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I NVENTION 1. Field of 'the Invention The present invention relates to
non-reduci bl e dielectric ceranic conpositfontand, nore particularly, to a
non-reduci bl e dielectric ceram c conposition used for nono- .

NON-REDUCIBLE DIELECTRIC CERAMIC COMPOSITION

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a non-reducible
dielectric ceramic composition and, more particularly, to a
non-reducible dielectric ceramic composition used for mono-
lithic ceramic capacitors. |
2. Description of the Prior Art
Monolithic ceramic capacitors are generally
produced by first preparing dielectric ceramic green sheets
with a dielectric ceramic compoéition such as a composition
mainly comprising barium titanate, applying a conductive
material for an internal electrode on one surface of each
green sheet, stacking the green sheets, bonding them by
thermocompression, cutting the resultant muitilayered body
- into ceramic capacitor green chips,.then firing the green
chips'in air at 1250 - 1350 °C to form capacitor chips with
internal electrodes, and finally forming external electrodes
connected to the internal electrodes on opposed sides of
each of the capacitor chips to complete monolithic ceramic
capacitors. |
Accordingly, a donductive material for internal
electrodes is required to meet conditions such that (a) it
has a melting point higher than a sintering temperature §f

the dielectric ceranmics as'the.internal electrodes are fired'
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lithic ceram c capacitors. 2. Description of the Prior Art Mnolithic
ceramc capacitors are generally produced by first preparing
dielectric ceramic green sheets with a di-el &t ¢ ceranic conposition such
as a conposition mainly conprising bariumtitanate, applying a conductive
material for an internal electrode on one surface of each

along with the dielectric ceramic material; and that (b) it
neither oxidize nor react with the dielectric ceramics even
in an oxidizing atmosphere with a high temperature.

To meet such requirements, noble metals such as
platinum, gold, palladium and their alloys have been used as
a conductive material for the internal electrodes. Such
noble metals provide satisfactory characteristics, but for
all practical purposes they are too expensive to use. That
is, use of such a noble metal is the greatest factor
determining the rise in the production cost of monolithic
ceramic capacitors as the cost of internal electrodes
occupies from 30 to 70 % of the production cost of
monolithic céramic capacitors.

Other metals having a high melting point are base
metals such as Ni, Fe, Co, W and Mo, but they are easily
oxidized in a oxidizing high temperature atmosphere. Thus,
if such a base metal is used as a material for internal
electrodes of monolithic ceramic capacitors, it loses the
function serving as the internal electrodes when the green
chips are fired in air. It is therefore required to fire
the green chips in a neutral or reducing atmosphere in order
to use a base metal as a material for internal electrodes of
monolithic ceramic capaciébrs. However,. the dielectric
ceramic materials of the prior art are reduced considerably

and thus semiconductorized when fired in the reducing

atmosphere.
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gréen sheet, stacking the green sheets, bonding them by thernoconpression,
gutting the resultant multilayered body I nto ceram c capacitor green chips,
" then firing the green chips in air at I25® - 71350 [err] to form capacitor
chips with internal electrodes, and finally form ng external el ectrodes
connected to the internal electrodes on opposed sides of each of.the
capacitor chips to conplete nonolithic ceramc

To solve such a problem, it has been proposed in
JP-B~ 57-42588 to use a dielectric ceramic material
comprising a barium titanate solid solution having a ratio
of a barium site to a titanium site being larger than the
stoichiometric ratio. Such a dielectric ceramic material is
scarcely semiconductorized even if fired in a reducing
atmosphere, thus making it possible to manufacture
monolithic ceramic capacitors including internal electrodes
of a base metal such as nickel. It is, however, difficult
with such dielectric ceramic materials to miniaturize
monolithic ceramic capacitors for the following reasons.
With recent development of electronic techniques,

considerable progress has made in miniaturization of
electronic devices. Consequently, this requires
miniaturization of monolithic ceramic capacitors as well as
.other electronic parts. For the monolithic ceramic
capacitors, the miniaturization is generally carried out by
using a dielectric ceramic material with a high dielectric
~constant or by making dielectric ceramic layers thin. The
dielectric ceramic materials as disclosed in JP-B- 57-42588
have high dielectric constant, but they are large in grain
size. Thus, if the thickness of dielectric ceramic layers
is decreased to 10 um or béiow, the number of crystal grains
present in each layer is considerably decreased, resulting
in lowering of reliability of the monolithic ceranmic

capacitors.
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capacitors. Accordingly, a conductive material for internal electrodes is
required to neet conditions such that (a) it has a nelting point higher
fhan a sintering tenperature of the dieléctrdc Tteranics as the interna

el ectrodes are fired ;

on the other hand, JP-B- 61-101459 discloses a
nonreducible dielectric ceramic composition consisting of a
barium titanate solid solution into which a rare earth
element such as La, Nd, Sm and Dy has been incorporated.
Such a composition has a fine grain size which enables to
avoid lowering of the reliability of monolithic ceramic
capacitors as the fine grains size contributes to increase
the number of crystal grains present in each dielectric
layer. However, it is impossible with such a ceramic
composition to obtain high dielectric constant and that the
composition containing a rare earth element is easy to
oxidize during firing.

SUMMARY OF TH_E INVENTION

It is therefore a primary object of the present
invention to provide a nonreducible dielectric ceramic
composition which is large in dielectric constant but small
in crystal grain size and which is never semiconductorized
even if fired in a reducing atmosphere.

Another object of the present invention is to
provide a nonreducible dielectric ceramic composition which
enables to miniaturize monolithic ceramic capacitors without
lowering of reliability and characteristics.

According to tﬁé present invention, there is
provided a non-reducible dielectric ceramic composition
consisting essentially of a main component and at least one

additive selected from the group consisting of oxides of Mn,
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2 dalong with the dielectric ceramic material; and that (b) it neither

oxi di ze nor

react with the dielectric ceram cs even in an oxidi zing

atmosphere with a high tenperature. To meet Juch requirenents, noble netals
such as platinum gold, palladiumand their alloys have been used as

Fe, Cr, Co and Ni, said main component having a composition
of the general formula (I): .
{(Bay_gp-q-rSToCAGRIGR2,) 01y /oo (Tl 2 HE ) O,
where Rl is at least one element selected from the group
consisting of La, Ce, Nd, Pr and Sm R2 is at least one
element selected from the group consisting of Dy, Ho, Er, Yb
and ¥, and o, p, g, ¥, ¥, y and m meet the following
conditions: 0 <o < 0.32, 0<p<0.20, 0<qg < 0.02, 0¢<
r < 0.02, 0 < x < 0.24, 0 <y <0.16, 1.00 £ m < 1.03, and 0O
< g+r £ 0.03; the content of said additive being 0.02 to 2.0
moles per 100 moles of said main component when calculated
in terms of respective oxides, MnO, Fe,0,, Cr,03, Co0 and
Nio.

The above composition may contains at least one
additional additive selected from the group consisting of
Si0, and ZnO in an amount of 0.1 to 2.0 moles per 100 moles
of the main component.

The above non-reducible dielectric ceramic
composition has a small grain size of not more than 3 um
even though it has a high dielectric constant of not less
than 11000, thus making it possible to thin the dielectric
layers without causing decrease in the number of crystal
grains present in each diéiectric laye;. However, if the
contents of Rl and R2 become increased, the dielectric loss

becomes more than 1.5% and the insulation resistance becomes

lowered. This problem can be solved by addition of a
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a Conductive material for the internal electrodes. Such noble netal s
prOV|de satisfactory characteristics, but for all practical purposes they
are too expensive to use. That is, use of-suéh a noble netal is the
greatest factor determning the rise in the production cost of nonolithic
ceram c capacitors as the cost of internal electrodes occupies from 30
to 70 % of the production cost of ' :

certain amount 6f MgO into the main component.

Thus, according to the present invention there is
further ©provided a non-reducible dielectric ceramic
composition consisting essentially of a main component and
at least one additive selected from the group consisting of
oxides of Mn, Fe, Cr, Co and Ni, said main component having
a composition of the general formula (II):

(1-a) {(Ba, ST Ca pR1 Rzr)01+q/2+r/2}m(Til_x_erfoy)02 +

~o~p-g-r
aMgO, where Rl is at least one element selected from the
group consisting of La, Ce, Nd, Pr and Sm, R2 is at least
one element selected from the group consisting of Dy, Ho,
Exr, Yb and ¥, and a, o, p, , r, X, .y and m meet the
following conditions: 0 < a £ 0.05, 0 < o0 £ 0.32, 0<p <

0.20, 0 < g < 0.02, 0 <r £ 0.03, 0 < x £ 0.24, 0 < y <
0.16, 1.00 < m < 1.03, and 0 < g+r < 0.04; the content of
said additive being 0.02 to 2.0 moles per 100 moles of said
main component ‘'when calculated in terms of respective
oxides, MnO, Fe,0,, Cr,0;, Co0 and NiO.

Also, the composition may contains at least one
additional additive selected from the group consisting of
Si0, and ZnO in an amount of 0.1 to 2.0 moles per 100 moles
of the main component.

The dielectric céfamic composition of the present
invention is never reduced or semiconductorized even if

fired in a reducing atmosphere. Furthermore, the dielectric

ceramic composition of the present invention can be fired at
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nohol i thic ceranmic capacitors. Qther netals having a high nelting point are
base netals such as N, Fe, Co, Wand M, but they are easily oxidized in a
oxi di zi ng hi gh tenperature atnosphere. Thus,7if~such a base netal is used

as a materi al

for internal electrodes of nonolithic ceramic capacitors, it

| oses the function serving as the internal el ectrodes when the green

a temperature of not more than 1300 °C. Accordingly, the
non-reducible dielectric ceramic coﬁposition of the present
invention makes it possible to use any base metal as a
material for internal electrodes of monolithic ceramic
capacitors, which in turn makes it possible to cut down the
production cost of mbnolithic ceramic capacitors.

The non-reducible dielectric ceramic composition
of the present invention has a small grain size of not more
than 3 um though it has a high dielectric constant of not
less than 9000, thus making it possible to thin the
dielectric layers without causing decrease in the number of
crystal grains present in each dielectric layer. Thus, the
présent invention makes it possible to manufacture
monolithic ceramic capacitors which have high reliability
and which are small in size but large in capacitance.

~The above and othef objects, features and advan-
tages of the present invention will become apparent from the
following examples.
EXAMPLE 1

Using, as raw materials, BaCO3, SrCO3, CacCO,,
Ce0,, La,0;, Nd,0;, Dy,03, HO,03, Er,0;, Yb,0;, ¥,05, TiO,,
Z2r0,, HfO,, MnO, Fe,0;, Cr,0;, CoO and NiO with the purity of
not less than 99.8%, théfe were prepared specimens of
diglectric ceramic compositions in the following manner:

Firstly, the raw materials, BaCO3, SrCO,, CaCO,,

Ce0,, La,0;, Nd,0;, Dy,0;, HO,0;, Er,03, Yb,0;, Y,03, TiO,,
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chips are fir
in a neutral
material for
However, the
consi derably
at nosphere.

ed in air. It is therefore required to fire the green chips
or reducing atnosphere in order to use a base netal as a
internal el ectrodes of nonolitf c ~ceranmic capacitors.
dielectric ceramic materials of the prior art are reduced
and thus sem conductorized when fired in the, reducing

Zro, and HfO,; were weighed and mixed to prepare a mixture
for a main component having a composition expressed by the
general formula (I):
{(Bay_gp-q-rSToCARRIR2,) 040 /o4r /2t (Tiy - yBT,HE,) Oy

with values of o, p, ¢, r, m, X and y shown in Table 1. The
remaining raw materials, MnO, Fe,053, Cr,05, CoO and Nio,
were added as an additive to the resultant mixture in
proportions shown-in Table 1 in which the added amounts of
the additive are listed in mole per 100 moles of the main
component, respectively.

The resultant mixture was wet-milled with a ball
mill for 16 hours, dried by evaporation, calcined in air at
1100 °C for 2 hours, and then crushed an& pulverized by a
dry grinding machine to prepare a calcined powder with a
particle_size of 1 um or smaller.

