric characteristics of the 
capacitors. Specifically, if barium titanate having an 
alkali metal oxide impurity content of smaller than about 
0.02 t by weight. preferablv less that abgµt 0.15 parts, is 

30 in the dielectric ceramic composition, the capacitors 
obtained may have a dielectric constant of 3000 or higher. 

SPEC\180407 

In addition, we, the present inventors. have alsc 
found that the addition of ·an oxide consisting es~entially 
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of Lip-BiOJ- (Si,Ti)Oi to the dielectric ceramic co10poaition 
improves the ainterability of the composition, while also 
improving the plating re•i•tance of the ceramic layers. 
Moreover, we have further found that the addition of Al2<>;, 

5 and zroi to the oxide consisting essentially of Lii0-B20,­
(S1, Ti) Oz increases the insulating resistance of the 
ceramic: layers. 

According to the present invention that has the 
effects mentioned above, therefore, it is possible to 

10 realize a high-rel'iability, small-sized, high-capacity, 
monolithic ceramic capacitor having inner electrodes o: 
nickel or a nickel alloy, which can be produced in an 

automatic surface-mounting system and of which the 
temperature-dependent variation in the capacitance is 

15 small. 
In the monolithic: ceramic capacitor of the 

present invention, the dielectric ceramic layers are made 
from a dielectric ceramic composition that can be baked 
even in a reducing atmosphere without being reduced into 

20 semiconduccors. Therefore, a base ~etal of nickel or a 
nickel alloy can be used as the material for the electrodes 
in the capacitor. In addition, since the composition can be 
baked at relatively low temperatures of 1300°C or lower, 
the production costs of the capacitor can be reduced. 

25 Moreover, the monolithic ceramic capacitor of the 
invention that comprises ceramic layers made from such 
dielectric ceramic composition has a dielectric constant of 
3000 or higher, and the temperature-dependent variation in 
the high dielectric constane of the capacitor is small. 

30 PUrther, the capacitor has high insulating resistance even 
in strong electric field conditions, and its life time is 
long even at high temperatures. Therefore, the dielectric 
layers constituting the capacitor can be thinned well, 

... ·---·---- ·-·----
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without lowering the rated voltage of the capacitor. In 
addition, aince the crystals constituting the dielectric 
layers •• · • have grain sizes of l p.m er smaller, 
the layers can be thinned well, without reducing the number 

s of the crystals therein, being different from the 
ceramic layers constituting conventional monolithic cerpic 
capacitors. Therefore, according to the present: invention, 
it is possible to obtain such a high-reliability, small­
sized, large-capacity, monolithic ceramic capacitor. 

10 Moreover, since the electric characteristics of the 

capacitor of the invention are not worsened by plating, the 
capacitor can be produced in an automatic surface-mounting 
system. 

The above-mentioned objects and other objects of 
l.5 the present invention, and also the characteristics and the 

advantages the.reof will be clarified further more in the 
detailed description of the preferred modes of carrying out 

the invention and the examples of the invention, which is 
made hereinunder with reference to the drawings attached 

20 hereto. 

BRIEF pESCRIPTION OF THE DRAWINGa 
Pig. 1 is a cross-sectional view illustrating one 

em):)oaiment of the present invention. 
Fig. 2 is a plan view illustrating one embodiment 

25 of the first dielectric ceramie layer to be laminated. 
Pig. 3 is a perspec::tivef exploded view 

illustrating the lamination of first dielectric ceramic 
layers and seco~d dielectric ceramic layers to construct 
the monolithic dielectric ceramic body to be in the 

30 capacitor of the invention. 

SPEC\18040'1 

Fig. 4 is a three-component compositional graph 
for (LitO, ~o,. (Si.Ti1-> Ci}, whic::h indicates the 
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compositional range of the oxide additive of Li20-.Bz0,­
(Si, Ti) Oz. 

PBEFBRUP"MODES OP CARR,XIN(I OQT THE INYENTION 
Fig. 1 i• a cross-sectional view showing one 

s embodiment of the present invention. The monolithic 
ceramic capacitor 10 illustrated comprises a monolithic: 
dielectric ceramic body 12 . The mcnoli thic dielectric 
ceramic body 12 is formed by integrally laminating a 
plurality of first dielectric ceramic layers 14a and two 

10 second dielectric ceramic layers 14b. In the monolithic 
dielectric cera~ic body 12,.the dielectric ceramic layers 
14a and 14b are integrally laminated in auch a manner tha~ 
the two dieleccric ceramic layers 14b are disposed at the 
both sides, while sandwiching therebetween a plurality o! 

