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ONOLITHIC CE 1C CAPACTTOR

EIELD OF THE INVENTION

This invention relates to a ceramic capacitor,
more particularly a monolithic ceramic capacitor having
internal electrodes made of nickel or a nickel alloy.

BACKGROUND OF OoN

A monolithic ceramic capacitor is generally
produced according to the following procedures.
Dielectric ceramic layers in sheet form [each] having
applied thereon an electrode material [serving] to serve
as an internal electrode are prepared. A ceramic
material mainly comprising, e.g., BaTiO; is used as a
dielectric ceramic layer. A plurality of the dialectric
ceramic layers with the electrode material are piled up
and press-bonded under heat into onefbody. The resulting
laminate is calcined [in a natural atmosphere] at 12590 to
1350°C to obtain a ceramic laminate having internal
electrodes. An external electrode is baked onto both
sides of the ceramic laminate to make an electrical
connection to the internal electrodes [to] and obtain a
monolithic ceramic capacitor.

The 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:. B
internal electrodes and the ceramic laminate are calcined

simultaneously. _~’__*‘__~_¥~————""
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2. To be {ingusceptible] xesgistant to
oxidation in a high-temperature oxidative atmosphere and
be unreactive 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 [all] the entire

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

In addition to noble metals, base metals, such
as Ni, Fe, Co, W{[,] and Mo, also have a high melting
15 point. However, these base metals are readlly oxidized
in a high-temperature oxidative atmosphere, [failing]
causing them to fail to perform (the] their function as
an electrode. Therxefore, calcination of the base metal
together with dielectric ceramic layers must be carried
20 out in a neutral or reducing atmosphere before [it] thev
' can be used as an internal electrode of a monolithic
" ceramic capacitor. However, the problem is that a
conventlonal dielectric ceramic material undergoes
vigorous reduction into a gemiconductor if caleined in a
25 neutral or reducing atmosphere.
Dielectric ceramic materials which have been
proposed in order to solve the above problem include a
dielectric ceramic material comprising a barium titanate
s0lid solution having a barium site to titanium site
30 ratio in excess of a stoichiometric one (see JP-B-57~-
42588, the term *JP-B" as used herein means an "examined
published Japanese patent application”) and a dielectric
ceramic material comprising a barium titanate solid
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capaéltor nore particularly a nonolithic ceram c capacitor having internal
el ectrodes made of nickel or a nickel alloy. BACKGROUND OF THE | NVENTI ON

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 texm "JP-A" ag used herein means an
"unexamined published Japanese patent application®),

8 .On the othexr hand, dielectric ceramic materials
whose dielectric constant hag reduced temperature
dependence, such as [a] BaTi0,-CaZr0,-MnO-Mg0 system {see
JP- A-€2-256422) and [al] BaTiO,- (Mg, Zn, Sr or Ca)O0-B,0,-
8i0, system (see JP-B-61-14611), have alsc been proposed.

10 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 ceramic capacitor in which a base

15 metal, such as nickel, is used as an internal electrode.

In recent years, size reduction of electronic
components has ([been] accelerated rapidly [with]l in the
development of electronics., Moneolithie ceramic
. capacitors have also showed a remarkable tendency to

20 reduction in size and increase in capécity. 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 reliable,

25 The dielectric ceramic materials disclosed in

' JP-B-57-42588 and JP-A-61-101459 exhibit a high
dielectric constant but have a large crystal grain size
on calcination. When they are applied tc a monolithic
ceramic capacitor in which each dielectric ceramic layer

30 has [such] a small thickness such as 10 pum or less, the
number of crystal grains existing per layer is decreased,
resulting in diminished reliability. Besides, these
materiale undergo considerable variation in dielectric
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follow ng procedures. Dielectric ceramc layers in sheet form havi ng
applied thereon an electrode material to serve as an internal electrode are
prepared. A ceramic material mainly conprising, e.g., BaTi(Jerr] is used as
a dielectric ceramc layer. A plurality of the dielectric ceramc |ayers
with the electrode material are piled-ufé and press-bonded under heat into
one body. The resulting

constant 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 caleination,
) a ceramic laminate having a small exystal grain size and
[showing] small variation of dielectric constant with
temperature change. However, CaZr0, 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 digadvantageous for achieving size

15 reduction and capacity increase [of] in a wmonolithic
ceramic capacitor. Moreover, the material fails to
fulfill the requirement of X7R characteristics specified
by EIA (Electronic Industriss Association) [Standards]
standards that the percentage of change in electrostatic

20 capacity be within a range of $15% in [al the temperature

" range of from -55°C to +125°C.
Although JP-A-5-9066, JP-A-5-9067, and JP-A-S-
9068 have proposed ceramic compositions in order to
eliminate these problems, the ever-continuing demand for

25 gize reduction and capacity increase has been producing a

- 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.
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am nat e aV|ng Internal el ectrodes. An externa el ectrode is

a ceramC
baked onto both sides of the ceramc |lamnate to nake an el ectrica

connection to the internal electrodes and obtain a nonolithic ceramc
capaci tor. The material for the internal electrodes are required
to satisfy the following conditions: - 5 = 1. To have a nelting point

at or above the

SUMMARY OF THE INVENTION

An object of the present invention is to
provide an economical, small-sized and high-capacity
monolithie ceramic capacitor which has a dielectric

5 constant of 3000 or higher and an insulation resistance
as high as 6000 MQ-uF or more at room temperature or
2000 MQ ‘uF 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
ceramic capacitor having a laminate of a plurality of
dielectric ceramic layers, a plurality of internal
electrodes each formed between [every] two adjacent
dielectric ceramic layers in such a manner that one end

20 of each internal electrode 1s exposed at one end of the
dielectric ceramic layer alternately, and a pair of
external electrodes each electrxically connected to the
plurality of exposed intexrnal electrodes [on each side]
of the laminate, in which the diglectric ceramic layexr

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) mwmanganese 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 the
compositional formula:
(1-a-B) {BaO}, “Ti0p+a{ (1-X)M0,+xRe;0;} +8 (Mn, . Ni Co,) O
wherein M,0; represents at least one member selected from
5 the group consisting of Sc,0; and Y,0;; Re,0; represents at
least one member selected from the group consisting of
GA,0;, Th,0;, and Dy,0,; 0.0025=xs0.025; 0.0025s8s0.05;
B/osd; 0<x<0,50; (0syl.0; 0=z1.0} QOsysl.0: O=zgl.O0;
O0sy+z<1.0; and 1.000<msl1.035, (2) about 0.5 to 5.0 mol,
10 in terms of MgO, of magnesium oxide as a secondary
component, and (3) agbout 0.2 to 3.0 parts by weight, per
100 parts by weight of the total weight of the main
component (1) and the secondary cowponent (2}, of SiCQ‘
Ti0,-MO-based oxide glass (wherein MO represents at least
15 one member selected from the group consisting of Bao,
Ca®, 8xr0, MgO, 2n0, and MnO), and the internal electrodes
are made up of nickel or a nickel alloy.
In a preferred embodiment of the monolithic
ceramic capacitor of the present invention, the _
20 composition of the 8§iQ,-Ti0,-MO-based oxide glass is, when
- plotted on a triangular diagram of (8i0,, TiQ,, MO)
(wherein MO is as defined above), in the area surrounded
by, or on, four straight lines comnnecting four points: A
{(85,1,14), B (35,51,14), ¢C (30,26,50), and D (39,1,60)
25 - {unit: mol%), and contains at least one of Al,0; and 2r0,
in a total amount of not more than about 15 parts by
weight per 100 parts by weight of the (8i0;, TiO,, MO)
component, provided that the amount of Zx0, is not mere
than gboul S5 parte 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
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glass [frits] _frit. 1In a still prefarred embodiment,
the external electrode ig composed of a first layer made
of a sintered layer of an electrically conductive metal
powder which may contain glass (frits] frit and a second
layer that is formed on the first layer by plating.

F DESCRI N_OF THE DRAWINGS

Fig. 1 is a schematic cross section of a
monolithic ceramic capacitor according to one embodiment
of the present invention.

Fig. 2 is a schematic plan of a ceramic layer
with an internal electrode which is used in the
monolithic ceramic capacitor of Fig. 1.

Fig. 3 is a perspective exploded view of the
ceramic laminate used in the monolithic ceramic capacitor
of Fig. 1. .
Fig. 4 is a triangular diagram of (8i0,, TiO,,
MO) showing a preferred fange of the compesition of 8i0,-
Ti0,-MO-based oxide glass.

DETAILED DESCRIPTION OF THE INVENTION

In the monolithic ceramic capacitor of the
present invention, the dielectric ceramic layers are
obtained by calcining a dielectric ceramic material
comprising (1) (a) barium titanate, (b) at least one of
scandium oxide and yttrium oxide, {(¢) at least ona of
gadolinjum oxide, terbium oxide{,] and dysprosium oxide,
(d) manganese oxide, (e) cobalt oxide[,] and (f) nickel
oxide at a ratio shown by the above-described
compositional formula having incorporated therein (2)
magnesium oxide and (3) Si0,-Ti0,-MO-based oxide glass

(wharein MO represents at least one member salacted from

the group consisting of Bad, Ca0, Sr0O, MgO, ZnO, and
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as platinum gold, palladium and a silver-palladi um
ed as an el ectrode material satisfying these

excellent in performance, these electrode materials are
he proportion of the electrode material cost reaches 30
entire -8 -

MnO) . The dielectric ceramic material can be calcined in
a reducing atmosphere without suffering from
deterioration of characteristics to provide a highly
reliable monolithic ceramic capacitor whose capacity

5 exhibits temperature characteristices satisfying the B
characteristics specified by JIS and the X7R
characteristics specified by EIA standards, and which
exhibits high insulation reeistance at room tempefanure

and

10
‘ the
the

high temperature.

In the resulting dielectric ceramic laminate,
erystal grains are as small as 1 um or less so that
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.

The barium titanate constituting the main

component (1) contains, ag impurities, alkaline earth
metal oxides (e.g., SrO and CaQ), alkali metal oxides
- (e.g., Na,0 and K,0), and other oxides (e.g., Al,0; and
20 8i0,) . Of these impurities. the alkali metal oxides,
~ such as Na,0 and K,0, 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 preferably about 0.012% or less.

It has also been found that incorporation of

oxide glass mainly comprising Si0,-Ti0,-MO (wherein MO is

at least one member selected from the group consisting of
30 Ba0, Ca0, Sr0, MgO, ZnC, and MnO) into the dielectric

ceramic layers brings about improved sintering properties

andg
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nobl e netals, base netals, such as Ni, Fe, Co, W and M, also have a high
melting point. However, these base netals are readily oxidized in a
hi gh-t enperature oxi dative atnosphere, causing themto fail to perform
their function as an electrode. Therefage, calcination of the base netal

Al,0; and/ox ZrO, to the oxide glass makes it possible to
obtain higher ingulation resistance.

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

5 reliable, small-sized, and high-capacity moneolithic
ceramic capacitor, the capacity 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 =z
sintered layer of a conductive powder of various metals

18 {e.g., Ag, Pd, Ag-Pd, Cul,] and Cu alloys) or a sintered

. layer of a mixture of such a conductive metal powder and

glass frits of various kinds (e.g., B,0;~-Li0-8i0,-Ba0-
: based glass frits, Bg%-SiCh-BaO~based glass frite, Li0-
5i0,-Ba0-based glass frits, B,0,-Si0,-ZnO-based glass

20 ~ frits). Ceramic powder may be used in a small proportion
with the conductive metal powder (and glass frits). It

. ia preferable that the sintered layer is plated with Ni,
: ' Cu, an Ni-Cu alloy, etc. The plated layer may further be
. plated with solder, tin, etc.

25 . A monolithie ceramic capacitor according to one
embodiment of the present invention will be described by
referring to the accompanying drawings.

Fig. 1 is a schematic crogs 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
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nDnollthlc ceramc capaC|tor Fbmever, the problemis that a conventiona
dielectric ceramic material undergoes vigorous reduction into a

sem conductor if calcined in a neutral or reducing atnosphere.

Dielectric ceramic materials which havqobeen proposed in order to solve the
above problen1|nclude a

laminate used in the monclithic ceramic capacitor of this
embodiment .
As shown in Fig. 1, the monolithic ceramic
capacitor 1 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 5, a first plating layer 6 formed by plating
10 with nickel, copper, etc., and a second plating layer 7
formed by plating with solder,'tin, etc.
The moneclithic ceramic capacitor 1 shown in
Fig. 1 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, texbium
oxide{,] and dysprosium oxide, (d) manganese oxide, (e)
cobalt oxide [,] and (f) nickel oxide, (2) magnesium
- oxide, and (3) 8$i0,-Ti0,~MO-based oxide glass (wherein MO
20 is as defined abova) 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 formed] of nickel or a nickel alloy is
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 ceramic
layers 2b are piled up and press-bonded in between a pair
30 of dielectric ceramic 1ayérs 2a having no internal
alectrode to obtain a laminate as shown in Fig. 3. The
laminate of the dielectric caeramic layexrs 2a, 2b.[..

_—

This Sheet Has Been

LT s




“di el petveCan ey MIEC199RWET | al  CoRaTMEINSIARY 2 DRMTEOTPsET @naj e solid sol ution
havi ng alPHr¢un? si 1¥S8o TiMa dFFe ratio in exd8ss of PEEWSHEIERSBHet 18740

one (see JP-B-57- 42588, the term"JP-B" as used herein neans an "exani ned
publ i shed Japanese patent application”) and a dielectric ceramc materi al
conprising a bariumtitanate solid
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2bl..2b, 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
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
used in combination with glags frits, such as B,0;-8i0,-
BaO-based glass frits or 11,0-8i0;-BaO-based glass frits.
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,
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 calcined laminate) followed
by baking. Alternatively, the paste may be applied to
the laminate of the gréen sheets before calcination and.
baked to form the electrodes 5 and the ceramic laminate 3
simultaneously.

The external electrodes 5 axe then platéd with
nickel, copper, etc. to form a first layer 6. Finally,
the first layer 6 is plated with solder, tin, ete. to
form a second layer 7, thereby to produce a monolithic
ceramic capacitor 1 of the chip type.

As described above, the ceramic material used
in the present invention does not underge reduction and
therefore dces not change into a semiconductor even if
calcined in a reducing atmosphere, which allows use of a .
base metal (nickel or 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 13009C. As a result; both the muterial cost
and the process cost of monolithic ceramic capacitors can
be reduced.

The monolithie ceramic capacitor according to
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 reaiétanqe,
and undexrgoing no deterioration in characteristics under
a4 high temperature or high humidity condition.

The grain size of the dielectric ceramic
material according to the present invention is as small
as gbout 1 um or less. Therefore, if the thickness of
dielectric ceramic layers constituting a monolithic
ceramic capacitor is reduced, each layer can have a
greater number of crystal grains than in conventional ,
monolithic ceramic capacitors. There ie thus provided a
highly reliable, small-sized, and yet high-capacity
monolithic ceramic capacitor.

The presént invention will now be illustrated
in greater detail with reference to Examples, but it
should be understood that the present invention is not
congtrued as being limited thereto.

EXAMPLE 1
TiCl, and Ba(NO;), both having [a] varied purity
wexre weighed and treated with oxalic acid to precipitate
barium titanyl oxalate (BaTiO({(C,0,) -4H,0). The
precipitate was thermally decomposed at or above 1000°C
to synthesize 4 species of barium titanate (BaTiQ;) shown
in Table 1 below.

_
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W Table 1 “

Average
Kind of » Parti
BaTiO, Content of Impurities (wt%) szzle
(pm)
Alkali
Metal Sro Ca0 Si0, ALO, h
_ Oxide
A 0.003 0.012 0.001 0.010 0.005 0.60
5 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
— e

Oxides, carbonates or hydroxides of silicoen,
. titanium, barium, strontium[,] and manganese were
o 10 [weighted] _weighed and mixed so as to give an
840,:T10,:Ba0:Sr0:Mn0 molaxr ratio of
0.60:0.25:0.10:0.02:0.03, The mixture was ground and
evaporated to dryness to obtain powder. The powder was
melted by heating in an aluminum crucible at 1300°C,
_ 15 - quenched, and ground to obtain powdered oxide glass
P having an average particle size of not greater than 1 um.
[A composition] The compogitions shown in Table
2 below {was] werxe compounded from (i) the barium
titanate of Table 1, (ii) the powdered oxide glass
20 prepared above, (iii) BaCO, serving for adjustment of the
Ba/Ti molar ratio of barium titanate{,] and (iv) Scy0,,
Y05, Gd0y, ThyO;, Dyy0;, MnCO;, NiO, Co,0y; and MgO. each
having a purity of not lower than 99%. : '
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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 organic solvent, such as ethanol, to
prepare a ceramic slurry. The slurry was shaped into a

[ 11 um thick rectangular green sheet by means of a doctor
blade. A conductive 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 " A plurality of the ceramic green sheets were
piled up in such a manner that the every other ceramic
green sheet had its end with the internal electrode
exposed arranged on one side of the resulting laminate.
The laminate was heated at 350°C in a nitrogen atmosphere

15 to burn the binder and then calcined at a temperature
shown .in Table 3 for 2 hours in a reducing atmosphere of
H,-N,-H,0 gas having an oxygen partial pressure of 10® to
1072 MPa to obtain a ceramic laminate.

The surface of the resulting ceramic 1am1nate

20 - was obsgexved under a scanning electron microscope [of] at
1500 magnifications to measure the grain size.

A silver paste containing B,0,-Li,0-8i0,~BaO-

EEEE based glass [frits] frit was applied onto both sides of

the ceramic laminate where the internal electrodes were
25 | 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
30 thickness of 1.2 mm., Each dielectric ceramic layer
bétween two internal electrode layers had a thickness of
8 um. The number of affective dielectric ceramic layers
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was 19. The area of the opposing electrodes was 2.1 mm?
per side.
The electric characterigstics of the condenser
were measured. The capacitance (C) and the dielectric
5 losa (tan 3} were measured with an automatic bridge type
meter at 1 kHz, 1 Vxms([,] and 25°C, PFrom 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 125°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 [a]
varying [temperature] temperatures to determine [a] the
15 percentage [of a] 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 -559C or
125°C and 25°C to the capacitance at 25°C (percentage
20 change: (C/C25°C)]AC/C25°C), and the maximum absolute
percentage change in capacitance measured in a
N temperature range of from -55 to 125°C {|C|mm) -
P 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
150°C, and the insulation resistance (R) was measured
with time. The time when the insulation resistance fell
to 10% @ or lower was taken as [a] the 1life duration [of
life], and an average duration of life was obtained for
a0 each sample.
Furthermore, the condenser was subjectad to a
. high-humidity loading test([,] in which a direct voltage
of 16 V was applied to each of 72 condensers per sawmple
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crystal grain size and smal | variation of dielectric constant
with tenperature change. However, CaZr(err] and CaTiJerr] produced on
calcination tend to forma secondary phase together with MO, etc., which
has made the resulting nonolithic cer_.ag:isc_capaci tor less reliable in high
t enper at ures. - The dielectric™Ceramic nmaterial disclosed in

at 121°C, 2 atm[,] and 100% RH, and the insulation
regsistance (R) was measured with time. The number of
rejects whose insulation resistance (R} fell to 10° @ or
lower before 250 hours from the start of the test was

S counted.

The resulte of the above measurements are shown
in Table 3 below.
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As is apparent from Tables 1 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 &) of not more than

5 2.5%, and their percentage change in capacitance with

temperature satisfies the B characteristics standaxd
(JIS) between -25°C and 85°C and the X7R characteristics
standaxd (EIA) between -55°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 MQ -uF or more or 2000 MQ -uF
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 relatively
low temperatures of 1300°C or lower. The grain size of

1s the ceramic ig not greater than 1 um.