The calcined powder was added with suitable
amounts of pure water and an organic binder of polyvinyl
acetate, and wet-milled for 16 hours with a ball mill and
then granulated to prepare molding powder. The powder was

then molded under a pressure of 2000 Kg/cm?

to prepare green
compacts of a diameter of 10 mm and a thickness of 0.5 mm.
The green compacts were heated to 500 °C in air to remove
the organic binder by cdﬁbustion, and then fired -at a
temperature shown in Table 2 for 2 hours in a reducing

atmosphere consisting of H,, N, and air with a partial

pressure of oxygen being 2 x 10°1° to 3 x 1072 atm to
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3 To solve such a problen1 It has been proposed in JP-B- 57-42588 to use a
dielectric ceramc material conprising a bariumtitanate solid solution
having a ratio -2 -

prepare ceramic disks.

| The resultant ceramic disks were observed by a
scanning-electron microscope at a magnification of 1500 to
determine crystal gain size.

Each ceramic disk was provided on its opposite
sides with silver electrodes by applying a silver paste and
then baking it at 600 °C for 30 minutes in a nitrogen
atmosphere to prepare a capacitor to be used as a specimen
for measurements of electrical properties.

For each specimen, measurements were made on
dielectric constant (€), dielectric loss (tan §), and a
temperature coefficient (TC) of . capacitance (C), and
insulation resistance. The dielectric constant and
dielectric loss were measured at 1 kHz, 1 Vrms at 25°C. The
temperature cogfficient (TC) of capacitance was determined
over the temperature range of -25°C to 85°C on the basis of
the capacitance at 20°C along with the largest absolute

_value of TC in the range of -25°C to 85°C. The temperature
coefficient (TC) of capacitance was given by equation: TC =
AC/C,o, where AC is difference between capacitance at the
measured temperature and that at 20°C, and C,p is a
capacitance at 20 °C.

The insulation résistance was measured at 25 °C
and 85 °C after applying a direct voltage of 500 V to the
specimen for 2 minutes. The results are shown in Table 2 in

which the insulation resistance is given as a logalithimic
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of "a bariumsite to a titaniumsite being larger than the stoichionetric
ratio. Such a dielectric ceramc material is scarcely sem conductorized
éven if fired in a reducing atnosphere, =~ tHR¥ =aking it possible to
manuf acture nonolithic ceram c capacitors including internal electrodes of
a base netal such as nickel. It is, however, difficult with such
dielectric ceramc materials to mniaturize

value of volume resistance (log p).
In Table 1 and Table 2, specimens with an asterisk
are those having a composition out of the scope of the

present invention.
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nonr educi bl e dlelectrlc ceramc conpthglwgfp ST t|n of a bariumtitanate
solid solution into which a rare eart La, Nd, Sm and Dy
has been incorporated. Such a conpositi &'B % grain size which
enables to avoid lowering of the relia ithic ceraric

capacitors as the fine grains size contributes to increase the nunber of
crystal grains present in each dielectric
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] ayer.  However——it is—inpossible with such a ceramic conposition to
obt ai n hi gh di ?lﬁx‘fst§hiae?‘ ST Bfaceand that the conposition containing a rare

earth elenent is. [T during firigg._EP—A—O 446 814 discloses a
non-reduci ng di el ?EmlL “H%ﬂ Ecorrposi t'l'on,1 the mai n conponent ‘of which is
a bariumtitanate y the oxides of Ba, Ca, My, Sr, Ce, Ti

As can be seen from the above results, the non-
reducible dielectric ceramic composition of the present
invention possesses a high dielectric constant equal to or
more than 11000, a low loss tangent of equal to or less than
2.0 %, and good temperature coefficient of capacitance which
meets requirements of F characteristics defined by Japanese
Industrial Standard (JIS) in the temperature range of -25 °C
to +85°C.

In addition, the composition of +the present
invention possesses’ a high value of the insulation
resistance of which a logalithimic value is equal to or more
than 12. Further, the composition can be sintered at a
relatively low temperature of not more than 1300 °C and has
a small grain size of 3 um or below which makes it possible
to thin the dielectric layers of the monolithic ceramic
capacitors.

The main component of the non-reducible dielectric

~ceramic composition has been limited to those having a
composition expressed by the general formula (I). for the
following reasons:

If the molar fraction of Sr, o, is 0, like as
specimen No. 1, the dielectric cénstant becomes less than
11000, the dielectric loss excéeds 2.0 % and the temperature
coefficient of capacitance becomes large. If o exceeds
0.32, like as specimen No. 18, the dielectric constant

becomes less than 11000 and the temperature coefficient of
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and Zr, and the additive are oxides of M1, Fe, Cr or Co in an anount  of

0.02 to 2 nole % per 100 nole % of the main conponent:  SUMVA !gggﬁ ced
INVENTION It is therefore a prinmary object of the presqgnss '
provide a nonreducible dielectric cerami ¢ cbfipoSition mh\\ \ %

dielectric constant but snall

capacitance becomes large and does not meet the requirements
of F characteristics defined by JIS.

If the molar fraction of Ca, p, exceeds 0.20, like
as specimen No. 19, the sintering properties of the
dielectric ceramic composition become worse.

If the molar fraction of R1l, ¢, is 0, 1like as
specimen No. 2, the crystal grain size exceeds 3 um, which
in turn makes it'impossible to thin the dielectric layers
for monolithic ceramic capacitors. If q exceeds 0.02, like
as specimen No. 20, the dielectric loss exceéds 2.0 % and
the insulation resistance at 25°C or 85°C becomes lowered.

If the molar fraction of R2, r, is 0, like as
specimen No. 3, the dielectric constant becomes 1less than
11000 and the temperature coefficient of capacitance becones .
large. If r exceeds 0.02, like as specimen No.. 21, the
dielectric loss exceeds 2.0 % and the insulation resistance
becomes lowered.

If the sum of the molar fractions of R1 and R2,
i.e., g+r, exceeds 0.03, 1like as specimen No. 22, the

composition is reduced and semiconductorized when fired in a

" reducing atmosphere, whereby the insulation resistance

becomes considerably lowered.

If the molar fraction of Zr, x, is 0, like as
specimen No. 4, the dieiéctric constant becomes less than
11000 and the temperature cqefficient of capacitance becomes

large. If x exceeds 0.24, like as specimen No. 23, the
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jn crystal grain S|ze and mhlch |s never sem conductorized even if fired in
a reduci ng at nosphel of the present inventionis to
provide a nonredu0|blﬂl eran1c conp05|t|on whi ch enables to
moniaturize nonol it hi C|tors wit’hot Iomerlng of réeliability
and characteristics. ,

sintering properties become lowered and the dielectric
constgnt becomes less than 11000.

. If the molar fraction of Hf, y, is 0 1like as
specimen No. 5, the dielectric constant becomes less than
11000. if y exceeds 0.16, 1like as specimen No. 24, the
temperature coefficient of capacitance does not meet the
requirements of F characteristics defined by JIS.

If the molar ratio of {(Bal_o__p_q_r

SrOCapquRZ )01+q/2+r/2} to (Ti, Zr Hf )02, i.e., m, is less

—x-y
than 1.00 like as specimen No. 7, the insulation resistance
becomes lowered as the composition is reduced and
semiconductorized when fired in a reducing atmosphere. On
the other hand, if m eiceeds 1.03, like as specimen No. 26,
the sintering properties becomes considerably lowered.
Thus, the molar ratio of the barium site to titanium site
has been limited to a value ranging from 1;000 to 1.03.
Further, if the added amouﬁt of the additive, Mno,
Fe,0;, Cr,03, Co0O and NiO, is less than 0.02 mole per 100
mole- of the main component, like as specimen No. 6, the
insulation resistance at 85°C and above becomes small,
resulting in lowering of the reliability in a long use at
high tempefgtures. If the added amount of the above
additive exceeds 2.0 moles per 100 mole of +the main
component, like as specimen No. 25, the dielectric loss
exceeds 2.0 % and the insulation resistance becomes lowered.

For these reasons, the added amount of the additive has been
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5 According to the present invention, there is provided a non-reducible
dielectric ceram c conposition consisting essentially of a main conponent

.M,

and at |east one additive selected fromt helsgroup consiBisiS

Sce®f

i

limited to a value ranging from 0.02 to 2.0 moles per 100

moles of the main component.
EXAMPLE 2

Using calcined powders of specimen Nos. 2, 3, 15
and 17 prepared in Example 1 for and having particle size of
not more than 1 um, there were prepared monolithic ceramic
capacitors in the following manner.

Separate from the above, using, as raw materials,
BaCO;, SrcO,, CaCO5;, TiO,, 2r0,, HfO,, MnO and NiO with the

purity of not less than 99.8%, there was prepared a calcined

powder for comparative specimen No. 27 in the following

manner: The raw materials were weighed and mixed so that
the resultant product has a composition of 100 mol
{(Bag,925%p.06C20.02) Ot1.01(Ti0,832¥0.16Hf0.01)02 + 0.3 mol MnO
+ 0.1 mol NiOo. The resultant mixture of the raw materials
was wet-milled with a ball mill for 16 hours, dried by
evaporation, calcined in air at 1100 °C for 2 hours, and
then crushed and pulverized by a dry grinding machine to
prepare a calcined powder with a particle size of 1 um or
below. |

Each calcined powder was wet-milled with a ball
mill for 16 hours together with a suitable amount of
polyvinyl butyral resin dissolved in ethyl alcohol to
prepare a ceramic slurry. Then, the slurry was formed into
a sheet by the Doctor blade process, dried and then cut to

prepare ceramic green sheets with a thickness of 18 um.
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Fe, ., Co and Ni, sald naln C nponent havi ng a conposition of the general
ﬁzgls at | east one elenent selected fromthe

fornula (r):
group con5|st|n and SmMR2 is at | east one el enent
sel ect ed fronlt stlng of Dy” H82 EFf, Yb and Y, and 0, p, q, r
X, y and m neet e follomnng ,

A conductive paste containing Ni as a conductive
material was screen-printed on one surface of each ceramic
green sheet to form a conductive paste layer for internal
electrodes. Subsequently, 19 sheets of the resultant
printed green sheets were stacked, bonded by thermo-
compression along with two non-printed green sheets put on
the opﬁosite surfaces of the stack, and then cut into pieces
to form green chips for monolithic ceramic capacitors. The
green chips were fired with an electric furnace at 350°C in
a nitrogen atmosphere to burn tﬁe binder, and then fired at
a temperature shown in Table 3 for 2 hours in a reducing
atmosphere composed of a mixed gas of N,, H, and air with a
partial pressure of oxygen being 2 x 10719 to 3 x 107!? atm
to prepare monolithic ceramic capacitor chips.

The resultant capacitor chips were observed by a
scanning-electron microscope at a magnification of 1500 to
determine crystal gain size.

‘The capacitor chips were pfovided on its opposite
sides with external electrodes connected to internal
electrodes by applying a silver paste and then baking it at
600 °C for.30 minutes in a nitrogen atmosphere to produce a
monolithic ceramic capacitor.

The thus prepared monolithic ceramic capacitors
have the following dimensions and constituents:

Width: 1.6 mm

Length: 3.2 mm

THIS SHEET HAS BEEN
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condi ti ons:

2.0 nol es per

[err] [err] [err]; the content of said additive being 0.02 to
100 nol es of said main conponent when carcutated In-terns of

the respective oxides [err] and [err]. The above connggm%g contalns

at

| east one

N

Thickness: 1.2 mm

Thickness of each dielectric layer: 15 pm.
Number of effective dielectric layers: 19 sheets
Surface area of internal electrode: 2.1 mm2

Dielectric constant (g) and dielectric loss (tan
§) were measured at 1 kHz, 1 Vrms at 25°C. The insulation
resistance (R). was measured at 25 °C and 85 °C after
applying a direct voltage of 16 \rito the specimen for 2
minutes. The results are shown in Table 3 in which the
insulation resistance is given as the product of insulation
resistance and capacitance (CR).