15 the fi:r:st dielectric ceramic: layers 14a. These dielectric 
ceramic layers 14a and 14b are laminated along with inner 
electrodes 16· embedded therein 
alte;netively 1xt1nding to opposing surfaces of body 12. 
on each of the both sides of the monolithic dielectric 

20 ceramic body 12. formed are an outer electrode 18, a first 
plate film 20a and a second plate film 20b in that order. 
The first plate film 2oa may be made of nickel or copper, 
and the second plate film 20b may be made of solder or tin. 
Acco:r:clingly, the monolithic ceramic capacitor 10 is shaped 

25 in the fo:r:m of a rectangular parallelepiped chip. 
Now, a method for producing the monolithic 

ceramic capacitor 10 of the invention is described below ir_ 
the order of ·the steps constituting the method. 

First, the monolithic dielect:r:ic ceramic body 12 
3 O is produced as follows. As in Fig. 2, a raw material 

powder comprising barium titanate, and one or more rare 
earth oxides selected from yttrium oxide, terbium oxide, 

. ··-----·--- ... __ , __ _ 
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dysprosium oxide, holmium oxide, erbium oxide and ytterbium 
oxide, and mangane•e oxide, cobalt oxide, nickel oxide, and 
an oxide consi11ting essentially of LizO-BiOJ- (Si,'l'i)~ is 
formed into a slurry, and then sheeted to prepare a first, 

5 dielectric: ceramic layer 14a (green sheet) . On one surface 
of the green sheet, formed is an internal electrode 16 of 
nickel or a nickel alloy. To form the internal electrode 
16, employable i• any method of screen printing, metal 
vapor deposition or plating. A predetermined numbe:r: of the 

10 first: dieleet:ric ceramic layers 14a each with the inner 
electrode 16 formed thereon are laminated, and then 
sandwiched between two dielectric ceramic layers 14b with 
no inner electrode 16, as in Fig. 3 , and theae are 
integrated under pressure to give a monolithic laminate. 

15 Next, the resulting laminate is baked in a reducing 
atmosphere at a predetermined temperature to obtain a 
monolithic dielectric ceramic body 12. 

Next, . on the both· sides of the 11\0nolithic: 
dielec:trie ce:r:amic body 12, formed are two outer electrodes 

20 18 that are connected with the inner electrodes 16. The 
material of the outer electrodes 18 may be the same as that 
of the inner electrodes 16 • Apart from this, sil var, 
palladium, silver-palladium alloys and other• can be uaed 
as the material of the outer electrodes 18, to which can be 

25 added glass frit, such as glass of the type of BzO,-SiOi-BaO 
or glass of the type of Li20-SiCi-BaO. In consideration of 
the use of the monolithic ceramic capacitor 10 and the site 
at which the capacitor 10 is used. suitable materials are 
selected for the outeX" electrodes 18. The outer electrodes 

30 18 can be formed by applying a paste material of metal 
powder onto the baked, monolithic dielectric ceramic body 
12 followed by baking it. Alternatively, the paste 
material can be applied onto the non-baked body 12, which 

------

Thi• 11f i1 l1U1ii\1iii 
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is tbere•fter baked After this, the 
outer electrodes 18 may be plated with nickel, copper or 
the like to form a first plate film 20a thereon. Last, the 
first plate film 20a i• coated with a second plate film 20b 

S of aold.er, tin or the like. Thus is produced the chip.­
type, monolithic oeramie capacitor 10 of the invention. 

EMBOPIQNTS OF THE INVENTXON 
Example l: 

First, raw materials of TiCl, and Ba (~):a having 
10 various degrees of purity were prepared and weighed. These 

were treated with oxalic acid to obtain a precipitate of 
barium titanyl oxalate (BaTiO(Ci(),)•4Hz0). Thi• precipitate 
was decomposed under heat at 1000°C or higher to obtain 
four types of barium titanate (BaTi03 ).._ as shown in Table 

is 4. on the other hand, oxides, carbonates and hydroxides of 
the conatitutive components were weighed to give a 
composition of 0.25Li20-0.10Bi0,-
o. 07TiQz·-o. SSSiQz (by mol), then mixed, ground, and 
vaporized to dryness to obtain a powder. This powder was 

20 melced under heat at 1300°C in an alumina crucible, and 
then rapidly cooled to obtain a oxide powder having a mean 
grain size of 1·µm or less. 

25 ...... 
Type of Alkali 
BaTi03 Metal 

Oxides 

A Q.QQ.3. 