In the composition represented by formula
(1-a-8) {Bad}, ‘TiC+a{ (1-x) M0:+xRe,0,} +8 (Mn,Ni Co,) 0
(wherein M0, and Re,0, are as defined above), « should
range from gbout 0.0025 to 0.025[. If o representing] and

20 preferably about 0,006-0.015. If o, the amount of
- (My04+Re;0;), is less than about 0.0025 as in sample 1, the

© dielectric constant ¢ is lower than 3000, the dielectric
loss (tan &) exceeds 2.5%, the capacity considerably
varies with temperature change, and the average duration
25 of life is éxtremely short.

' If o exceeds about 0.025 as in sample 17, the
dielectric constant does not exceed 3000, the insulation
xesistance at 25°C and 125¢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

SPEC\207592
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capaci.tor which has a dielectric constant of 3000 or higher and an

i nsul ation resistance as high as 6000 M [err]F or nore at roomtenperature
or 2000 M[err]F or nore at 125C, as expressed in terns of the product of
capaci tance and insul ation resistance (@R-product), and whose capacity

exhi bits tenperature

and preferably about 0.005-0.03. If § is less than about

0.0025, the dielectric ceramic is reduced upon
calcination in a reducing atmosphere and changes into a
semiconductor having a reduced insulation resistance as

5 is observed with sample 2.

If f exceeds gbout 0.05, the insulation
resistance is low, the average duration of life iz short,
and the variation in capacity with temperature change is
large as is observed with sample 18.

10 The ratio 8/a representing the ratio of the
amount of (Mn, Ni, Co) to the amount of (M;0;+Re,0;) should
be _about 4 or less and preferably about 3 or less. If
it exceeds gbout 4, the variation in capacity with
temperatuxe change is large, the insulation resistance at

15 125°C is lower than 2000 MQ uF (in terms of CR product),
and the average duration of life is shorter than
300 hours as with sample 19.

x should be more than 0 and not more than about
0.50 _and preferably about 0.1-0.3. If x is 0 asg in

20 sample 3, the insulation resistance is less than
2000 MQ-uF (CR product). If x exceeds about 0.5 as in
sample 20, the variation in capacity with tempexrature
change is tooc large to satisfy the B characteristics

specified in JIS and the X7R chakacteristics specified by

25  EIA standards. '

o m representing the molar ratio of barium
titanate should be more than about 1.000 and not more
than gbout 1.035 and preferablyv about 1.006-1.02. 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
registance is low, and the average duration of life is
shorter than 300 hours. If the molar ratio m exceeds

—_—

This Sheet Has Been Replaced

LT -




. chaka@ives insiik Q8: a8 abdrsAtyi NQ t lGus-@o¢ INeEEA @6 GPRIKIED PASES 26T 1T | Ja
| ndust r i18F*8fdfdataSP aﬁH&1H3R§?ﬁF%haracteristicsﬁgﬁecifﬁgﬁq%sﬁtﬁfﬁ B

st andards, and which has excell ent weathering performance in, for exanple,
toading in high tenperature or high humdity. The present

I nvention provides a nonolithic ceram c capacitor having a lam nate of a
plurality of dielectric ceramc |layersgsa-plurality of internal electrodes
each forned between two adj acent

gbout 1.035, the calcination properties are extremely
poor as is observed with sample 24.
y+z in the above formula should be 0 [or more

and] to less than about 1.0, preferably about 0.1-0.5.
5 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 about 0.5 to 5.0 mol in texrwms
10 of MgO per 100 mol of the main component and preferably
about 0.8-1.5., If it ig less than about 0.5 mol as in
sampie 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 5 mol, the calcining temperature must be increased,
and the reject rate in a high-humidity loading test is
extremely high as with the case of sample 25.
The amount of the $i0,-Ti0,~MC-based oxide glass
should be in a range of from gbout 0.2 to 3.0 parts by
20 weight per 100 parts by weight of the total weight of the
main component and the secondary component, MgO, and
preferablv about 1-1.5. If it is less than ghout
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 25°C does not exceed 6000 MQ uF
(CR product), and the variation in capacity with
temperature change becomes larger.

The content 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 gbout 0.02% as

in sample 27, reduction in dielectric constant results.
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alternately, and a pair of external electrodes each electrically connected
to the plurality of exposed internal electrodes of the |lam nate, in which
the dielectric ceramc |layer conprises (a) bariumtitanate having an al kal
nmetal oxide inpurity content of not noLg than about 0.02% by weight, (b) at
| east one nenber .sel ected fromthe group

EXAMPLE 2
8i0,-Ti0,-MO-based oxide [glass] glasgesg having
an average particle size of not greater than 1 um and [al]
the composition shown in Table 4 below were prepared by
5 heating a raw material mixture at 1200 to 1500°C in the
same manner as in Example 1. A hundred moles of a main
componeant represented by compositional formula:
97.5{Ba0}, 00 ‘TiO; + 0.8Y,0; + 0.2G4,0; + 1.5 (MngNigsCops) O
(molar ratio} in which barium titanate A shown in Table 1
10 was used, 1.0 mol of MgO, and 1.0% 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.
2% 1 A monolithic ceramic capacitor was
is produced in the same manner as in Example 1, except for
using the above prepared ceramic¢ material. The
electrical characteristics of the resulting condenser
were evaluated in the same manner as in Example 1. The
results obtained are shown in Table S5 below.
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nonol ithic ceram c capacitor of the present invention, the conposition of
the SiJerr]-TiJerr]-M>based oxide glass is, when plotted on a triangul ar
diagramof (Siderr], Tigerr], M) (wherein MOis as defined above), in

t he area surrounded by, or on, four str¥dight |ines connecting four points:
A (85,1, 14), B (35,51, 14), C (30,20,50), and D (39,1, 60)

As is apparent from Tables 4 and 5, the
monelithic ceramic capacitors constituted by the
dielectric ceramic layers containing 8i0,-Ti0,~MO-based
oxide glass according to the present invention exhibit a

5 ~_ high dielectric constant (e) of 3000 or more, a
dielectric loss (tan §) of not more than 2.5%, and their
percentage change in capacitance with temperature
satigfies the B characteristics standard (JIS) between
-25°C and 85°C and the X7R characteristics standard (EIA)

10 between -55°C and 125°C. The insulation resistance at
25°C or 125°C, as expressed in terms of CR product, is as
high as 6000 MQ -uF or more or 2000 MQ -uF or more,
respectively. The average duration of life is as long as
300 hours or longer. No rejects [was] were obsexrved in
15 the high-humidity loading test.

To the contrary, samples 113 to 116 and 119
showed undercalcination or developed rejects in the high-
humidity loading test. That is, when the composition of
810,-Ti0O,~MQO-based oxide glass iz plotted on a triangular

20 diagram of (8i0Q,, TiO;, MO) ({wherein MO is as defined

| above), the composition of the oxide glass used in these

samples is not in the area surrounded by, ox not on, four
straight lines connecting four points: A (85,1,14), B
(35,51,14), C (20,20,50), and D (39,1,60) (unit: mol%).

25 As is understood from the results of samples
111 and 112, addition of Al,0; or Zr0; to the $10,-Ti0C,-MO-
baged oxide glass is effective to provide a monolithic
ceramic capacitor having an insulation resistance (CR
product) of not lowexr than 7000 MQ uF at 25°C and not

30 lower than 3000 MQ-uF at 125°C. Note that addition of
more than 15 parts by weight of Al,0, or more than 5 parts
by weight of ZrQ,, per 100 parts by weight of the SiO;-
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weight of the (Sierr], TiJerr], M) conponent, provided that the anount
of ZrQerr] is not nore than about 5 parts by wei ght. ~I'n anot her
preferred enbodi nent, the external electrode is made up of a sintered |ayer
of an electrically conductive netal pewslgr-which nmay contain

Ti0,-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
s process, barium titanate powder prepared by an alkoxide
process or a hydrothermal process can be used as well.
In some cases, use of barium titanate powder prepared by
an alkoxide .process or a hydrothermal process can bring
about better characteristics than demonstrated in the
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, were used as raw materials,
15 the raw materials 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 ugsed 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 modifications can be made

25 therein without departing from the spirit and scope
. thereof.
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WHAT IS CLAIMED I8S:

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] adjacent
dielectric ceramic layers in such a manner that one end
of each internal electrode is exposed at (one end]
different ends of the dielectric ceramic layer
alternately, and a pair of external electrodes each
electrically connected to [the plurality of] different
exposed internal electrodes [on each side of the
laminatel, in which said dielectric ceramic [layer
comprises] lavers comprise (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 mewber selected fxrom the group
consisting of gadolinium oxide, terbium oxide[,] and
dyspro%ium oxide, (d) manganese oxide, (e) cobalt
oxide[[f and (£) nickel oxide, and is [made up of] a

- material containing

(1) 100 mel of a main cowmponent represented by
the compositional formula: )
{1-a-8) {Ba0}, ‘TiO+a{ (1-x) M0.+xRe,0;} +8 (Mn;, Ni,Co,) O
wherein M,0; represents at least one member salected from
the group consisting of S¢,0, and ¥,0,; Re,0, represents at
least one member selected from the group consisting of
G&,0;, TbyOy; and Dyy,0,; 0.0025=a<0.028; 0.0025=8s0.05;
B/as4; O<xs0.50; [0syl.0; 0=21.0] Osvs=l.0:; 052<1.0;
Osy+2<1.0; and 1.000<msl.035,

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

—_ e
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.(3) about 0.2 to 3.0 parts by weight, per
100 parts by weight of the total weight of said main
component (1) and said {secondary'componént] magnesium
oxide (2), of 8i0,-Ti0,-MO-based oxide glass, wherein MO
represents at least one member selected from the group
consisting of BaO, Ca0, SrO, MgO, 2n0[,] and MnO{[, and
salid internal electrodes are made up of nickel or a
nickel alloyl. '

2. A wonolithic ceramic capacitor according
to claim 1,_wherein the internal electrodeg are of nickel

or a nickel allovy.
3. A wonolithice cergmxc capacitor according

cla 2, wherein etal ide im it

- content of not more than about 0.012% by weight: M0,

ase : Re riseg Ox :
Q. 0.0 3 Juxs0.3: 0.1svs0.2; JdeZe

- 0.1gv+2<0.5; and 1.005=smg1.02: the amount of MgO_is about

0.8-1. 0l: the amount of asg is out 1-1.5 £s;
and MO comprises CaO.

4., A monolithic cerami : rdin
to claim 3, wherein the composition of said $1i0;~-Ti0,~-MO-
based oxide glass is, when plotted on a triangular mol$
diagram of (8i0,, TiQ,, MO) [, wherein MO is at least one
member selected from the group consisting of BaO, CaoO,
8r0, MgoO, ZnO, and MnO,] in the area sgurrounded by, or
on, four strailght lines connecting four points: A
(85,1,14¢), B (35,51,14), ¢ (30,20,50), and D (39,1,60)
[{unit: mol%)] and contains at least one of Al,0; and ZrQ,
in a total amount of not more than 15 parts by weight per
100 parts by weight of the (S10,, TiO,, MO) component,

[T ) II||| i |II|
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THsIé DRA %@3—15 Tg?gu IEF%F iﬁga s'chematp?g cro[fjg3 section of a nonolithic
ceram c capacitor according to one enbodi ment of the present invention.
Fig. 2 is a schematic plan of a ceramic layer with an internal el ectrode
which is used in the 15

provided that the amount of Zx0, is not more than 5 parts
by weight.

(3] s, A monolithic ceramic capacitor
according to claim [1] 4, wherein said external
electrodes [are each made up of] comprise a sintered
layer of an electrically conductive metal powder or an

5 electrically conductive metal powder containing glass
[frits] frig.

(4] 8. A monolithic ceramic¢ capacitor
according to claim (1] 4, wherein said extermnal
electrodes [are each composed of] gomprige a first layer
made of a sintered layer of an electrically conductive

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

. Z. A monolithic ceramic capacitor according
to elaim 1, wherein the alkali metal oxide imggritzl ’
contggt.og not more than about 0.012% by weight: MO,
reprgséﬁts ¥,0;: ReO, comprises Dv,0.; 0.006s0s0.015;

0.005<8<0.03; o3 0.1ax=0.3; 0.lev<0.2;: 0.1l=sz=0.5

Q.1=sy+2<0.5;: and 1.0085<smsl 02; the amount of MgO is about

5 -1.5 mol: of ass is abou -1.58 part

and MO comprises CaQ.

8. A monolithic ceramic capacitor according
to claim 7, wherein the composition of said S8i0,-TiQ,-MO=-

ased oxide ig, when plottad on a tria ar
10 3. MO) 4 he area dead b o

on, four straight lines connecting four points: A
{85,1,14), B (35,51,14), C (30,20,50), and D (39,1,60)

0
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capacitor of Fig. 1. Fig. 4 is a triangular diagram'of (SiJerr],
TiJerr], M) showing a preferred range of the conposition of Sierr]-

Tidgerr]-M>based oxide gl ass.
- 36 -

and contains at least one of Al,0, and 2rQ. in a total

am £ £ e arts wei

Aar [¢]

15 by weight of the (8i0,, TiQ,, MO) compopent. provided that
. the amount of ZrQ, is not wmore thap 5 parts bv weight.

9. A monolithic ceramic capacitor according

t rein gaid externasl electrodes comprise

sintered layer of an electricallv conductive metal powder
or an electrically conductive metal powder containing

5 glass frit.

10. A monolithic cexamic capacitor according

to ¢claim 8, wherein 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 laver of

plating on said first layer.

: '11. A monolithic ceramic capacitor according
to ¢laim 1, wherein the compogition of said 8i0,-Ti0,-MO-
based oxide glass is., when plotted on a triangular mol%

- diagram of (SiQ,, TiQ,, MO) in the area surrounded by, or

on, four straight lines connecting four points: A

(85.1.,14), B (35,51.14), C (30,20,50), and D (39,1,60)

containg at least one of Al d ZrQ, in total
ot X an 1 arts by weight per 100 rts
wei T MO) component rovided that

amo i o tha arts by weight.

12. A monolithic ceramic capacitor according
to claim 11, wherein said external electrodes comprise a
gintered laver of an electrically conductive metal powder
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obtai ned by calcining a dielectric ceramic material conprising (1) (a)
bariumtitanate, (b) at |east one of scandium oxide and yttrium oxide, (c)
at | east one of gadolinium oxi de, terbium oxide and dysprosi um oxi de,
(d) manganese oxi de, (e) cobalt oxide 37 and (f) nickel oxide at a ratio
shown by the above-descri bed

an el i ctive meta owde at

5 glags frit.

132, A monol;tggg ceramic ¢apacitor according

external e t rls
irst 2_sintered exr of an electr
conductive me I an electrical conductive
5 metal laver containi frit and acond laver o

plating on said first layer.

14, m&&&s&m@w

si 1 n ctr1ca11 nd ctiv etal

or a tri i al powder containin
1 it
.15, A monolithic ceramic capacitor according
& to ¢laim 1, wherein gaid external electrodes comprise a
: irs m a sintere ayer an ectyicall
gonductive metal powder or an electyically conductive
5 " metal layver contain 1 it and a sec a o

- plating on said first layer.

g
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n MO represents at | east
one nmenber selected fromthe group consisting of BaO CaQ "SrO MO 2ZnO

e gl ass (wher

P/1071-370

Q. I c IC ACIT

ABSTRACT OF THE DISCLOSURE

A monolithic ceramic capacitor having a
plurality of dielectric ceramic layers, [a plurality of}
internal electrodes, and [a pair of] external electrodes
[each] electrically connected to the internal electrode,
wherein the dielectric ceramic [layer comprises) laversg
comprise (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] and/cxr yttriuwm oxide,
(¢) [at least one member selacted from the group
congisting of] gadolinium oxide, terbium oxide(, and]
and/or. dysprosium oxide, {d) manganese oxide, (e) cobalt
oxide, and (£f) nickel oxide, and is [made up of] a
material containing (1) 100 [mol of a main component]
mols represented by the compositional formula:

(1-a-8) {BaO},, ‘TiO+a{ (1-x)M0;+xRe,05} +8 (Mn, Ni Co,) O
wherein M0, represents [at least one member selected from

- the group consisting of S¢203 and Y203; Re203 represents
. at least one mewber selected from the group consisting of

Gd203, Tb203, and Dy203; 0.0025sas0,025] _said (b): Re.0.
represents said (c); 0.00ZSsﬁsO.dS; B/asa; 0<xs0.50;
Osyl.0; 0£21.0; Osy+2<l1l.0; and 1.000<ms1.035, (2) about
0.5 to 5.0 mol, in terms of MgO, of magnesium oxide [as a

secondary component,} and (3) _gbout 0.2 to 3.0 parts by
weight, per 100 [parts by weight of the total waight of
said main component (1) and said secondaxry component] pph

of compopents (3) and (2), of §i0,-Ti0;-MO-based oxide

glass (wherein MO represents at least one member selected
from the group consisting of BaO, CaQ, 8rO, Mg0, Znl, and

S
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MnO) [, and said], Said internal electrodes [are made up
of] can be nickel or a nickel alloyl, is disclosed].
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~exhi pits high insulation resistance at room tenperature and hi,gh

t.enper at ur e. In the resulting dielectric ceramc | ThE e(, $He 33)
crystal grains are #sﬁﬁ# E}rﬂlmm‘ I<€ss so that the r?ég/s infé sg
i nnunber per layer. This vviél ggpgure a sufficient reIiabiI]r&? A '§§h3
the thickness of TitMfelBctd108%¢%ranic layer in the laninate'is reduced.
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= component (1) contains, as inpurities, alkaline earth netal oxi@gs (gFﬁ"
SrO and CaQ), alkali netal oxides (e.g., Na_grr]Oand K[err]O)T"n& er33)
oxi-des (e.g., A [err@@ﬁrﬁﬁﬁé&']‘)‘? t hese inpurit, ﬁé tgs gl k%l
metal oxides, such as Ela[ erig_qé)qaqrﬁd Klerr] O have been conf i4® 609[/ bet8:20:25
greéatly i nf | uen? A1 t e 48893 cal characteristics. It was proved that a
dielectric constant of not smal Ileor_t_harl_30_QO__c_aﬂ e_obt ai ned _by _u%p_g_____
barium titiHa¥e nhavi ig—an alkali'ne X1 an about

0
o -F [(E4] g 4
A A=Y .
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by wei ght and preferably about 0.012% or | ess. It has al so been
found that incorporation of oxide glass mainly conprising
Sigerr]-Tigerr]-MO (wherein MO is at |east one nenber selected fromthe
group consisting of BaQ, CaO Sr.O MO, ZnO, and MO i Lelectric
ceram c |l ayers brings about inproved sintering properti
resi stance to plating. Further, addition of

MONOLITHIC CERAMIC CAPACITOR

FIELD QF THE INVEEI_'ION

This invention relates to a ceramic capacitor,
more particularly a monolithic ceramic capacitor having
internal electrodes made of nickel or a nickel alloy.

ACKGRO 153 ()

A monolithic ceramic capacitor is generally
produced according to the following procedures,
Dielectric ceramic layers in sheet form [each] having
applied thereon an electrode material [sexrving]l to serve
as an internal electrode are prepared. A ceramic
material mainly comprising, e.g., BaTiO; is used as a
dielectric ceramic layer. A plurality of the dielactric
ceramic layers with the electrode material are piled up
and press-bonded under heat into one body. The resulting
laminate is calcined [in a natural atmosphere] at 1250 to
1350°C to obtain a ceramic laminate having internal
electrodes. An external electrode is baked onto both
sides of the ceramic¢ laminate to make an electrical
connection to the internal electrodes [to] and obtain a
monolithic ceramic capacitor.

The 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.