The temperature coefficient (TC) of capacitance
was determined over the temperature range of -25°C to 85°C
on the basis of the capacitance at 20°C along with the
largest absolute value of TC in the range of -25°C to 85°C.
The temperature coefficient (TC) of capacitance was given by
equation: TC = AC/C,,, where Aé. is difference between
capacitance at the measured temperature and that at 20°cC,
and Cyq is a capacitance at 20 °C.

A high temperature load life test was carried out

‘by applying DC voltége of 150 volts to the specimen at

150°C. The specimen, i.e.,. a capacitor, was considered to
be failed when the insulation resistance fell below 10° 0.
The high temperature ioad life time is. given as a mean value
of data for 36 chips.

The capacitance of each specimen was measured
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additional additive selected fromthe group consisting of [err] and [err]
i.n an amount of 0.1 to 2.0 noles per 100 noles of the nmain conponent. The
above non-r educi bl e dielectric ceram c_conposition has a snall grain
size of not nore than 3 pm even though it“hé§1a'high di el ectric constant of
not | ess than 11000, thus nmaking it possible to thin the dielectric

before and after a high temperature load test which was
carried out by applying a DC voltage of 32 volts to the
specimen at 85°C for 1000 hours. From the data, a change
rate of capacitance was determined by the equation: (AC’/Cgy)
X 100, where AC’ =C;000-Cor Ciooo 15 a capacitance measured

after the test, C; is a capacitance measured before the

test.
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| a§/ers W t hout causi ng decrease in the nunber of crystal grains present in
each dielectric |ayer. However, if the 6 contents of [err] and [err]

beconme increased,_the dielectric loss
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becones nore than 1.5% and the insul ation resistance becomes | ower ed.

This problem can be solved by addition of a certain anmount of [err] into
f he mai n conmponent. Thus, according to the present invention there is
further provi ded a - non-reducible “dietecTric ceram c conposition
consisting essentially of . a main conponent and at | east one additive

sel ected fromthe group consisting of

As can be seen from the results shown in Table 3,
the monolithic ceramic capacitors including the non-
reducible dielectric ceramic. composition of +the present
invention are high in dielectric constant, small in
dielectric loss (tan §6) and possess gdgood temperature
characteristics as the temperature coefficient of
capacitance (AC/C,,5) meets requiremeﬁts of F characteristics
defined by JIS in the temperature range of -25 °C to +85°C.
In addition, the composition of the present invention has an
high insulation resistance as the product of C and R is more
than 10000 MO uF at 25°C and more than 5000 MO°uF at 85°C.
Further, the composition has a long high temperature life
time of more than 100 hours and the change rate of
capacitance under the high temperature load test 1is less
than 10 %.

In contrast therewith, the = specimen No. 2
containing no element Rl selected from the group consisting
of La, Ce, Nd is short in high temperature life time. The
specimen No. 3 containing no element R2 selected from the
group consisting of Dy, Ho, Er, Yb and Y is 1low in
dielectric constant, but large in dielectric loss. In
addition, the change rate of capacitance become large when
the capacitor is subjected to the high temperature load test
for 1000 hours.

The specimen containing no element of Rl and R2 is

short in high temperature life time, but large in change
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oxi des of [err] said main conponent having a conposition of the general

formula (11):

[err] [err], where RL is at |east one elenent selected from

the group consisting of [err] is at |east one elenent selected fromthe
group consisting of Dy, Ho, Er, Yo and Y aAf a” o, p, q, r, X, y and m

neet the

rate of capacitance. Thus, it can be seen that the co-
addition of R1 and R2 contributes to improve both the high
temperature life time and the change rate of capacitance due
to aging during load life test.

EXAMPLE 3

Using, as raw materials, BaCO;, SrCO;, CacCoO,,
Ce0,, Lay0;, Nd,0;3, Prg0,yy, Smy0;3, Dy,03, HO;05, Er,05, Yb,0,,
Y¥,05, Tio,, 2r0,, HfO,, MgO, MnO, Fe,0;, Cr,0,, CoO and NiO
with the purity of not less than 99.8%, theré were prepared
specimens of dielectric ceramic compositions in the
following manner:

The raw materials, BaCO;, SrCO;, CaCO;, CeO,,
La,03, Nd,05, Prg0,;, Sm,0,, Dy,0;, H0,03, Er,0;, Yb,0,;, Y,04,
TiO0,, 2r0, and HfO,, were weighed and mixed to prepare a
mixture for a basic composition for a main component, of the
formula (III): |
{(Bay_g-p-g-rS¥oCApRLR2,) O11q/24r /2 m (Tiy-x-yZrxHEL) O,
with a set of o, p, g, r, m, x and y shown in Table 4.

The resultant mixture of the raw materials was
‘wet-milled with a ball mill for 16 hours, dried by
evaporation, calcined in air at 1100 °C for 2 hours, and
then pulverized by a dry..grinding machine to preparé a
calcined powder with a particle size of 1 pm or below.

Added to 100 moles of the calcined power was the
remaining raw materials MgO, MnO, Fe,0;, Cr,0;, CoO and NioO.

The added amounts of additiveés are shown in Table 5. Then,
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fol | owi ng conditions:.[err] [err] [err]; the content of said additive being
0.02 to 2.0 noles per 100 noles of said main conponent when cal culated in
terms of the respectlve oxi des [err]. Also,zghe conposition nmay contains at

| east one

the resultant mixture was added with suitable amounts of
pure water and an organic binder of polyvinyl acetate, wet-
milled for 16 hours with a ball mill and then granulated to
prepare molding powder. The powder was fhen molded under a
pressure of 2000 Kg/cm? éo prepare green compacts of a
diameter of 10 mm and a thickness of 0.5 mm. The green
compacts were heated to 500 °C in air to remove the organic
binder by combustion, and then fired at a temperature shown
in Table 6 for 2 hours in a reducing atmésphere consisting
of H,, N, and air with a partial pressure of oxygen being 2
x 10710 to 3 x 10712 atm to prepare ceramic disks.

The resultant ceramic disks were observed by a
scanning-electron microscope at a magnification of 1500 to
determine crystal gain size.

Each ceramic disk was provided on its opposite
sides with silver electrodes by applying a silver paste and
then baking it at 600 °C for 30 minutes in a nitrogen
atmosphere to prepare a capacitor to be used as a specimen
for measurements of electrical properties.

For each specimen, measurements were made on
dielectric constant (e€), dielectric loss (tan §6), and a
temperature coefficient (TC) - of capacitance (C), and
insulation resistance. The dielectric constant and
dielectric loss were measured at 1 kHz, 1.Vrms at 25 °cC.
The temperature coefficient (TC) of capacitance was

determined over the temperature range of -25°C to 85°C on
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adaitional

additive selected fromthe group consisting of [err] and [err]

in an amount of 0.1 to 2.0 noles per 100 noles of the nmain conponent. The
dielectric ceram c conposition of the present i nvention is never reduced or
sem conductori zed even if - .

the basis of the capacitance at 20°C along with the largest
absolute value of TC in the range of -25°C to 85°cC. The
temperature coefficient (TC) of capacitance was given by
equation: TC = AC/C,,, where AC 1is difference between
capacitance at the measured temperature and that at 20°c,
and C,, is a capacitance at 20 °C.

The insulation resistance was measured at 25 °C
and 85 °C after applying. a direct voltage of 500 V to the
specimen for 2 minutes. The results are shown in Table 6 in
which the insulation resistance is given as a logalithimic

value of volume resistance (log §).
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in

whi ch

el ectrodes of nonolithic ceram c capacitors,

for interna

mat eri al

turn makes it possible to.cut down the production cost of nonolithic

ceram c capacitors.

present

The non-reduci bl e dielectric ceram c conposition of the

i nvention has a snal
has a high dielectric constant of not

possible to thin the

acdgNus ngki ng it

i

91%‘

S
4]

Wi

grain si-ze-of -not more-than 3 [err] though it
I
T
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ﬂfélectric | ayers wi t Hout causi ng decrease in the nunber of crystal grains

pr esent

possi bl e
reliability and which are snal

In each dielectric |ayer.

to

Thus,

t he

pr esent

i nvention

makes

It

manuf act ure nonol ithic ceranic capacitors which have high

and- ot her objects,
becone apparent fromthe

in size but

| arge in capacitance.
features and advan- 4ages of the present

The above

i nvention wll

Table 5

No Additive (mol)

) 2 MnO | Fe,0; | cr,0. Co0 Nio
*28 | 0.005 0.4 - - - -
*29 | 0.005 0.4 - - - -
*30 | 0.005 0.3 - - 0.1 -
*31 | 0.01 0.4 - - - -
#32 | 0.01 0.3 - - 0. -
*33 |0 0.3 - - .1 -
%*34 | 0.005 - - - - -
*35 | 0.005 0.4 - - - -
36 | 0.005 0.4 - - - 0.1
37 | 0.005 0.3 - - - -
38 | 0.005 0.3 - - - 0.2
39 | 0.005 0.3 - - - -
40 | 0.02 0.4 - - - -
41 }0.001 0.02 - - - -
42 | 0.01 1.0 0.1 - 0.7 0.2
43 | 0.05 0.2 - - 0.1 -
44 | 0.005 0.3 - - - -
*45 | 0.005 0.3 - - 0. -
*46 | 0.005 0.3 - - . -
*47 | 0.005 0.3 - - . -
*48 | 0.005 0.3 - - . -
*49 | 0.005 0.3 - - - 0.1
*50 | 0.005 0.3 - - - -
*51 | 0.005 0.3 - - - -
*52 | 0.08 0.3 - - - 0.1
*53 | 0.005 | 3.0 - - 0.1 -
*54 | 0.005 0.3 - -~ . -

T
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fof a mai n conmponent having a conposition expressed by the general formula
(I): [err] with values of o, p, q, r, m x and y shown in-Table 1. The
remaining raw materials, [err] and [err], were added’ ﬁﬁ additive to the

resultant mxture in proportions shown in Table 1 in I ﬁmiT@Thum

amount s of - 32 -

As can be seen from the above reéults, if the
molar fraction of Sr, o, is 0, like as specimen No. 28, the
dielectric constant becomes less than 9000, the dielectric
loss exceeds 1.5 % and the temperature coefficient of
capacitance becomes large. If o exceeds 0.32, 1like as
specimen No. 45, the dielectric constant becomes less than
9000 and the temperature coefficient of capaéitance becomes
large and does not meet the requirements of F characteris-
tics defined by JIS.

If the molar fraction of Ca, p, exceedslo.zo, like
as specimen No. 46, the sintering properties become worse
and the dielectric constant becomes lowered.

If the molar fraction of Rl, ¢, is 0, like as
specimen No. 29, the crystal grain size exceeds 3 um, thus
making it impossible to thin the dielectric layers when
producing monolithic ceramic capacitors. If g exceeds 0.02,.
like as specimen No. 47, the dielectric loss exceeds 1.5 %
aﬁd the insulation resistance at 25°C or 85°C becomes
lowered. |

If the molar fraction _of R2, r, is 0, 1like as
specimen No. 30, the dielectric constant becomes less than
9000 and the temperature coefficient of capécitance becomes
large. If r exceeds 0.03, like as specimen No. 48, the
dielectric loss exceeds 1.5% and the insulation resistance
becomes lowered.

If the sum of the molar fractions of R1 and R2,
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the additive are listed in nole per 100 noles of the main conponent,
‘respectively. .Ihe_resekeaﬁt mxture was wet-mlled with a ball mll for 16

‘hour s,

powder with a pa

1 [err] or 3mll-er.

dried by Jﬂ& gahcined in air at 1100 [err] for 2 hours, and
.then crushed anth ﬁi i a dry grinding machine to prepare a cal cined

i.e., g+r, exceeds 0.04, like as specimen No. 49, the
composition is reduced and semiconductorized when fired in a
reducing atmosphere, whereby the insulation resistance
becomes considerably lowered.