I Q.02Q 

Table 1 

Content of Impurities (wt.%) 
Mnn 
~ 

&'2 .can 

Q.Q]2 Q.QO] 

Q.1QQ Q.Q03 

Si02 Alz2:t 

O.O]Q Q.QQ5 

01019 Q1Q08 
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I .c. I 0.012 0.179 0.018 p.15~ 0.071 

.12 o.oe2 0.014 p.001 p.019 0.004 
a I 

Next, prepared were BaCO,, which is to adjust the 

5 molar ratio, m, of Ba/Ti in the barium titanate, and Yp,, 
~o,, Dy10,, HOJO,, Br2o,, YbiO,, MnO, NiO, CoO and MgO each 

having a purity of 99 t er more. Powders of these raw 
materials were mixed with the oxide powder prepared above, 
at various compositional ratios as •hown in Table 2 ta 

10 prepare various compositions. Bach composition was wet­
milled in a ball mill along with a polyvinyl butyral binder 
and an organic solvent such as ethanol to obtain a ceramic 
slurry. 'l'his ceramic: slurry was sheeted according to 
doctor blading to obtain a rectangular, ceramic green shee~ 

15 having a thickness of 11 pm. Next, an electroconductive 
paste consisting essentially of Ni was printed on this 
ceramic green sheet to form thereon an electroccnductive 
paste layer, which is formed into an inner electrode. 

THIS SHEET HAS BEEN. 
REPLACED 
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A plurality of these ce'ramic green sheets each 
having the electroconductive paste layer formed thereon 
were laminated in such a manner that the aide of one sheet 
with the electroc:onductive paste exposed out of it was 

s alternated with that of another sheet with the 
electroconductive paste not exposed out of it. Thus was 
obtained a laminate. This laminate was heated in an N2 

atmosphere at 3S0°C whereby the binder waa burnt out, and 
then baked for 2 hours in a reducing atmosphere comprising 

10 gases of Hz, N2 and HiO and having an oxygen partial 
pressure of from 1o·n to 10~ MPa, at various temperatures 
shown in Table 3, to obtain sintered ceramic bodies. 

---- ---·--------···-·-

f.-9J. P.19 
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_The surface of each sintered ceramic body was observed 
with a scanning, elaetronic microscope at a magnification 
of 1500 times, to determine the grain sizes of the grains 

10 eeen in the field of view. 
A silver paste containing glass frit of the cype 

of BiO,-Li20-Si~-BaO was applied onto the both sides of each 
sintered ceramic body, and baked again in an N2 atmosphere 

at 600°C to thereby form outer electrodes electrically 
15 connected with the inner electrodes. 

The outer dimension of each of these monolithic 
capacitors thus obtained was 1.s mm width x 3.2 mm length 
x 1.2 mm thickness, and the thickness of each dielectric 
ceramic layer sandwiched between the inner electrodes 

20 was 8 pm. The total number of the effective dielectric 
ceramic layers was 19, and the area of the facing 
electrodes per one ceramic layer was 2.1 mm2. 

The electric characteristics of these capacitor 
samples produced herein were measured. Precisely, the 

25 capacitance (C) and the dielectric loss (tan 6) were 
measured, using an automatic bridge-type meter at a 
frequency of l .I<Hz, at 1 v rms and at 2S°C. From the 
capacitance · thus measured, obtained was the dielectric 
constant (B) of each sample through calculation. Next, to 

30 measure the insulating resistance (R) of each sample, a 
direct current voltage of 16 v was applied to each sample 
at :zs 0 c or l25°C for 2 minutes, using an insulating 

SPEC\180il07 
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resistance meter. After having thus measured the 
insulating resistance (R) of each sample, _the product of 

the capacitance {C) and the insulating resistance (R) or, 
that is, the product • CR of each sample waa obtained. 

s To measure the in.vulating resistance CR) in the electric 
field of 20 KV/mm, a direct current voltage of 160 v was 
applied to each sample for 2 minutes, and the insulating 
resistance (R) at 25°C and 125°C was measured in the same 
manner, from which the product CR waa also obtained. 

10 In addition, the temperature .. dependent variation in the 
capacitance of each sample was determined. 

Por the temperature-dependent variation in the 
capacitance, obtained were the variation in the capacitance 
between -25°C and 85°C based on the capacitance at 20°c 

15 CA.C/°"1), the variation in the capacitance between -ss°C and 

12s0 c baaed on the capacitance at 2S°C (AC/CB), and the 
maximum variation, in terms of the absolute value, between 
~ss 0c and 12s0 c CIAClmax>. 