This Sheet Has Been Replaced
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2, To be [{insusceptible] xesgistant to
oxidation in a high-temperature oxidative atmosphers and
be unreactive with the dielectric ceramic layer.

Noble metals, such as platinum, gold,
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 [all] the entire
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[,] and Mo, also have a high melting
point. However, these base metals are readily oxidized
in a high-temperature oxidative atmosphere, [failing]
cauging them to fail to perform [the] their function as
an electrode. Therefore, calcination of the base metal
together with dielectric ceramic layers must be carried
out in a neutral or reducing atmosphere before [it] they
can be used as an internal electrode of a monolithic
ceramic capacitor. However, the problem is that a
conventional dielectric ceramic material undergoes
| vigorous reduction into a semiconductor if calcined in a
neutral or reducing atmosphere.

Dielectric ceramic materials which have been
proposed in oxder 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 stoichiometxic one (see JP-B-57-
42588, the term "JP-B" as used herein means an "examined
published Japanese patent application®) and a dielectric
ceramic material comprising a barium titanate solid
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AI[érr]C{err] and/or Zro[err] to the oxide glass makes it possible to

obt ai n hi gher insulation resistance. Dielectric ceramc |ayers

made fromthe above- described dielectric ceramc material provide a highly

reliable, small-sized, and high-capacity nonolithic REPLACEMENT SHEET
-3 - 14 ?prggg?

!

solution having incorporated therein an oxide of a rare
earth metal, such as La, Nd, Sm, Dy or ¥ (gsee JP-A-61-
101452, the texm “JP-A" as used herein means an
"unexamined published Japanese patent application").

.On the other hand, dielectric ceramic materials
whose dielectric constant has reduced temperature
dependence, such as [a] BaTi0,-CaZr0;-Mn0-Mg0 system (see
JP- A-62-256422) and (a] BaTiO;- (Mg, Zn, Sr or Ca)O-B,0,-
810, 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 ceramic capacitor in which a base
metal, such as nickel, is used as an internal electrode.

In recent years, size reduction of electronic
components has ([beenl accelerated rapidly [with] in the
development of electronics. Monolithice ceramic
capacitors have also showed a remarkable tendency to
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 reliable.

The dielectric ceramic materials disclosed in
JP-B-57-42588 and JP-A-61-101459 exhibit a high
dielectric constant but have a large crystal grain size
on calcination. When they are applied to a monolithic
ceramic capacitor in which each dielectric ceramic layer
has [such] a small thickness such as 10 gm or less, the
number of crystal grains existing per layer is decreased,
resulting in diminished reliability. Besides, these
materials undergo considerable variation in dielectric
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ceram c capaci

tor, the capacity of which shows reduced variation with

tenperature. Use of the dielectric ceramc material nmakes it feasible to

use ni ckel or
to use nicke

ceram c powder. The external electrode is not pantltt
limted in conposition. For exanple, it can be a sintered Ia%ér gfﬁg?‘mg?
conductive powder of various netals- 4 - l fa mue TN

a nickel alloy as an internal electrode. It is also possible

or a nickel alloy in conbination with a smal Il apRUHr T cuEE
 REPMEEMIINT SHEET

constant 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
high dielectric constant and provides([,] en calcinatior,
a ceramic laminate having a small crystal grain size and
[showing] small variation of dielectrie constant with
temperature change. However, CaZrO; and CaTiO, produced
on calcination tend to form a secondary phase together
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
reduction and capacity increase [of] in a monolithic
ceramic capacitor. Moreover, the material fails to
fulfill the requirement of X7R characteristics specified
by EIA (Electronic Industries Association) [Standards]
standards that the percentage of change in electrostatic
capacity be within a range of %15% in [a]l the temperature
range of from -55°¢C to +125°C.

Although JP-A-5-9066, JP-A-5-9067, and JP-A-5-
9068 have proposed ceramic compositions in order to
eliminate thase problems, the ever—continuing demand for
8ize reducticon and capacity increase has been producing a
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.

Thus, there has been thg 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.
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(e.g., Ag, Pd, Ag-Pd, Cu

and Cu alloys) or a sintered | ayer of a m xture

of such a conductive netal powder and glass frits of various kinds (e.g.,

Blerr]Jerr]-

Blerr]Jerr]
glass frits,

Lif[err]OSiderr]-Ba0 based glass frits,
-SidJerr]-BaO based glass frits, Li[err]O |Q’f§ri"] B HEED
Blerr]Jerr]-Sigerr]-2zZn0O based glass frits —~Cef-ant T Pt r

may be used in a snmall proportion with the conductive net L poycer T (24

glass frits).
Cu, an Ni-Cu alloy, etc. The plated layer may further be] le——rm=

It is preferable that-the sintered |ayer ip

lated With Ni

SUMMARY OF 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
constant of 3000 or higher and an insulation resistance
as high as 6000 MQ 'uF or more at room temperature or
2000 MQ ‘uF or more at 125°C, as expressed in terms of the
product of capacitance and insulation resistance {(CR
product), and whose capacity exhibits temperature
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 exampla,
loading in high temperature or high humidity.

The present invention provides a monolithic
ceramic capacitor having a laminate of a plurality of
dielectric ceramic layers, a plurality of intermal
electrodes each formed between [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 connected to the
plurality of exposed intexnal electrodes [on each side]
of the laminate, in which the dielectric ceramic layer
comprises (a) barium titanate having an alkali metal
oxide impurity content of not more than gbout 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
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)

This Sheet Has Been Repl

[T —

‘.; REPLACL D

SR
e~ he s
Frlam

[



plated with solder, tin, etc.

A nmonolithic ceram c capacitor

according to one enbodi nent of the present

referring to the acconpanyi ng draw ngs.

i nvention wll

cross section of the nonolithic ceram c capacitor.
plan of a ceramic |ayer having an internal

ceram c capacitor of this enbodi nent.
of the ceramc -6

be descri bed by
Fig. 1 is a schematic
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Fig. 3is a perspectlve eXéquef

100 mol of a main component represented by the

compositional formula:

(1-a-8) {BaO}, ‘Ti0+a{ (2-x) M;0s+xRe,0;} +8 (Mny, Ni,Co,) O

wherein M;0; represents at least one member gselected from
the group consisting of 8c,0; and Y;0;; Re,0; represents at
least one member selected from the group consisting of

Gngg, TbgOg, and Dy,04; 0.00255a<0.025;

0.0025=28<0.05;

B/as4; 0<x<0.50; (0syl.0; 0szl1.0] QOsvsgl.0: 0<zsl.0;
Osy+z<l1.0; and 1.000<msl.035,
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
ccﬁponent (1) and the secondary component (2), of SiQ,-
Ti0,-MO-based oxide glass (wherein MO represents at least
one member selected from the group consisting of Bao,
Ca0Q, Sr0, MgO, 2Zn0, and MnO), and the internal electrodes
are made up of nickel or a nickel alloy.
In a preferred'embodiment of the monolithic
ceramic capacitor of the present invention, the
compogition of the 8i0,~TiQ;-MO-based oxide glass is, when
plotted on a triangular diagram of (Si0,, TiQ,;, MO)
(wherein MO is as defined above), in the area surrounded
by, or on, four straight lines connecting four points: A
(85,1,14), B (35,51,14), € (30,20,50), and D (39,1,60)
(unit: mol¥%), and contains at least one of Al,0; and ZrO,

in a total amount of not more than about 1S parts by
weight per 100 parts by weight of the (85i0;,

(2} about 0.5 to 5.0 mol,
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Ti0,, MO}
component, provided that the amount of ZxQ, is not more

than about 5 parts by weight.

In another preferred embodiment, the external
electrode is made up of a sintered layer of an
electrically conductive metal powder which may contain
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glass [frits] _frit. In a still praeferred ‘omScdiment,
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] frit and a second
layer that is formed on the first layer by plating.

BRIEF S ON_OF THE DRAWINGS

Fig. 1 is a schematic cross section of a
monolithic ceramic capacitor according to one embodiment
of the present invention.

Fig. 2 is a schematic plan of a ceramic layer
with an internal electrode which is used in the
monolithic ceramic capacitor of Fig. 1.

Fig. 3 is a perspective exploded view of the
ceramic laminate used in the monolithic ceramic capacitor
of Fig. 1. .
Fig. 4 is a triangular diagram of (3i0,, Ti0,,
MO) showing a preferred iange of the composition of SiQ;-
Ti0,-MO-based oxide glass.

DE LED CRIP E B TON

In the monolithic ceramic capacitor of the
present invention, the dielectric ceramic layers are
obtained by calcining a dielectric ceramic material
comprising (1) (a) barium titanate, (b) at least one of
scandium oxide and yttrium oxide, {(¢) at least one of
gadolinjium oxide, terbium oxide[,] and dysprosium oxide,
(d) manganese oxide, (e) cobalt oxide([,] and (f) nickel
oxide at a ratio shown by the above-described
compositional formula having incorporated therein (2)
magnesium oxide and (3) S$i0,-Ti0,-MO-based oxide glass
(wherein MO reprasents at least one member selectad from
the group consisting of BaO, Ca0, Sr0O, MgQ, Zn0O, and

\
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| ani nate used in the nonolithic ceramc capaci tor of this enbodi ment.
As shown in Fig. 1, the nonolithic ceramc
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MnO) . The dielectric ceramic material can be calcined in
a reducing atmosphere without suffering from
deterioration of characteristics to provide a highly
reliable monolithic ceramic capacitor whose capacity
exhibits temperature characteristics satisfying the B
characteristics specified by JIS and the X7R
characteristics specified by EIA standards, and which
exhibits high insulation resistance at room tempeiature
and high temperature.

In the resulting dielectric ceramic laminate,
the crystal grains are as small as 1 um 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
reduced.

The barium titanate constituting the main
component (1) contains, as impurities, alkaline earth.
metal oxides (e.g., SrO and CaQ), alkali metal oxides
(e.g., Na,0 and K;,0), and other oxides (e.g., Al,0; and
$810;) . Of these impurities, the alkali metal oxides,
such as Na,0 and K0, have been confirmed to bhe 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
alkali metal oxide content of not more than about 0.02%
by weight and preferably about 0.012% or less.

It has also been found that incorporation of
oxide glass mainly comprising S$i0,-Ti0,-MO (wherein MO is
at least one member selected from the group consisting of
Ba0O, CaO, Sx0O, MgO, 2Zn0, and MnC) into the dielectric
ceramic layers brings about improved sintering properties
and improved resistance to plating. Further, addition of

-
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capacitor 1 is of rectangular chip type having a ceramic |am nate 3
conposed of a plurality of dielectric ceramc layers 2a and 2b, mﬁth an

i nternal electrode 4 being interposed between every two cqrame—tayers: Ch
each side of the ceranic laminate 3 are formed an external BEE&AGﬁﬁﬁh

first plating layer 6 formed by plating wth nickel, coppér,fetc—and-=a
second plating layer 7 forned by plating with solder, tin, gtcy s poT 0T
The monolithic ceranmc capacitor 1 shown in t

Al,0, and/oxr ZrO, to the oxide glass makes it possible to
obtain higher insulation resistance,

Dielectric ceramic layers made from the above-
degcribed dielectric ceramic material provide a highly
reliable, small-gsized, and high-capacity monolithic
ceramic capacitor. the capacity 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
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
{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., B;0;-Li0-8i0;-BaO-
based glass frits, B—zo,—sio,,-BaO-based glase frits, Li0-
Si0,-Ba0O-based glass frits, B;04-8i0,-ZnO-based glass
frits). Ceramic powder may be used in a small propertion
with the conductive metal powder (and glass frits). It
is preferable that the sintered layer is plated with Ni,
Cu, an Ni-Cu alloy, etc. The plated layer may further be
plated with solder, tin, ete.

A monolithic ceramic capacitor according to one
embodiment of the pfesent invention will be described by
referring to the accompanying drawings.

_ Fig. 1 is a schematic cross section of the
monolithic ceramic capacitor. Fig. 2 is a schematic plan
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

e ——

et Has Been Replaced

RN B S
R B SR e

imm




Fig. 1 can be produced as foll ows. (1) A main component
conprising (a) bariumtitanate, (b) at |east one of scandi um oxi de and
yttriumoxide, (c) at |east one of gadolinium oxide, terbiumoxide atret
dysprosi um oxi de, (d) manganese oxi de, (e) cobalt oxide EPRACEMANT BiHEREI
oxi de, (2) magnesiumoxide, and (3) SidJerr]-TiJerr]- >Easedwe*+de"g+ ss
(wherein MO is as defined above) are conpounded toget her W th,grﬂvﬂdgr

a solvent into a slurry and nol ded-tgpg ps epare LR

L.

laminate used in the monolithic ceramic capacitor of this
embodiment .,

As shown in Fig. 1, the monolithic ceramic
capacitor 1 is of rectangular chip type having a ceramic
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 extermal
electrode 5, a first plating layer 6 formed by plating
with nickel, copper, etc., and a second plating layer 7
formed by plating with solder, tin, etc.

The monolithic ceramic capacitor L shown in
Fig. 1 can be produced as £ollows.

(1) A main componént comprising (a) barium
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 (£) nickel oxide, (2) magnesium
oxide, and (3) S$i0,-Ti0,-MO-based oxide glass (wherein MO
is as defined abova) are compounded together with a
binder and a solvent into a slurry and molded to prepare
a dielectric ceramic layer 2 (green sheet). An intexnal
electrode 4 [is formed] of nickel or a nickel alloy is
Eormed on one gide of the dielectric ceramic layer 2 by
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 ceramic
layers 2b are piled up and press-bonded in between a pair
of dielectric ceramic layers 2a having no intermal
alectrode to obtain a laminate as shown in Fig. 3. The
laminate of the dielectric ceramic layexrs 2a, 2b.[..

_—
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a dielectric ceramc | ayer 2 (green sheet). An internal electrode 4

of nickel or a nickel alloy is forned on one side of the dielectric ceramc

U R e

| ayer 2 by screen printing, vacuum evaporation or plating
dielectric ceramc |layer 2b having an internal electrode

2. A requisite nunber of the dielectric ceramc]layers 2b are
pil ed up and press-bonded in between a pair of dielectric|cerdntclaygrs pa
havi ng no i nternal - 11 - ]

2bl..2b, 2a is calcined in a reducing atmosphere at =

prescribed temperature to form a ceramic laminate 3.

An extarnal electrode 5 is then formed on each
side of the ceramic laminate 3 to make an electrical
connection to the internal electrodes 4. The extermal
electrodes 5 can be made of the same material as used for
the internal electrodes 4. 1In addition, silver,
palladium, (a] silver-palladium alloy, copper, [a] copper
alloy, etc. are also useful. These metal powders may be
used in combination with glass frits, such as B,0;-8SiO,-
BaO-based glass frits or Li,0-Si0,-BaO-based glass frits.
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,
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 cale¢ined laminate) followed
by baking. Alternatively, the paste may be applied to
the laminate of the green sheets before calcination and
baked to form the electrodes 5 and the ceramic laminate 3
simultaneously.

The external electrodes 5 are then plated with
nickel, copper, etc. to form a first layer 6. Finally,
the first layer 6 is plated with solder, tin, ete. to
form a second layer 7, thereby to produce a monolithic
ceramic capacitor 1 of the 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
calcined in a reducing atmosphere, which allows use of a
base metal (nickel or 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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eleétrode to obtain a lam nate as shown in Fig. 3. The lam nate of the
dielectric ceramc |ayers 2a, 2b.
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higher than 13009C. As a result, both the muaterial cost
and the process cost of monolithic ceramic capacitors can
be reduced.

The mcnolithic ceramic capacitor according to
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 reaistanqe,
and undergoing no deterioration in characteristics under
a high temperature or high humidity condition.

The grain size of the dielectric ceramic
material according to the present invention is ag small
as agbout 1 um or less. Therefore, if the thickness of
dielectric ceramic layers constituting a monolithic
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.

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

EXAMPLE 1
TiCl, and Ba(NO,), both having [a] varied purity
wexe weighed and treated with oxalic acid to precipitate
barium titanyl oxalate (BaTi0(C;0,) ‘4H,0). The
precipitate was thermally decomposed at or above 1000°C
to synthesize 4 species of barium titanate (BaTiQ;) shown
in Table 1 below.
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2b, 2a is calcined in a reducing atnosphere at a
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ﬂ : Table 1
Average
Kind of i Particle
BaTiO, Content of Impurities (wt%) Size h
(um)
Alkali
Metal SrO Ca0 SiQ, ALO,
Oxide

0003 | 0012 | 0001 | 0010 | 000s | o060 |
0020 | 0010 | 0003 | 0019 | 0008 | 056 |
002 | 0179 | 0018 | 0155 | oomt | om

0.062 0.014 0.001 0.019 0.004 0.58
e —

Oxides, carbonates or hydroxides of silicon,
titanium, barium, strontium{,] and manganese were
[weightad] _weighed and mixed s¢ as to give an
§10,:T10,:Ba0:Sr0:Mn0 molar ratio of '
0.60:0.25:0.10:0.02:0.03, The mixture was ground and
evaporated to dryness to obtain powder. The powder was
melted by heating in an aluminum erucible at 1300°C,
quenched, and ground to cobtain powdered oxide glass
having an average particle size of not greater than 1 um.

[A composition] The compogitions shown in Table
2 below [wag] were compounded from (i) the barium
titanate of Table 1, (ii) the powdered oxide glass
prepared above, (iii) BaCQ; serving for adjustment of the
Ba/Ti molar ratio of barium titanate(,] and (iv) Sc;0,,
Y;0;, Gd;0;, Th03, Dy30;, MnCO;, NiO, Co0y; and MgO, each
having a2 puxity of not lower than 99%. | .
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baked to formthe electrodes 5 and the ceramc | am nate 3 sinultaneously.
The external electrodes 5 are then plated with nickel, copper, etc. to form

a first layer 6. Finally, the first layer 6 is plated.wth-sotder; é}f
etc. to forma second layer 7, thereby to produce a anm_tAﬁit&'%E&eréHE
capacitor 1 of the chip type. As descri bed abgwe;—tte—ceramjc

material used in the present invention lkibes not underdo reiil&ct(u;qm”&iﬁd
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t her ef ore does not change into a sem conductor even if calcined in a

reduci ng at nosphere, which allows use of a base netal (nic
alloy) as an electrode material. Further, calcination of t éﬂéeﬁahVENT SHE ET’
can be achieved at a relatively | ow tenperature o

mat eri al

The resulting mixture was kneaded in a ball
mill in a wet process together with a polywvinyl butyral-
based binder and an organic solvent, such as athanol, to
prepare a ceramic slurry. The slurry was shaped into a
11 um thick rectangular green sheet by means of a doctor
blade. A conductive 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.

A plurality of the ceramic green sheets were
piled up in such a manner that the every other cexramic
green sheet had its end with the internal electrode
exposed arranged on one side of the resulting laminate.
The laminate was heated at 350°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
H,-N,-H,0 gas having an oxygen partial pressure of 10® to
10" MPa to obtain a ceramic laminate.

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

A silver paste containing B;0,-Li0-$iQ,~Ba0-
based glass [frits] fxit was applied onto both sides of
the ceramic laminate where the intermal 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
thickness of 1.2 mm. Bach dielectric ceramic layer
between two internal electrode layers had a thickness of
8 um. The number of effaective dielectric ceramic layers
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was 19. The area of the opposing electrodes was 2.1 mm?

per side.

The electric characteristics of the condenser
were measured, The capacitance (C) and the dielectric
loss (tan &) were measured with an automatic bridge type
meter at 1 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 125°C
with an insulation resistance tester, and {al the product
of the capacitance (C)}) and the insulation resistance (R},
i.e., CR product, was obtained.

