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MONOLITHIC CER.AMIC CAPACITOR 

FIELD OE THE nplENTION 

This invention relates to a ceramic capacitor, 
more particularly a monolithic ceramic capacitor having 

5 internal electrodes made of nickel or a nickel alloy. 

BACKGROUND OF THE INVENTION 
A monolithic ceramic capacitor is generall)" 

produced according to the following procedures. 
Dielectric ceramic layers in sheet form [each] having 

10 applied thereon an electrode material [serving] to serve 
as an internal electrode are prepared. A ceramic 
material mainly comprising, e.g., BaTi03 is used as a 
dielectric ceramic layer. A plurality of the dielectric 
ceramic layers with the electrode ma~~rial are piled up 

15 and press-bonded under heat into one body. The resulting 
laminate is calcined [in a natural atmosphere] at 125~ to 
13S0°C to obtain a ceramic laminate having internal 
electrodes. An external electrode is baked onto both 

20 

25 

-· sides of the ceramic laminate to make an electrical 
connection to the internal electrodes [to] and obtain a 
monolithic ceramic capacitor. 

'l'he material for the internal electrodes are 
required to satisfy the following conditions: 

1. To have a melting point at or above the 
calcining temperature of the ceramic laminate because ·the, .. 
internal electrodes and the ceramic laminate are calcined 
simultaneously. 

B ~eplaced 
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2. To be [insusceptible] re1i1tant to 
oxidation in a high-temperature oxidative atmosphere and 
be UZU'eactive with the dielectric ceramic layer. 

Noble metals, such as platinum, gold, 
5 palladium(,] and a silver-palladium alloy, have been used 

as an electrode material satisfying these requirements. 
While excellent in performance, these electrode materials 
are so expensive that the proportion of the electrode 
material cost reaches 30 to 70% of [allJ the entire 

10 material cost, which has been the greatest factor of 
increasing the production cost of monolithic ceramic 
capacitors. 

In addition to noble metals, base metals, such 
as Ni, Fe, Co, W[1l and Mo, also have a high melting 

15 point. However, these base metals are readily oxidized 
in a high-temperature oxidative atmosphere, [failing] 
causing them to fail to perform_ [the) their function as 
an electrode. The~efore, ealeination of the base metal 

together with dielectric ceramic layers must be carried 
20 out in a neutral or reducing atmosphere before Cit) ~ 

can be used as an internal electrode of a monolithic 
ceramic capacieor. Howeve~, the problem is that a 
conventional dielectric ceramic material undergoes 
vigorous reduction into a semiconductor if calcined in a 

25 neutral or reducing atmosphere. 

30 

Dielectric ceramic materials which have been 
proposed in order to solve the above problem include a 
dielectric ceramic material comprising a barium titanate 
solid solution having a barium site to titanium site 
ratio in excess of a stoichiometric one (see JP-B-57-
42588, the term 11 JP-B" as used herein means an "examined 
published Japanese patent application") and a dielectric 
ceramic material comprising a barium titanate solid 

THIS SHEET HAS Bf.::EN 
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solution having incorporated therein an oxide of a rare 
earth metal, such as La, Nd, Sm, Dy or Y (see Jp-A-61-
101459, the term 11 JP-A11 as used herein means an 
"unexamined published Japanese patent application"). 

5 .on the other hand, dielectric ceramic materials 

10 

whose dielectric constant has reduced temperature 
dependence, such as [a] BaTiO,-CaZr03-MnO-MgO system (see 
JP- A-62-256422) and [a] BaTi~·(Mg, Zn, Sr or Ca)O-Bz~~ 
SiOi system (see JP-B-61-14611), have also been proposed. 

Use of these dielectric ceramic materials have 
made it possible to obtain a ceramic laminate that is not 
transformed into a semiconductor even when calcined in a 
reducing atmosphere, thereby making it feasible to 
produce a monolithic oeramic capacitor in which a base 

15 metal, such as nickel, is used as an internal electrode. 
In reoent years, size reduction of electronic 

components has [been] acoelerated rapidly [with] in the 
development of electronics. Monolithic ceramic 
capacitors have also showed a remarkable tendency to 

20 reduction in size and increase in capacity. There has 
thus been an increasing demand for a dielectric ceramic 
material which has a high dielectric constant, shows 
reduced variation in dielectric constant with temperature 
change, and is thereby highly reiiable. 

25 The dielectric ceramic materials disclosed in 
JP-B-57-42588 and JP-A-61-101459 exhibit a hi~h 

dielectric constant but have a large crystal grain si~e 
on ca1cination. When they are applied to a monolithic 
ceramic capacitor in which each dielectric ceramic layer 

30 has [such] a small thickness JiY.dl as 10 µm or less, the 
number of crystal grains existing per layer is decreased, 
resulting in diminished reliability. Besides, these 
materials undergo considerable variation in dielectric 

B n.eplaced 
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constane with temperature change and are not regarded to 
meet the [demand] demands of the market sufficiently. 

The dielectric ceramic material disclosed in 
JP-A-62-256422, on the other hand, exhibits a relatively 

5 high dielectric constant and provides[,] on oalcinatior.., 
a ceramic laminate having a small crystal grain size and 
[showing] small variation of dielectric constant with 
temperature change. However, cazro3 and CaTiO, produced 
on calcination tend to form a secondary phase together 

10 with MnO, etc.,, which has made the resulting monolithic 
ceramic capacitor less reliable in high temperatures. 

The dielectric ceramic material disclosed in 
JP-B-61-14611 exhibits a dielectric constant of 2000 tc 
2800, which is disadvantageous for achieving size 

is reduction and capacity increase [of] in a monolithic 
ceramic capacitor. Moreover, the material fails to 
fulfill the requirement of X7R characteristics speaif ied 
by EIA {Electronic Industries Association) [Standards] 
stand,ards that the percentage of change in electrostatic 

20 capacity be within a range of ±15% in [a] the temperature 
range of from -5S°C to +125°~. 

Although JP-A-5-9066, JP-A-5-9067, and JP-A-5-
9068 have proposed ceramic compoeitions in order to 
eliminate these problems, the ever-continuing demand for 

25 size reduction and capacity increase has been producing & 
keen demand for dielectric ceramic materials with greater 
reliability. At the same time, demand for thickness 
reduction of a ceramic dielectric layer has been getting 
intenser. 

30 Thus, there has been the necessity for the 
development of a small-sized and high-capacity monolithic 
ceramic capacitor having-excellent reliability in a high 
temperature and high humidity environment. 

----------.'':""'."' ~·;·.-: .. rr, ,.. . ....., .-..-. T 
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SQMMARY OP THE INVENTION 
An object of the present invention is to 

provide an economical, small-sized and high-capacity 
monolithic ceramic capacitor which has a dielectric 

5 constant of 3000 or higher and an insulation resistance 
as high as 6000 MO·µF o~ more at room temperature or 
2000 MO·µF or more at 125°C, as expressed in terms of the 
product of capacitance and insulation resistance (CR 
product), and whose capacity exhibits temperature 

10 characteristics satisfying the B characteristics 
specified by JIS {Japanese Industrial Standards) and the 
X7R characteristics specified by EIA standards, and which 
has excellent weathering performance in, for example; 
loading in high temperature or high humidity. 