If the molar fraction of 2r, x, is 0, 1like as
specimen No. 31, the dielectric constant becomes less than
9000 and the temperature coefficient of capacitance becomes
large. If x exceeds 0.24, like as specimen No. 50, the
sintering properties become lowered and the dielectric
constant becomes less than 9000.

If the molar fraction of Hf, y, is 0, 1like as
specimen No. 32, the dielectric constant becomes less than
9000. if y exceeds 0.16, like as specimen No. 51, the
temperature coefficient of capacitance does not meet the
requirements of F characteristics defined by JIS.

If the content of Mgo is 0, like as specimen No.

33, the dielectric loss is increased to more than 1.5 by the

_addition of Rl and R2 exceeding 0.03, and the insulation

resistance becomes lowered. If the molar fraction of MgO
exceeds 0.05, like as specimen No. 52, the sintering
properties becomes ‘lowered and the dielectric constant
becomes less than 9000.

If the molar ratio of {(Bay_g-p-g-

rSrOCapquRzr)01+q,2+r/2} to (Ti, erny)Oz, i.e., m, is

less than 1.00, 1like as specimen. No. 35, the insulation

resistance becomes lowered as the composition is reduced and
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The cal ci ned powder was added with suitable amounts of pure water and an
organi ¢ bi nder of polyvinyl acetate, and wet-mlled for. 16_hours_ wth. a
ball m |l and then granulated to prepare nol di ng powder. The powder was
then nol ded under a pressure of 2000 Kg/cnR to prepare

di aneter of 10 mm and a thickness of 0.5.my4The green

to 500 [err]

S A i~

semiconductorized when fired in a reducing atmosphere. If m
exceeds 1.03, 1like as specimen No. 54, the sintering
properties becomes considerably lowered. Thus, the molar
ratio of the barium site'to titanium site has been limited
to a value ranging from 1.000 ﬁo 1.03.

The reasons why the added amoﬁnt of additives Mnb,
Fe,03, Cr,0;3, CoO0 and NiO, has been limited to the above
range are as follows: If the added amount of the additive
is less than 0.02 mole per 100 mole of the main component,
like as specimen No. 34, the insulation resistance at 85°C
and above becomes small, resulting in lowering of the
reliability in a long use at high temperatures. If the
added amount of the additive exceeds 2.0 moles per 100 mole
of the main component, like as specimen No. 53, the
‘dielectric loss exceeds 1.5% and the insulation resistance
becomes lowered.
EXAMPLE 4

Using the calcined pbwders of specimen Nos. 29,
30, 36 and 44 prepared in Example 3 and having particle size
of not more than 1 um, there were prepared monolithic
ceramic capacitors in the same manner. as Example 2.

Separate from the above, using, as raw materials,
BaCO3, SrCoy, CacCo;, Tio,, Zr0,, HfO,, MgO, MnO and NiO with
the purity of not less than 99.8%, there was prepared a
calcined powder for comparative specimen No. 55 in the

following manner: The raw materials were weighed and mixed

"THlS SHEET HAS BEEN
REPLACED




thé organi ¢ bi nder by conmbustion, and then fired at a tenperature shown in
Table 2 for 2 hours in_a redueing atnosphere consisting of H2, N2 and air

with a parti al presau&s %almzxgen being 2 x [err] to 3 X [err] atn1to
. This Sheet Has Been f

AAOLN s -

so that the resultant product has a composition

99.5 mol {(Bag,935T0.05C80.02)O}1.01(Tio.83%%0.16H80,01)07 + 0.5
mol MgO + 0.3 mol MnO + 0.1 mol NiO. The resultant mixture
of the raw materials was wet-milled with a ball mill for 16
hours, dried by evaporation, calcined in air at 1100 °C for
2 hours, and then crushed and pulverized by a dry grinding
machine to prepare a calcined powder with a particle size of
1 pm or below.

Uéing the 'calcined powders, there were prepared
specimens (No. 55) of monolithic ceramic capacitors in the
same manner as Example 2.

The monolithic ceramic capacitors have the
following dimensions and constituents:

Wwidth: 1.6 mm

Length: 3.2 mm

Thickness: 1.2 mm

Thickness of each dielectric layer: 15 pm

Number of effective dielectric layers: 19 sheets

Surface area of internal electrode: 2.1 mm2

For eacﬁ specimen, electrical properties were measured
in the same manner as Examp}e 2. Results are shown in Table

7.
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9 brepare ceram c disks. The resultant ceram c di sks were observed by a
scanni ng-el ectron mcroscope at a magnlflcatlon of 1500 to determ ne
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then baking it at 600 [err] for 30 minutes in a nitrogen atnosphere to
prepare a capacitor to be used as a specinmen for neasurenents of electrica
properties. For each specinen, neasurenents were nade on dielectric
constant (e), dielectric loss (tan [err])37and a tenperature coefficient
(TG of capacitance (C), and insulation resistance. The
dielectric constant and

As can be seen from the results shown in Table 7,
the monoiithic ceramic capacitors including the non-
reducible dielectric ceramic composition of the present
invention are high in dielectric constant, small in
dielectric 1loss (tan §) and possess good temperature
characteristics as the temperature coefficient of
capacitance (AC/C,,) meets requirements of F characteristics
defined by JIS in the temperature range of -25 °C to +85°C.
In addition, the composition of the present invention has an
high insulation resistance as the product of C and R is more
than 10000.Mn'uF at 25°C and more than 5000 MR uF at 85°cC.
Further, the composition has a long high temperature life
time of more than 100 hours and the change rate of
capacitance under the high temperature load test is 1less
than 10 %.

In contrast therewith, the specimen No. 29
containing no element Rl selected frbm the group consisting
of La, Ce, Nd is short in high temperature life time. The
specimen No. 30 containing no element R2 selected from the
group consisting of Dy, Ho, Er, Y¥Yb and Y is low in
dielectric constant, but 1large in dielectric loss. In
addition, the change rate of capacitance become large when
the capacitor is subjected to the high temperature load test
for 1000 hours.

The specimen No. 55, which does not contain R1 and

R2, is short in high temperature life time, but large in

—_—
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dielectric loss were nmeasured at 1 kHz, 1 Vrns at [err]. The tenperature
;coefficient (TC) of capacitance was determ ned over the tenperature range
of [err] to [err] on the basis of the capaC|tance at [err] along with. the
J argest absolute value of TC in the range ot8 [efr] to [err]. The

tenperature coefficient (TC) of capacitance was given by equation: TC =
[err], where AC is difference between capacitance at the

change rate of capacitance. Thus, it can be seen that the
co-addition of Rl and R2 contributes to improve both the
high temperature life time and aging characteristics.

Although in all ﬁhe examples described above, the
starting materials used are powders of oxides or carbonates
such as BaCO;, SrCO;, TiO,, 2r0O, and HfO,, they may be
powders prepared by the alkoxide method, coprecipitation
method, or hydrothermal synthesis. The use of such powders
has a great potential for further improvement in the
electrical characteristics, as compared with those used in
the above examples.

Although the present invention has been
particularly described, it is to be noted that the same is
by way of example only and is noﬁ to be taken by way of
iimitation, and the spirit and scope of the present
invention is determined only by the terms of the appended

claims.

—_—_—
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measured tenperature and that at [err] and [err] is a capacitance at [err].
The insulation resistance was neasured at 25 [err] and 85 [err] after
applying a direct voltage of 500 V to the specinen for 2 mnutes. "The:

;eflcj)lgglsi ?Liemjsgomn in Table 2 in which th& il é’[_i qn ,r’m'ﬂnmr"ﬁ”’lmﬁ"ren as
* c L [} U

WHAT IS CLAIMED IS:

1. A non-reducible dielectric ceramic composition
consisting essentially of a main component and at least one
oxide selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni, said main component having a composition
of the general formula (I):

{(Ba)_o-p-q-rSToCapR1GR2,) 01 4q/24x /2 m (Th1x-y BExHEY) O

wherein R1 i# at least one element selected from the group
consisting of Ld, Ce, Nd, Pr and Sm, R2 is at least one
element selected from the group consisting of Dy, Ho, Er, Yb
and ¥, and wherein o, p, q, r, X, Yy and m meet the following
conditions: 0 <o 0.32, 0 < p<0.20,0<gqgZ< 0.02, 0K
r £ 0.02, 0<x<0.24, 0<y<0.16, 1.00 <m £ 1.03, and
0 <.g+r £ 0.03; the content of said oxide being 0.02 to 2.0
moles per 100 moles of said main component when calculated
in terms of respective oxides, MnO, Fe,0;, Cr,03, CoO and
Nio.

2. A non-reducible dielectric ceramic composition
consisting essentially of a main component and at least one
additive selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni, said main component having a compos;tion
of the general formula (II):

(1-a) {(Bay_gp-q-rSToCaRIGR2,) 0y 4q/24r /2 m (Thyox-y 2T, HEY) Oy +
aMqgO,
where Rl is at least one element selected from the group

consisting of La, Ce, N4, Pr and Sm, R2 is at least one

i [




'10~Value of volune resistance (log p). In Table 1 and Table 2, specinens
with an asterisk are those having a conposition out of-the-scope of the

pr esent

i nventi on.

SRR T

element selected from the group consisting of Dy, Ho, Er, Yb
and ¥, and a, o, p, q, r, %X, Y and m meet the following
conditions: 0 < a £ 0.05, 0 <0< 0.32, 0<p < 0.20, 0 <
g < 0.02, 0<r £0.03, 0<x<0.24, 0<y <0.16, 1.00 <m
€ 1.03, and 0 < g+r < 0.04; the content of said additive

being 0.02 to 2.0 moles per 100 moles of said main component

- when calculated in terms of respective oxides, MnO, Fe,0,,

Cr,05, CoO and NioO.
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ABSTRACT OF THé DISCLOSURE

A non-reducible dielectric ceramic composition
consists essentially of a main component and at least one
oxide selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni. = The main component has a composition of
the general formula: {(Ba; g p-q-rSTeCapR1IR2,.)0),q/24x/2}m
(Tibﬂ?erfoy)Oz, where Rl is at least one element selected
from the group consisting of La, Ce, Nd, Pr and Sm, R2 is at’
least one element selected from the group consisting of Dy,
Ho, Er, Yb and Y, and o, p, q, r, X, y and m meet the
following conditions: 0 <0 <0.32, 0<p<g0.20, 0<gqgZ
0.02, 0 < r £ 0.02, 0 < Xx £ 0.24, 0 <y £ 0.16, 1.00 £ m <

1.03, and 0 < g+r £ 0.03. The content of additive is 0.02

to 2.0 moles per 100 moles of the main component when

calculated in terms of respective oxides, MnO, Fe,0;, Cr,0,,
Co0 and NiO. The composition may contain MgO as a part of

the main component in an amount up to 0.05 mol%.
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NON-REDUCIBLE DIELECTRIC CERAMIC COMPOSITION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a non-reducible -

dielectric ceramic composition and, more particularly, to a
non-reducible dielectric ceramic composition used for mono-
lithic ceramic capacitors.
2. Deécription of the Prior Art

Monolithic ceramic capacitors are
produced by first preparing dieléctric ceramic green sheets
with a dielectric ceramic COmposition_such as. a cbmpositicn
mainly comprising barium titanate, applying a conductive
material for an internal electrode oﬁ one surface of each
green sheef,

stacking the green sheets, bonding them by

thermocompression, cutting the resultant multilayered body

- into ceramic capacitor green chips,.then firing the green

chips-in air at 1250 - 1350 °C to form capacitor chips with
internal electrodes, and finally forming external electrodes
connected to the internal electrodes’ on opposed sides of
each of the capacitor chips to complete monolithic ceramic
capacitors.

Accordingly,_ a conduqti?e material for internal
electrodes is required to meet conditions such that (a) it

has a melting point higher than a sintering temperature of

the dielectric ceramics as the internal electrodes are fired

generally



[err]

14 [err]

along with the dielectric ceramic material; and that (b) it
neither oxidize nor react with the dielectric ceramics even
in an oxidizing atmosphere with a high temperature.