Further, capacitance was measured at [a]
varying [temperature] femperatures to determine [a] the
percentage [of a] 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 -55°C or
125°C and 25°C to the capacitance at 25°C (percentage
change: [C/C25°C)]AC/C25°C), and the maximum absolute
percentage change in capacitance measured in a
temperature range of from -55 to 125°C {|Cfm) -

The duration of the condenser was evaluated by
a high-temperature loading test. A direct voltage of
100 V was applied to each of 36 condensers per sample at
150°C, and the insulation resistance (R) was measured
with time. The time when the insulation resistance fell
to 105 @ or lower was taken as [a] the life duration [of
life], and an average duration of life was obtained for
each sample.

Furthermore, the condenser was subjected to a
high-humidity loading test[,] in which a direct voltage
of 16 V was applied to each of 72 condensers per sample

\~
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higher than 1300[err]C. As a result, both the material cost and the process
cost of nonolithic ceram c capacitors can be reduced. The

nonol ithic ceram c capacitor according to the present inve éﬁsgﬁﬁﬁfq“tg
excel l ent characteristics, having a dielectric constant of |n6t'shall’

3000, show ng reduced variation in dielectric constant with

K

oy 0%

at 121°C, 2 atm{,] and 100% RH, and the insulation
resistance (R) was measured with time. The number of
rejects whose insulation resistance (R} fell to 10° Q@ or
lower before 250 hours from the start of the test was
counted.

The results of the above measurements are shown
in Table 3 below.
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EXAMPLE 1 TiC[err], and Ba(NJ err])[err] both having
purity were weighed and treated with oxalic acid to precipi
titanyl oxalate (BaTiO (err](err]) 4Herr]O. The precipi
thermal | y deconposed at or above 100[err]C to synthesize 4

bariumtitanate (BaTierr]) shown in Table 1 bel ow.
- 22 -
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As is apparent from Tables 1 through 3, the
monelithic ceramic capacitors according to the presant
invention have a dielectric constant (e) of not smaller
than 3000 and a dielectric loss (tan §) of not more than
2.5%, and their percentage change in capacitance with
temperature satisfies the B characteristics standard
(JIS) between -25°C and 85°C and the X7R charactaristics
standaxd (EIA) between -55°C and 125°C. The insulation
resigtance at 25°C or 125°C, as expressed in terms of CR
product, is as high as 6000 MQ -uF or more or 2000 MQ -uF
or more, respectively. The awverage duration of life is
as long as 300 hours or longer. The ceramic material
used in these condensers can be calcined at relatively
- low temperatures of 1300°C or lower. The grain size of
the ceramic is not greater than 1 um.

In the composition represented by formula
(L-a-B) {Bal}, TLO+a{ (1-x) M;0,+XRe;0,} +8 (Mn,  Ni Co,) O
(wherein M;0, and Re,Oy are as defined above), o ghould

range from about 0.0025 to 0.025[. If « representing] and

preferably about 0.006-0.015. If o, the amount of
(MyO4+Re;0;) . is less than gbout 0.0025 as in sample 1, the

dielectric constant ¢ is lower than 3000, the dielectric
loss (tan 5) exceeds 2.5%, the capacity considerably
varies with temperature change, and the average duration
of life is 'extremely short.

If o exceeds about 0.025 as in sample 17, the
dielectric constant does not exceed 3000, the insulation
resistance at 25°C and 125°C is reduced, the average
duration of life is short,'a high calcining temperature

is required, and rejects occur in a high-humidity lcading

test.

In the above formula, § representing the amount

of (Mn, Ni, Co) should range from about 0.0025 to 0.05

e
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Aver age

Table 1 _
Ki nd of Content of Inpurities (W% Particle
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fel 005~ . If § is less than ghout
0.0025, the dielectric ceramic is reduced upon
calcination in a reducing atmosphere and changes into a
semiconductor having a reduced insulation resistance as
is observed with sample 2.

If B 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.

The ratio f/a representing the ratio of the
amount of (Mn, Ni, Co) to the amount of (M;0;+Re,0;) should
be _about 4 or less and preferably about 3 or less. If
it exceeds gbout 4, the variation in capacity with
temperatuxe change is large, the ingulation resistance at
125°C is lower than 2000 MQ -uF (in terms of CR product),
and the average Quration of life is shorter than
300 hours as with sample 19.

x should be more than 0 and not more than zbout
0.50 _and preferably about 0.1-0.3. If x is 0 as in
‘sample 3, the insulation resistance is less than
2000 MQ ‘uF (CR product). If x exceeds azbout 0.5 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
EIA standards.

m representing the molar ratio of barium
titanate should be more than about 1.000 and not more
than about 1.035 and preferably about 1.005-1.02. If it
is less than about 1.000 the dielectric ceramic material
is transformed into a semiconductor as is observed with
sample 4. If it is 1.000 as in sample S, the insulation
reglstance is low, and the average duration of life is
shorter than 300 hours. If the molar ratio m exceeds

R
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BaTi J err]

Al kal i

i de A

0. 020 0. 010
0.018 0. 155

Si ze
Met al SrO CaO Sierr] A ferr]gerr]
0. 003 0.012 0.001 0.010 0. 005( prrd60::cs e
0.003 0.019 0.008 0. 56 C s ‘6*179“ =T
0.071 0.72

- 25 -

about 1.035, the calcination properties are extremely
poor as is obhserved with sample 24.

y+z in the above formula should be 0 [or moxre
and] to less than about 1.0, preferably about 0.1-0.5.

If y+2 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 frowm about 0.5 to 5.0 mol in terms
of MgO per 100 mol of the main component and vreferably
abour 0.8-1.5, 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 Mg0 exceeds
about 5 mol, the calcining temperature must be increased,
and the reject rate in a high-humidity loading test is
extremely high as with the case of sample 25.

The amount of the 8§i0,-Ti0,-MO-based oxide glass
should be in a range of from gbout 0.2 to 3.0 parts by
weight per 100 parts by weight of the total weight of the
main componént and the secondary component, MgO, and '

I bo - . If it is less than about
0.2 part as in sample 7, the ceramic material suffers
frem undercalcination. If it exceeds about 3.0 parts as
in sample 28, the dielectric constant is low, the
insulation resistance at 25°C does not exceed 6000 MQ +uF
(CR product)}, and the variation in capacity with
temperature change becomes larger.

The content of alkali metal oxide impuxities in
barium titanate should be about 0.02% by weight or less
and preferably about 0.012. If it exceeds gbout 0.02% as

in sample 27, reduction in dielectric constant reaults.
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D 0. 062
.carbonates or
manganese were
SiJerr]:Tige

m xture was gr

0.014 0.001 0. 019 0. 004 0.58
hydr oxi des of silicon, titanium barium strontium

Oxi des,

and

wei ghed and m xed so as to gi PR
TECAGSE"

rr]:BaO SrO MnO nol ar ratio of 0.60:0.25:0

ound and
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EXAMPLE 2

810,-Ti0,-MO-based oxide ([glass] glasses having
an average particle size of not greater than 1 gm and [a]

the composition shown in Table 4 below were prepared by
heating a raw material mixture at 1200 to 1500°9C in the
same manner as in Example 1. A hundred moles of a main
component represented by compositional formula:
97.5{Ba0} g0 T10; + 0.8Y,0; + 0.2Gd,05 + 1.5 (MngNiy,Cop4) O
(molar ratio)} in which barium titanate A shown in Table
was used, 1.0 mol of MgO, and 1.0% by welght, based on
the total weight of the main component and MgO, of the
above oxide glass were compounded to prepare a ceramic
material.

*% 1 A monolithic ceramic capacitor was
produced in the same manner as in Example 1, except for
using the above prepared ceramic¢ matexial. The
electrical characteristics ¢f the resulting condenser
were evaluated in the same manner as in Example 1. The
results obtained are shown in Table 5 below.
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evéporat ed to dryness to obtain powder. The powder was nelted by heating in
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Y[efr]C{err], &d[err]derr], Tb[err]derr], Dy[err]derr], MCJerr], N O
Co[err]derr] and MyO each having a purity of not |ower than 99%
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As is apparent from Tables 4 and 5, the
nonolithic ceramic capacitors coastituted by the
dielectric ceramic layers containing Si0,-Ti0,-MO-based
oxide glass according to the present invention exhibit a
high dielectric constant (&) of 3000 or more, a
dielectric loss (tan §) of not more than 2.5%, and their
percentage change in capacitance with temperature
satisfies the B characteristics standard (JIS) between
-25°C and 85°C and the X7R characteristics standard (EIA)
between -55°C and 125°C. The insulation resistance at
25°C or 125°C, as expressed in terms of CR product, is as
high as 6000 MQ-xF or more or 2000 MQ -uF or more,
respectively. The average duration of life is as long as
300 hours or longer. No rejects [was] were obgerved in
the high-humidity leoading test.

To the contrary, samples 113 to 116 and 119
showed undercalcination or developed rejects in the high-
humidity loading test. That is, when the composition of
810,-Ti0,~-MO-based oxide glass is plotted on a triangular
diagram of (8i0,, TiO,, 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 lines 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
111 and 112, addition of Al,0; or ZrQ, to the Si0,~-Ti0,-MO-
based oxide glass is effective to provide a monolithic
ceramic capacitor having an insulation resistance (CR
product) of not lowexr than 7000 MQ ‘uF at 25°C and not
lower than 3000 MQ-uF at 125°C. Note that addition of
more than 1S parts by weight of Al,0; or more than 5 parts
by weight of 2ZrQ,, per 100 parts by weight of the $i0,-
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This Sheet

Wi




[err]

Vi

-~ 32 - Y;J

REPLACEMENT SHEET

Ti0,-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
process, barium titanate powder prepared by an alkoxide
process or a hydrothermal process can be used as well.
In some cases, use of barium titanate powder prepared by
an alkoxide process or a hydrothermal process can bring
about better characterlstlcs than demonstrated in the
above Examples.

Furthaer, while oxide powders, such as scandium
oxide, yttrium oxide, gadolinium oxide, terbium oxide,
dysprosium oxide, manganese oxide, cobalt oxide, nickel
oxide[,] and magnesium oxide, were used as raw materials,
the raw materials for the dielectric ceramic layers are
not limited to thése oxides. For example, a sclution 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
present invention.

While the invention has been described in
detail and with reference to specific embodiments
thareof, it will be apparent to one skilled in the art
that various changes and modifications can be mades
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
elactrodes [each formed] between [every two]l adjacent
dielectric c¢eramic layers in such a manner that one end -
of each internal electrode is exposed at {one end]
different ends of the dielectric ceramic layer
alternately, and a pair of external electrodes each
electrically connected to [the plurality of] gdifferent
exposed internal electrodes [on each side of the
laminatel, in which said dielectric ceramic [layex
comprises] layers comprise (a) barium titanate having an
alkali metal oxide impurity content of not more than
about 0.02% by weight, (b) at least one member selacted
from the group congisting of scandium oxide and yttrium
oxide, (c) at least one member selected f£rom the group
consisting of gadolinium oxide, terbium oxide(,] and
dysprosium oxide, (d) manganese oxide, (e) cobalt
oxide([,] and (£) nickel oxide, and is [made up of) a
material containing .

{1} 100 mel of a main component represented by
the compositional formula:
{1-a-8) {BaO},, ‘TiC+a{ (1-x)M,0;+xRe,0;} +8 (Mn,Ni,Co) O
wherein M,;0; represents at least one mewmber selected from
the group consisting of S8c¢,0; and Y,0,; Re;0, represents at
least one member selected from the group consisting of
G4;0;, ThyOy; and Dy;0;; 0.0025sas0.025; 0.002558s0.05;
B/a=4; 0<xs0.50; [0syl.0; 0sz1.0] _gxgg_QL_Qgggiig
Osy+2<1.0; and 1.000<msl1.035,

(2) about 0.5 to 5.0 mol, in terms of MgO, of

magnesium oxide [as a2 secondary component,] and Il
) 0 O

P
- w—"“"“"“—*--—».
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. {(3) about 0.2 to 3.0 parts by weight, per
100 parts by weight of the total weight of =aid main
component (1} and said [secondary'component] magnesium
oxide (2), of 9i0,~Ti0,-MO-based oxide glass, wherein MO
represents at least one member selected from the group
consisting of BaO, Ca0, Sr0, MgO, ZnO[,] and MnO{, and
said internal electrodes are made up of nickel or a
nickel alloyl.

2. A monolithic ceramic capacitor according
to claim 1,_wherei e _internal e txod

¢r a nickal allov.

3. nolithic ceramic ca itor acc
claim 2, wherein t i metal oxide im i
nt (=) ot more [+ 0.012% w ;. MO
sen : Re,Q, compris : :
0. =0 a<s3: 0. ; 0.1svs0.2; 0.1=2=0.5
.1sv+2<0.85;: an 005<smx1.02;: the amount of M is abo

0.8-1.5 mel: the amount of glass is about 1-1.5 parcs:

and MO comprises CaQ.

4. A monolithic ceramic capagitor acgording
to claim 3, wherein the composition of said $iQ,~Ti0,-MO-

based oxide glass is, when plotted on a triangular mol%
diagram of (Si0,, TiO;, MO} [, wherein MO is at least one
member selected from the group consisting of BaQ, Cao,
Sr0O, MgO, 2n0, and MnO,] in the area surrounded by, or
on, four straight lines connecting four points: A
(86,1,14}), B (35,51,14), ¢ (30,20,50), and D (39,1,60]
{(unit: mol%)] and contains at least one of Al,0; and ZrQ,
in a total amount of not more than 15 parts by weight per
100 parts by weight of the (8i0,, TiO,, MO) component,

-
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provided that the amount of 2r0, is not more than 5 parts
by weight.

(3] s. A monolithic ceramic capacitor
according to claim [1] 4, wherein sgaid extermal
electrodes [are each made up of] comprise a sintared
layer of an electrically conductive metal powder or an
electrically conductive metal powder containing glass
[frits] fzrit.

{4) 6. A monolithic ceramic capacitor
according to claim (1) 4, wherein said extermal
electrodes [are each composed of] gomprise a first layerxr
nade of a sintered layer of an electrically conductive
metal powder or an electrically conductive metal layer
containing glass (frits] fxit and a second layer [that
is formed] of plating on said first layer [by plating].

7. A mopelithic ceramic capacitor agccording

to glaim 1, wherein the alkali de impurit
nte ot more than about 0.012% wel
xepresents ¥,0,; Re,0. comprises Dv,0.: 0.006s0<0.015:
0.005=<8=0.03; £3; 0.1sx<0.3; 0.1sy=s0.2; 0.1=sz2s0
2Yy+2<0.5; =sM=1.02; the amow £f M
0.8-1.5 mol; sg _ig about 1-1. 2

and MO conprises CaQ.

8. A monolithic ceramic capacitor accoxding
to claim 7, wherein the composition of said 8iQ,-Ti0,=-MO=-
based oxide glass is, when plotted on a triancular mol%
diagram of (8i0,, TiQ,, MO) in the area surrounded by, or

on, four straight lines connecting four points: A
(85,1,14), B (35,51,14), C (30,20,50), and D (39 1,60)

LR
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and t 8 at O, and Zr0, i £
am nore arts weigh ax 0
by weigh he i0,, Ti ent rovide ha

the amount of 2Zr0, is not more than S parts by weight .

5. A monolithic ceramic capacitor accordi
o in sai xternal electrodes c rise a
si d callvy conductive meta owder

or an electrically conductive metal powder containing
glass frit,

i0. monolithic ceramic capacitor accordi

1 wherein said external electrodes comprise

£i r _ma int d layer of an electricall
ctiv etal W or_an cal conductive

metal laver containing glass frit and a second laver of

plating on said first layer.

11, olithig ceram capaci accordi
o glai ) he compogition of gaid S$i0,-Ti
ba oxi ig, w £ n a tri ar m
ral Si Ti area

on, four straight lines connecting four points: 3

85,1.,14 B 5:51.1 C_(30,20,50 and 339 6

containg at leagst one of Al nd in a tota
ot more n 1 re weight per 100 parts
wei MO) component rovided that
lo) i . oxr arts by weight.
12. (=) i ¢ _capaci
im 11, wherei aid te electrod rige

sintered laver of an ele ical conductive m
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The resulting m xture was kneaded in a ball mll in a wet process together
~with a polyvinyl butyral- based binder and an organic solvent, such as
et hanol, to prepare a ceramc slurry. The slurry was shagpesd 68—l
[err]n1th|ck rectangul ar green sheet by neans of a doctchEPb&EE:ENT SHEET
conductive paste mainly conprising nickel was screen prijnted-ofr-the—ecerqmi|c
green sheet to forma conductive paste | ayer one end of mhlcp%r@aeheﬂ?tke

end - 37 -
or an electri on tive metal powder ai
glags frit.

i3. ALAL_,lg&;___sssémés_sané__Juaiaauzs__as

i whe id external electro ris
gt a g_sintered er of an electri 4
con 1w r or electrically conductiv
metal lave ontaini frit and a second laver of

plating on said first layer.

14, A morolithic ceramic capacitox gccording
wherein gaid external electr :
gintered layer of an electricallv conductive metal powder
o) electric i metal powder co inin
glass frit.
15. 2 monolithic cerami a i X
im wherein gaid exte electrodes co
g made a sintered 1 r an ectricall
cti etal dery ica nductiv
1 laver containi 1 it and a sec a o

plating on said f£irst layer.

I
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of" the green sheet. A plurality of the ceram c green sheets were
_piled up in such a manner that the every other ceram c green sheet had its

end with the internal electrode exposed arranged on one side of the

resulting lam nate. The | am nate was heated at 350[err] Cin Tt LE%C..

at nosphere to burn the binder and then calcined at a te eBERhAG&“ WEHERT
Table 3 for 2 hours in a reducing atfo3phere of H err]-Njenri=HferritOuas
havi ng an oxygen partial pressure of 10[err] to 14 0RT 1997

(o] I c ACITO

ABSTRACT OF THE DISCLOSURE

A monolithic ceramic capacitor having a
plurality of dielectric ceramic layers, [a plurality of}
internal electrodes, and [a pair of] external electrodes
{each] electrically connected to the internal electrode,
wherein the dielectric ceramic ([layer comprises] lavers
comprise (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] and/or yttrium oxide,
(c) [at least one member selected from the group
congisting of] gadolinium oxide, terbium oxide(, and]
and/or dysprosium oxide, (d) manganese oxide, (e) ccbalt
oxide, and (£) nickel oxide, and is [made up of] a
material containing (1) 100 [mol of a main component)
mels represented by the compesitional formula:

(1-a-B) {BaO}, ‘TiOpra{ (1-x) M,0;+xRe,0;} +B8 (Mn,, Ni,Co,)} O
wharein M0; represents [at. least one member selected from
the group consisting of Sc¢203 and Y203; Re203 represents
at least one member selected from the group consisting of
Gd203, Tb203, and Dy203; 0.0025sa<0,025] _said (b); Re.0,
- represents gaid (c); 0.0025s8<0.05; B/as4; 0<xs0.50;
0syl1.0; 0s21.0; O=y+2<1.0; and 1.000<ms1.035, (2) about
0.5 to 5.0 mol, in terms of MgO, of magnesium oxide [as a
secondary component,] and (3) _ahout 0.2 to 3.0 parts by
weight, per 100 [parts by weight of the total weight of
said main component (1) and said secondary component] pph
of compopents (1) and (2), of $i0,~-Ti0,-MO-based oxide
glass (wherein MO represents at least one member selected
from the group consisting of BaO, CalO, SrO, MgO, Zn0, and

T
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10[err] MPa to obtain a ceram c |am nate. The surface of the
resulting ceramc | am nate was observed under a scanning el ectron

m croscope at 1500 magnifications to nmeasure the grain size
silver paste containing Blerr](err]-Li[err]OSi(Jerr]-BaC

frit was applied onto both sides of thg ceram c | am nate Ahnre t he

i nternal el ectrodes were exposed and d”at 600C in a nity
to forman external electrode electrically connected to the

REPLACEMENT "SHEET

o] ;eﬁ ‘at%% 5%’r e

MnO) [, and said)l.,_ Said internal eiectrodes [are

made up

of] cap be nickel or a nickel alloy[, is disclosed].