15 The present invention provides a monolithic 

20 

ceramic capacitor having a laminate of a plurality of 
dielectric cer~mic layers, a plurality of internal 
electrodes each formed b'etween [every] two adjacent 
dielectric ceramic layers in such a manner that one end 
of each internal electrode is exposed· at one end of the 
dielectric ceramic layer alternately, and a pair of 
external electrodes each electrically conn~cted to the 
plurality of exposed internal electrodes [on each side] 
of the laminate, in whic:h the dH:.lectric ceramic layer 

25 comprises {a) barium titanate having an alkali metal 
oxide impurity content of not more than about 0.02% by 
weight, (b) at least one member selected from the group 
consisting of scandium oxide and yttrium oxide, (c) at 
least one member selected from the group consisting of 

30 gadolinium oxide[,} terbium oxide[,] and dysprosium 
oxide, (d) manganese oxide, (e} cobalt oxide(,] and (f) 
nickel oxide, and is made up of a material containing (1) 
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100 mol of a main component represented by 1;.h@ 

compositional formula: 
(l-a-(3) {:sao}m ·TiOz+O!{ (1-:x) M10,+xRezO,}+(j (Mn1.,...Ni,coz) O 

wherein ~O, represents at least one member selected from 
5 the group consisting of Sc2o, and Y20 3; Re203 represents at 

least one member selected from the group ooneisting of 
Gdi03 , T~03 , and Dy203; 0.0025sa:i:;0,·02s; 0.002Ss81!f0.0S; 

~/~s4; 0<X$0,50; (0$yl.O; Osz1.0} Ocy,1.0; O~z-i.o; 

Osy+z<l.O; and 1.000<msl.035, (2) •bout o.s to s.o mol, 
10 in terms of MgO, of magnesium oxide as a secondary 

component, and (3) about 0.2 to 3.0 parts by weight, per 
100 parts by weight of the total weight of the main 
component (l} and the secondary component {2}, of Si~­
Ti02-MO-based oxide glass (wherein MO represents at least 

15 one member selected from the group consisting of Bao, 
Cao, SrO, MgO, ZnO, and MnO), and the internal electrodes 
are made up of nickel or a nickel alloy . 

20 

In a preferred embodiment of the monolithic 
ceramic capacitor of the present invention, the 
composition of the SiOz·TiOi-MO-based oxide glass is, when 
plotted on a triangular diagram of (Si01 , Ti02 , MO) 
(wherein MO is as defined above), in the area surrounded 
by, or on, four straight lines connecting four points: A 
(85,l,14), B {35,51,14), c (30,20,50), and D (39,l,60) 

25 {unit: mol~). and contains at least one of Al2~ and ZrOi 

in a total amount of not more than about 15 parts by 

weight per 100 parts by weight of the (Sie>i, TiOi, MO) 
component, provided that the amount of Z:rOz is not more 
than abQY.t 5 parts by weight. 

30 In another preferred embodiment, the external 

electrode is made up of a sintered layer of an 
electrically conductive metal powder which may contain 

iiili1iii1ii1Uii THIS SHEET HAS BEEN 
REPLACED 
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glass [frits] frit. In a still preferred embodiment, 
the external electrode is composed of a first layer made 
of a sintered layer of an electrically conductive metal 
powder which may contain glass {frits] ~ and a second 

s layer that is formed on the first layer by plating. 

BRIEF DESCBIPTXQN OF THE DRAWINGS 
Fig. 1 is a schematic cross section of a 

monolithic ceramic capacitor according to one embodiment 
of the present invention. 

10 Fig. 2 is a schematic plan of a ceramic layer 
with an internal electrode which ie used in the 
monolithic ceramic capacitor of Pig. l. 

Fig. 3 is a perspective exploded view of the 
ceramic laminate used in the monolithic ceramic capacitor 

15 of .Fig. 1. 

20 

Fig. 4 is a triangular diagram of {Si02, Ti02 , 

MO) showing a preferred range of the composition of SiO;a­
Ti03-MO-based oxide glass. 

DETAILED DESCRIPTION OF 'l'HB INVENTION 
In the monolithic ceramic capacitor of the 

present invention, the aielectri_~ ceramic layers are 
obtained by calcining a dielectric ceramic material 
comprising {l) (a) barium titanate, (b) at least one of 
scandium oxide and yttrium oxide, {e) at least one of 

25 gadolinium oxide, terbium oxide[,] and dysprosium oxide, 
Cd) manganese oxide, (e) cobalt oxide.L l and Cf) nickel 
oxide at a ratio shown by the above-described 
compositional formula having incorporated therein (2) 
magnesium oxide and (3) SiC>i-Ti~-MO-based oxide glass 

30 (wherein MO represents at least one member selected from 
the group consisting of Bao, Cao, SrO, MgO, ZnO, and 
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MnO). The dielectric ceramic material can be oalcined in 
a reducing atmosphere without suffering from 
deterioration of characteristics to provide a highly 
reliable monolithic ceramic capacitor whose capacity 

5 exhibits temperature characteristics satisfying the a 
characteristics specified by JIS and the X7R 
characteristics specified by EIA standards, and which 

·. 
exhibits high insulation resistance at room tempera~ure 
and high temperature. 

10 In the resulting dielectric ceramic laminate, 
the crystal grains are as small as l µm or less so that 

the grains increase in number per layer. This will -
secure a sufficient reliability even though the thickness 
of the dielectric ceramic layer in the laminate is 

15 reduced. 

20 

The barium titanate constituting the main 
component (l) contains, as impurities, alkaline earth 
metal oxides (e.g., sro and CaO}, alkali metal oxides 
(e.g., Na10 and ~O), and other oxides (e.g., A120, and 
SiO,). Of these impurities. the alkali metal oxides, 
such as N~O and K10, have been confirmed to be greatly 
influential on the electrical characteristics. It was 
proved that a dielectric constant of not smaller than 
3000 can be obtained by using barium titanate having an 

25 · alkali metal oxide content of not more than about 0.02% 
by weight and Preferaal~ about 0.012% or less. 

It has also been found that incorporation of 
oxide glass mainly comprising Si01-Ti~-MO (wherein MO is 
at least one member selected from the group consisting of 

30 Bao, cao, SrO, MgO, zno, and MnO) into the dielectric 
ceramic layers brings about improved sintering properties 
and improved resistance to plating. Further, addition of 

1'HJS sr ''"E1' " . s p~-.-N I ... :.i L~ .. rtf\.. ;.:;.Cf~l 
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Al203 and/or: ZrOz to the oxide glaae makes it possible to 

obtain higher insulation resistance. 

Dielectric ceramic layers made from the above­
described dielectric ceramic material provide a highly 

5 reliable, small-sized, and high-capacity monolithic 
ceramic capacitor~ the oapacity of which shows reduced 
variation with temperature. Use of the dielectric 
ceramic material makes it feasible to use nickel or a 
nickel alloy as an internal electrode. It is also 

10 possible to use nickel or a nickel alloy in combination 
with a small amount of ceramic powder. 

The external electrode is not particularly. 
limited in composition. For example, it can be a 
sintered layer of a conductive powder of various metals 

15 {e.g., Ag, Pd, Ag-Pd, Cu[,] and Cu alloys) or a sintered 
layer of a mixture of such a conductive metal powder and 
glass frits of various kinds (e.g., BzOrLJ.iO-SiOi-BaO­

based glass frits, Bt03-SiOi-BaOMbased glass frits, LiiO­
Si~-BaO-based glass frits, B10,-SiOz-ZnO-based glass 

20 frits). Ceramic powder may be used in a small proportion 
with the conductive metal powder (and glass frits). It 
is preferable that the sintered layer is plated with N~, 
Cu, an Ni-Cu alloy, etc. The pl~ted layer may further be 
plated with solder, tin, etc. 