To determine the high-temperature load life of 
20 each sample, 36 pieces of each sample ware subjected to a 

high-temperature load testf in which a direct current 
voltage of 100 V was applied to each piece at 150°C, while 
measuring the insulating resistance of each test piece 
which varied time-dependently. In thi A t.r::.t, the pe~iod of 

25 time within which the insulating resistance value (R) of 
each piece being tested reached 106 Q or lower was 
measured And is referred to as the life time of 
each test piece. The average of all the tested piece& was 
calculated to obtain the average life time of each sample. 

30 The results obtained in these tests are ahown 
&boye in Table 3 . 

.As is obvious from Table 1, Table 2 and Table 3 , 
the monolithic capacitor samples falling within the scope 

- - -- - --- -- -------·--- --
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of the present invention all were found to have a high 

dielectric constant of not lower than 3,000, and have a 
dielectric loss tang-ant, tan 6, of not larger than 2.5 t, 
while satisfying the B-level characteristic standard 

5 stipulated in the JIS Standard within the temperature range 
between -2s 0 c and es•c 
characteristic standard ! 

and also the X7R-level 

stipulated in the EIA Standard 
within the temperature range between -ss 0 c and 125°C with 

respect to the temperature-dependent variation in the 
10 capacitance. 

15 

20 

Moreover, these samples of the invention were 
found to have high insulating resistance values, when 
measured at 2s 0 c and 125°C in a high electric field ae 20 

KV/mm, of not smaller than 2,000 Q·F and not smaller than 
500 n·F, respectively, in terms of the product CR.. 

Further, these were found to have a long mean life time of 
not shorter than 500 hours. In addition, these were 
sintered at relatively low temperatures of not higher than 
1300°C. The crystal grains in the sintered samples were 
small. 

pm. 

, haying grain sizes of not larger than l 

The reasons for defining the compoai tions for use 
in the present invention are mentioned below. 

~ reasons for 
25 defining the composition of (1 :...a -

P) {Bao} .·Ti~ + ~R~O, + P (Mnic-l:llf·~isCoy) 0, in which Rep, is 
one or more selected from Y203, ~03, Dy20,, He>,:O,, Er20, a.no 

YbiO, are as follows. 

30 If the amount of R§zQ,, q, is 
smaller than o.002s, as in Sample No. l, such is 
unfavorable, since the dielectric constant r s is lower 
than 3, 000, the temperature-dependent variation in the 
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capacitance ia great, the insulating resistance at 125°C is 
low irrespective of the intensity of the electric field 
applied to the sample,\ and the mean life time is very 

short. 
Jf the amount of Be,z~, q. is lamer 

~ban 0.025. aa in Sample Ng. 17. such is also unfavorable, 
since the dielectric constant i• not larger than 3, 000, the 
insulating resistance at 25°C and l25°C is low, the mean 
life time is short, and the sintering temperature is high. 

10 ll the amount. of 
(Mn,Ni,Co)0-4,.. is smaller than o.002s, as in sample Ng. 2, 

such is unfavorable, since the constitutive ceramics were 
reduced into semiconductors ... when baked in the reducing 
atmosphere, to thereby lo~er the insulating resistance. 

15 If the amount .. _ /3 o= 
(Mn,Ni,Co)O is larger than o.os, as in sample No· 18. such 
is also unfavorable, since the insulating resistance at 
12s 0 c is low irrespective of the intensity of the electric 
field applied t~ the sample, the mean life time is short, 

20 and the temperature-dependent variation in the capacitance 
·is too large to satisfy the X7R·level characteristic 
standard of th• EIA Standard. 

As •bown in Sample No. 19 and Sample No. 20, if 
the amount of NiO, x, and the amount of CoO, y, are 1.0, 

25 the insulating resistance at 2.0 KV/mm and at 125°C is low, 
the insulating resiatanee at 20 KV/mm and at 25°C and l25°c 

does not reach 2000 MO·µF and soo· MD"µF, respectively, and 
the mean life time is shorter than 500 hours. 

As shown in sample No. 21, if the ratio, ~/a, of 
30 · the amount fj of (Mn,Ni,Co)O to the amount 0t of R.ezOJ is 

larger than 4, such is unfavorable, since the temperature­
dependent variation in the capacitance is large. the 
insulating resistance at 2 . o KV /mm and 20 KV /mm and ae 

SPEC\180407 
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12s 0 c does not reach 2000 M0-lo'F and soo MO'pP, respectively, 
and the mean life time is shorter than 500 hours. 