FIG. 4
e .
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I nternal el ectrodes. The thus prepared nonolithic ceramc
capacitor had a wwdth of 1.6 nm a length of 3.2 mm and a thickness of

1.2 mm Each dielectric ceramc |ayer between two internal ~electrade | ayers
had a thickness of 8 [err]m The number of effective diel ecREPLACENAT Syzer

| ayers e
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was 19. The area of the opposing electrodes was 2.1 mmferr]; per side.
The electric characteristics of the condenser were neasured. The

capacitance (C) and the dielectric lose (tan [err]) were. ne
automatic bridge type nmeter at 1 kHz, 1 Vrns and 25[err]

capaci tance

i
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calculated the dielectric constant ([err]). The insul ation resistance
-(R) was neasured by applying a direct voltage of 16 V for 2 m nutes at 25C
and 125[err]C with an insul ation resistance tester, ang roduTt 0
t he capacitance (C) and the insulation resistance (R), hiELﬁG - ¥ SuriEt

was obt ai ned. Further, capacitance was neasur eg—at—varying
t enper at ur es to determ ne the percentage | qid frementy
bet ween capaci t ances

MONOLITHIC CERAMIC CAPACITOR

FIELD OF THE INVENTION

This invention relates to a ceramic capacitor,
more particularly a monolithic ceramic capacitor having
internal electrodes made of nickel or a nickel alloy.

BACKGROUND OF THE INVENTION

A monolithic ceramic capacitor is generally
produced according to the following procedures.
Dielectric ceramic layers in sheet form . having
applied thereon an electrode material to serve
as an internal electrode are prepared. A ceramic
material mainly comprising, e.g., BaTi0; is used as a
dielectric ceramic layer. A plurality of the dielectric
ceramic layers with the electrode material are piled up
and press-bonded under heat into one body. The resulting
laminate is calcined at 1250 to
1350°C to obtain a ceramic laminate having intermal
electrodes. An external electrode is baked onto both
sides of the ceramic laminate to make an electrical
connection to the internal electrodes and  obtain a
monolithic ceramic capacitor.

The material for the intermal 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.
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nmeasur ed at

-25[err]C or 85[err]C and 20[err]C to the capacitance at

20[err] C (percentage change; [err]C/ C20[err]C), a percentage of a
di fference between capacitances neasured at -55[err]C or 125[err]C and

25[err]C to the capacitance at 25[err]C (percentage cha
[err]C/ C25[err] 0, and the maxi num absol ute percentag@ ehangéﬂlﬁﬁtET
capaci tance neasured in a tenperatucrezrange of from-55itd T25[€rrTT

([err]).

hi gh-tenperature | oading test. A direct voltage of

The duration of the condenser was eval yatefl By ;2097

2, To be resistant o
oxidation in a high-temperature oxidative atmosphere and
be unreactive with the dielectric ceramic layer.

Noble metals, such as platinum, gold,
palladium and a silver-palladium alloy, have been used
as an electrode material satisfying these requirements.
While excellent in performance, these electrode materials
are 80 expensive that the proportion of the electrode
material cost reaches 30 to 70% of the entire
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 and Mo, also have a high melting
peint. However, these base metals are readily oxidized
in a high-temperature oxidative atmosphere,

causing them to fail to perform their function as
an electrode. Thexefore, calcination of the base metal
together with dielectric ceramic layers must be carried
out in a neutral or reducing atmosphere before they
can be uzed as an internal electrode of a monolithic
ceramic capacitor. However, the problem is that a
conventional dielectric ceramic material undergoes
vigorous reduction into a semiconductor if calcined in a
neutral or reducing atmosphere.

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 “Jp-B" as used herein means an "examined
published Japanese patent application”) and a dielectric
ceramic material comprising z barium titanate solid

-
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100 V was applied to each of 36 condensers per sanple at 150[err]C, and the
dnsulation resistance (R) was neasured with tinme. The tinme when the

i nsul ation resistance fell to 10[err] [err] or lower was taken as the life
duration and an average duration of |ife was obtain¢gd, for—each~sanple
Furthernore, the condenser was subjected to a hi gh-hum dj ﬂ?ﬁﬁéadnngstsﬁigr

in which a direct voltage of 16 V was applied to each of |7 e
sanpl e 13 Moy 197 l

solution having incorporated therein an oxidéwofwa_:g;g
earth metal, such as La, Nd, Sm, Dy or ¥ (see JP-A-61-
101459, the term "JP-A" as used herein means an
"unexamined published Japanese patent application®).

.On the other hand, dielectric ceramic materials
whose dielectric constant has reduced temperature
dependence, such as . BaTi0,~CaZr0;-Mn0O-Mg0 system (see
JP- A-62-256422) and BaTiO,- (Mg, Zn, Sr or Ca)O-B,0s-
8i0, system (see JP-B-61-14611), have alsoc 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 ceramic capacitor in which a base
metal, such as nickel, is used as an internal electrode.

In recent years, size reduction of electronic
components has accelerated rapidly in the
development of electronics. Monolithic ceramic
capacitors have also showed a remarkable tendency to
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 reliable.

The dielectric ceramic materials disclosed in
JP-B-57-42588 and JP-A-61-101459 exhibit a high
dielectric constant but have a large crystal grain size
on calcination. When they are applied to a monolithic
ceramic capacitor in which each dielectric ceramic layer
has a small thickness such as 10 ym or less, the
number of crystal grains existing per layer is decreased,

* resulting in diminished reliability. Besides, these
materials undergo considerable variation in dielectric

I
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constant with temperature change and are not—-regarded-to
meet the demands of the market sufficiently,

The dielectric ceramic material disclosed in
JP-A-62-~256422, on the other hand, exhibits a relatively
high dielectric constant and provides on calcinatior,
a ceramic laminate having a small cxrystal grain size and

small variation of dielectric constant with
temperature change. However, CaZx0, and CaTi®, produced
on calcination tend to form a secondary phase together
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 te
2800, which is disadvantageous for achieving size
reduction and capacity increase in a monolithic
ceramic capacitor. Moreover, the materlal fails to
fulfill the requirement of X7R characteristics specified
by EIA (Electronic Industries Association) standards )

that the percentage of change in electrostatic
capacity be within a range of £15% in the temperature
range of from ~-55°C to +125°C.

Although JP-A-5-9066, JP-A-5-9067, and JP-A-5-
5068 have proposed ceramic compositions in order to
eliminate these problems, the ever-continuing demand for
g8ize reduction and capacity increase has been producing a
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.

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.

-
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- 19 - at 121C, 2 atm and 100% RH, and the insul ation resistance (R)
was neasured with time. The nunber of rejects whose insulation resistance
(R fell to 10[err] [err] or

-5 - REPLACEMENT SHEET

SUMMARY OF
An object of the present inventiom—iz—to
provide an economical, small-sized and high-capacity

monelithice ceramic capacitor which has a dielectric
constant of 3000 or highexr and an insulation resistance
as high as 6000 MQ uF or more at room temperature or

2000 MQ ‘uF or more at 125°C, as expressed in terms of the
product of capacitance and insulation resistance (CR
product), and whose capacity exhibits temperature
characteristics satisfying the B characteristics
specified by JIS (Japanese Industrial Standards) and the
X7R characteristics specified by EIA standards, and which
has excellent weathering pexrformance in, for example,
lcading in high temperature or high humidity.

The present invention provides a monolithie
ceramic capacitor having a laminate of a plurality of
dielectric ceramic layers, a plurality of intermal
electrodes each formed between 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 connected to the
pluralicty of exposed intexrnal electrodes
of the laminate, in which the dielectric ceramic layer
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
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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| ower before 250 hours fromthe start of the test was count ed.
_The results of the above neasurenents are shown in Table 3 bel ow.
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100 mol of a main component represented by tHe
compositional formula:
(1-a-B) {BaO}, "TiO+a{ {1-x) M0y+xRe;0;} +8 (Mn, . Ni,Co,) O

wherein M,0; represents at least one member selected from

the group consisting of Sc,0; and ¥,0;; Re,0; represents at
least one member selected from the group consisting of
4,05, Tb;0;, and Dy,0,; 0.0025s2<0.025; 0.0025s8<0.05;
B/as4; 0<x50.50; Osy<1.0; O=zs<1.0;

Osy+z<1.0; and 1.000<ms1.035, (2} about 0.5 to 5.0 mol,
in terms of Mg0, 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 (1) and the secondary component (2}, of SiQO,~
Ti0,-MO-~based oxide glass (wherein MO represents at least
one member selected from the group consisting of Bao,
CaQ, SrO, Mg0, 2n0, and MnO), and the internal electrodes
are made up of nickel or a nickel alloy.

In a preferred' embodiment: of the monolithic
ceramic capacitor of the present invention, the
composition of the 8i0,-TiQ,-MO-based oxide glass is, when
plotted on a rriangular diagram of (Si0,, TiOQ,, MO)
(wherein MO igs as defined above), in the area suxrounded
by, or on, four straight lines connecting four points: A
(85,1,14), B (35,51,14), C (30,20,50), and D (39,1,60)
{unit: mol%), and contains at least one of Al,0; and Zr0,
in a total amount of not more than about 15 parxts by
weight per 100 parts by weight of the (8i0;, TiO,, MO}
component, provided that the amount of ZxQ, is not more

than about 5 parts by weight.

In another preferred embodiment, the external
electrode is made up of a sintered layer of an
electrically conductive metal powder which may contain
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glass frit. In a still prefaerred 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 frit and a second
layer that is formed on the first layer by plating.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic ¢cross section of a
monolithic ceramic capacitor according to one embodiment
of the present invention.

Fig. 2 is a schematic plan of a ceramic layer
with an internal electrode which ig used in the
monolithic ceramic capacitor of Fig. 1.

Fig. 3 is a perspective exploded view of the
ceramic laminate used in the monolithic ceramic capacitor
of Pig. 1. .
Fig. 4 is a triangular diagram of (Si0,, TiO,,
MO} showing a preferred iange of the compesition of SiC,-
Ti0,-MO-based oxide glass.

DETAILED DESCRIPTION OF THE TINVENTION

In the monolithic ceramic capacitor of the
present invention, the dielectric ceramic layers are
obtained by calcining a dielectric ceramic material
comprising (1) (a) barium titanate, (b) at least one of
scandium oxide and yttrium oxide, (¢) at least one of
gadolinium oxide, terbium oxide and dysprosium oxide,
(d) manganese oxide, (e) cobalt oxide and (£f) nickel
oxide at a ratio shown by the above-described
compositional formula having incorporated therein (2)
magnesium oxide and (3) 8i0,-Ti0,-MO-based oxide glass
(wherein MO represents at least one member selacted from
the group consisting of BaO, Ca0O, SrO, MgO, 2Zn0O, and
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MnO)} . The dielectric ceramic material can be calcined in

a reducing atmosphere without suffering from
deterioration of characteristics to provide a highly
reliable monolithic ceramic capacitor whose capacity
exhibits temperature characteristics satisfying the B
characteristics specified by JIS and the X7R
characteristics specified by EIA standards, and which
exhibits high insulation resistance at room tempefature
and high temperature.

In the resulting dielectric ceramic laminate,
the crystal grains are as small as 1 pum or less so that
the grains increase in number per layer. This will
secure a sufficient reljability even though the thickness
of the dialectric ceramic layer in the laminate is
reduced.

The barium titanate constituting the main
component (1) contains, as impurities, alkaline earth
metal oxides (e.g., Sr0 and CaQ), alkali metal oxides
(e.g., Na,0 and K,0), and other oxides (e.g., 21,0, and
S10,) . ©Of these impurities, the alkali metal oxides,
such as Na,0 and K,;0, 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
alkali metal oxide content of not more than gpout 0.02%
by weight and preferably about 0.012% or less.

It has also been found that incorporation of
oxide glass mainly comprising S$i0,-Ti0,-MO (wherein MO is
at least one member selected from the group consisting of
BaO, Ca0O, Sr0, MgO, ZnO, and MnO) into the dielectric
ceramic layers brings about improved sintering properties
and improved resistance to plating., Further, addition of

’______‘______;__;—-
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AlL0, and/or 2x0, to the oxide glass makes it possible to
ocbtain higher insulation resistance.

Dielectric ceramic layers made from the above-
described dielectric ceramic material provide a highly
reliable, small-gized, and high-capacity monolithic
ceramic capacitor, the capacity 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
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
{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., By0;~Li0-8i0,~Bal-
based glass frits, B,O,-Sli.oz-Ba.o-based glags frits, Li0-
Si0,-BaO-based glass frits, B,0,-Si0,-ZnO-based glass
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 Ni,
Cu, an Ni-Cu alleoy, etc. The plated layer may further be
plated with solder, tin, ete.

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 schematic cross section of the
monolithic ceramic capacitor. Fig. 2 is a schematic plan
of a ceramic layer having an internal electrode used in
the monolithic ceramic capécitor of this embodiment.

Fig. 3 is a perspective exploded view of the ceramic
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laminate used in the monolithie ceramic capatitor-of-this

embodiment.

As shown in Fig. 1, the monolithic ceramic
capacitor 1 is of rectangular chip type having a ceramic
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 5, a first plating layer 6 formed by plating
with nickel, copper, etc., and a second plating layer 7
formed by plating with solder, tin, etc.

The monolithic ceramic capacitor 1 shown in
Fig. 1 can be produced as follows.

(1) A main component comprising (a) baxrium
titanate, (b) at least one of scandium oxide and yttrium
oxide, (c) at least one of gadolinium oxide, terbium
oxide and dysprosium oxide, (d) wmanganese oxide, (e)
cobalt oxide and (f) nickel oxide, (2) magnesium
oxide, and (3) Si0,-Ti0,~MO-based oxide glass (wherein MO
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 of nickel or a nickel alloy is
formed on one side of the dielectric ceramic layer 2 by
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 ceramic
layers 2b are piled up and press-bonded in between a pair
of dielectric ceramic layers 2a having no internal
electyode to obtain a laminate as shown in Fig. 3. The
laminate of the dielectric ceramic layers 2a, 2b,
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-2b, 2a is calcined in a reducing atmosghere at a
prescribed temperature to form a ceramic laminate 3.

An external electrode S is then formed on each
side of the ceramic laminate 3 to make an electrieal
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, si;ver-palladium alloy, copper, copper
alloy, etc. are alsc useful. These metal powders may be
used in combination with glass £rits, such as B,0,-SiQ,-
BaO-based glass frits or Li,0-Si0,-BaO-based glass frits,
The material ¢f the extermal electrode should be selected
appropriately taking into consideration the use of the
resulting monolithie ceramic capacitor, the place of use,
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 calcined laminate) followed
by baking. Alternatively, the paste may be applied to
the laminate of the green sheets before ¢alcination and
baked to form the electrodes 5 and the ceramic laminate 3
simultaneously.

The external electrodes 5 are then plated with
nickel, copper, etc. to form a first layer 6. Finally,
the first layer 6 is plated with solder, tin, ete. to
form a second layer 7, thereby to produce a monolithic
ceramic capacitor 1 of the 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
calcined in a reducing atmosphere, which allows use of a
base metal (nickel or 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 result, both the material cost

and the process cost of monolithic ceramic capacitors can
be reduced.

The monolithic ceramic capacitor according to
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 unaer
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 1 um or less. Therefore, if the thickness of
dielectric ceramic layers constituting a monolithic
ceramic capacitor is reduced, each layer can have a
greater number of crystal grains than in conventional ,
monelithic ceramic capacitors. There is thus provided a
highly reliable, small-sized, and yet high-capacity
monelithic ceramic capacitor.

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

EXAMPLE 1
TiCl, and Ba(NO;), both having . varied purity
wexe weighed and treated with oxalic acid to precipitate
barium titanyl oxalate (BaTiO(C,0,) "4H,0). The
precipitate was thermally decomposed at or above 1000°C
to synthesize 4 species of barium titanate (BaTiQ,;} shown
in Table 1 below.
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Table 1
Average
Kind of . Particle
” BaTiO, Content of Impurities (wt%) Size
(pm)
Alkali
Metal SrO Ca0 Si0Q, ALO,
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 silicon,
titanium, barium, strontium and manganese were

weighed and mixed so as to give an
£10;:7i0,:Ba0:Sr0:Mn0O molaxr ratio of
0.60:0.25:0.10:0.02:0.03. The mixture was ground and
evaporated to dryness to obtain powder. The powder was
melted by heating in an aluminum crucible at 1300°C,
quenched, and ground to obtain powdered oxide glass
having an average particle size of not greater than 1 um.
The compositions ghown in Table
2 below were compounded from (i) the barium
titanate of Table 1, (ii) the powdered oxide glass
prepared above, (iii) BaC0; serving for adjustment of the
Ba/Ti molar ratio of barium titanate and {(iv) 8c;04,
Y05, G405, Tb0;, Dy;0;, MnCQ;, NiO, Co,0; and MgO, each
having a purity of not lower than 99%. -
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As is apparent from Tables 1
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tenperature satisfies the B characteristics standard (JI'S) between
+25[err] C and 85[err]C and the X7R characteristics standard (El A) between
-55[err] C and 125[err]C. The insulation resistance at 25[err]C or
125[err]C, as expressed in ternms of CR froduct s as hlg@éggjouuy
Merr].[err]F or nore or 2000 Merr].[ert+$F- or nore, resp \Aﬁﬁ@ﬁﬁmﬁeShEET
average duration of life is as long as 300 hours or |onge .%}ne cerante

elys towing

material used in the condensers can be calcined at relagi
tenperatures of 1300[lerff] C or | ower. The grain size of
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the ceramic is not greater than 1 [err]m In the conposition
.represented by fornula (1-[err]) {BaO[err]

TiJerr]+err]{(1- x)N[err]C{err]+xRe[err]C{err]}+[err](Nhucu.‘d.r"'rTFhfﬂrr
]) O (wherein Merr]derr] and Re[err]Jerr] are as deflné’(&?a&“ﬁx\&’é&\ﬁ[@i‘&ﬂ
should range from about 0.0025 to 0.025 and preferably gdboyrt—0-666--6-015

If [err], the anobunt of (Merr]derr]*Re[err]Jerr]), is sitﬂh§@aa%qt

0.002.5 as in sanple 1, the dielectric constant [err] is
the dielectric loss (tan [err]) exceeds 2.5% the capacity
The resulting mixture was kneaded in a ball
mill in a wet process together with a polyvinyl butyral-
based binder and an organic solvent, such as ethanol, to

prepare a ceramic slurry. The slurry was shaped into a
11 pm thick rectangular green sheet by means of a doctor
blade. A conductive paste mainly comprising nickel was
screen printed on the ceramic green sheet to form =z
conductive paste layer one end of which reached the end
of the green sheet.

A plurality of the ceramic green sheets were
piled up in such a manner that the every other cexamic
green sheet had its end with the internal electrode
exposed arranged on one side of the resulting laminate.
The laminate was heated at 350¢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
H,-N,-H,0 gas having an oxygen partial pressure of 10® to
1072 MPa to obtain a ceramic laminate.

The surface of the resulting ceramic laminate
was cbsexrved under a scanning electron microscope at
1500 magnifications to measure the grain size.