25 . A monolithic ceramic capacitor according to one 
embodiment of the present invention will be described by 

referring to the accompanying drawings. 
Fig. 1 is a schematio cross section of the 

monolithic ceramic capacitor. Fig. 2 is a schematic plan 
30 of a ceramic layer having an internal electrode used in 

the monolithic ceramic capacitor.of this embodiment. 
Fig. 3 is a perspective exploded view of the ceramic 

ilif i11ITliU 
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~ :."J 0;·::.r:.t:. · J-1.. t..:r..!:..i 

.__ __ r_<.E_PLACED I 



---------------------------------------------

[ RECEIVED 07/16 1~:57 1997 AT 533-069~ PASE 11 (PRINTED PASE 11) 
. 199?-07-16 1S:50 FRCl'l MURATA MFG. TO DREW NFIPIERCSG) P.11/40 

- 10 -

laminate used in the monolithic ceramic capacitor of this 
embodiment. 

As shown in Fig. l, the monolithic ceramic 
capacitor l is of rectangular chip type having a ceramic 

5 laminate 3 composed of a plurality of dielectric ceramic 
layers 2a and 2b, with an internal electrode 4 being 
interposed between every two ceramic layers. On each 
side of the ceramic laminate 3 are formed an external 
electrode S, a first plating layer 6 formed by plating 

10 wieh nickel, copper, etc., and a second plating layer 7 
formed by plating with solder, tin, etc. 

The monolithic ceramic capacitor l shown in 
Fig. l. can be produced as follows. 

(1) A main component comprising (a) barium 
15 titanate, (b) at least one of scandium oxide and yttrium 

oxide, (c) at least one of gadolinium oxide, terbium 
oxide[,] and dysprosium oxide, (d} manganese oxide, {e) 
cobalt oxide [,) and (f).nickel oxide, (2) magnesium 

· oxide, and. (3) SiOi·Ti02-MO-based oxide glass (wherein MO 
20 is as defined above) are compounded together with a 

binder and a solvent into a slurry and molded to prepare 
a dielectric ceramic layer 2 (green sheet} . An internal 
electrode 4 [is ~ormed] of nick~l or a nickel alloy ,!!! 
formed on one side of the dielectric ceramic layer 2 by 

25 . screen printing, vacuum evaporation or plating to obtain 
a· dielectric ceramic layer.2b having an internal 
electrode 4 as shown in Fig. 2. 

A requisite number of the dielectric aeramic 
layers 2b are piled up and press-bonded in between a pair 

30 of dielectric ceramic layers 2a having no internal 
e1ectrode to obtain a laminate as shown in Fig. 3. The 
laminate of the dielectric ceramic layers 2a, 2b. [ •. 
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2bJ~, 2a is calcined in a reducing atmosphere at a 
prescribed temperature to form a ceramic laminate 3. 

An external electrode 5 is then formed on each 
side of the ceramic laminate 3 to make an electrical 

S connection to the internal electrodes 4. The external 
electrodes 5 can be made of the same material as used for 
the internal electrodes 4. In addition, silver, 
palladium, (a] silver-palladium alloy, copper, [a) copper 
alloy, etc. are also useful. These metal powders may be 

l.O used in combination with glass frits, such as B20rSiOz­
BaO-based glass frits or Li2o-sio2-BaO-based glass f:rits. 
The material of the external electrode should be selected 
appropriately taking into consideration the use of the 
resulting monolithic ceramic capacitor, the place of use, 

15 and the like. The external electrodes 5 can be formed by 
applying a paste of the metal powder selected to the 
ceramic laminate 3 (i.e., a caloined laminate) followed 
by baking. Alternatively, the paste may be applied to 
the laminate of the green sheets before caloination and. 

20 baked to form the electrQdee 5 and the ceramic laminate 3 
simultaneously. 

25. 

The external electrodes 5 are then plated with 
nickel, copper, etc. to form a f_irst layer 6. Finally, 
the first layer 6 is plated with solder, tin, etc. to 
form a second layer 7, thereby to produce a monolithic 
ceramic capacitor l of ~ chip type. 

As described above, the ceramic material used 
in the present invention does not undergo reduction and 
therefore does not change into a semiconductor even if 

30 calcined in a reducing atmosphere, which allows use of a 
base metal (nickel o:r a nickel alloy) as an electrode 
material. Further, calcination of the ceramic material 
can be achieved at a relatively low temperature of not 
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higher than 1300°C. As a J:"esult; both thEe 1natez:-ial cost 
and the process cost of monolithic ceramic capacitors ~an 
be reduced. 

The monolithic ceramic capacitor according to 
5 the present invention exhibits excellent characteristics, 

having a dielectric constant of not smaller than 3000, 
showing reduced variation in dielectric constant with 
temperature change, having a high insulation resistance, 
and undergoing no deterioration in characteristics under 

10 a high temperature or high humidity condition. 
The grain size of the dielectric ceramic 

material according to the present invention is as small 
as about l µm or less. Therefore, if the thickness of 
dielectric ceramic layers constituting a monolithic 

15 ceramic: capacitor is reduced, each layer can have a 
greater number of crystal grains than in conventional / 
monolithic ceramic capacitors. There is thus provided a 
highly reliable, small-sized, and yet high-capacity 
monolithic· ceramic capacitor. 

20 The pr~sent invention will now be illustrated 

25 

in greater detail with reference to Examples, but it 
should be understood that the present invention is not 
construed as being limited there.to. 

EXAMPLE 1 
TiCl, and Ba (NO,) 2 both having (a] varied purity 

were weighed and treated with oxalic acid to precipitate 
barium titanyl oxalate {BaTiO (CzO,) ·4ffi0) • The 
precipitate was thermally decomposed at or above 1000°C 
to synthesize 4 species of barium titanate {BaTiO,) shown· 

30 in Table 1 below. 
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Table 1 

Average 
Kind of Content of Impurities (wt%) Particle 
BaTi~ Size 

(µm) 

Alkali 
Mew SrO CaO Si Oz Al,.0, 
Oxide 

A 0.003 0.012 0.001 0.010 0.005 0.60 

B 0.020 0.010 0.003 0.019 0.008 0.56 

c 0.012 0.179 0.018 0.155 0.071 0.72 

D 0.062 0.014 0.001 0.019 0.004 0.58 

Oxides, carbonates or hydroxides of si1icon, 
titanium, barium, strontium[,] and manganese were 
[weighted] weighed and mixed so as to give an 
SiO:z:Ti02:BaO:SrO:Mn0 molar ratio of 
O. 60: O. 25: O .10: o·. 02: 0. 03 ~ The mixture was ground and 
evaporated to dryness to obtain powder. The powder was 
melted by heating in an aluminum crucible at l300°C, 

15 quenched, and ground to obtain powdered oxide glass 
having an average particle size ~f not greater than i µm. 

[A composition] The compositions sho~ in Table 
2 bel.ow [was] were compounded from (i} the barium 
titanate of Table ·1, (ii) the powdered oxide glass 

20 prepared above, (iii) BaC03 serving for adjustment of the 

Ba/Ti molar ratio of barium titanate{,] and (iv) Sc2"3. 