As shown in Sample Nos. 3 and 4, if the molar 
:ratio· - of barium titanate. m. is not larger than 

s 1. 000, such is unfavorable, since the ceramics ware 

converted into semiconductors when ba'ked in the 

reducing atmosphere to lower the insulating resistance of 
the capacitor, the insulating re·aistance at high 
temperatures in strong electric field conditions is low, 

10 and the mean life time is very short. For these reasons, 
the dielectric layers constituting the samples cannot be 

thinned. _. __ ----
---- • • Xf the molar ratio m is larger than 

1.035. as in Sample No· 22, such is also unfavorable. since 
15 the sinterability of the sample is very poor. 

As 1bown in Sample No. 5, if the amount of MgO is 
smaller than 0.1 mols, such is unfavorable, since the 
insulating resistance at 20 r.T/mm. is low, the mean life 
time is shorter than 500 hours, and the temperature-

20 dependent variation in the capacitance could not ·satisfy 
the X7R•level characteristic standard of the EIA standard 

Although satisfying the B-level characteristic 
standard of the JIS Standard. As shown. in Sample No. 23, 
if the amount ot MgO is .larger than 3.0 mole, such is also 

25 unfavorable, since the sintering temperature . li 
too high, the dielectric constant could not be over 3,000, 
and the mean life time could not be over 500 hours. 

ll the amount of the 

oxide of the· type of Li20-~0,- (Si,Ti)Oi is smaller than o .2 
30 pa~s by weight; as in Sample No· §. such is unfavorable, 

since the capacitor could be sintered insufficiently. As 
shQwn in Sample No. 24, if the amount of the oxide of the 
type of Li20·B.z0,- (Si, Ti) Ci is larger than 3. o parts by 

SPEC\ 180407 
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weight, such is also unfavorable, since the dielec:t.ric 
constant could not be over 3000. 

As shown in Sample No. 25, if tbe content of 
alkali metal oxide impurities in barium titanate is larger 

s than o. 02 t by weight, such ia unfavorable, since such 
impurities lower the dielectric constant. 
Example 2: 

Using barium titanate A in Table l, prepared was 
a raw material powder to give a dielectric composition of 

10 9B.O{Ba0}1.o10-'l'iOz + O.SYA + 0.2Br20, + 1.0<Mno.,Nio,,>o (by mol) 

containing 1. o u,iol of MgO. To this was added (any of the] 
oxide samples of Li20-B20,· (Si, Ti) Ci having a mean grain size 
of 1 #'m or less, whic::h had been prepared in the same manner 
as in BXample l with heating at from 1200°c to 1soo0 c and 

15 shown in Table 4. Osing these, prepared were monolithic 
ceramic capacitors each having outer electrodes of silver 
as electrically connected with inne~ electrodes, in the 
same manner as in Example 1. The outer dimension of the 
monolithic ceramic capacitor samples produced herein was 

20 the same as those in Example 1. 

SPEC\lll0407 
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components of Oxide Glass 
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B111nt~11 cemagn1Dt1 Cgmgi:ms:nt1 hmli:l '!ft I :ata I l 

( Si.,,.Iia.wl.0.2 
.LiiQ ~ ~ Z& 

l!l 
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.Q. ll ~ .Q..J. -- -
ll .u s ~ -- -
J..S s. ll .n....1 - -
.2.Q. .!A il _0__._3_ - --
ll ll 1.5. .2..a1 - -- -
1.0. 1.Q. .all ~ !i .a. 
ll ll fill .(L.1 ~ a 
ll .li ~ .Q....l 2fl. -
.ll 1.5. .5.Q. .Q..1 - ljl -
1.9. 2 .l5. .2.J - -- -
.5..5. Il ~ .2..:.1. - -

-1.5. ll .3. .Q.....l - --
.5. li lQ 12.....1 -. --
ll .li ~ u - -
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[(4)] Samples with• are outside the invention. 

s .The electric characteristics of these samples were 
measured. The capacitance (C) and the dielectric: loss (tan 

a> were measured using an automatic bridge-type meter at 

a frequency of 1 I<Hz, at l V rms and at 25°C. From the 
capacitance thus measured, obtained was che dielectric 

10 constant .lU. of each aample through calculation. 