A silver paste containing B;0;-Li,0-$i0,~BaO-
based glass frit  was applied onto both sides of
the ceramic laminate where the intermal 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, a2 length of 3.2 mm and a
thickness of 1.2 mm. Each dielectric ceramic layer
between two internal electrode layers had a thickness of
8 um. The number of effective dielectric ceramic layers

R
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varies wth tenperature change, and the average duration of life is
.extrenely short. If [err] exceeds about 0.025 as in sanple 17,
the dielectric constant does not exceed 3000, the insulation resistance
at 25[err]C and 125[err]C is reduced, the average durati of life is
short, a high calcining tenperature is required, and rejecﬁgpggggﬁdyﬁqycgr
hi gh-hum dity | oading test. - 18 - |In the above fornul a.l.er
representing the anount

aran 2L P .

1 ? prn ' ar-q?

was 19. The area of the opposing electrodes jwas 2.1 mmz

per side.

The electric characteristics of the condenser
were measured. The capacitance (C} and the dielectric
logss (tan &) were measured with an automatic bridge type
meter at 1 kH%, 1 vVzms and 25°C, From 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 125°C
with an insulation resistance tester, and the product
cf the capacitance (C) and the insulation resistance (R},
i.e., CR product, was cbtained.

Further, capacitance was measured at
varying temperatures to determine the
percentage . 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 -55°C or
125°C and 25°C to the capacitance at 25°C (percentage
change : Ac/c25eQ), and the maximum absolute
percentage change in capacitance measured in a
temperature range of from -55 to 125°C (¢ ma) -

The duraticn of the condenser was evaluated by
a high-temperature loading test. A direct voltage of
100 V was applied to each of 36 condensers per sample at
150°C, and the insulation resistance (R) was measured
with time. The time when the insulation resistance fell

to 105 @ or lower was taken as the life duration

, and an average duration of life was obtained for

each sample.
Furthexrmore, the condenser was subjected to 2
* high-humidity loading test  in which a direct voltage
of 16 V was applied to each of 72 condensers per sample

This Sheet Has Been R eplac

A




of'(Nh, Ni, Co) should range from about 0.0025 to 0.05
SHEET
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|

at 121°C, 2 atm and 100% RH, and the insEiation
resistance (R) was measured with time. The number of
rejects whose insulation resistance (R} fell to 10° Q or

lower before 250 hours from the start of the test was
counted.

The results of the above measurements are shown
in Table 3 below.
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and preferably about 0.005-0.03.
the dielectric ceramc is reduced upon
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be about 4 or less and preferably about 3 or less. If it exceeds about 4

the variation in capacity with tenperature change is large, the '

i nsul ation resistance at 125[err]Cis lower than 2000 Merr] (in terns of

CR product), and the average duration of life is shorter :fg@lﬁ»ﬁ 300 hotr-s—
F'

as with sanple 19. x should Bé nmore than 0 and AEERAFHEET
about 0.50 and preferably about 0.1-0.3. If xis 0 as in E I "‘3“"”the'--
insul ation resistance is |ess than B o g

e
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2000 Merr]F (CR product). If x exceeds about 0.5 as in sanple 20, the
.variation in capacity with tenperature change is too large to satisfy the
B characteristics specified in JIS and the X7R characteristics specified

by ElI A standards. nlrepresenting t he nol ar E Qi-shart um .-
fitanate shoul d be nore than about .$ 0 and not nore th n Ghout-1-035" 4[4
preferably about 1.005-1.02. If it ~ Tess than about 1. 000 th%““!,nq?

dielectric ceramc materi al b

As is apparent from Tables 1 throuéh,s,.the;

monelithic ceramic capacitors according to the present
invention have a dielectric constant (e€) of not smaller
than 3000 and a dielectric loss {tan 3) of not more than
2.5%, and their pércentage change in capacitance with
temperature satisfies the B characteristics standard
(JIS) between -25°C and 85°C and the X7R characteristics
standard (EIA) between -55°C and 125°C. The insulation
registance at 25°C or 125°C, as expressed in terms of CR
product, is as high as 6000 MQ ‘4F or more or 2000 MQ ‘uF
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 relatively
low temperatures of 1300°C or lower. The grain size of
the ceramic is not greater than 1 pm.
In the composition represented by formula

(1-0-8) {Bad}, ‘TiC+a{ (1-x) M;05+xRe,0,} +8 (Mny,..Ni Co,) O

. (wherein M0, and Re,0; are as defined above), « should
range from about 0.0025 to 0.025 and

preferably about 0.006-0.015. If o, the amount of
(M;04+Re,0;) y, is less than about 0.0025 as in sample 1, the
dielectric constant ¢ is lower than 3000, the dielectric
loss (tan &) exceeds 2.5%, the capacity considerably
varies witb temperature change, and the average duration

~

of life is extremely shoxt.

If o exceeds about.0.025 as in sample 17, the
dielectric constant does not exceed 3000, the insulation
resistance at 25°C and 125°C is reduced, the average
duration of life is short, a high calcining temperature
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

_—
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is transformed into a seniconductor as is observed with sample 4. If it
is 1.000 as in sanple 5, the insulation resistance is |low, and the
average duration of life is shorter than 300 hours. If the nolar ratio m

exceeds REPLACEMENT SﬁEET
- 24 -
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and preferably about 0.005-0.03. If B is 1é§5m£han_aboutmwmwm

0.0025, the dielectric ceramic is reduced upon
calcination in a reducing atmosphere and changes into a

semiconductor having a reduced insulation resistance ag
; is observed with sample 2.

If B 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 obsexrved with sample 18.

The ratio /¢ representing the ratioc of the
amount of (Mn, Ni, Co)} to the amount of (M,0,+Re,0;) 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 ingulation resistance at
125°C is lower than 2000 MQ -uF (in terms of CR product),
and the average duration of life is shorter than
300 hours as with sample 19.

x should be more than 0 and not more than about

0.50 and preferably about 0.1-0.3. If x is 0 as in
sample 3, éhe insulation resgistance is less than
2000 MQ -uF (CR product). If x exceeds about 0.5 as in
sample 20, the variation in capacity with temperature
change is toc large to satisfy the B characterlstzcs
specified in JIS and the X7R characteristics speclfled by
EIA standards.
m representing the molar ratio of barium
titanate should be more than about 1.000 and not more
than about 1.035 and preferably about 1.005-1.02. If it
is less than about 1.000 the dielectric ceramic material
is transformed into a semiconductor as is observed with
sample 4. If it is 1.000 as in sample S, the insulation
reslstance is low, and the average duration of life is
shorter than 300 hours. If the molar ratio m exceeds

Sheet Has Been Replaced
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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 0
to less than about 1.0, preferably about 0.1-0.5.

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 wagnesium oxide as a secondary
component should range from about 0.5 to 5.0 mol in terms
of MgO per 100 mol of the main component and preferably

about 0.8-1.5. 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 Mg0O exceeds
about 5 mol, the calcining temperature must be increased,
and the reject rate in a high-humidity loading test is
extremely high as with the case of sample 25.

The amount of the §10,-TiO,-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 compeonent, MgO, and
preferably about 1-1.5. If it is less than about
0.2 part as in sample 7, the ceramic material suffers
from undercalcination. If it exceeds about 3.0 parts as
in sample 26, the dielectric constant is low, the
insulation resistance at 259C does not exceed 6000 MQ -uF
(CR product}, and the variation in capacity with
temperature change becomes larger.

The content of alkali metal oxide impurities in
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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about 1.035, the calcination properties are extrenely poor as is observed
. with sanple 24. y+z in the above fornula shoul d be O to less

t han. about 1.0, preferably about 0.1-0.5. If y+z is 1.00 (i.e., Miis
absent) as in sanples 21, 22 and 23, the insulation resi tance IS reduced
and the- average duration of life is shorter than 300 houfspip .
anount of nmagnesi um oxi de as a secondasy - e e

EXAMPLE 2
8i0Q,-Ti0,-MO-based oxide glasses having

an average particle size of not greater than 1 gm and
the composition shown in Table 4 below were prepared by
heating a raw material mixture at 1200 to 1500°C in the
same manner as in Example 1. A hundred moles of a main
component represented by compositional formula:
97.5{Bal0} g0 “T10; + 0.8Y,0; + 0.2Gd,0; + 1.5 (MngNig,Coas) O
(molar ratio) in which barium titanate A shown in Table 1
was used, 1.0 mol of MgO, and 1.0% by weight, based on
the total weight of the main component and MgC, of the
above oxide glass were compounded to prepare a ceramic
material.

*%* 1 A monolithic ceramic capacitor was
produced in the same manner as in Example 1, except for
using the above prepared ceramic matexial. The
electrical characteristics of the resulting condenser
were evaluated in the same manner as in Example 1. The
results obtained are shown in Table 5 below.

—_—
-
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conponent shoul d range fromabout 0.5 to 5.0 nol in terns of MyO per 100
.mol of the main conponent and preferably about 0.8-1.5. If it is |less than
about 0.5 nol as in sanple 6, the insulation resistance is reduced, and t he

variation in capacity with tenperature change becones hig Lllc ot-her
hand, if the anpunt of MJO exceeds about?® mol, the calci A ﬂﬁéﬂf\ﬁtﬁﬁﬁ}'
nmust ‘be i ncreas e J‘Tﬂ
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The amount of the SiJerr]-Tigerr]-M>based oxide glass should be in a
-range of fromabout 0.2 to 3.0 parts by weight per 100 parts by wei ght ‘of
the total weight of the main conponent and the secondary conponent, MO
and preferably about 1-1.5. If it is less than about 0.2 part as in sanple

7, the ceramc material ffers fromundé®calcination. If_it exceeds about
3.0 parts as in sanpl ¢ 26, fhe dje ectrlﬁ'cﬁnﬁtant is | oppt-he-tnsyl.al,
resistance at 25[err] ¢ dpes| ng®® exfeedq 60Q0| Mferr] F Rgf“‘ #i ‘"%E%q.
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EXAMPLE 2

.Sigerr]-Tigerr]-M>based oxi de gl asses having an average particle size of
not "greater than 1 [err]mand the conposition shown in Table 4 bel ow were

prepared by
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As is apparent from Tables 4 and 5, Ekh
monolithic ceramic capacitors constituted by the

dielectric ceramic layers containing $i0,-Ti0,-MO-based
oxide glass according to the present invention exhibit a
high dielectric constant (&) of 3000 or more, a
dielectric loss (tan &) of not more than 2.5%, and their
percentage change in capacitance with temperature
satigfies the B characteristics standard (JIS) between
-25°C and 85°C and the X7R characteristics standard (EIA)
between -55°C and 125°C. The insulation resistance at
25°C or 125°C, as expressed in terms of CR product, is as
high as 6000 MQ -pF or more ocxr 2000 MQ -uF or more,
respectively. The average duration of life is as long as
300 hours or longer. No rejects were observed in
the high-humidity loading test.

To the contrary, samples 113 to 116 and 119

‘showed undercalcination or developed rejects in the high-

humidity loading test. That is, when the composition of
810,~-Ti0,-MO-based oxide glass is plotted on a triangular
diagram of (SigQ,, TiO,, MO) {(wherein MO is as defined
above), the composition of the oxide glass used in these
samples is not in the area surrounded by, orx not on, four
straight lines 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
111 and 112, addition of Al,0; or ZrQ, to the Si0,-Ti0,-MO-
based oxide glass is effective to provide a monolithic
ceramic capacitor having an insulation resistance (CR
product) of not lowex than 7000 MQ ‘uF at 25°C and not
lower than 3000 MQ-uF at 125°C. Note that addition of
more than 15 parts by weight of Al,0; or more than 5 parts
by weight of Zr0,, per 100 parts by weight of the SiO,-

\
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heating a raw material mxture at 1200 to 1500[err]C in the

sane nmanner as

«in Exanple 1. A hundred noles of a nmain conponent represented by
conposi tional formula: 97.5{BaC[err] TiJerr] + 0.8Y[err]err] +

0.2Cd[err]Jerr] + 1.5 (I\/h[err]Nl[err CQerr])O(rmI ar rat (HEP'LRLWFQh“HEET

bariumtitanate A shown in Table 1-wd4 used, 1.0 nol of
wei ght, based on the total weight of the main conponent an
above oxi de gl ass were conpounded to prepare a ceram c matfer

Ti0,-MO-based oxide glass results in extreme rdduction in

Fg?a ‘%ﬁ}%‘w

sintering properties.

While the barium tltanate powder used in the

foregoing Examples is one prepared by an oxalic acid
process, barium titanate powder prepared by an alkoxide

process or a hydrothermal process can be used as

well.

In some cases, use of barium titanate powder prepared by

an alkoxide process or a hydrothermal process can bring

about better characteristics than demonstrated in the

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, were used as raw materials,

the raw materials for the dielectric ceramic layers are

not limited to thése 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

present invention.
Whiie the invention has been'described

in

detail and with reference to specific embodiments
thereof, it will be apparent to one skilled in the art

that various changes and modifications can be made
. ~ therein without departing from the spirit and scope

thereof.

\
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** 1 A nonolithic ceram c capacitor was produced in the same manner as in
-.Exanpl e 1, except for using the above prepared ceramc nmaterial. The

el ectrical characteristics of the resulting condenser were evaluated in the
same manner as in Exanple 1. The results obtained are shownp+pa—able 5
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WHAT IS CLAIMED IS:

1. A monolithic ceramic capacitor
comprising a laminate of a plurality of dielectric
ceramic 1a§ers, ) at least internal
electrodes : between adjacent
dielectric ceramic layers in such a manner that one end
of each internal electrode is exposed at
different ends ©f the dielectric ceramic layer
alternately, and a pair of external electrodes each
electrically connected to different
exposed internal electrodes

. in which said dielectric ceramic

layers comprise (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 gadelinium oxide, terbium oxide and
dysprosium oxide, (d) manganese oxide, (e) cobalt
oxide and (£) nickel oxide, and is a

material containing

{1) 100 mol of a main component represented by
the compositional foxrmula: '
{1-a-8) {BaO}, ‘Ti0+a{ (1-x)M0,+XRe,0,;}+8 (Mn,, . Ni,Co,) O
wherein M;0; represents at least one memker selected from
the group consisting of 8¢,0, and Y,0,; Re,0, represents at
least one member selected from the group consisting of
Gd,05, Tb;0y; and Dy,0;; 0.0025sas0.025; 0.0025<8s0.05;
B/as=4; 0<xs50.50; O=<y=<1.0; 0=2sl1.0;
Osy+2<1.0; and 1.000<msl.035,

(2) about 0.5 to 5.0 mol, in terms of MgO, of

magnesium oxide and
-

|
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. (3) about 0.2 to 3.0 parts by weight, per
100 parts by weight of the total weight of saLi.d._ma

component (1) and said magnesium oxide

(2), of 8i0,~Ti0,-MO-based oxide glass, wherein MO
represents at least one member selected from the group
consisting of BaO, CaO, Sr0O, Mgo, 2Zno and MnO.

in

2. A wmonolithic ceramic capacitor according
to claim 1, wherein the internal electrodes are of
nickel or a nickel alloy.

3. A monolithic ceramic capacitor according to
claim 2, wherein the alkali metal oxide impurity content
of not more than about 0.012% by weight; M20: represents
Y203; Rez203 comprises Dy203; 0.006<a<0.015; 0.005<R<0.03;
RB/as3; 0.1sx<0.3; 0.1sx<0.3; 0.1sy<0.2; 0.1s5z<0.5;
0.1sy+2<0.5; and 1.005sm<1.02; the amount of Mg0O is
about 0.8-1.5 mol; the amount of glass is about 1-1.5
parts; and MO comprises CaO.

4. A monolithic ceramic capaci'to'r according to

claim 3, wherein the composition of said $1i0,-TiQ,-MO-

based oxide glass is, when plotted on a triangular mol%
diagram of (Si0,, TiOQ,, MO)

in the area surrounded by, or
on, four straight lines connecting four points: A
(85,1,14), B (35,51,14), € (30,20,50), and D (39,1,60)
and contains at least one of Al,0; and 2rQ,
in a total amount of not more than 15 parts by weight per
100 parts by weight of the (Si0,, TiO,, MO) component,

iy Illjl I
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provided that the amount of ZxQ, is not more th arts
by weight.

5. A monolithic ceramic capacitor
accoxding to claim 4, wherein said external
electrodes comprise " a sintexed

layer of an electrically conductive metal powder or an
electrically conductive metal powder containing glass

frit.
6. A monolithic ceramic capacitor
according to claim 4, wherein said extermnal
electrodes comprise a first layer

made of a sintered layer of an electrically conductive
metal powder or an electrically conductive metal layer
containing glass frit _and a second layer

of plating on gaid first layer .

7. A monolithic ceramic capacitor according to
claim 1, wherein the alkali metal oxide impurity content
of not more than about 0.012% by weight; M20; represents
Y203; Re20: comprises Dyz20s3; 0.006sas0.015; 0.005=p=<0.03;
B/a<3; 0.1sx<0.3; 0.1sys0.2; 0.1s2<0.5; 0.1sy+2<0.5; and
1.005=sm<1.02; the amount of MgO is about 0.8-1.5 mol;
the amount of glass is about 1-1.5 parts; and MO
comprises CaoO.

8. A monolithic ceramic capacitor according to
claim 7, wherein the composition of said SiQO2-TiO2-MO-
based oxide glass is, when plotted on a triangular mol%
diagram of (Si02, TiOz2, MO) in the area surrounded by,

or on, four straight lines connecting four points: A
(85,1,14), B (35,51,14), C (30,20,50), and D (39,1,60)

L LLE
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and contains at least one of Al:0: and Zr0:z jin a’@o@&ﬂ'@ﬁ?
amount of not more than 15 parts by weight pe? 100 parts

by weight of the (Si0Oz2, TiOz, MO) component, . provided
that the amount of 2Zr0O: is not more than 5 parts by
weight.

9. A monolithic ceramic capacitor according to
claim 8, wherein said external electrodes comprise a
sintered layer of an electrically conductive metal
powder or an electrically conductive metal powder
containing glass frit.

10. A monolithic ceramic capacitor according to
claim 8, wherein said external electrodes comprise a
first layer made of a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal layer containing glass frit and a second layer of
plating on said first layer.

11. A monolithic ceramic capacitor according to
claim 1, wherein the composition of said Si0O2-Ti02-MO-
based oxide glass is, when plotted on a triangular mol%
diagram of (8i0O2, TiO2, MO) in the area surrounded by, or
on, four straight lines connecting four points: A
(85,1,14), B (35,51,14), C (30,20,50), and D (39,1,60)
and contains at least one of Al203 and Zr0O2 in a total
amount of not more than 15 parts by weight per 100 parts
by weight of the (Si02, TiO2, MO) component, provided
that the amount of Zr0O: is not more than 5 parts by
weight.

12. A monolithic ceramic capacitor according to
claim 11, wherein said external electrodes comprise a
sintered layer of an electrically conductive metal

T
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powder or an electrically conductive ‘etaﬂ 3p@@ﬁé%§7
containing glass frit. i

13. A monolithic ceramic capacitor according to
claim 11, wherein said external electrodes comprise a
first layer made of a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal layer containing glass frit and a second layer of
plating on said first layer.

14. A monolithic ceramic capacitor according to
claim 1, wherein said external electrodes comprise a
sintered layer of an electrically conductive metal
powder or an electrically conductive metal powder
containing glass frit.

15. A monolithic ceramic capacitor according to
claim 1, wherein said external electrodes comprise a
first layer made of a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal layer containing glass frit and a second layer of
plating on said first layer.