Y203, Gd201, TbiO,, Dy203, MnC~, NiO, Co20,c.1 and Mg0.,1,," each 
having a purity of not lower than 99~. 
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Table 2 

[(1-cr-p){BaO}., •Ti02+ot{ (l-x.)Mi(),. + xReiC)3} +lt(Mnl-7-&Ni,CoJO) 

Re 
1-x x p ~lot y Gd Tb Dy 

0.00300 

0.80 0.80 0.20 0.20 0.0000 

1.00 1.00 0.00 0.0200 2.0 
0.80 0.80 0.20 0.20 0.0300 2.0 

0.70 0.70 0.30 0.30 0.0450 3.0 

0.80 0.80 0.20 0.20 0.0200 1.0 

0.70 0.80 0.20 0.20 0.0300 2.0 

0.80 0.80 0.10 
0.10 0.20 0.002S 1.0 

0.70 0.70 0.30 0.30 o.osoo 2.0 

0.70 0.80 0.20 0.20 0.0240 4.0 

0.50 o.so o.so 0.0150 1.S 

0.90 0.90 0.10 0.10 o.ooso o.s 
0.80 

0.80 
0.20 0.20 0.0300 2.0 

MgO 
y z J+Z m (mol S•*) 

0.10 0.30 0.40 l.OlS 1.00 

1.010 1.20 

0.10 0.10 0.20 l.OOS 0.80 

0.20 0.20 0.40 0.990 1.00 

0.20 0.30 o.so 1.000 0.80 

0.30 0.10 
0.40 1.015 0.20 

0.10 0.10 0.20 1.005 1.20 

0.10 0.10 0.20 1.010 1.00 

0.10 0.90 0.40 1.005 0.80 

0.10 0.30 0.40 1.010 1.20 

0.20 
0.30 o.so 1.02{) I.SO 

0.00 ·o.so o.so 1.010 1.00 

0.10 0.00 0.10 1.00S 0.SO 

Amowuof 
OJ.kkGlass 

(part by 
weight•••) 

0.80 

I.00 

1.00 

1.00 

1.00 

0.80 

0.00 

0.20 
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17* A 0.0300 

18• A 0.0200 

19* A 0.0050 

20* A 0.0150 

21• A 0.0150 

2~ A 0.0050 0.10 

23• A 0.0100 

24* A 0.0100 0.20 

2s• A 0.0100 

2~ A o.ooso 

Sl'llC1211m'J 

..... = ...... 
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0.70 0.70 0.10 0.20 0.30 0.01.SO 3.0 0.00 

0.80 0.80 0.10 0.10 0.20 0.0300 3.0 0.10 

0.80 0.80 0.10 
0.05 

0.05 0.20 0.0200 2.0 0.10 

Table 2 - Cont'd. 

[{1--a-IJ){Ba0}111•Ti02+«{(1·x)MiOJ+xRcpJ}+~(Mn..,..Nl,CoJO] 

Re 
1-x x fJ (Jf a y y Gd Tb Dy 

0.80 0.80 0.20 0.20 0.0450 1.5 0.10 

0.80 0.80 0.20 0.20 0.0700 3 . .S 0.20 

0.70 O.?O 0.10 0.20 0.30 0.0300 6.0 0.10 

0.20 0.20 
0.80 0.80 0.0150 1.0 0.10 

0.80 0.80 0.20 0.20 0.0300 2.0 o.oo 
0.70 0.80 0.20 0.20 0.0150 3.0 1.00 

0.70 0.70 0.30 0.30 0.0150 l.S 0.40 

0.60 0.80 0.20 0.20 0.0300 3.0 0.20 

0.70 0.70 0.30 0..30 0.02.SU 2..S 0.10 

0.70 0.70 0.30 0.30 0.01SO 3.0 0.30 

0.00 0.00 
l.OOS .s.oo 

0.30 0.40 1.0JS 0.80 

O.JO 0.20 1.010 l.00 

MgO 
z y+z m (mol ~*it) 

0.10 0.10 1.010 1.00 

0..40 
0.60 1.010 0.80 

0.10 0.20 J.OlS 1.00 

0.30 0.40 1.010 1.00 

1.00 1.00 1.010 1.00 

0.00 1.00 1.010 0.80 

o.ro 1.00 1.010 1.20 

0.20 0.40 1.050 0.80 

0.10 0.20 l.OOS 1.00 

0.10 
0.40 

1.010 0.10 

l.20 

1.2.0 

3.00 

Amount of 
Oxide Gius 

(put by 
weight .. •) 

1.50 

1.00 

0.80 

l.20 

1.00 

1.00 

1.20 

1.20 

1.00 

5.00 
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21• D 0.01.SO o.90 I 0.90 I 0.10 0.10 I 0.0300 2.0 I 0.20 l 0.20 I 0.40 I 1.010 

* Samples with an asterisk are those out of the scope of the invention. ** Based on the main component *** Per 100 parts by weight of (main component + MgO) 
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The resulting mixture was kneaded in a ball 
mill in a wet process together with a polyvinyl butyral­
based binder and an organi~ solvent, such as ethanol, to 
prepare a ceramic slurry. The slurry was shaped into a 

5 11 pm thick rectangular green sheet by means of a doctor 

blade. A condu~tive paste mainly comprising nickel was 
screen printed on the ceramic green sheet to form a 
conductive paste layer one end of which reached the end 
of the green sheet. 

10 

15 

20 

25 

·A plura.l_ity of the ceramic green sheets were 
piled up in such a manner that the every other c~ramic 
green sheet had its end with the internal electrode . 
exposed arranged on one side of the resulting laminate. 
The laminate was heated at 3S0°C in a nitrogen atmosphere 
to burn the binder and then calcined at a temperature 
shown .in Table 3 for 2 hours in a reducing atmosphere of 
H2-N2-~0 gas having an oxygen partial pressure of 10~ to 
10"12 MPa to obtain a ceramic laminate. 

The surface of the resulting ceramic laminate 
was observed under a scanning electron microscope [of] ~ 
1500 magnifications to measure the grain size. 

A silver paste containing .Bi03-Li20-Si~-BaO­

based glass [frits] frit was app~ied onto both sides of 
the ceramic laminate where the internal electrodes were 
exposed and baked at 600°c in a nitrogen atmosphere to 
form an external electrode electrically connected to the 
internal electrodes. 

The thus prepared monolithic ceramic capacitor 
had a width of 1.6 mm, a length of 3.2 mm(,] and a 

JO thickness of 1.2 mm. Each dielectric ceramic layer 
between two internal electrode layers had a thickness of 
a µm. The number of effective dielectric ceramic layers 

This Sheet Has Been Replaced 

11111111 m111111m m11111 



[ RECEIVED 97/16 15:91 1997 AT 533-969~ PAGE 19 (PRINTED PAGE 19) 
1997-07-16 1s: S4 FROM MURRTA MFG. TD DREW NRPIERCSG) P.19/40 

was 19. 

per side. 

- 18 -

The area of the opposing electrodes was 2 .·1 mm3 

The electric characteristics of the condenser 
were measured. The capacitance {C) and the dielectric 

5 loss (tan 6} were measured with an automatic bridge type 
meter at l kHz, 1 Vrms[,] and 25°C. Prom the capacitance 
was calculated the dielectric constant ((). The 
insulation resistance {R) was measured by applying a 
direct voltage of 16 V for 2 minutes at 25°C and l2S 0 c 

10 with an insulation resistance tester, and [a] the product 
of the capacitance (C) and the insulation resistance (R), 
i.e., CR product, was obtained. 