To meet such requirements, noble metals such as
platinum, gold, palladium and their alloys have been used as
a conductive material for the internal electrodes. Such
noble metals provide satisfactory characteristics, but for
all practical purposes they ﬁre too exﬁensive to use. That
is, use of such a noble metal is the greatest factor
determining the rise in the production cost of monolithic
ceramic capacitors as the cost of internal electrodes
occupies from 30 to 70 % of the prbdhction cost of
monolithic ceramic capacitors.

Other metals having a high melting point are base
metals such as- Ni, Fe, Co, W and Mo, but they are easily
oxidized in a OdelZlng high temperature atmosphere. Thus,
if such a base metal is used as a material for internal
electrodes of monolithic ceramic capaéitors, it loses the
function serving as the internal electrodes when the green
chips are fired in air. It is therefore required to fire
the green chips in a neutral or reducing atmosphere in order
to use a base metal as a material for internal electrodes of
monolithic ceramic capacitors. However,. the dielectric
ceramic matérials'of the prior art are reduced considerably

and thus semiconductorized when fired in +the reducing

atmosphere.
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As can be seen fromthe above result I bt-e~ d+eJegL~]c
ceram c conposition of the present i 'éﬁﬁighsﬁL
constant equal to or nore than 11000, a | ow | oss tangent
| ess than 2.0 % and good tenperature_cogfficient of

To solve such a problem, it has been proposed in
Jp-B- 57-42588 to use a dielectric ceramic material
comprising a barium titanate solid solution having a ratio
of a barium site to a titanium site be;ng larger than the
stoichiometric ratio. Such a dielectric ceramic material is
scarcely semiconductorized even if fired in a reducing
atmosphere, thus making it @possible to manufacture
monolithié ceramic capacitors including internal electrodes
of a base metal such as nickel. It is, however, difficult
with such dielectric ceramic materials to miniaturize
monolitﬁic ceramic capacitors for the following reasons.

With recent deveippment of electronic techniques,
considerable progress has made in miniaturization of
electronic devices. Consequently, this requires
miniaturization of monolithic cgramic capacitors as well as
other electronic pafté. For the monolithic ceraﬁic
capacitors; the miniatﬁfization is generally carried out by
using a dielectric ceramic material with a high dielectric
constant or by making dielectric ceramic layers thin. The
dielectric ceramic materials as disclosed in JP-B- 57-42588
have high dielectric constant, but they are large in grain
size. Thus, if the thickness of dielectric ceramic layers
is decreased to 10 pm or below, the number of crystal grains
present in each layer is.considerably decrea;ed, resulting |
in 1lowering of reliability .of the monolithic ceramic

capacitors. e e e
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nmeets requirenments of F characteristi g“@é%rned bx Japan&&g‘Lngystrlalhmmi

Standard (JIS) in the tenperature range of EJ'”’QAI*';i:.[nerrL] O [red ) b s
the conposition of the present invention P i ghe ya, oF
the insulation resistance of which a legakithimc val _t lﬂiﬂ%ﬁﬁ i
nore than 12. Further, the conposition can be sinterleg=at—g !

On the other hand, JP-B- 61-101459 discloses a
nonreducible dielectric ceramic composition consisting of a
barium titanate solid solution into which a rare earth
element such as La, Nd, Sm and Dy has been incorporated.
Such a composition has a fine grain size which enables to
avoid lowefing of the reliability. of monolithic ceramic
capacitors as the fine grains size contributes to increase
the number of crystal grains present in each dielectric
layer; However, it is impossible with such a ceranmic
composition to obtain high dielectric constant and that the
composition containing a rare earth element is easy to
oxidize during firing.

SUMMARY OF THE INVENTION

It is therefore a primary object of the presént

invention to provide a nonreducible dielectric ceramic

_comp051tlon which is large in dielectric constant. but small
in crystal grain size and which is never semiconductorized
even if fired .in a reducing atmosphere.

Another object of the present invention is to
provide a nonreducible dielectric ceramic composition which
enables to miniaturize mbnolithic ceramic capacitors without
lowering 6f reliability and characteristics.

According to the present invention, there is
provided a non-reducible dieléctric ceramic composition
consisting essentially of a main.component and at least one

additive selected from the group consisting of oxides of Mn,

This Sheet Has Been Reilaced

IIIIII IIIIII IIII 0




rel atively low tenperature of not noreThIBRRLS
grain size of 3 [err] or bel ow which frakesrspfsdl :
dielectric layers of the nonolithic ceram
of the non-reducible dielectric cerame carrp95|t|on
t hose having a conposition expressed by the general for

Fe, Cr, Co and Ni, said main component having a compésition
of the genefal formula (I):
{(Ba) g p-q-rSToCaRIR2,) 0g g r2ur 2 bm (Thyoyoy ZE,HE,) Oy

where Rl is at least one element selected from the group
consisting of La, Ce, Nd, Pr and Sm R2 .is at least one
element seleéted from the group consisting of Dy, Ho, Er, Yb
and ¥, and o, p, 4, r, X, y and m meet the following
conditions: 0 <0<0.32, 0gp < 0.20,.0-< g £ 0.02, 0 <
r £0.02, 0<x<0.24, 0<ys<0.16, 1.00 <m £ 1.03, and 0
< g+r < 0.03; the content of said additive being 0.02 to 2.0
moles per 100 moles of said main component when calculated
in terms of respective oxides, MnO, Fe,0,, Cr,0;, CoO and
_NiO.

The above compos'i'tion may contains at least one
additional additive sele_éted from the group consisting of
§i0, and ZnO0 in an amodn-t of 0.1 to 2.0 moles per 100 moles
of the main component. “

The above non-reducible dielectric ceramic
composition has a small grain size of not more than 3 pum
even though it has a high dielectric constant of not 1less
than 11000, thus making it possible to thin the dielectric
layers without causing decrease in the number of crystal
grains present in each dielectric layer. However, if the
contents of Ri and R2 become increased, the dielectric loss -
becomes more than 1.5% and the insulétion resistance becomes

lowered. This problem can be solved by addition of a
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foll ow ng reasons: If the nDIar fractildho %ﬂSﬁ fa“,nsgo
No. 1, the dielectric constant becone Ies§EVW§ﬁ01100q

exceeds 2.0 % and the tenperature coefficrent—of—capacit
| ar ge. If o exceeds 0.32, Ilike as -speginmen No. 18,/ “He.%i!
constant becones | ess than 11000 and the tenperature coef

lr?%?asw

certain amount of MgoO iﬂto the main component.

~ Thus, according to the present invention there is
further provided a non-reducible dielectric. ceramic
composition consisting essentially of a main component and
at least one additive selected from the group consisting of
oxides of Mn, Fe, Cr, Co and Ni, said main component having
a composition of the general formula (II):
(1-a) {(Bay_ g 5 q-rSToCAPRIGR2, )0y 40 0 4r 2} m(Tiyoxy 2T HEL) O, o+
aMgo, where Rl is at least one element selected from the
group consisting of La, Ce, N4, Pr and Sm, R2 is at least
one eleﬁent selected from the group consisting of Dy, Ho,
Er, ¥Yb and ¥, and a, o, .p, qd, r, X, y and m meet the
following conditions: 0 < a £ 0.05, 0 < o'< 0.32, 0 £ p £

0.20, 0 < g £ 0.02, 0 < r £.0.03, 0 < x £ 0.24, 0 <y %
0.16, 1.00 £ m < 1.03, and 0 < g+r < 0.04; the content of
said additive being 0.0é to 2.0 moles per 100 moles of said
main component -when -ealculated in terms of respective
oxides, MnO, Fe,0;, Cr,0,;, Co0 and NioO.

Also, the composition may contains at least one
additional additive selected from the group consisting of
Si0, and ZnO in an amount of 0.1 to 2;0 moles per 100 moles
of the main component.

The dielectric ceramic composition of the present
invention is never reduced or semlconductorized even if

fired in a reducing atmosphere. Furthermore, the dlelectric

ceramic composition of the present invention can be fired at
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- 16 - capaC|tance becones large and d I Stz aTeels &
characteristics defined by JIS. If t he nnlafk?MHmbl

0. 20,

i ke

a temperature of not more than 1300 °C. Accordingly, the
non—reducible_dielectric ceramic coﬁposition of the present
invention makes it possible to use an;r base metal as a
matefial for intefqal electrodes of monolithic ceramié
capacitors, which in turn makes it possible to cut down the
production cost of monolithic ceramic capacitors. |

The non-reddcible dielectric ceramic composition
of the present invention has a small grain size of noﬁ more
than 3 uﬁ though it has a high .dielectric constant of not
less than 9000, thus making --it possible ‘to thin the
dielectric layers without éauSing decrease in the number of
crystal grains present in eaéﬁ dielectric layer. Thus, the
présent invention makes if Ipossible to manufacture

monolithic ceramic capacitors which have high reliability

" and which are small in size but large in capacitance.

~The above and other objects, features and advan-

'tages of the present invention will become apparent from the

following examples.
EXAMPLE 1l
Using, as raw materials, BaCO;, SrCO;, CaCoOj,

Ce0,, Lay03, Nd,0;, Dy,03, H0,0;, Er,0;, Y¥b,0;, Y¥,05, TiO,,
2r0,, HfO,, MnO, Fe, 03, Cr,03, Cbo and Nio with the purity of
not less than 99.8%, there were prepared specimens of
dielectric ceramic compositions in the following manner:

| Firstly, the raw materials, BaCO;, SrcCO,, CaCoOj,

This Sheet Has Been Reﬂlaced




‘as specinmen No. 19; the sintering propei}hgﬁgﬁ_r e~ e*fiTE:EEFaﬂ$t=:~—“ah

conposi tion becone worse. If the nolar fractykun.GFSREEN q, Ii's~0:kai msiicaT
speci mren No. 2, the c¢rystal-grain size 'XQ@QJiﬁ?f%rr], ihi ch i&]t%ug es |
it inpossible {hsshbitp.dde di el ectric layers for mofiGgITThi LB ani g 0
capacitors. |f ' iﬂ?@ li ke as specimen No. 20, t ] 5

| oss exceeds 2. - 8 -

Zr0, and HfO,, were weighed and mixed to prepare a mixture
for a main component having a composition -expressed by tﬁe
'general'formula (I):
{(Ba}eg-p-q-rSTCapR1GR2,) 01 1q/24r 2 m (Thy_x-y X, HEY) O,

with values of o, p, ¢, r, m, x and y'shown in Table 1. The
remaining raw materials, MnO, Fe,03, Cr,0;, CoO' and Nio,
were added as an additive to the resultant mixture in
prdportions.shown in Table 1 in which the added amounts of
the additive a#e listed in mole ﬁér 100 moles of the main
component, respéctivgly. -

The'resultant mixture was wet-milled with a ball
mill for 16 houfs, dried by evaporatioﬁ, calcined in air at
1100 °C forlz hours, and then crushed anﬁ pulverized by a
dry grinding machine to prepare a calcined fowder with a
particle size 6f 1 um or smaller.

The calcined powder was added with suitable
amounts of pure water“and'an organic binder of polyvinyl.
acétate, and wet-milled for 16 hours with a ball mill and
then granulated to prepare molding powder. The powder was -
then molded under a pressure of 2000 Kg/cm2 to prepare green
compacts of audiameter of 10 mm and a thiékness of 0;5 mm.
The green compacts were heated to 500 °C in air to remove
the organic binder - by comBustion, and then fired at a
teﬁperature shown in Table 2 for 2 hours in a reducing .
atmosphere consisting of H,, N, and air with a partial

pressure of oxygen being 2 x 1070 to 3 x 10712 atm to

——



the insulation resistance at [err] or [ nmhshg red. If the nolar
fraction of R2, r, is O, like as specingn gpqgﬁgcﬁq FE—C1 —_
becomes | ess than 11000 and t he tenperatu%e~caeﬁiLEL§E% 0 REHkﬁQHWﬁﬂ?S E
becones | ar ge. If r exceeds 0.02, like @s specinen 21, g HiMIGE1996i ¢

| oss exceeds 2.0 % and the insulation resistance becones Lf .......................... |

_prepare ceramic disks.