* [ L ] ) *
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MONOLITHIC Ic ACITOR

T T DISCLOSURE
A monolithic ceramic capacitor having a
plurality of dielectric ceramic layers,
intexnal electrodes, and external electrodes
electrically connected to the internal electrode,
wherein the dielectric ceramic layers comprise
{a) barium titanate having an alkali metal oxide
impurity content of not more than about 0.02% by weight,
{b)
scandium oxide and/or yttrium oxide,
(c)
gadolinium oxide, terbium oxide
and/or dysprosium oxide, (d) manganese oxide, (e) cobalt
oxide, and (f) nickel oxide, and is a
material containing (1) 100
mols represented by the compositional formula:
(1--8) {BaO}, ‘TiOp+a{ (1-x)M0,+xRe;0;} +§ (Mn . Ni Co,) O
wherein M0, represents

said (b) ; Rez20s represents said (c)',-

0.0025s8<0.05; B/as4; 0<xs0.50;
0<yl.0; 0s21.0; Osy+z<1.0; and 1.000<msl1.035, (2} about
0.5 to 5.0 mol, in terms of MgO, of magnesium oxide
i and (3) about 0.2 to 3.0 parts by
weight, per 100 _
pph of components (1) and (2)i
, of 8i0,-Ti0,-MO-based oxide
glagss (wherein MO represents at least one member selected
from the group consisting of Ba0O, Ca0, SxO, MgO, 2ZnO, and

-_
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Mno) . Said internal electrodes can be nickel or a .
i
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MONOLITHIC CERAMIC CAPACITOR

EIELD QF THE INVENTION

This invention relates to a ceramic capacitor,
more particularly a monolithic ceramic capacitor having
internal electrodes made of nickel or a nickel alloy.

BACKSROUND OF THE INVENTION
A nmonolithic ceramic capacitor is generally

produced according to the following procedures,
Dielectric ceramic layefs in sheet form . having
applied thereon an electrode material to serve

as an internal electrode are prepared. A ceramic
material mainly comprising, e.g., BaTi0; is used as a
dielectric ceramic layer. A plurality of the dielectric
ceramic layers with the electrode material are piled up
and press-bonded under heat into one body. The resulting
laminate is calcined at 1250 to
1350°C to obtain a ceramic laminate having internal
electrodes., An external electrode is baked onto both
sides of the ceramic laminate to make an electrical
connection to the internal electrodes and | obtain a
monolithic ceramic capacitor. .

The material for the intermal electrodes are .
required to satisfy the following conditicns:

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.
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2. To be registant to
oxidation in a high-temperature oxidative atmosphere and
be unreactive with the dielectric ceramic layer.

Noble metals, such as platinum, gold,
palladium and a silver-palladium alloy, have been used
as an electrode material satisfying these requirements.
While excellent in performance, these electrode materials
are sco expensive that the proportion of the electrode
material cost reaches 30 to 70% of the entire
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 and Mo, also have a high melting
point. However, these base metals are readily oxidized
in a high-temperature oxidative atmosphere,

causing them to fail to perform their function as
an electrode. Therefore, c¢alcination of the base metal
together with dielectric ceramic layers must be carried
out in a neutral or reducing atmosphere before they
can be used as an internal electrode of a monolithic
ceramic capacitor. However, the problem is that a
conventional dielectric ceramic material undergoes
vigorous reduction into a semiconductor if calcined in a
neutral or reducing atmosphere.

Dielectric ceramic materials which have been
proposed in order to solve the above problem include a
dielectric ceramic material comprising a barium titanate
golid solution having a barium site to titanium site
ratio in excess of a stoichiometric one (see JP-B-57-
42588, the term "JP-B" as used herein means an "examined
published Japanese patent application®") and a dielectric
ceramic material comprising =2 barium titanate solid
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As is apparent from Tables 4 and 5, the
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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 texm "JP-A" as used herein means an
"unexamined published Japanese patent application').

.On the other hand, dielectrie ceramic materials
whose dielectric constant has reduced temperature
dependence, such as . BaTi0y-CaZr0;-MnO-Mg0 system (see
JP- A-62-256422) and BaTiO,- (Mg, Zn, Sr or Ca)0-B,0s-
8i0, system (see JP-B-61-14611), have alsc 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 monolithie ceramic capacitor in which a base
metal, such as nickel, is used as an intermal electrode.

In recent years, size reduction of electronic
components has accelerated rapidly in the
development of electronics. Moneclithic ceramic “
capacitors have alsc showed a remarkable tendency to
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 reliable.

The dielectric ceramic materials disclosed in
JP-B-57-42588 and JP-A-61-101459 exhibit a high
dielectric constant but have a large crystal grain size
on calcination. When they are applied to a monolithic
ceramic capacitor in which each dielectric ceramic layer
has a small thibkness'sﬁch.as 10 gm or less, the
number of crystal grains existing per layer is decreased,
resulting in diminished reliability. Besides, these
materials undergo considerable variation in dielectric




monolithic ceramnmic capacitors constituted by the dielectric ceranic |ayers
containing Sigerr]-Tigerr]-M>based oxide glass according to the present

i nvention exhibit a high dielectric constant ([err]) of 3000 or nore, a
dielectric loss (tan [err]) of not nore than 2.5% and their_ percent.age——m
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standard (JI'S) between -25[err]C and 85[err]C and the X7R \Lacl.erl.sti-6§
standard (EIA) between -55[err]C armd%25[err]C. The |nsulat|08_fe§%§g@@§é
at L5 T R R R L

constant with temperature change and are not regarded t35
meet the demands of the market sufficiently,

The dielectric ceramic material disclosed in
JP-A-62-~256422, on the other hand, exhibits a relatively
high dielectric constant and provides’ on calcinatior,
a ceramic laminate having a small crystal grain size and

small variation of dielectric constant with
temperature change. However, Ca2r0; and CaTiO, produced
on calcination tend to form a secondary phase together
with MnQ, 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
reduction and capacity increase in a monolithic
ceramic capacitor. Moreover, the. material fails to
fulfill the requirement of X7R characteristics specified
by EIA (Electronic Industries Association) standards )

that the percentage of change in electrostatic
capacity be within a range of $15% in the temperature
range of from -55°C to +125°2.

' Although JP-A-5-9066, JP-A-5-9067, and JP-A-5-
9068 have proposed ceramic compositions in order to
eliminate these problems, the ever-continuing demand for
8ize reduction and capacity increase has been producing a
keen demand for dielectric ceramic materials with greater
reliability. At the same time, demand for thickness
reduction of a ceramic dielectric layer has been gettlng
intenser,

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.
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duration of life is as long as 300 hours or longer. No r
observed in the high-hum dity | oading test. To
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An object of the present invention is to

provide an economical, small-sized and high-capacity

monolithie ceramic capacitor which has a dielectric
constant of 3000 or highexr and an insulation resistance
as high as 6000 MQ ‘uF or more at room temperature or

2000 MQ ‘uF or more abt 125°c, as expressed in terms of the
product of capacitance and insulation resistance (CR
product), and whose capacity exhibits temperature
characteristics satisfying the B characteristics

speeified by JIS (Japanese Industrial Standaxds) and the

X7R characteristics specified by EIA standards, and which
has excellent weathering performance in, for exampla,

loading in high temperature or high humidity.

The present invention provides a monolithic

ceramic capacitor having a laminate of a plurality of
dielectric ceramic layers, a plurality of intermal

electrodes each formed between 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 connected to the

plurality of exposed intexnal electrodes

of the laminate, in which the dielectric ceramic layexr
comprises (a) barium titanate having an alkali metal

oxide impurity content of not more than about
weight, (b) at least one member selected from

0.02% by
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 oxide

and (f)

» nickel oxide, and is made up of a material containing (1)
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As is understood fromthe results of sanples 111 and 112, add
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effective to provide a nonolithic teran c capacitor haV|ng gn Tnsurarion

resi stance (CR

100 mol of a main component represented by the
compositional formula:
(1-a-8) {BaO}, ‘TiC;+a{ (1-x) M0y +xRe;0s} +8 (Mn, , Ni Co,) O

wherein M;0; represents at least one member selected from
the group consisting of Sc,0; and ¥,0,; Re,0; represents at

least one member selected from the group consistin

g of

Gd,0;, Thy0;, and Dy,0y; 0.00252a<0.025; 0.002528<0.05;

B/asd; 0<xs0.50; Osysl.0; 0szs1.0;

Osy+2z<1.0; and 1.000<ms1.035, (2) about 0.5 to 5.0
in terms of MgO, of magnesium oxide as a secondary
compenent, and (3) about 0.2 to 3.0 parts by weigh

mol,

£, per

100 parts by weight of the total weight of the main

component (1) and the secondary component (2}, of

$1i0;-

Ti0,~-MO-based oxide glass (wherein MO represents at least

one member selected from the group consisting of B
CaQ, Sx0, MgO, 2n0, and MnO), and the intermal ele
are made up of nickel or a nickel zlloy.

a0,
ctrodes

In a preferred embodiment of the monolithic

ceramic capacitor of the present invention, the

composition of the $i0,-Ti0,-MO-based oxide glass i
plotted on a triangular diagram of (Sio,, TiQ;, MO}
{(wherein MO is as defined above), in the area surr
by, or on, four straight lines connecting four poi

{85,1,14), B (35,51,14), € (30,20,50), and D (39,1,

s, when

ounded
nts: A
60)

(unit: mol%), and contalus at least one of Al,0, and ZrO,
in a total amount of not more than about 15 parts by

weight per 100 parts by weight of the (SiQ,;, TiO,,
component, provided that the amount of ZxQ, is not
than about S parta by weight.

MO}
more

In another preferred embodiment, the external

electrode is made up of a sintered layer of an

electrically conductive metal powder which may contain




product) of not |ower than 7000 Merr]F at 25[err]C and not |ower than 3000
Merr]F at 125[err]C. Note that addition of nore than 15-parts-by-wei-ght—of
Alferr]Jerr] or nore than 5 parts by wei ght of Zr{ err]{ REPLAJGORHRISHEEDY
wei ght of the Sierr]- ' .

D5 1a% '309

glass frit. In a still preferrad embodiment,
the external electrode is composad of a first layer made
of a sintered layer of an electrically conductive metal
powder which may contain glass frit and a second
layer that is formed on the f£first layer by plating.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic cross section of a
monolithic ceramic capacitor according to one embodiment
of the present invention.

- Fig. 2 is a schematic plan of a ceramic layer -
with an internal electrode which is used in the
monolithic ceramic capacitor of Fig. 1.

Fig. 3 is a perspective exploded view of the
ceramic laminate used in the monolithic ceramic capacitor
of Fig. 1. .
Fig. 4 is a triangular diagram of (Si0,, TiO,,
MO) showing a preferred fange of the compesition of SiC,-~
Ti0,-MO-based oxide glass.

DET. ED DESCRIPTION OF E I NTT

In the monolithic ceramic capacitor of the
present invention, the dielectric ceramic layers are
obtained by calcining a dielectric ceramic material
comprising (1) (a) barium titanate, (b) at least one of
scandium oxide and yttrium oxide, (¢) at least one of
gadolinium oxide, terbium oxide and dysprosium oxide,
(d) manganese oxide, (e) cobalt oxide and (£) nickel
oxide at a ratio shown by the above-described
compositional formula having incorporated therein (2)
magnesium oxide and (3) Si0,;-Ti0,-MO-based oxide glass
{wherein MO represents at least one member selacted from
the group consisting of Ba®, Ca0, Sr0, MgO, ZnO, and
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MnO) . The dielectric ceramic material can be calcined in
a reducing atmosphere without suffering from
detarioration of characteristics to provide a highly
reliable monolithic ceramic capacitor whose capacity
exhibits temperature characteristics satisfying the B
characteristics specified by JIS and the X7R
characteriatics specified by EIA standards, and which
exhibits high insulation resistance at room tempefature
and high temperature.

In the resulting dielectric ceramic laminate,
the-brystal grains are as small as 1 um or less go that
the grains increase in number per layer. This will
secure a sufficient reliability even though the thickness
¢£f the dielectric ceramic layer in the laminate is
reduced. '

The barium titanate constituting the main
éomponent (1) contains, as impurities, alkaline earth
metal oxides (e.g., Sr0O and CaQ), alkali metal oxides
(e.g.. Na,0 and K,0), and other oxides {e.g., Al,0; and
Si0,}). Of these impurities, the alkali metal oxides,
such as Na,0 and K,0, 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
alkali metal oxide content of not more than about 0.02%
by weight and preferably about 0.012% or less.

It has also been found that incorporation of
oxide glass mainly comprising S$i0Q,-Ti0,-MO (wherein MO is
at least one member selected from the group consisting of
Ba0O, Ca0O, Sr0O, MgOQ, Zn0, and MnO) into the dielectric
ceramic layers brings about improved sintering properties
and improved resistance to plating. Further, addition of
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on in sintering

. properties. Wiile the bariumtitanate powder used in the
f oregoi ng Exanples is one prepared by an oxalic acid process, barium

tit-anate powder prepared by an al koxi de process or a hyg

can be used as well. In sone cases, use of bariumtitan
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Al;0, and/or 2r0, to the oxide glass makes it
obtain higher insulation resistance.

possible to

Dielectric ceramic layers made from the above-
described dielectric ceramic material provide a highly
reliable, small-sized, and high-capacity monolithic
ceramic capacitor, the capacity 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
possible to use nickel or a nicksl 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
(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., B,0;~LiO-

SiOz-BaO‘

based glass frits, Bzos-sioz-Bao-based glags frits, Li0-
5i0,-Ba0-based glass frits, B,0,-8i0,-ZnO-based glass
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 Ni,
Cu, an Ni-Cu alloy, etc. The plated layer may further be

plated with solder, tin, etc.

A monolithice ceramic capacitor according to one
embodiment of the present invention will be described by

referring to the accompanying drawings.

Fig. 1 is a schematic cross section of the
monolithic ceramic capacitor. Fig. 2 is a schematic plan
of a ceramic layer having an internal electrode used in
the monolithic ceramic capécitor of this embodiment.

*

Fig. 3 is a perspective exploded view of the

ceramic
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laminate used in the monolithic ceramic capacitor of this
embodiment .

As shown in Fig. 1, the monolithic ceramic
capacitor 1 is of rectangular chip type having a ceramic
laminate 3 composed of a plurality of dielectric ceramic
layers 2a and 2b, with an internal electrode 4 being
interposed between evexry two ceramic layers. On each
side of the ceramic laminate 3 are formed an external
electrode 5, a first plating layer 6 formed by plating
with nickel, copper, etc., and a second plating layer 7
fornied by plating with solder, tin, etc.

The monolithic ceramic capacitor 1 shown in
Fig. 1 can be produced as follows.

(1) A main component comprising (a) barium
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 (£} nickel oxide, (2) magnesium
oxide, and (3) $i0,~-Ti0,-MO-based oxide glass (wherein MO
is as defined abova) 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 of nickel or a nickel alloy is
formed on one side of the dielectric ceramic layer 2 by
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 ceramic
layers 2b are piled up and press-bonded in between a pair
of dielectric ceramic layers 2a having ne internal
electrode to obtain a laminate as shown in Fig. 3. The
laminate of the dielectric ceramic layers 2a, 2b,
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-+2b, 2a is calcined in a reducing atmosphere at a
prescribed temperature to form a ceramic laminate 3.

An external electrode § is then formed on each
side of the ceramic laminate 3 to make an electrical
connection to the internal electrodes 4. The extermal
electrodes 5 can be made of the same material as used for
the internal electrodes 4. In addition, silver,
palladium, silver-palladium alloy, copper, copper
alloy, etc. are also useful. These metal powders may be
used in combination with glass £rits, such as B,0,-85iQ,-
BaO-based glass frits or Li,0-5i0,-BaO-based glass frits.
The material of the extermal electrode should be selected
appropriately taking into consideration the use of the |
resulting monolithic ceramic capacitor, the place of use,
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 calcined laminate) followed
by baking. Alternatively, the paste may be applied to
the laminate of the green sheets before calcination and
baked to form the electrodes 5 and the ceramic laminate 3
simultaneously. :

The external electrodes 5 are then plated with
nickel, copper, etc. to form a first 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 1 of the 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
calcined in a reducing atmosphere, which allows use of a
base metal {nickel or 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 13009C. BAa a resulet, both the muterial cost
and the process cost of monolithic ceramic capacitors can
be reduced.

The monolithic ceramic capacitor according to
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 resigtance,
and undergoing no deterioration in characteristics under
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 1 um or less. Therefore, if the thickness of
dielectric ceramic layers constituting a monolithic
ceramic capacitor is reduced, each layer can have a
- greatexr number of crystal grains than in conveational ,
monolithic ceramic capacitors. There is thus provided a
highly reliable, small-sized, and yet high-capacity
monolithic ceramic capacitor.

The present invention will now be illustrated
in greater detail with reference to Examples, but it
should be understood that the present invention is not
construed as being limited thereto. '

EXAMPLE 1
TiCl, and Ba{NO,), both having . varied purity
wexre weighed and treated with oxalic acid to precipitate
barium titanyl oxalate (BaTiO(C,0,} -4H;0). The
precipitate was thermally decomposed at or above 1000°C
to synthesize 4 species of barium titanate (BaTiQ;) shown
in Table 1 below.
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. Table 1 . ]
Average
" Igi‘.ﬁgf Content of Impurities (wt%) Pas:g:h
()
Alkali
Meral SrO Ca0 Si0, ALO,
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 Q.72
Lj) 0.062 0.014 0.001 0.018 0.004 0.58
" Oxides, carbonates or hydroxides of silicon,
titanium, barium, strontium and manganese were
weighed and mixed so as to give an _

810,:T10,:Ba0:Sr0:Mn0 molar ratio of
0.60:0.25:0.10:0.02:0.03. The mixture was ground and
evaporated ﬁo dryness to obtain powder. The powder was
melted by heating in an aluminum crucible at 1300°C, .
quenched, and ground to obtain powdered oxide glass
having an average particle size of not greater than 1 um.
The compositions  ghown in Table
2 below were compounded from (i) the barium
titanate of Table 1, (ii) the powdered oxide glass
prepared above, (iii) BaCO; serving for adjustment of the
Ba/Ti molar ratio of barium titanate and (iv) Sc,04,
¥.05, G&0;, ThyO;. Dy;0;, MnCO;, NiD, Co,0; and Mg0O, each
having a purity of not lower than 99%. '
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mat eri al contai ni ng (1) 100 nol of a nmin conponent represented
Ti Qerr]+[err] {

by the conpositional formula: (1-[err]-[err]) {Bao}[err]
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O[err]1.0; and 1.000<n{err]1.035, ~(2) about 0.5to0 5.0 nol, in .
.ternms of MgO, of magnesi um oxi de o and .

{T SHEET
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rono tan 4G0Q
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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 oxganic solvent, such as athanol, to
prepare a ceramic slurry. The slurry was shaped into a
11 um thick rectangular green sheet by means of a doctor
blade. A conductive 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.

A plurai;ty of the ceramic green sheets were
piled up in such a manner that the every other ceramic
green sheet had its end with the internal electrode
exposed arranged on one side of the resulting laminate.
The laminate was heated at 350°C in a nitrogen atmosphere
te burn the binder and then calcined at a temperature
shown .in Table 3 for 2 hours in a reducing atmosphere of
H,-N,-H,0 gas having an oxygen partial pressure of 10%° to
1072 MPa to obtain a ceramic laminate.

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

A silver paste containing B,0;-Li,0-8i0,-BaO-
based glass frit  was applied onto both gides of
the ceramic laminate where the intermal electrodes were
exposed and baked at 600°C in a nitrogen atmosphexe 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
thickness of 1.2 mm, Each dielectric ceramic layer
between two internal electrode layers had a thickness of
8 um. The number of affactive dielectric ceramic layers
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(3) about 0.2 to 3.0 parts by weight, per 100 parts by
wei ght of said main
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" was 19. The areaa of the opposing electrodes was 2.1 mm’

per side.