Further, capacitance was measured at [aJ 
varying [temperature] teroperatures to determine [al ~ 

15 percentage [of aJ difference between capacitances 
measured at -25°C or 85°C and 20°C to the capacitance at 
20°c (percentage change: AC/C20°C), a percentage of a 
difference between capacitances measured at -ss 0 c or 
12s 0 c and 2s 0 c to the capacitance at 25°C (percentage 

20 change: [C/C25°C)]Ac/c2s 0 c>, and the maximum absolute 
percentage change in capacitance measured in a 
temperature range of from -55 to l25°C <le(_.). 

The duration of the condenser was evaluated by 
a high-temperature loading test. A direct voltage of 

25 100 v was applied to each of 36 condensers per sample at 
1so 0 c, and the insulation resistance (R) was measured 
with time. The time when the insulation resistance fell 
to 106 a or lower was taken ae [a] the life duration [of 
life], and an average duration of life was obtained for 

30 each sample. 

Furthermore, the condenser was subjected to a 
high-humidity loading test[,J in which a direct voltage 
of 16 v was applied to each of 72 condensers per sample 
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at l21°C, 2 atm[,J and 100' RH, and the insulation 
resistance (R) was measured with time. The number of 
rejects whose insulation resistance (R} fell to 105 Q or 
lower before 250 hours from the start of the t~st was 

5 counted. 
The results of the above measurements are shown 

in Table 3 below. 
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CaJcinill8 Sample Temp. 
No. (oC) 

1* 1300 

2* 1300 

3* 1300 

4'" 1280 

~ 1280 

6* 1280 

1• 1360 

8 12801 

9 1300 

lD 1300 

11 1300 

11 1300 

13 1280 

14 1300 

IPEC\%(J'l'S9'1 

Dielectric 
Dielectric Loss 
Constant [(tad)(9') 

(E) lCsm 
.mw 

2780 3.0 

3380 2.1 

3330 2..3 

3380 2.1 

3360 2.2 

3110 1.6 

3300 1.8 

3010 1.4 

3260 1.7 

3080 1.S 

3170 1.7 

~ .... 

- 20 -

Table3 

Percentage Percenlage Change in CR CR 
Change in Product Product 

Capacitance Capac:irance (25•C) (l2SDC) 
AC/ClO•C (9') 

4C/Cl5°C (%) 
(MO·l'F) (MD·,.F) 

-25" ss• -
S!i°C 

12S"C max 16V I6V 

-4.9 17.4 -10.9 12.8 23.2 8210 2010 

unmeasurable due to transformation inlo a 1emiconduct0r 

o.o -7.8 -0.6 -9.2 9.2 63SO 1620 

unmeasurable due 10 tramformation into a semiconductor 

-0.3 -9.7 -0.7 -11.0 11.0 4120 710 

0.7 -13.6 0.9 -17.0 17.0 5310 1310 

unmeasurable due to undercalcination 

o.o -10.0 -0.2 -11.4 11.4 7170 4820 

-.01 -7.9 -0.2 -8.7 8.1 6140 2420 

0.2 -7.7 -0.(; -10.9 1309 7()0() 31SO 

-.01 -7.0 -0.8 -8.2 8.2 ,6680 2660 

0.1 -8.3 .().2 -9.0 9.0 6140 ·2440 

-0.1 -7.1 -0.S -8.8 8.8 . 7850 3080 

-0.3 -6.0 -1.3 -7.4 7.4 6340 24SO 

Reject 
Average Raaein 
Duration High- Grain 
ofUfe Humidity Sbe (Inn) 

(hr) Loading 
'lat 

4 om 0.79 

2.7 

311 om 0.74 

2.l 

102 ona 0.13 

303 0172 0.14 

0.61 

325 on'J. 0.14 

437 om 0.68 

426 on2 0.73 

389 om 0.60 . 
482 on2 0.16 

321 om 0.68 

419 on1 0.69 
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Calcining Sample Temp. No. (OC) 

IS 1300 

16 1280 

17* 1360 

18• 1300 

19* 1300 

zo• 1300 

21* 1300 

22* 1300 

23* 1280 

24* 1360 

2S* 1360 

26* 1260 

27* 1280 

SPBCmJStl 
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Pe!centage 
Dlelecuic Change in 

Dielectric I.ms Capacitance 
Constant [(tan3)(1i) AC/C20°C (%) 

(E) J!l!n 
.IDOO -2s• as• 

3300 2.0 0.1 -8.7 

3080 1.3 0.8 -7.3 

2260 2.0 o.z. -1.1 

3010 2.0 0.1 -9.8 

3560 2.3 1.2 -13.0 

3340 2.2 l.6 -lS.9 

32.00 1.7 0.1 -9.3 

3100 1.5 -0.3 -1.S 

3180 1.8 0.9 -9.7 

2S70 1.1 -0.1 -6.0 

2310 1.8 0.9 -13.l 

2370 1.6 0.4 -5.3 

.;• . ~ ·~ 

Table 3 - Cont•d. 

Percentage Change in CR CR 
Product Product Capacitance 
(2S°C) (125°C) ACJC25°C (%) 

(Mil·14F) (MO•pF) 

-
SS°C 12s0c max 16V 16V 

o.s -9.9 9.9 6900 2810 

0.1 -12.1 12.l 6980 2810 

-0.S -9.0 9.0 4990 1560 

--0.6 -16.0 16.0 5880 890 

0.9 -19.S 19.S 6150 1430 

0.9 -18.0 18.0 6700 2030 

-0.l -113 11.3 4580 720 

-1.2 -8.S 8.S 4650 860 

-0.1 -12.1 12.l 4050 690 

umneasurable due to undercalclnatio.n 

-1.0 -7.2 7.2 5070 1600 

0.6 -19.3 19.3 5120 . 2330 

0.7 -6.1 6.1. 6810 1490 

llejeet 
Average Rate in 
Duration HiJb-
of Lile Humidity 

(hr) Loading 
Test 

379 om 
370 on2 
284 12172 

52 on2 
298 onz 
n3 0172 

173 0112 

192 0172 

183 om 

353 4sn2 

401 om 
498 on2 

Grain 
Siu: (pm) 

0.72 

0.71 

0.64 

0.69 

0.76 

0.72 

0.71 

0.69 

0.70 

0.61 

0.66 

0.64 

0.64 
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As is apparent from Tables l through 3, the 
monolithic ceramic capacitors according to the present 
invention have a dielectric constant {e) of not smaller 
than 3000 and a dielectric loss (tan 6) of not more than 

5 2.5%, and their percentage cha~ge in capacitance with 
temperature satisfies the B characteristics standard 
(JIS) between -25°C and 85°C and the X?R characteristics 
standard (EIA) between -ss 0 c and 125°C. The insulation 
resistance at 25°C or 125°C, as expressed in terms of CR 

10 product, is as high as 6000 MO·µF or more or 2000 MO·µF 
or more, respectively. The average duration of life is 
as long as 300 hours or longer. The ceramic material 
used in these condensers can be calcined at relativeiy 
low temperatures of 1300°C or lower. The grain size of 

15 the oeramic is not greater than 1 µm. 