Next, to measure the insulating resistance (R) of each 

sa~le in an electric field at 20 KV/mm, a direct currant 
iroltage of 160Vwas applied to each sample at 2s0 c or 12s0 c 
for 2 minutes, using an insulating resistance meter. After 

is having thus measured the insulat;ng resistance (R) of each 
sample, the product of the capacitance (C) and the 

insulating resistance (R) or, that is, the product CR 

of each sample was obtained. In addition, the temperature­
dependent variation in the capacitance of each sample was 

20 determined. 
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For the temperature-dependent variation in the 

capacitance, obtained were the variation in the capacitance 

between -2s•c and ss•c based on the capacitance at 20°c 
(4C/Cm> , che variation in the capacitance becween -ss•c and 

s 12s•c based on the capacitance at 2s 0 c (4C/Cz,), and the 
maximum variation, in terms of the absolute value, between 
-ss 0 c and 12s0 c <tAclmaxl. 

After the measurement of these dat:a, the samples 
were plated with nickel over their outer electrodes of 

10 silver according to a barrel plating method using a nicke: 

plating .bath which comprised nickel 
sulfate, nickel chloride and boric acid. Lase, the samples 

were further plated with solder over their nickel plate 
films according to a barrel plating method using a solde~ 

lS plating bath, AS :bath (alkanolsulfonic acid bath) 

Thus were prepared herein monolithic 

capacitor samples with plated outer electrodes. 
The electric characteristics of these capacicor 

samples produce~ herein were measured. Precisely, the 
20 capacitance (C) was measured' using an automatic bridge­

type meter at a frequency of 1 KHz, at l V rms and at 2s 0 c. 
Next, to measure the insulating resistance (R) in an 

electric field at 20 XV/mm, a direct current voltage of .l.60 

v was applied to each aa1t1ple at 2s 0 c or 12s•c for 2 

25 minutes, uaing ·an insulating resistance meter. After 

having thus measured the insulating resistance (R) of each 
sample, the · produc:t of the capacitance ( C} and the 

insulating resistance CR) or, that is, the product CR 

of each sample was obtained. 
30 The results obtained in these tests are shown in 

Table 5. 

SPIC\1 ll0407 
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As is obvious from Table 4 and Table s, the monolithic 
capacitor samples comprising dielectric ceramic layers, to 

s whic:h was added an oxide of the type of LJ.iO- BzO,- (Si, 'l'i) Oz 
in an amount falling within the scope of the present 
invention, ·-: were All found to have a high dielectric 
constant of not lower than 3,000, and have a dielectric 
loss tangent, tan 6, of not larger than 2. 5 t, while 

10 satisfying the B-level characteristic standard 
stipulated in the JIS Standard within the temperature range 

between . .::,25°C and 8S°C and also the X7R-level 

characteristic standard atipulated in the EIA Standard 

within the temperature range between -ss•c and 12s•c with 
15 respect to the temperature-dependent variation in the 

capacitance. In addition, even though the samples of the 
invention were plated, their electric characteristics were 
not deteriorated. 

As opposed to the samples of the invention, the 

20 other samples, Sample Nos. 115 to 118 which did not fall 
within the sc:'Ope of the invention in that the amount of the 

oxide of Li20-Bz0,- (Si,Ti)~ added thereto is without the 
scope of the compositional range as defined to be 
surrounded by six poin~s, A, B, C, D, E, F, which are as 

25 follows, in a triangu1ar diagram of {Li10, Bi()3, (Si,,Ti1-wl Oz} 
shown in Fig. 4, in which 0.30 s w < 1.0, were not good, 
since they could not be sintered weil, or even sintered, 

their insulating resistance was greatly 1owered due to 
plating thereover. Precisely, in Fig. 4 referring to the 

30 defined compositional range, the point A indicates a 
composition comprising O mol% of Li2o, 20 molt of B2C>i, and 
80 mol% of {Si.Ti)~; the point B indicates a composition 

SPBC\180407 
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comprising 19 molt of Li:O, 1 1n0lt of eio,. ~nd 80 molt of 

(Si,Ti)Oz; the point C indicates a composition compria~ng 

49 molt of Li~O, 1 molt of BzO,, and so mol• of (Si,Ti)Oz; 

the point D indicates a composition comprising 45 molt of 

s Li20, so molt of BiOJ, and 5 molt of (Si,Ti)Oz1 the point E 

indicates a composition comprising 20 molt of LJ.iO, 75 molt 

of BiO,, and 5 molt of (Si,Ti)Oz1 and the point F indicates 

a composition compri•ing O molt of Li20, 80 molt of sp,, 
and 20 molt of (Si,Ti)Oz. 