The electric characteristics of the condenser
were measured. The capacitance (C) and the dielectric
loss (tan &) were measured with an automatic bridge type
meter at 1 kHé, 1 Vrms and 25°C., From 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 125°C
with an insulation resistance tester, and the product
of the capacitance (C} and the insulation resistance (R},
i.e., CR product, was obtained.

Further, capacitance was measured at
varying temperatures to determine the
percentage . difference between capacitances
measured at -25°C or 85°C and 20°C to the capacitance at

20°C (percentage change: AG/C20°C), a percentage of a
difference between capacitances measured at -55°C or

125°C and 25°C to the capacitance at 25°C (percentage
change: " AC/C25°0), and the maximum absolute

percentage change in capacitance measured in a

temperaturas range of from -55 to 125°C ([Clau).
The duraticn of the condenser was evaluated by

a high-temperature loading test. A direct voltage of
100 V was applied to each of 36 condensers per sanmple at
150°C, and the insulation resistance (R} was measured

with time. The time when the insulation resistance fel;

to 105 @ or lower was taken as the life duration

, and an average duration of life was obtained for

each sample. .
Furthermore, the condenser was subjected to a
high-humidity loading test in which a direct voltage
of 16 V was applied to each of 72 condensers per sample
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Sigerr]-Tigerr]-M>based oxi de glass, wherein MO represen

H\V

menber selected fromthe group consisting of BaO, CaO SrQ| MyO—ZA0--———aid
MhO. 2. A nonolithic ceram c capacitor accorjdi NOn 5 1am 700
- 19 -

at 121°C, 2 atm and 100% RH, and the insulation
resistance (R) was measured with time. The number of
rejects whose insulation resistance (R) fell to 109 Q@ or
lower before 250 hours from the start of the test was
counted.

The results of the above measurements are shown
in Table 3 below.
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in the area surrounded by, or on, four straight |ines connecting four
points: A (85,1,14), B (35,51, 14) C (30, 20,50), and D (39, 1.60)

and contains at |least one of Alferr](err] and ZrJerr] in Ja:be’e?as,l CRIFRY néHEET
of not nmore than 15 parts by wei ght per 100 parts by wei ght ofr,.,t_h B ‘

Sigerr Tigerr MO) conponent, |
(Sigerr], Tigerr], M) C oo . . P GF 1AM 1839
i

Samples with an asterisk are those out of the scope of the invention.
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As is apparent from Tables 1 through 3, the
monolithie ceramic capacitors according te the presant
invention have a dielectric constant (e) of not smaller
than 3000 and a dielectric loss (tan §) of not more than
2.5%, and their percentage change in capacitance with
temperature satisfies the B characteristics standarxd
(JIS) between -25°C and 85°C and the X7R characteristics
standaxd (EIA) between -55°¢C and 125°C. The insulation
resistance at 25°C or 125°C, as expressed in texms of CR
product, is as high as 6000 MQ -uF or more or 2000 MQ -uF
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 relatively
low temperatures of 1300°C or lower. The grain size of
the ceramic is not greater than 1 um,

In the composition represented by formula
(L-«-8) {BaO},, ‘TiC+a{ (1 -x)M,05+x%Re,0,} +8 (Mn., Ni,Co,} O
{wherein M;0, and Re,0, are as defined above), « should
range f£rom about 0.0025 to 0.025 and .

preferably about 0.006-0.015. If o, the amount of

(M;03+Re;0;) , is less than gbout 0.0025 as in sample 1, the
dielectric constant € is lower than 3000, the dielectric
loss (tan &) exceeds 2.5%, the capacity considerably
varies with temperature change, and the average duration
of life is éxtremely shorxt.

If a exceeds about.0.025 as in sample 17, the
dielectric constant does not exceed 3000, the insulation

resistance at 25°C and 1259C is reduced, the average

duration of life is short, a high calcining temperature
is required, and rejects occur in a high-humidity leading
test.

In the above formula, f representing the amount
of (Mn, Ni, Co) should range from about 0.0025 to 0.05



provided that the anpunt of ZrdJerr] is not nore than 5 parts by wei ght .

5. A nonolithic ceram c capacitor according to claim A qrgjn_
sai d external el ectrodes conpri se a sﬂ ht eradit SHEET
| ayer of an electrically conductive netal powder or an T

R oy IO
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and preferably about 0.005-0.03, If 8 is less than about
0.0025, the dielectric ceramic is reduced upon
calcination in a reducing atmosphere and changes intoc a
semiconductor having a reduced insulation resistance as
is cobserved with sample 2.

If f exceeds about 0.05, the insulatioen
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.

The ratio B/a representing the ratio of the
amount of (Mn, Ni, Co) to the amount of (M;0;+Re,0;) should .
be about 4 or less and preferably about 3 or less. If
it exceeds gbout 4, the variation in capacity with
temperature change is large, the insulation resistance at
125°C is lower than 2000 MQ uF (in terms of CR product},
and the average duration of life is shorter than
300 hours as with sample 19.

x should be more than 0 and not more than about

0.50 and preferably about 0.1-0.3. If x is 0 as in
sample 3, the insulation resistance is less than
2000 MQ -uF {(CR product). If x exceeds about 0.5 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 speczfled by
EIA standards.
m representing the molar ratioc of barium
titanate should be more than about 1.000 and not more
than about 1.035 and preferably about 1.005-1.02. If it
is less than about 1.000 the dielectric ceramic material
is transformed into a semiconductor as is observed with
sample 4. If it is 1.000 as in sample S, the insulation
reslstance is low, and the average duration of life is
shorter than 300 hours. If the molar ratio m exceeds



frit

electrically conductive netal powder containing glass

6. A nonolithic ceram c capacitor according to claim
sai d external el ectrodes conpri se

made of a sintered |ayer of an electrically conductive met
el ectrically conductive netal |ayer cont ai ni ng gl ass

1 OEEr g SHEET
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about 1.03s, the calcination properties are extremely
poor as is observed with sample 24.

y+z in the above formula should be 0
to less than about 1.0, preferably about 0.1-0.5.

If y+2 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 about ¢.5 to 5.0 mol in terms
of MgO per 100 mol of the main component and preferably

about 0.8-1.5. 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
about 5 mol, the calcining temperature must be increased,
and the reject rate in a high-humidity loading test is
extremely high as with the case of sample 25.

The amount of the $i0,-TiC,-MC-based oxide glass
should be in a range of from about 0.2 ta 3.0 parts by
weight per 100 parts by weight of the total weight of the
main component and the secondary component, MgO, and
preferably about 1-1.5, If it is less than about
0.2 part as in sample 7, the ceramic material suffers
from undercalcination. If it exceeds about 3.0 parts as
in sample 26, the dielectric constant is low, the
insulation resistance at 25°C does not exceed 6000 MQ -uF
{(CR product), and the variation in capacity with
temperature change becomes larger.

The content of alkali metal oxide impurities in
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

8i0,-Ti0;-MO-based oxide glasses having
an average particle size of not greater than 1 um and
the composition shown in Table 4 below were prepared by
heating a raw material mixture at 1200 to 1500°C in the
same manner as in BExample 1. A hundred moles of a main
component represented by compositional foxmula:
97.5{Ba0} g1 "Ti0; + 0.8Y,0; + 0.2Gd,0; + 1.5 (Mg NigsC0s) O
(molar ratio} in which barium titanate A shown in Table
was used, 1.0 mol of MgO, and 1.0% 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.

*%* 1 A monolithic ceramic capacitor was
produced in the same manner as in Example 1, except for
using the above prepared ceramic material. The
electrical characteristics of the resulting condenser
were evaluated in the same manner as in Example 1. The
results obtained are shown in Table S5 below.
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claim8, wherein said external electrodes conprise a first |layer nade of a
sintered | ayer of an electrically conductive netal powder or an
electrlcally conductive netal |ayer containing glass frit an r o —— .
| ayer of plating on said first |ayer. 11. A nonolithi geﬂ%ﬁrééEN SHEL?
capacitor according to claim1, wherein the conposition of said -

Si 2-Ti 2-M> based oxide glass is,-wilerr plotted on a triang Iar nml9@=:~@g

x... -
R

T e e

As is apparent from Tables 4 and 5, the
monelithic ceramic capacitors constituted by the
dielectric ceramic layers containing $i0,-Ti0,-MO-based
oxide glass according to the present invention exhibit a
high dielectric constant (&) of 3000 or more, a
dielectric loss (tan §) of not mors than 2.5%, and their
percentage change in capacitance with temperature
satigfies the B characteristics standard (JIS) between
-25°C and 85°C and the X7R characteristics standard (EIA)
between -55°C and 125°C. The insulation resistance at
25°C or 125°C, as expressed in terms of CR product, is as
high as 6000 MQ‘yF or more or 2000 MQ -uF or more,
respectively. The average duration of life is as long as
300 hours or longer. No rejects were obsgerved in
the high-humidity loading test.

To the contrary, samples 113 to 116 and 119
‘showed undercalcination or developed rejects in the high-
humidity loading test. That is, when the composition of
8$10,-Ti0,~MO-based oxide glass is plotted on a triangular
diagram of (SiQ,, TiOQ,, MQ) (wherein MO is as defined
above), the composition of the oxide glass used in these
samples is not in the area surrounded by, oxr not on, four
straight lines 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
111 and 112, addition of Al,0; or Zr0, to the Si0,-Ti0,-MO-
based oxide glass is effective to provide a monolithic
ceramic capacitor having an insulation resistance (CR
product) of not lowexr than 7000 MQ -uF at 25°C and not
lower than 3000 MQ'uF at 125°C. Note that addition of
more than 15 parts by weight of Al;0; or more than 5 parts
by weight of ZrQ,;, per 100 parts by weight of the SiQ,-



di agramof (SiQ2, Ti2, M) in the area surrounded by, or on, four straight
fines connecting four points: A (85,1,14), B (35,51,14), C (30,20,50), and
D (39,1,60) and contains at |east one of Al[err](err] and Zr feLr], 1 F%;“T -
total anount of not nore than 15 parts by weight per 100 partg g?*ﬁ%ﬁgﬁ?“of"‘“
the (Si2, Ti 2, M) conponent, provided that the anount of ZrCQ{TE not )

more than 5 parts by weight. - 32 - nEg JAM 1083

P
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TiO,-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
process, barium titanate powder prepared by an alkoxide
process or a hydrothermal process can be used as well,
In some cases, use of barium titanate powder preparxed by
an alkoxide process or a hydrothermal process can bring
about better characteristics than demonstrated in the
above Examples.

R Further, while oxide powders, such as scandium
oxide, yttrium oxide, gadolinium oxide, terbium oxide,
dysprosium oxide, manganese oxide, cocbalt oxide, nickel
oxide and magnesium oxide, were used as raw materials,
the raw materials for the dielectric ceramic layers are
not limited to thése 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
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 modifications can be made

. therein without departing from the spirit and scope
thereof.



12. A nonolithic ceram c capacitor according to claim1l, wherein said

external electrodes conprise a sintered |ayer of an electrically conductlve#
met al e
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WHAT IS CLAIMED IS:

1. A monolithic ceramic capacitor
comprising a laminate of a plurality of dielectric
ceramic layers, ) at least internal
electrodes between adjacent
dielectric ceramic layers in such a manner that one end
of each internal electrode is exposed at
different ends ©f the dielectric ceramic layer
alternately, and a pair of external electrodes each
electrically connected to different
exposed internal electrodes

. in which said dielectric ceramic

layers comprise (a) barium titanate having an
alkali metal oxide impurity content of not more than
about ¢.02% by weight, (b) at least one member selected
from the group consisting of scandium oxide and yttrium
oxide, (¢} at least one member selected from the group

consisting of gadelinium oxide, terbium oxide and
dysprosium oxide, (d) manganese oxide, (e) cobalt
oxide and (£) nickel oxide, and is a

material containing

{1) 100 mol of a main component represented by
the compositional formula: '
{(1-a-8) {BaO}, ‘TiC+a{ (1-x) M0y+XRe,0y} +8 (M, N1,Co,) O
wherein M0, represents at least one memker selected from
the group consisting of 8c¢,0; and Y,0,; Re,0, represents at
least one member selected from the group consisting of
Gd,0;, Tb;Oy; and Dy;0;; 0.0025sas0.025; 0.0025s8s0.05;
B/as4; 0<xs$0.50; _ Osy<1.0; 0s2<1.0;
Osy+2<1.0; and 1.000<msl.0385,

(2) about 0.5 to 5.0 mol, in terms of MgO, of
magnesium oxide and

' RO RO O



-37- -~ powder or an electrically conductive netal powder _containing .. .
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. (3) about 0.2 to 3.0 parts by weight, per
100 parts by weight of the total weight of said main
component (1} and said 'magnesium oxide
(2), of 8i0Q,-TiQ,-MO-based oxide glass, wherein MO
. represents at least one member selected from the group
consisting of Ba0, CaQ, Sr0O, MgO, Zn0 and MnoQ.

2. A monolithic ceramic capacitor according

to claim 1, wherein the internal electrodes are of
nickel or a nickel alloy.

3. A monolithic ceramic capacitor according to
claim 2, wherein the alkali metal oxide impurity content
of not more than about 0.012% by weight; M20: represents
Y203; Re203 comprises Dy203; 0.006<0<0.015; 0.005<f8<0.03;
B/a=3; 0.1sx<0.3; 0.1sy<0.2; 0.1s2s0.5;
0.1sy+2<0.5; and 1.005sm<1.02; the amount of MgO is
about 0.8-1.5 mol; the amount of glass is about 1-1.5
parts; and MO comprises CaO.

4. A monolithic ceramic capacii:or according to

claim 3, wherein the composition of said $i0,-Ti0,-MO-

based oxide glass is, when plotted on a triangular mol%
diagram of (8i0,, TiQ,, MO}

in the area surrounded by, or
on, four straight lines connecting four points: A _
(85,1,14), B (35,51,14), € (30,20,50), and D (39,1,60)
and contains at least one of Al;0; and 2ZrQ,
in a total amount of not more than 15 parts by weight per
100 parts by weight of the (Si0,, TiO,, MO) component,

e
UL L



13. A nmonolithic ceram c capacitor according to claim1l, wherein said.  --
el ectrodes conprise a first |ayer made of a sintered |lpepACRIfizaNn

ext er nal

el ectrically conductive netal powder or an electrically condugt
| ayer containing glass frit and a second | ayer of .plating on sa

| ayer .

rvewneLaL»

14. A monolithic cereuﬁ;g capacitor according to

RS
WL

ld@fz% AN 195, |

provided that the amcunt of ZrQ, is not more than 5 parts

by weight.

5. A menolithic ceramic capacitor
according to claim 4, wherein said external
electrodes comprise a sintexed

layer of an electrically conductive metal powder or an
electrically conductive metal powder containing glass

frit.
6. A monolithic ceramic capacitor
according to claim 4, wherein said external
electrodes comprise a first layer

made of a sintered layer of an electrically conductive
metal powder or an electrically conductive metal layer
containing glass frit . and a second layer

of plating on gaid first layer .

7. A monolithic ceramic capacitor according to

claim 1, wherein the alkali metal oxide impurity content
of not more than about 0.012% by weight; M203 represents
Y203; Re20: comprises Dyi0s; 0.006=as<0.015; 0.005s8<0.03;
B/a<3; 0.1sx<0.3; 0.1sy<0.2; 0.152<0.5; 0.1sy+2<0.5; and
1.005=sm<1.02; the amount of MgO is about 0.8-1.5 mol;
the amount of glass is about 1-1.5 parts; and MO
comprises CaO.

8. A monolithic ceramic capacitor according to

claim 7, wherein the composition of said S8i02-Ti02-MO-
based oxide glass is, when plotted on a triangular mol%
diagram of (S8i02, TiO2, MO) in the area surrounded by,

oi‘on, four straight lines connecting four points: A

(85,1,14), B (35,51,14), C (30,20,50), and D (32,1,60)

KR 0 RN



claim 1, wherein said external electrodes conprise a sintered |ayer of an_
electrically conductive netal powder or an electrically condugggiﬁ Eﬁkal o
powder containing glass frit. 15. A nmonolithic ceramc £ o
according to claim1, wherein said external electrodes conprjsé a first
| ayer made of a sintered |ayer of an electrically conductive nﬁtﬁlhpéhﬂab
or an electrically conductive 36

and contains at least one of Al:0: and Zr0O:z in a total
amount of not more than 15 parts by weight per 100 parts
by weight of the (Si0O2, Ti02, MO) component, provided
that the amount of ZrO: is not more than 5 parts by
weight.

9. A monolithic ceramic capacitor according to
claim 8, wherein said external electrodes comprise a
sintered layer of an electrically conductive metal
powder or an electrically conductive metal powder
containing glass frit.

10. A wmonolithic ceramic capacitor according to
claim 8, wherein said external electrodes comprise a
first layer made of a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal layer containing glass frit and a second layer of
plating on said first layer.

11. A monolithic ceramic capacitor according to
claim 1, wherein the composition of said Si02-Ti02-MO-
based oxide glass is, when plotted on a triangular mol%
diagram of (SiOz2, TiOz, MO) in the area surrounded by, or
on, four straight 1lines connecting four points: A
(85,1,14), B (35,51,14), C (30,20,50), and D (39,1,60)
and contains at least one of Al:0; and Zrxr0O: in a total
amount of not more than 15 parts by weight per 100 parts
by weight of the (Si02, Ti02, MO) component, provided
that the amount of Zr0: is not more than 5 parts by
weight.

12. A monolithic ceramic capacitor according to

claim 11, wherein said external electrodes comprise a
sintered layer of an electrically conductive metal

—_—

L O



met al. Iayer containing glass frit and a second |ayer of plating on said

first

| ayer.
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powder or an electrically conductive metal powder
containing glass frit.

13. A monolithic ceramic capacitor according to
claim 11, wherein said external electrodes comprise a
first layer made of a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal layer containing glass frit and a second layer of
plating on said first layer.

14. A monolithic ceramic capacitor according to
claim 1, wherein said external electrodes comprise a
sintered layer of an electrically conductive metal
powder or an electrically conductive metal powder
containing glass frit.

15. A monolithic ceramic capacitor according to
claim 1, wherein said external electrodes comprise a
first layer made of a sintered layer of an electrically
conductive metal powder or an electrically conductive
metal layef containing glass frit and a second layer of
plating on said first layer.

LS
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MONOLITHIC CERAMIC CAPACITOR

ABSTRACT OF THE DISCLOSURE

A monolithic ceramic capacitor having a
plurality of dielectric ceramic layers,
internal electrodes, and external electrodes

electrically connected to the interxnal electreode,
wherein the dielectric ceramic layers comprise _

(a) barium titanate having an alkali metal oxide
impurity content of not more than about ¢.02% by weight,
{b)

scandium oxide and/or yttrium oxide,
(c)

gadolinium oxide, terbium oxide
and/or dysprosium oxide, (d) manganese oxide, (e) cobalt
oxide, and (f) nickel oxide, and is a
material containing (1) 100 . :
mols represented by the compositicnal formula:
(1-a-B) {BaO}, 'Ti0,+a{ (1-x) M;0,+xRe;03} +8 (Mn, Ni Co,) O
wherein M0, represents

said (b) ; Re203 represents said (c);
0.0025s8<0.05; B/as4; 0<xs0.50;
Osyl.0; 0sz1.0; Osy+2<1.0; and 1.000<ms1.035, (2) about
0.5 to 5.0 mol, in terms of MgO, of magnesium oxide
) and (3) about 0.2 to 3.0 parts by
weight, pexr 100 _ -
pph of components (1) and (2)!
, of 8i0,-TiO,-MO-based oxide
glass (wherein MO represents at least one member selected
from the group consisting of BaO, CaO, Sr0, MgO, 2n0, and
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MnO). Said internal electrodes can be \niﬁkéi" or a .
nickel alloy.
' FIG. 4
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