P.24/40 

In the composition represented by formula 
(l-0!-(t) {BaO}m ·TiOi+a{ (1-x) Mi,03+xRe20 3}+P (Mn1-y~i~Co1) O 
(wherein ~O, and Re20, are as.defined above), a should 
range from about 0.0025 to 0.025(. If a representing] awi 

20 preferably abOUt O.OOEi-0.015. If a, the amount of 

(M10,+Re203). is less than about o. 0025 as in sample l, the 
dielectric constant e is lower than 3000, the dielectric 
loss (tan 6) exceeds 2.St, the capacity considerably 
varies with temperature change, and the average duration 

25 of life is extremely short. 
If a exceeds about 0.025 as in sample 17, the 

dielectric constant does not exceed 3000, the insulation 
-resistance at 2s 0 c and l25°C is reduced, the average 
duration of life is short, a high calcining temperature 

30 is required, and rejects occur in a high-humidity loading 
test. 

In the above formula, ~ representing the amount 
of (Mn, Ni, Co) should range from about 0,0025 to 0.05 

r THIS \,_\~~~~:.~~ .. ~~~~) BH~N 
L ~-
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arui preferably about o.oos-0.03. If P is less than aboUt 
0.0025, the dielectric ceramic is reduced upon 
ealcination in a reducing atmosphere and changes into a 
semiconductor having a reduced insulation resistance as 

5 is observed with sample 2. 
If P exceeds about 0.05, the insulation 

resistance is low, the average duration of life is short, 
and the variation in capacity with temperature change is 
large as is observed with sample 18. 

10 The ratio P/Q representing the ratio of the 

15 

20 

25 

amount of (Mn, Ni, Co) to the amount of (M203+ReiO,> should 
be about 4 or less and preferably about 3 or less. If 
it exceeds about 4, the variation in capacity with 
temperature change is large, the insulation resistance at 
125°C is lower than 2000 MO·~F (in terms of CR product}, 
and the average duration of life is shorter than 
300 hours as with sample ig. 

x shou.ld be more than o and not more than about 
a.so and preferably about 0.1-0.3. If x is o as in 
sample 3, the insulation resistance is less than 
2000 MO·µF (CR product}. If x exceeds about o.s as in 
sample 20, the variation in capacity with temperature 
change is too large to satisfy the B characteristics 

. specified in JIS and the X7R characteristics specified by 
BIA standards. 

m representing the molar ratio of barium 
titanate should be more than about 1.000 and not more 
than about 1.035 and pre~erablv about 1.oos-1.02. If it 
is less than about 1.000 the dielectric ceramic material 

30 is transformed into a semiconductor as is observed with 
sample 4. If it is 1.000 as in sample s, the insulation 
resistance is low, and the average duration of life is 
shorter than 300 hours. If the molar ratio m exceeds 
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about 1.035, the calcination properties are extremely 
poor as is observed with sample 24. 

y+z in the above formula should be O [or more 
and] .tg less than about 1,0, pr@ferably about 0.1-0.5. 

S If y+z is 1.00 {i.e., Mn is absent) as in samples 21, 22 
and 23, the insulation resistance is reduced, and the 
average duration of life is shorter than 300 hours. 

The amount of magnesium oxide as a secondary 
component should range from a.Pout o.s to s.o mol in terms 

lO of MgO per 100 mol of the main component an4 preferably 
about o.s-1.s. If it is less than about 0.5 mol as in 
sample 6, the insulation resistance is reduced, and the 
variation in capacity with temperature change becomes 
high. On the other hand, if the amount of MgO exceeds 

15 about s mol, the calcining temperature must be increased, 
and the reject rate in a high-humidity loading test is 
extremely high ae with the case of sample 25. 

20 

The amount of the SiOi-TiOi¥MO-based oxide glass 
should be in a range of from about 0.2 to 3.0 parts by 

weight per 100 parts by weight of the total weight of the 
main component and the secondary oomponent, MgO. and 
preferably about l-1.5. If it is less tha.n about 
0.2 part as in sample 7, the ceramic material suffers 
from undercalcination. If it exceeds about 3.0 parts as 

25 in sample 26, the dielectric constant is low, the 

insulation resistance at 2S 0 c does not exceed 6000 MO·µF 
(CR product), and the variation in capacity with 
temperature change becomes larger. 

The cont~nt of alkali metal oxide impurities in 
30 · barium titanate should be about 0.02% by weight or less 

and preferably about 0.012. If it exceeds about 0.02% as 
in sample 27, reduction in dielectric constant results. 
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EXAMPLE 2 
SiOz-TiCi-MO-hased oxide [glass] glassc1 having 

an average particle size of not greater than 1 µm and [a] 
~ composition shown in Table 4 below were prepared by 

5 heating a raw material mixture at 1200 to 1600°C in the 
same manner as in Example l. A hundred moles of a. main 
component represented by compositional formula: 

97. 5{Bao}1.01o ·Ti02 + O. 8Y203 + O. 2~03 + l. 5 <Mno . .cNio.iCOo.,) O 

(molar ratio} in which barium titanate A shown in Table l 
10 was used, 1.0 mol of MgO, and i.o~ by weight, based on 

the total weight of the main component and MgO, of the 
above oxide glass were compounded to prepare a ceramic 
material. 

!,!...l A monolithic ceramic capacitor was 
15 produced in the same manner as in Example l, except for 

using the above prepared ceramic material. The 
electrical characteristics of the resulting condenser 
were evaluated in the same manner as in Example l. The 
results obtained are shown in Table S below. 
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Oxide Glass No. Added (wt%) 
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105 1.0 
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109 1.0 

110 1.0 

111 1.0 
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114* 1.0 
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Si Oz TiOa 
eao 

85 l l 

35 SI -
30 20 -
39 1 20 

70 10 s 
45 10 . 

: 

so 20 10 

so 30 -· 
35 30 2S 

40 40 10 

4S 22 3 

45 22 3 

65 2S s 
2S 40 JS 

30 10 30 

:· '· ·~ 

Table 4 

Componencs of Oxide Glass 

Main Components (mol ") 

MO 

eao SrO MgO ZnO MnO 

- - . ·4 9 

10 - - . 4 

30 . 1.5 4 1 

20 2 . 13 s . 
s - - 10 -
- - - lS ·\30 

10 3 7 - -
16 . - - 4 

10 - - - . 
- - - s s 

30 - - - -
30 - - - -
s - - . -
- 10 - s .s 

2S - - s . 

Additive 
Component (1') 

Tatal AiiO, ZrOa 

14 - -
14 . -
so . -
60 - -
20 . -
4S - . 
30 - -
20 - -
3S - -
20 - -
33 lS -
33 10 s 
JO . -
3S - -
60 - -
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Table 4 - Cont•d. 

Components of Oxide Glass 

Sample Amount of Main Components (mol S) 
Oxide Glass No. 