The resultant ceramic disks were observed by a
scanning-electron microscope at a maqhificatiop of 1500 to
determine crystal gain.sizé. | |

Each ceramic disk was provided on its .opposite '
sides with silver electrodes by applying a silver paste and
then baking it at 600 °C for 30 minutes in a nitrogen
atmosphere to prepare a capacitor to be used as a specimen
for measurements of electrical propertles.

For each specimen, measurements were made _op
dielectric constant (e€), dielectric loss (tan §), and a
temperature coefficient (TC) of . capacitance .(C), and
insulation resistance. The dielectric qonstaﬁt and
dielectric loss were measuiéd at 1 kHz, 1 Vrms at 25°C. The
temperature coeffiéignt (TC) of capacitance was determined
over the temperature rénée of -25°C to 85°C on the basis of

‘the capacitance at 20;é along 'with. the largest absolute
value of TC_in-the range of -25°C to 85°C. The temperature

coefficient (TC) of capacitance was given by egquation: TC

it

AC/C,q, where AC is difference between capacitance at the
measured temperature and that aﬁ 20°C, and Cyy is a
capacitance at 20 °C.

The insulation resistance was measufed at 25 °cC
and 85 °C after applying a direct voltage of 500 V to the
sﬁecimen for 2 minutes. The results are shown in Table 2 in

 which the insulation resistance is given as a logalithimic

||i|“|i“|i‘ii|fﬂfi’ |||T




If the sumof the nolar fractions of RiTHSdnRZ, 13 _03,
i ke as speci men No. 22, the conpositijn i ®Rep, %@E%‘n smnm@a@thom
when fired in a reducing at nosphere, whe e insulfation re

becomes considerably |owered.. If the nolar fractionofj Date:x,.%i% A0 ,
as specinmen No. 4, the dlelectrlc constant becones | ess~FHa—————— " ;

- 10 -

value of volume resistance (log p).

In Table 1 and Table 2, specimens with an asterisk
are those 'havinq a composition out of the séope of the

_ present invention.
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additive exceeds 2.0 noles per 100 nol e
speci nen No. 25, the dielectric | oss excgeds aﬂxmemﬁn
resi stance beconmes | owered. For these reasons;™

addi tive has been. - 15 =

——

(SEMENT SHEET
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As can be seen from the above results, the non-
reducible dielectric ceramic composition of the present
invention possesses a high dielectric constant equal to or
more than 11000, a low loss tangenﬁ of equal to or less than
2.0 %, and good temperature coefficient of capacitance which
meets requifeﬁents of F characteristics defined by Japanese
Industrial Standard (JIS) in the temperature range of -25 °C
to +85°C.

In addition, the eomposition of the present
invention possesses’ a. high Qelue of the insulation
resistance of which a logalithimic'value is equal to or more
than 12. Further, . the 'co_mposition can be sintered at a
relatively low temperature of not more than 1300 °C and has
a small graln size of 3 um or below which makes it possible
to 'thln the dielectric .layers of the monollthlc ceramic
capacitors.

The ﬁain component of the non-reducible dielectric

_ceramic composition has been 1limited to those having a
composition expressed by the general formula (I) for the
following reasons: |

If 'the molar fraction of Sr, o, is 0, 1like as
specimen No. 1, the dieleqtric constant becomes less than
11000, the dielecﬁric loss exceeds 2.0 % and the temperature
coefficient of capacitance becomes large. If o exceeds
0.32, 1like as specimen No. 18, the dielectric constant

becomes less than 11000 and the temperature coefficient of

e— = - - EEE e -
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18 limted to a value ranging fromo0.02 tp_: 7 O mot-es
mai n conponent. EXAMPLE 2 Usi ng cal ci ned dﬂﬁ §ETd'ﬂl%%BEBM
and 17 prepared in Exanple 1 for and haviing_ pdﬁ?‘%ﬁ@ S|ze

1 [err], there were prepared nonolithic ceramc ™
- 16 -

capacitance becomes large and does not meet ﬁhe requirements
of F characteristics defined by JIS.

If the molar fraction 6f Ca, p,u exceeds 0.20, like
as specimen No. 19, the sintering properties of the
dielectric ceramic composition become worse.

If the molar fraction of R1, g, is 0, 1like as
specimen No. 2, the crystal grain eize exceeds 3 um, which
in turn makes it impossible to thin the dielectric layers
for monolithic ceramic Capacitors. If q exceeds 0.02, like
as specimen No. 20, the dielectric loss exceeds 2.0 % and °
the insulation resistance at 25°C or 85°C becomes lowered.

If the molar fraction of R2, r, is 0, like as
specimen No. 3, the dielectric constant becomes less than
11000 and the temperature coefficient of capacitance becomes
large. If r exceeds .0.02, 1like as specimen No. 21,' the
dielectric loss exceeds 2.0 % and the insulation resistance
becomes lowered. _ |

If the sum of the molar fractions of Rl and R2,
i.e., g+r, exceeds 0.03, 1like ae specimen No. 22, the
composition is reduced enci semiconductorized when fired in a
reducihg atmosphere, whereby' the' insulation .resistance
becomes considerably lowered. o

If the molar fraction of 2r, x, is 0, like as
specimen No. 4, the dielectric conetant becomes less than
11000 and the temperature coefficient of capacitance becomes

large. If x exceeds 0.24 like as specimen No. 23, the

This Sheet Has Been R
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capacitors in the foll owi ng manner. Separ tT¥is sqEErih
materials, [err] purity of not |ess than 99. 8@mﬂuhgg,
cal ci ned pomder for conparative specinen &
The raw materials were wei ghed and mxedlgo t hat the resut%ﬁ?

a conposition of 100 nol \,

sintering properties become lowered and the dielectric
constant becomes less than 11000.

If the molar fraction of Hf, 'y, is 0 1like as
specimen No. 5, the dielectric _constant becomes less than
11000. if y exceeds 0.16, like as specimen No. 24, the
temperature coefficient of capacitance does not meet the
requirements of F characteristics defined by JIS.

I the molar ratio.of {(Baj g p-q-r
SToCagR1,R2,)01,q/24r/2} tO (Til_x_y?rxﬁfy)oé, i.e., m, is less
than 1.00 like as specimen No. 7, the insulation resistance .
becomes lowered as the composition is reduced and
semiconductorized when fired in a reducing atmosphere. On
the bthe: hand, if m e#ceeds 1.03,'like as specimen No. 26,
the sintering properties becomes coﬁsiderably lowered.
“Thus, the molar raﬁio.of the barium site to titanium site
has been limited to a value ranging from 1.000 to 1.03.

Further, if the added amouﬁt of the additive, MnoO,
Fe2Q3,. Cr,03, CoO and NiO, .is less -than 0.02 mole per 100
mole' of the main component, like as specimen No. 6, the
insulation resistance at 85°C and above becomes small,
resulting in lewering of the' reliability in a long use at
high teinpera_tures. If the added amount of the above
additive exceeds 2.0 moles per 100 .mole of the mai.n.
component, like es specimen No. 25, the dielectric loss
exceeds 2.0 % and the insulation resistance becomes lowered.

For these reasons, the added amount of the additive has been

. This Sheet Has Been Replaced
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[err] + 0.1 mol [err]. The resul tant mx Uﬂ%SUEEnmmggggg ;tEWITﬁQSR%ﬁ$rS
wet-mlled with a ..ball mll for 16 hourfs, rﬁ'-‘@kildip evap’d gtl
in air at 1100 [err] for 2 hours, and then cr 1
grinding machine to prepare a calcined pgwer with a particle si
[err] or bel ow

limited to a value ranging from 0.02 to 2.0 moles per 100
moles of the main component.

\
EXAMPLE 2

Using calcined powders of specimen Nos. 2, 3, 15
and 17 prepared in Example 1 for and having particle size of
not more than 1 um, there were prepared monolithic ceranic
capacitors in the following ﬁanner.

Separate from the above, using, as raw materials,
BaCO3, Srco3,'CaCo3, Ti0,, Zroz, Hfoz, MnO and NiO with the

purlty of not less than 99. 8%, there was prepared a calclned

powder for comparative specimen No. 27 in the following
manner: The raw materials were weighed and.mixed so that
the resulfant produet has a composition of 100 mol
{(Bag_925Y0.06C20.02) O}1.01(Ti0.832%0.16HE0.02)02 + 0.3 mol MnO
+ 0.1 mol Nio. The resultant mixture of the raw meferials
was wet-milled with a..ball mill for 16 hours, dried by
evaporation, celcined ih air at 1100 °C for 2 hours, and
then crushed and pulverized by a dry grinding machine to
prepare a calcined powder with a particle size of 1 um or
below. |

Each calcined powder was wet-milled with a ball
mill for 16 hours together -with a suitable amount of
polyvinyl butyral resin diesolved in ethyl alcohol to
prepare a ceramic slurry. Theﬁ, the slurry was formed into
a sheet by the.Doctor blade process, dried and then cut to

- prepare ceramic green sheets w1th a thlckness of 18 um.

Sheet Has Been Re laced
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Each cal ci ned powder was wet-mlled wth
with a suitable amount of polyvinyl butyr
al cohol to prepare a ceramc slurry. Then!
sheet by the Doctor blade process, dried and then cu

heRar @
green sheets with a thickness of 18 [er+].19 - : L.f%i:::””““""ﬁbs

A conductive paste containing Ni as a conductive
material was screen-printed on one surface of each ceramic
green sheet to form a conductive paste layer for internal
electrodes. Subsequently, 19 sheets of the resultant
printed green sheets were stacked, bonded by thermo-
compression along with two non-printed green sheets put on
the opposite surfaces of the stack, and then cut into pieces
to form green chlps for monolithic ceramic capac1tors. The
green chips were fired with an electric furnace at 350°C in
a nitrogen atmosphere to burn the binder, and then fired at’
a temperature shown in Table 3 for 2 hours in .a reducing
atmosphere composed of a mixed gas of N,, H, and air with a
partial pressure of oxygen being 2 x 10710 to 3 X 10712 atm
to prepare monolithic ceramic capacitor chips.

-The resultant. capacitor chips were observed by a
scanning-eleetron microscope at a magnification ef 1500 to
determine crystal gain size.

The'capacitor chips were pfovided on its opposite
sides with external electrodes connected to interﬁal
electrodes by applying a silver paste and then baking it at
600 °C for 30 minutes in a nitrogen atmosphere to produce a -
.monolithic ceramic capacitor.

| The thus prepared monolithic ceramic capacitors

have the following dimensions and constituents:
width: 1.6 mm |
Length: 3.2 mm '. ) e

This Sheet Has Been R
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- 19

sheet s

- A conductive paste containing N
screen-printed on one surface of each ceranicn
conductive paste layer for internal electvadgs.

of

the resultant

Thickness: 1.2 mm

Thickness of each dielectric layer: 15 um.
Number of effective dielectric layers: 19 sheets
Surface area of internal electrode: 2.1 mm2

Dielectric constant (¢) and dielectric loss (tan
§) were measure@ at 1 kHz, 1 Vrms at 25°C. The insulation
resistance (R) was measured at 25 °C and 85 °C after
applying a direct voltage of 16 V‘to the specimen for 2
minutes. The results are shown in Table 3 in which the
insulation resistance is givén as the product of insulation
resistance and capacitance (CR).

The temperature coefficient (TCc) of capacitance
was determined over the temperature range of -25°C to 85°C
on the basis of the capacitance at 20°C along with the
largest absolute value of TC in the range of -25°C to 85°C.
The temperature.coefficient (TC) of capacitance was given by
equation: TC = AC/C,q, wWhere AC is difference between

capacitance at the measured temperature and that at 20°C,

. and Cyg is a capacitance at 20 °C.