io However, as in samples Nos. 119 and 120, even 

though falling within the defined range as surrounded by 

such six points, if the amount ~ of Si is less 

than 0.3, such is unfavorable, since the sample could not 

be sintered well1 and if the amount ~ of Si . is 
15 1.0, such is ~lao unfavorable, since the insulating 

resistance of the plated sample at 20 KV/mm was greatly 

lowered 
Monolithic capacitors naving an insulating 

:resistance of 3000 MQ·µF and 1000 MQ·µP at 20 KV/mm and at 

20 2s•c and 12s•c, respectively, could be obtained: when an 

oxide of Li20-B20,- (Si, Ti) Oz and also AlA and zroi were 

added thereto. As shown in Sample Nos. 121 and 122, 

however, if the amount of Al10, added was over 20 parts k>y 

weight or if the amount of zroi added was over 10 parts by 

25 weight, such is unfavorable, since the sinterability of the 
samples ia greatly lowered. 

In tlie above-mentioned examples, used was . a 

powder of ~~ium titanate as prepared according to the 

oxalic acid method! but thia is not 

30 limitative. Apart from this, also employable are powders 

of barium titanate as prepared according to an alkoxide 

method or a hydrothermal reaction method. If the latter 

SPEC\lll040'1 
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powders are used, the characteristics of the capacitors may 

often be improved more than those of the sample• as 
demonstrated in the•e examples herein. Powders of yttrium 

oxide, terbium . oxide, dysprosium oxide, holmium oxide, 
s erbium oxide, ytterbium oxide, manganese oxide, cobalt 

oxide, nickel oxide and others were used in these examples, 
which, however, are not also limitative. Solutions of 
alkoxides or organic metal compounds for such oxides can 
alao be employed, in place of such oxide powders, without 

10 interfering with the characteristics of the capacitors 

produced, provided that they are formulated to oonstitute 
the dielectric ceramic layers falling within the scope of 
the present invention. 

While the invention ha.a been deacribed in detail· 
15 and with reference to specific embodiments thereof, it will 

be apparent to dtle skilled in the art that various changes 

and mcdif ic:ations can be made therein without departing 
from the spirit and scope thereof. 

SPEC\180407 
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1. A monolithic ceramic capacitor composed of; 
a plurality of miperpo1ed dielectric ceramic . 

layers, 
a plurality of inner electrodes -- ~ 

of which is di1p91ed between 

ceramic layers in sueh a manner that 
electrode ia exposed 
dielectric ceramic layers, and 

adjacent dielectric 
one end of each inner 
- at an end of the 

outer electrodes electrically connected with 

the exposed inner electrodes, 
the monolithic ceramic capacitor being 

characterized in that[;: 
the dielectric ceramic layers 

comprises a barium titanate having 
a content of alkali metal ~ide 

inmurities of abgµt 0.02 t by weight or less and [also 
yttrium oxide, terbium oxide, dysprosium oxide, holmium 
oxide, erbium oxide, ytterbium oxide, manganeee oxide, 

cobalt oxide and nickel oxide, and containing a side 
20 component, magnesium oxide in an amount of from 0.1 to 3.0 

mola, in terms of MgO, relative to 100 mols of the 
essential component) having the compositional 
formula: 

25 

30 

C 1-a-/t) {Bao} ID·TiOz + aR~ + 8 CMni..,Ni1Co,.> o 
where Re2~ is 
least 'one member of the group consietinq of Y20,. 

·Tbio,, DyA, HoiOJ, Er20, and ~0,; and 
a, ~. m, x and y are as follows: 
0.0025 sa as 0.025 

0.0025 s 6 s o.os 
~/a sa.4 

··-- ·--------
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0 Si x < 1.0 

0 !I y c 1.0 

O s x + y c l.O 
35 1.000 < m ~ 1.035[,]~ 

magnesium oxid@ in an amouru; of from lhout 0 • l to 

3 ._o mo~s in cerm.1 pf MgO relatiye to 100 mols of said 

titanate and. 
from about o . 2 to 3 . o parts 

40 by weight, relative to 100 parts by weight of said 

45 

_titanate aru;, 

magne@ium oxide of an Ol'tionally Li2Q-coutaininq B,0,­

(Si, Ti) Oi gxide; and 

the inner electrodes · 

nickel or a nickel alloy. 

being 

2. The monolithic ceramic c:apacitor as c:laimed 
in cl1L.i.11l l. , wherein ~ _ _ _ . _ ~ 

BiO:s- (Si, Ti) Oz gxide has a gom;osition which falls within 

the area surrounded by six lines 
S formed by connecting six points, represented by m0lt, of: 