Added (wt") MO 
Si02 Ti02 

ZnO Dao Cao SrO MgO 

116" 1.0 so 0 35 IS - - . 
117" 1.0 45 22 30 - - 3 -
118• l.O 45 22 30 - 3 - -
119• l.O 30 66 10 - - - -

Samples with an asterisk are those out of the scope of the invention. 
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[* 1 moved froa here; text not shown) 

Percenlage 
Dielectric Change in 

Calcining Dielectric Loss Capacitance 
Sample 

Temp. Constant [(tan&)(%) 6.C/C20°C (9') 
No. cac) (e) ](Im 

~ -2S· -ssa 

101 1300 3080 1.9 -1.2 -1:1, 

102 1300 3330 2.1 -1.0 -7.1 

103 1300 3260 1.8 -0.9 ·8.0 

104 1300 .3260 1. 7 -1.4 -6.S 

lOS 1280 3190 2.1 : -0.9 -1.S 

106 1280 32SO 1.8 -1.3 -6.3 

107 1300 3270 1.8 -1.2 -7.9 

108 1280 3150 l.S -0.S -8.6 

109 1280 3410 2.2 -1.1 -7.1 

110 1280 3300 2.0 -0.3 -9.3 

Ill 1300 3110 1.9 -C.7 -7.8 

ll2 1300 3070 l.8 -0.6 -8.4 

113* 1360 • 2660 2.5 -2.l -2.3 

81'£C\2DU91 

Table S 

Percentage Change in CR CR 
Product Product Capacitmcc 
(25DC) (12S•C) AC/C2s·c (9') 
(MU·µF) (MSl·µF) 

-
ss•c 12sac max 16V 16V 

-2.3 -8.0 8.0 6520 2420 

-1.6 -7.4 7.4 6120 2160 

-0.4 -9.9 9.9 6830 2710 

-1.7 -7.2 7.2 6580 2500 

-1.S -8.1 8.1 6470 2S20 

-1.6 -7.4 7.4 6510 2520 

-1.6 . -8.9 8.9 6330 2320 

-0.1 -10.7 10.7 6700 2610 

-1.6 -7.4 7.4 6540 2470 

0.0 -11.3 11.3 6140 2190 

-1.2 -8.8 8.8 7970 3460 

-0.8 -12.7 12.7 74l0 3380 

M2.8 1.5 3.0 49'10 1710 

Reject 
Average Rate in 
Duration High-
ofUfe Hwnkllly 

{hr) Lod.ng 
Ten 

412 om 
3S6 om 
319 0172 

403 on2 
388 on2 
35'8 on2 
392 onz 
416 om 
491 OJn 

338 om 
590 om 
585 om. . 
36 S3m 

Grain 
Size (I'm) 

0.71 

0.70 

0.70 

0.70 

0.70 

0.71 

0.71 

0.70 

0.72 

0.71 

0.70 

0.71 

0.66 

,.. 

a -c 
...,.1:1:1 
~Cl 

~~ ....... 
en~ 

SI 
U1 ....... 
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:I> .... 
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114• 1360 unmeasurable due to underealcination 

Table S ·Cont'd. 

Percentage Percentage Ciange in CR C.R. 
Dieleclric Otangc in Pro duel ProdtlCI 

Calcining Dielectric Loss capacitance: Capacitance 
(2SoC) (l25•C) Sample Temp. Constant ((tan&)(%) ACICJ.J)°C (%) d.C/C25°C (%) 
(MO·,u1) (Mil·pF) No. 

(•C) (E) ).ft!!! 
j}OO --25° ss• 

SS"C i2s·c max 16V 16V 

ll5* 1360 unmeasurable due to undercaleination 

116• 1360 32$) ~ -l.2 ~ :L.2 -9.6 JM Ci4Af! 2280 

111+ 1300 unmeasurable due to undetcalcioation 

118• 1360 uome3J1urable due to ulldercalcination 

ll!il• 1360 unmeasurable due to undeiea1cloation 

Samples with an asterisk are those out of the scope of the invention. 
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Rejec:l 
Average Rate in 
Duration High- 0r.m 
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(JH'} Load"m,g 
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As is apparent from Tables 4 and s, the 
monolithic ceramic capacitors constituted by the 
dielectric oeramio layers containing Si"2-Tio2-MO-based 
oxide glass according to the present invention exhibit a 

5 . high dielectric constant (E) of 3000 or more, a 

dielectric loss (tan 6} of not more than 2.S%, and their 
percentage change in capacitance with temperature 
satisfies the B characteristics standard (JIS) between 
-25°C and ss 0 c and the X7R characteristics standard (EIA) 

10 between -55°C and 125°C. The insulation resistance at 
2s 0 c or l25°C, as expressed in terms of CR product, is as 
high as 6000 MO·~F or more or 2000 MO·µF or more, 
respectively. The average duration of life is as long as 
300 hours or longer. No rejects {was] ~ observed in 

15 the high-humidity loading test. 

20 

25 

30 

IPEC\207592 . 

To the contrary, samples 113 to 116 and 119 
showed undercal~ination or developed rejeots in the high­
humidity loading test. That is, when the composition of 
SiOz-Ti~·MO-based oxide glass is plotted on a triangular 
diagram of (Si021 Ti~, MO) (wherein MO is as defined 
above), the composition of the oxide glass used in these 
samples is not in the area surrounded by, or not on, four 
straight linea connecting four points; A {85,1,14), B 
(35,51,14), C {30,20,50), and D ··(39,1,60) (unit: mol%). 

As is understood from the results of samples 
lll and 112, addition of Al203 or ZrOi to the Si02-TiOi-MO­
based oxide glass is effective to provide a monolithic 
ceramic capacitor having an insulation resistance (CR 
product) of not lower than 7000 Mg·~F at 25°C and not 
lower than 3000 MO·µF at 12s0 c. Note that addition of 
more than is parts by weight of Al203 or more than 5 parts 
by weight of z~, per 100 parts by weight of the SiOi-

THIS SHEET HAS B!-J::~-1 
REPLACE!) _____ J 
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TiOi-MO-based oxide glass results in extreme reduction in 
sintering properties. 

While the barium titanate powder used in the 
foregoing Examples is one prepared by an oxalic acid 

5 process, barium titanate powder prepared by an alkoxide 
process or a hydrothermal process can be used as well. 
In some cases1 use of barium titanate powder prepared by 
an alkoxide.process or a hydrothermal process can· bring 
about better characteristics than demonstrated in .tbs1,, 

10 above Examples. 
Further, while oxide powders, such as scandium 

oxide, yttrium oxide, gadolinium oxide, terbium oxide, 
dysprosium oxide, manganese oxide, cobalt oxide, nickel 
oxide[,] and magnesium oxide, wers used as raw materials, 

15 the raw material~ for the dielectric ceramic layers are 
not limited to these oxides. For example, a solution of 
an alkoxide or an organometallic compound of each metal 
element can be used as well as long as the resulting 
ceramic layer has the composition according to the 

20 present invention. 
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 modif ic:"ations can be made 
therein without departing from the spirit and scope 
thereof. 
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WHAT IS CLAIMED IS: 

1. A monolithic ceramic capacitor [having] 
comprising a laminate of a plurality of dielectric 
ceramic layers, [a plurality of] at least internal 
electrodes [each formed] between [every two) ad.jagent 

5 dielectric ceramic layers in sue~ a manner that one end 
of each internal electrode is exposed at Cone end1 

different ends of the dielectric ceramic layer 
alternately, and a pair of external electrodes each 
electrically connected to (the plurality of] different 

lO exposed internal electrodes [on each side of the 
laminate], in which said dielectric ceramic [layer 
comprises] layers comprise (a) barium titanate having an 

alkali metal oxide impurity content of not more than 
about o.02t by weight, {b) at least one member selected 

15 from the group consisting of scandium oxide and yttrium 
oxide, (c) at least one member selected from the group 
consisting of gadolinium oxide, terbium oxide[,] and 

··.~-

dysprosium oxide, (d) manganese oxide, (e) cobalt 
J., :' 

oxide(,J and (f) nickel oxide, and is [made up ofj a 
20 material containing 

(1) 100 mol of a main component represented by 

the compositional formula: 
(l.-(Y~B> {BaO}m ·TiOz+a{ (l-x}~03+xRe2o3}+~ (Mn1.,.Jfi1Coz) 0 

wherein ~~ represents at least one member selected from 
25 the group consist.ing of sc2o3 and Y203; R~03 represents at 

least one member selected from the group co~sisting of 
Gd,,03 , ~o3,,1 and 'Oy203 ; o. 0025sta!r0. 025: o. 0025s/3',a. 05; 