A high temperature load life test was carried out

'by applying DC voltége of 150 volts to the specimen at

150°C. The specimen, i.e.,. a capacitor, was considered to
be failed when the insulation resistance fell below 10° Q.
The high temperature load life time is given as a mean value

of data for 36 chips.

- The Capacitance' of each specimen was measured

is'Sheet Has Been Re;
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printed green sheets were stacked, bonded BP:.
two non-printed green sheets put on the OpiOSItﬁHQH
then cut into pieces to formgreen chips f&~o00
The green chips were fired with an electric furnace at gl gqggs ﬁ
at nosphere to burn the binder, and then fired at a tenperature.shgmﬂ“n :
Table 3 for 2 hours in a redUC|ng .

before and after a high temperature load test which was
carried out by applying a DC véltage of 32 volts to the
specimen at 85°C for 1000 hours. From fhe data, a change
rate of capacitance was determined by the eguation: (AC’/Cy)
X 100, where AC’ =Cy000~Cor Ciooo0 iS a capacitance measured
after the test, C; is a cépacitance mneasured before the

test.
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sides with external el ectrodes. connected

0 i Fhmmet@p rredes—by appl yi ng
a silver paste and then baki ng it at 600 & fﬁéﬁ HRCERD i n n'esﬁpm@w;\@i—&fgg@&
at mosphere tqhgnguQEB&mmIﬁn thic ceramc capac

h
monol i t hi ¢ cerﬁ“mm“ﬁm‘“ s have the f,gllow ng di mensi on tBal;; p?ﬁoib% 1996
constituents

As can be seen from the results shown in Table 3,

the monolithic  ceramic capacitors including the non-
reducible dieiectric ceramic composition of the present
invention Are .high in dielectric constant, small in
dielectric " loss (tan ¢6) and possess good temperature
characteristics as the temperature coefficient of
capacitance (AC/C#O) meets requirements of F characteristics
defined by JIS in the temperature range of =25 °C to +85°C.
In addition, the compésition of tge present invention has an.
high insulation resistance as th product of C gnd R is more. .
than 10000 MQ'uF at 25°C and more than 5000 MQ-uF at 85°C.
Further,-the-compOSition has a long high temperature 1life
time of more than 100' hours and ‘the change rate of
capacitance under the high temperéture load test is less
than 10 %. '

In cbntrast--tﬁerewith, the specimen No. 2
containing no elemént Rl selected from the group consisting
of La, Ce, Nd.is.short in high temperature life time. The
specimén No. 3 containing no element R2 selected from the
group consisting of Dy, Ho, Er, Yb and Y is 1low in
dielectric 'consﬁant, but large in dielectric loss. In
addition) the cﬁangé.:ate of capacitance beéome large when
the capacitor is subjected to tpe-high temperature load test
for 1000 hours.

| The specimen containing no element of R1 and R2 is

short in high temperature life time, but large in change



Length: 3.2 mm 20 Thlckness 1.2 mm Hﬁgkﬁé%gxoflgggﬁ
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rate of capacitance. Thus, it can be seen that the co-

REPLACEMENT Q'HEET

addition of Rl and R2 contributes to improve both the high
temperature life tiﬁé and the change raté of capacitance due
to aging during load life test.
EXAMPLE 3

Using, as  raw materials, BaCO;, SrCO;, CaCoO,,
Ce0,, La,03, Nd,0;, Prg0,,, Smy03, Dy;03, HOx03, Ery03, ¥b,0s,
Y,03, Ti0,, Zr0,, HfO,, MgO, MnO, Fe,0,, Cr,0;, CoO0 and NiO
with the purity'of not less than 99.8%, there were prepared
.specimens of dieléctric ceramic compoéitions in tHe’
following mannér:

The raw materials, BaCO;, SxrCO,, CaCO;, CeO,,
La203, Nd,03, PrgOy;, Smy0;,- Dy203, Ho,03, Ery03, ¥Yby03, Y503,
Ti0,, Zr02 and HfO,, were weighed and mixed to prepare a
mixture for a basic composition for a main component of the
formula (III)
{ (Bal_o_P_q_rSrOCapquRzr) O14q/2+r/2 m(Ti1-xoyZE HEL) Oy
with a set 0f'6, P, 9, ¥, m, x and y shown in Table 4. |

The resultant mixture of the raw materials was
wet-milled with a ball mill for 16 hours, dried by
evaporation, _cla'lcine.d in air at 1100 °C for 2 hours, and
then .pulVerized by a dry .grinding machine to preparé a
calcined powder with a particle'sizé of 1 pm or below.

Added to 100 moles of the calcined power was the
remaining raw materials MgO, MnO, Fe,0;, Cr,03, CoO and NiO.

The added amounts of additiveés are shown in Table 5. Then,
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nmeasured at 25 rr] after applying a d| rect
to the specinen m\‘

the resultant mixture was added with suitable amounts of
pure wéter and an organic binder of polyvinyl acetate, wet-
milled for 16 héurs with a ball mill and then granulated to
prepare molding powder. The powder was then molded under a
pressure of 2000 Kg/cmz to prepare green compacts of a
diameter of 10 mm and a thickness of 0.5 mm. The green
compacts wef_e__heated to 500 °C in air to remove the organic
binder by conibu_stion, and then fired at a temperature shown

in Table 6 for 2 hours in a reducing atmbsphere consisting

of H,, N, and air with a partial pressure of oxygen being.2 .

x 10710 to 3 x 10712 atm to prepare ceramic disks.
The'resultan_t ‘ceramic disks were observed by a
scanning-electron microscope at a magnification of 1500 to

determine crystal gain size.

" Each ' ceramic disk was provided on its opposite |

sides with silver électrodes by applying a silver paste and
then baking 'it. at 600 °C for 30 minutes in a nitrogen
atmosphere to prepare a capacitor to be used as a specimen
for measu'r_emer.\ts of electrical proper"éies.

For each specimen,' measurements were made on
dielectric constant (¢), dielectric loss (tan §6), and a
f._emperature c_oe__fficient (PC) of capacitance (C), and
insulation resistance. The dielectric constant "and
d'ielectri.c.' loss were measured at 1 kHz, 1 Vrms at 25 °C.
The temperature._ coefficient (TC) of capacitance was

determined over the temperature range of -25°C to 85°C on
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m nut es. The results are shown in Tablp 3 |é§, 4&&8& he |nsulat|on
resi stance |S“grven~as-fhe pfeduct of ins i 5% st apce R NPHGEET
(CR). The tenpﬁlgéhggt% |ent (TC of capacitan s d term ne “over

t he terrperature 4 g [err] on the basis of the|gapa _CI?& #1908
[err] al ong Wit m"ﬂ"m Memi bsol ute vglsue of TCin the ra o

[err].

the basis.of the capacitance at 20°C along with the largest
absolute value pf.Tc_in the range of -25°C to 85°C. The
temperatu:e coefficient (Té) of capacitance was given by
equation: TC =_'AC/C20, where AC 1is difference between
capacitance at the measured temperature and that at 20°cC,
and C,, is a capacitance at 20 °C.

The-iﬁsulation resistance was measured at 25 °C
and 85 °C after applyingia direct VOltagé of 500 V to the
specimen for 2 minutes. The results are shown in Table 6 in

which the’ 1nsulatlon re51stance is given as a 1oga11th1mlc

value of volume resistance (log §).
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by applying a DC voltage of 32 volts t

—

hour s. Fr om t h&hisl Sltegt Hag B ¢t at e of capaﬁqﬁ.
equation: [err] X I s a capacitance neasured gf
test, [err] is a c mmsured b2d-ore the Date....?..i.?...
Table 5
No aAdditive (mol)
’ MO | Fe,0, | cr,0, Co0 NiO
*28 | 0.005 0.4 - - - - “
20 |0.005 | 0.4 - - - - “
*30 | 0.005 0.3 - - 0.1 -
[ #31 {o0.02 0.4 - - - -
| #32 Jo.01 | 0.3 - - 0.1 -
L*as 0 0.3 - - ; -
*34 | 0.005 - - - - - “
%35 | 0.005 0.4 - - - - |
36 | 0.005 0.4 - - - 0.1 I
37 |o0.00s | 0.3 - - - -
“ 38 | 0.005 0.3 - - - 0.2
“ 39 | 0.005 0.3 - - - -
| a0 |o.02 0.4 - - - -
41 |0.001 | 0.02 - - - - “
42 | 0.01 1.0 | 0.1 - . 0.2 “
| 43 o0.05 | 0.2 - - . -
“ 44 |o0.005 | 0.3 - - - - “
x45 | 0.005 0.3 - - . -
x46 |0.005 | 0.3 - - . -
| *a7 |o.005 | 0.3 - - -
| *as [0.005 | a.3 - - . -
“ *49 | 0.005 0.3 - = - 0.1
“ *50 | 0.005 0.3 - - - -
| 51 {o0.005 | 0.3 - - - - “
*52 | 0.08 0.3 - - - 0.1 “
*53 | 0.005 - | 3.0 - - 0.1 - “
| *54 | 0.005 0.3 - - 0.1 - ===J
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dielectric |oss (tan [err])_ and pos.eag t efaw_:‘~"“““‘"**~—~*-
. characteristics._._as—..the tenperatur ) ' éﬁig,io%EQE%%€WFﬂﬁ§HEET i
(AC/ C20) neets reqU|renen S, F charac ef i ned BYard | !
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and Ris nore t

?dto [err]. In addltlon sznpﬁggqg%?"

hi gh insul ation resistance as the produ
at [errgoand nore than 5000 [err] at [err].
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As can be seen from the above results, if the

molar fraction of_Sf, o, is 0, like as specimen No. 28, the
dielectric constant becomes less than 9000, the dielectric
loss exceeds 1.5 % and the temperature coefficient of
capacitanee becomee large. If o exceeds 0.32, like as
specimen No. 45, the dielectric constant becomes less than
9000 and the temperature coefficient of capacitance becomes
large and does not meet the requirements of F characteris-
tics defined_by JIS. .
if the‘molar fraction of Ca, p, exceeds 0.20, like
as specimen No. 46; the sintering properties become worse
and the dielectric constant becemes lowered.

If the molar fraction of R1, ¢, is 0, like as
specimen Ne. 29; fhe crystal grain size exceeds 3 pm; thus
making it impoesible to thin the dielectric. layers when .
producing monoiithic ceramic capacitors. If ¢ exeeeds 0.02,.
like as specimen No. 47, the dielectric loss exceeds 1.5 %
and the- _lnsulatlon re51stance at 25°C or 85°C becomes
lowered. |

if the.molar fraction of R2, r, is 0, like as
specimen No; 30, the dielectfie constent becomes less than

9000 and the temperature coefficient of-capacitance bécomes
large. If r exceeds 0.03, like as specimenﬁNd._ﬁS, the
dielectric loss exceeds 1.5% and the -insulation rgé;s;ance
becomes 1owered.

If the sum of the molar fractions of RT and R2,



Further, the conposition has a |ong hi ghTHeMEERUE
100 hours and the change rate of capaci
|l oad test is [ess than 10 % In contrast
2 cont ai ni ng rlmiscshefMBedRReradeect ed fromthe g

is. short in hi gnllllmmnmlm Illl ife ti+me.33 The

i.e., q4r, exceeds 0.04, 1like as specimen No. 49, the

T &HEE

composition is reduced and semiconductorized when fired in a
reducing atmosphere, whereby the insuiation resistance
becomes considerably lowered.

If the molér fraction of 2r, x, is 0, 1like as
specimen No. 31, the dielectric constant becomes less than
9000 and the temperature coeffit_:ient of capacital;nce becomes
lar_'ge; If x exceeds 0.24, like as specimen No. 50, the
sintez;ing properties’ become lowered and the dielectric
consﬁant becomes less than-9000. - : . _ -

If the molar fraction of Hf, y, is 0, like as
specimen No. 32, ‘the dielectric consfant becomes less than
9000. if y exceeds 0.16, like as specimen No. 51, the
temperature coefficient 6f capacifance does noﬁ meet the
‘requirements of F characteristics defined by JIS.