A (0, ·20, 80) 

B (19, l, 80) 

c (49, 1, 50) 

D (45, 50, 5) 

10 E {20, 75, 5) 
F (0, 80, 20) 

in a triangular· phase diagram of {Li20, :aio,, {Si.Ti1 .. > Ci}, 
in which 0.3 ~ w < l.02, : , 

and . ___ ------· further contains &bout 20 parts 
15 by weight or less, relative to 100 parts by weighc cf said 

Li2Q. Dz~. and CSi..U,1....1.Qi components, of at lea.st one of 

Al20 3 and ZrOi, provided that the ZX'Oz content is about 10 

parts by weight or less. 

. .. ·····----·----
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3. The monolithic ceramic capacitor aa claimed 

in claim 

a----
5 _ . • 2. wherein said ceramic bas a grain 

eize of less than @bgµt 1 um. 

4. The monolithic ceramic capacitor as claimed 

in claim .. 3, wherein 0.009 'q c Q.02. O.OQ3 f B 
• 0.024. 8/q F a. o.+ ' x c o.o. 0.1 1 y < 0.9. and 1.005 

10 s m s 1.o+S: 1aid magnesium oxide is in an amount of from 
about o.s to 2 mola in terms of MgO relative to 100 mols gf 

said titanate: And there is from abgµt 0.8 to 2 parts by 

weight. relatiye to 100 parts by weight of said titanate 

and magnesium oxicie gf the Ol)tionally Li19-containing B.iQ,-
15 (Si. Til q, oxi@. 

~ 1be monolithic ceramig capacitor as claimed 
in glaim 4 . wherein tbe content of alkali metal oxide 

impµrities is RbQUt 0 , 015 t by weight ot less, said ceramic 

,hi.a a grain size of less than about 1 um. and 0.3 • w s 

20 kQ.. 

~ The monolithic ceramic capacitor as c1ainu=d 

in claim 5 haying two separate outer electodes on the 
gutside aurface pf the capacitor. each gf which is 

electrically connected to an inner eleetrgde. 

25 i;_ The monolithic ceramic capagitor as c1aimod 

in claim §. wherein the outer electrodes 

comprise a sintered layer of an 
electroconductive metal powder optionally containing 
a glass frit. 
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5 

.L. :fbc monolithic ceramic capacitor aa slai.med 

in claim 7, wgorein the guter electrodes are compoaod of A 

first sintered layer of an electroconductive metal powder 
o.ptionally eoutainincJ a glaas frit added thereto, 

and a second, plated layer fo;rmed on the first layer. 

9. ?he monolithic eer1mic capacitor as claimed in 

claim 2. wberein Rt:zRi ip IA· Dy.~ or Sr2CO· 

~ The monolithic cenmic capacitor as slaimad 

in cl1im 2, wherein R•Qs is a cOJDbinatiQD of two JDlft!bera of 

10 gaid grgup. 

lJ..... the monolithic eeraroic gapac:itor as glaimed 
in Claim 2 haying t!19 @epa,rate QUtlr tleCtodeS OD the 

gµtside surface of the capacitor. eac;h of which is 

electriqally gonneeted to an innet electro4e. 

15 ~ The monolithic ceramic capacitor as claimed 

in claim 11, .wherein the outer electrodes compr1se a 
sintered layer of an electroconductive metal powder 
optionally containing a glass frit. 

1J..a. Tbe monolithic ceramic capacitor as claimed 

in claim 12. wherein the outer eleetrod,es are composed gf 

a first sintered· layer of an electrocondµctiye metal powd@r 

Qptionally containing a glass frit adc!ed theret0 . and a 
5 SeCOnd plated layer formed on the first layer. 

SPEC\llD40l 

lL. :fhe monolithic ceramic capacitor•• glpimed 

in claim 1 having two •cparate puter eleetodes on the 

outside surfagC of the caaaeitor. eac;h of whiQb is 

electrically cgpnected to an inner electrode. 
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?be monolithic ceramip capacitor ae clailnE!d 

whorein the outer electrodes c;omprise a 

sintered lavar of an electros;ondµet:iye metal powd@r 

optionally cgntainina a glass frit. 

1.L. The mgpolithic ceramic capacitor as claimed 

in claim 15. wberein the outer elect;g:odei aro composed of 

a first s int.ered layer of an eleetroc;ondµct iye metal Powder 

optionally Qont•ining a g111s frit added thereto. anc! a 

seeonci plated layer formed on the first layer. 
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