~/as4; O<X•Q.50; [Osyl.01 Osz1.0] O~y$l.O: 0$Zfl.O; 

Os:.y+z<L o; and 1. OOO<m5l. 035, 

30 {2) abgµt 0.5 to 5.0 mol, in terms of MgO, of 
magnesium oxide (as a secondary component,] and 

--··--·--__,,,...-----· 

\ \11\11\ \\\I\\ llll\ ""' " \II\ * t L M S * 
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. (3) ahoyt 0.2 to 3.0 parts by weight, per 
100 parts by weight of.the total weight of said main 
component (l) and said [secondary component] magnesium 

35 oxide (2), of SiOiwTiOi-MO-based oxide glass, wherein MO 
represents at least one member selected from the group 
consisting of BaO, Cao, SrO, MgO, ZnO[,] and MnO(, and 
said internal electrodes are made up of nickel or a 
nickel alloy]. 

40 2. A monolithic ceramic capacitor acco:rding 

5 

to claim l, wnerein the internal electrodes are of nickel 
or a nickel allo~. 

J.... A monolithic ceramic capaqitqr according 
to claim 2, wherein the alkali metal oxide impurity 
content of not more tban about 0.012% by weight: ~03 
represents LO,; f{e2Q., comprises py20 3 ; O. 006:ggcs0. 01s: 

0.005$8e0.031 8/q$3; 0.1$X$0.3; 0.1~ys0.2; 0.1~z~0.5; 

O.lsy+z<0.5; and 1.00Ssm~l.02; the amQunt of MgO is about 
o.s-1.s mol; the amount of glass is a.bout 1-1.s parts; 

and MO comprises Cao . 

.t..t. A monolithic ceramic q9pac1tor·accordinq 
to claim 3, wherein the composition ot said SiO:z-Ti02-MO­
based oxide glass is, when plotted on a triangular InQlt 

J..Q. diagram of (Si02, TiOi, MO) [, wherein MO is at least one 
member selected from the group consisting of BaO, cao, 
SrO, MgO, zno, and MnO,] in the area s~rrounded by, or 
on, four straight lines connecting four points: A 
(85,1,14), B (35,51,14}, C {30,20,SO), and D {39,1,60) 

l..§. [("unit: molt)] and contains at least one of Al20s and Zz-Oi 
in a total amount of not more than 15 parts by weight per 
100 parts by weight of the (Si02, Ti01, MO) component, 

' \11111111111111111 \llll II llll 
* C L M S * 
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provided that the amount of zro2 is not more than 5 parts 
by weight. 

[3] .5,. A monolithic ceramic capacitor 
according to claim [1) ~, wherein said external 
electrodes [are each made up of] comp~ise a sintered 
layer of an electrically conductive metal powder or an 

5 electrically conductive metal powder containing glass 
[frits] !tlt,. 

(4] .§.. A monolithic ceramic: capacitor 
according to claim (1} ~' wherein said external 
electrodes [are each composed of] comprise a first layer 
made of a sintered layer of an electrically conductive 

5 metal powder or an electrically conductive metal layer 
containing glass [frits] W.t and a second layer [that 
is formed] of plating on said first layer [by plating] . 

5 

1..:.. A monolithic ceramic capacitor according 
to claim l. WMrein the @lkali metal ·0xide imcurity 
content of not more than about o. 012% by wei:aht: M2Cb 
repres~nts Y203 r RM <::Om?rises .Dy2Q,: 0.006sas0.015; 

0.005c8c0.03; BlaEll O.l~xs0.3; O.l~ys0.2: O.lszs0.5; 

O. lsy+z<O. 5; and 1. 005!!!:ms:L 02: t"he amo_unt gf MgO is about 

0.8-1.5 mol: the amoµnt of glass is about 1-1.s partsr 

and MO comprises Cao . 

.!L. A monolithic ceramic Cipacitor accord,ing 
to claim 7, wherein the compgsitign of s1id Si~-TiQ,-MO­
based oxide glass is. when plotted on a triangular molt 

10 diagr4m of (SiQg, TiQi. MOl in the area surrounded by. or 
on, four straight lines connecting four points: A 
(SS,i,14), B {35,51,14), c (30,20,SO), and D (39,1,60) 

-----··-------·---

111111111111111111111111111111 
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and contains at least one of Al2Q3 ang ZrQi in a total 

amount of not more than 15 parts .by weight per 100 parts 
15 b".l!'. weight of the (Si07 , TiQ2' MO) compQnent. provided that 

the amount of ZrOi is not more than s parts by weight. 

~ A monolithic ceramic capacitor according 
to claim a. wberein said external electrodes comprise a 
sinter"ed layer of an electrically condugtive metal powder 

or an electrically condu9tive m~tal powger containing 
5 glass frit. 

~ A monolithic ceramic capacitor accord~ng 
to claim a, wh~rein said external electrodes comprise a 
first layer made of a sintered layer of an electrically 
conductive metal powder or an electrically conductive 

5 metal layer containing glass frit and a second layer of 
plating. on said first layer. 

J..!..:. A monolithic ceramic capacitor according_ 
to claim 1, wberein the composition of said SiQz-TiO.,-MO­
based oxide glass is. when plotted on a triangular molt 
diagram of (SiQ,z, Ti02 • MO) in the ahea surrounded by. or 

on, four straight lines connecting four point§: A 
(85.1.14), B (35.51.14), c (30.20.SQ), and D (39.1.60) 

ang contains at least one of Al2q, and Zr02 in a total 

amount of not more than 15 parts by weight per 100 parts 
by weight o~ the (SiQz, TiQi. MO) component. provided that 

the amount of Zr~ i~ not more than 5 parts by weight. 

12. A monolithic ceramic caoagitor accord,in.g 
to cliim 11. wherein said external @lectrgdes comprise a 

sintered 11yer of an electrically conductive metal poyd=r 

: , 11p11~ 1111~ 11~1111~ 111111 

~!"HI'' SH1:1l'.;'f l·U\'~ Br.;.:"-! I .:) ;_..i..... lo.• ~_. ~• L!...·• 
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or an electrically cond.uctive metal powder containing 
5 glass frit. 

1.3.. A monolithic ceramic qapagitor acco;ding 
to cl&im 11. whe;rein said external electrod,es comprise A 
first layer made of a sintered layer of an electricall,y 
conductive metal PQwder or an electrically cond.uctive 

5 metal layer cgntaining glass f rit and a second laxer of 
plating on said first layer • 

.li.:. A monolithic ceramic: capacitor according 

to claim le whereia said external eleqtrgdes comgrfse & 
sintered layer of an electrically conductive metal powcier 
or an electrigally cond.uctiye metal powder containing 
glass frit. 

15. A monolithic ceramic capacitor according 
to claim l· wherein said external ftlectrodes comprise a 
first layer made of a sinte~ed layer of an electrically. 
conductive metal pgwder or an electrically gonduetive 

s metal layer containing glass frit and a second. layer of 
plating on said first layer. 

,,,. 

11111111 lll~~i~ '~ 

iliiffi~f 
-------------~ 

THIS s:EEET l IAS BEE?'~ I 
REPLACED _ j 