If the content of '.Mgo is 0, like as 'specimen No.
33, the dielectric loss is increased to more than 1.5 by the

‘addition of R1 and R2 ex_ceéding 0.03, and the insulation
resistance becomes lowered. If the molar fraction of Mgo
exceeds 0.05, 1like as specimen No. 52, the sintering
properties bédomes lowereg and the-. dielectric constant
becomes less than 9000. |

If the  molar . ratio  of {(Bal_o_P_q_
rSrocapR;qnzr)01+q,2+r,2} to (Tij . 2r,Hf)0,, i.e., m, is
"less than 1.00, 1like as 'specimen. No. 35, the insulatio_n

resistance becomes lowered as the composition is reduced and



speci men No. 3 containing no el enent Hése"?"éﬁfreﬂksfg t he roup con5| Stl ng
of Dy, Ho, Er, Yb and Yis lowin die ectrF@’LéOﬂstz;gm

dielectric Ioss— —Tn addition, the changé
| arge when t he fapRciHaOBech Re niubq ected to the hi gh t enper

1000 hours. The 1“““\““[1“[“ i ni ng no—el 3fent of Rl and

semiconductorized when fired 1n a reducing atmosphere. If m

exceeds 1.03, -_like' as specimen No. 54, the sintering
properties beco'm.e.s considerably loweredﬂ. Thus, the molar
ratio of the ba.fiuni site. to titanium site has been limited
to a vaiue ranging from 1.000 to 1.03. |

The."reas_ons why the added amount of additives Mnb,
Fe,03, Cr,03, coo end NiO, has been limited to the above
range.' are as follows: If the added amount of the additive
is less than 0.02 mole per 100 mole of the mein component,
like as specimen No. 34, the insulation resistance at 85°C”
and above bec.omes small, resulting in lowering of the
reliability in- a long use at_. high temperatures.  If the
added amount of the additive exceeds 2.0 moles per 100 mole
of the ma:.n component like as specimen No. 53, the
‘dielectric loss exceeds_ 1. 5% and the insulation resistance
becomes 1ower'ed, .
EXAMPLE 4

Usin'g' the calcined po_wders of specimen Nos. 29,
30, 36 and 44 prepared in Example 3 and having particle size
of not more ,than 1 pm, there were prepared monolithic
ceram'io capacitors in the same menner as Example 2.

Seperete from the abov_e, using, as raw materials,
BaCO;, SrCo;, CaC0;, TiO,, 2r0,, Hfoz, MgO, MnO and NiO with
the purity of.: not less than 99.8%, there was prepared a
calcined powder for comparatlve specimen No. 55 in the

following manner: The raw materials were weighed and mixed



short in high tenperature life time, but LET
of capacitance. - ~Thus, it can be seen t

IS SH o |
Oherlla f}”‘ %5%4 - 24 - rate

R '”"“\\\\\\\\\\\\\\mﬂ\ﬁ

HEPLACEMENT SHEET

..............................

so that the-resultant.product has a composition

99.5 mol {(Bag, 935%0.05C20.02)0}1.01(T10.83%%0.16HE0.01)02 + 0.5

mol MgO + 0.3 mol Mno,%”o.l mol
of the raw materials was wet-mil

hours, d:ied'by:evaporation, cal

Nio. 'Tﬁe resultant mixture
led with a ball mill for 16

cined in air at 1100 °C for

2 hours, and then crushed and pulverized by a dry grinding

machine to prépare a calcined powder with a particle size of

1 pm or below.

Using thchalcined powders, there were prepared

speciﬁene (No. 55) of monolithic ceramic capacitors in the °

same manner as Example 2.

The"_monolithic cerami¢ capacitors have the

following,dimensidnseand constituents:

width: 1.6 mm
Length: 3.2 mm

Thickness: 1.2 mm..

Thidkness_of each dielectric layer: 15 pum

Number of effeetiVe dielectric layers: 19 sheets

sﬁrfaée_area of internal electrode: 2.1 mm

2

For each specimen, electrical properties were measured

in the same manner as Example 2.

7.

Results are shown in Table

Feea—ef-Rl -and R2
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As can be seen from the results shown in Table 7,
the monolithic ceramic capacitors 1nclud1ng the non-
reducible dielectric ceramic composition of the present
invention are high in dielectric constant, small ih
dielectric loss (tan é) and possess good temperature
characteristics as the  temperature coefficient of
capacitance (AC/C,q) méeté requirements of F characteristics
defined by JIS in the temperature range of -25 °C to +85°C.
In additioﬁ, the composition of the present invention has an
high insulation resistance as the product of C and R is more
than 10000 MQ-'pF at 25°C and more than 5000 MO°uF at 85°cC.
Further, the composition has a long high temperature iife
time of more than 100 hours .and the change rate of
capacitance under the high temperature load test is less
than 10 %. |

In contrast therewith, the . specimen No. 29
cbntaining no element R1 selected from the group consisting
of La, Cé, Nd is short in high temperature life time. The
specimen No. 30 contaihing no element R2 selected from the

. group consistihg ‘of Dy, Ho, 'Er, Yb and ¥ is low in
dielectric constant, but large in dieleétric loss. In
addition, the change rate of capacitance become large when
ﬁhe capacitor is subjected to the high temperature 1oad.tes£
for 1000 hours.

The specimen No. 55, which dﬁes not contain R1 and

R2, is short in high temperature life time, but large in



with a set of o, p, P, q, r, m.x and
m xture of the raw rraterlals was wef

dried by evaporgisisaet HaBeai ﬁﬁaﬁln al

pul verized by a chine to
particle size of

ow. A@deﬂgto 100 nol es
was t he

change rate of;capacitancé. Thus, it can be seen that the
co—addithmf of Rl and R2 contributes to improve both the
high temperature_life time and aging characteristics.

Alﬁhough in all the examples described above, the
starting mate:ials used aré powders of dxides or carbonates
such as Béco3, Src0,, Ti0,, 2Zr0, and HfO,, they may be
powders prepared by the alkoxide method, coprécipitation.
method, or.hyarothermal synthesis. The use of such powders
has' é- great .péténtial for further improvement in the
electrigal.characteristics, as compared with those used in- -
the ab¢ve exampleé.

'Although the present 'invention has been
particularly déspribed, it is to be noted that the same is
by way of example only and is not to be taken by way of
iimitation,- and: the -spiriﬁ and scope of the .present
invention is @etermined~oﬁly by the terms of the appended -

claims.



THis SHEE
S oﬁm

Al =

remaining raw materials [err] and [err]. The added anou

Zggnﬂt;nogapye 5. TheannRe ed N€ resultant m xture was SUIt
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WHAT IS CLAIMED IS:

1. A non-reducible dielectric ceramic composition
consisting essentially of a main component and at least one
oxide selected from  the group consisting of oxides of Mn,
Fe, Cr, Co and Ni, said main component having a composition
of the qenefal formula.(I):

{(BA)oo-p-q-rSToCAPRIGR2,) O1ugy24r 2 m(Tiy . 2r,HE ) O,
wherein Rl is at least one element selected from the group
consisting of La, Ce, N4, Pr and Sm, R2 is at least one
element selected froﬁ the group consisting of Dy, Ho, Er, Yb
and ¥, and wherein o, p, q, r, X, Y and m meet the folléwinq
conditions: 0 <0< 0.32, 0 p<0.20,0<qg¢<g 0.02, 0¢<
r £ 0,02, 0 < x<£0.24, 0 <y < 0.16, 1.00 £ m £ 1.03, and
0 < g+r £ 0.03; the content of said oxide being 0.02 to 2.0
moles per 100 moles of said main component when calculated
in terms of respective oxides, MnO, Fey0;, Cry03, CoO and
NiO. |

2. A ﬂon-reducible dielectric ceramic composition
chsisting essenﬁially of a main component and at least one
additive seleéted from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni, said main component having a composition
of the general formula (II):

(1-2) { (Ba3-6-p-q-rSToCaLRLGR2,) Osug 24z /2 }m (Ti)ny2EHENO,  +
aMgo, '
where Rl is ét least one element selected from the group

consisting of La, Ce, Nd, Pr and Sm, R2 is at least one

R



pure water and an organi c_binder of polyvinyl acetate, wef THISiSHEBT HES BEAG |
hours with a,bal—lv—mil”and thmgranul ated to prepare nol ¢i ng PRAMACED The

powder was then ressure of 2000 Kg/cn? 3
conpacts of a. and a thickness of 0. 5[k LACEMIEN]r SREET
conpacts were - Lo 500 [err]

inair to renove the or?anlgpmﬁgg%y ;

conbusti on, and then fired at a tenperature shown || 28 e i b0,

- 40 -

element selected from the group consisting 6f Dy, Ho, Er, ¥b
and ¥, and a, o, p, 4, r, X, Yy and m meet the following
conditions: 0 < a £ 0.05, 0 <0< 0.32, 0 p < 0.20, 0 <
q £0.02, 0<<r<0.03, 0<x<0.24, 0<y<20.16, 1.00<m
< 1.03, and 0 < g+r < 0.04; the content of said additive
being 0.02 to 2.0 moles per 100 moles of said main component

' when calculated in terms of respective oxides, MnO, Fe,0,,

Cr,03, CoO and Nio.

This Sheet Has Been Re
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in Table 6 for 2 hours in a reduci ng at nosphere consi sting of Em ?aﬁﬁc'\é r
with a partial pressure of oxygen being 2 x [err] to 3r__—;—-__u
prepare ceram c disks. The resultant ceram c di sks wer§
scanni ng- el ectron m croscope at a nagnification of 150f]
crystal gain size. Each ceram c di sk was provided on iJj Daap;
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NON-REDUCIBLE DIELECTRIC CERAMIC CQMPOSITION
ABSTRACT OF THE DISCLOSURE

A non-reducible dielectric ceramic composition
consists essentially of a main component and at least one
oxide selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni. The main component has a composition of
_the genéral formula: {(Bal_o_p_q__rSroCapquRzr)01+q/2+r/2}m
(Tiy-x-yZrHEy)Oy, where R1 is at least one element selected
from the group consisting of La, Ce, Nd, Pr and Sm, R2 is at- °
least one element selected from the group consisting of Dy,
Ho, Er, ¥Yb and Y, and o, P, d, .r, X, Y and m meét the
following conditions: 0 <0<50.32, 05 ps 0.20, 0<qgX¥
0.02, 0 <r < 0.02, 0<x<0.24, 0 <y < 0.16, 1.00 £ m <
1.03, and 0 < g+r 5 0.03. The content of additive is 0.02
-to 2.0 moles per 100 moles of the main component when
calculated in terms of respective oxides, MnoO, Fe,053, Cr,03,
Co0 and NiO. The composition may contain Mgo as a part of

the main component in an amount up to 0.05 mol%.

This Sheet Has B
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sides with silver electrodes by applying a silver paste
at 600 [err] for 30 minutes in a nitrogen atnosphere to
to be used as a specinen for freasurenents of electrica

each speci nen, neasurenents were nmade on dielectric cons
dielectric loss (tan 6), and a tenperature <coefficient (T

(9,

and

NON-REDUCIBLE DIELECTRIC CERAMIC COMPOSITION

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a non-reducible

dielectric ceramic composition and, more particularly, to a

- non-reducible dielectric ceramic composition used for mono-

lithic ceramic capacitors.
2. Description of the Prior aArt

Monolithic ceramic éapacitors are generally
produced by first preparing dieiectric ceramic green sheets
with a dielectric ceramic composition such as a composition
mainly comprising barium titanate, applying a conductive
material for an internal electrode on one surface of each
green sheet, stacking the green sheets, bonding them by

thermocompression, cutting-the resultant multilayered body

-into ceramic capacitor green chips, .then firing the green

chips.in air at 1250 - 1350 °C to form capacitor chips with
internal electrodes, and finally forming external electrodes
connected to the internal electrodes on opposed sides of
each of the capacitor chips to complete monolithic ceramic
capacitors.

Accordingly,_ a conductive material for internal
electrodes is required to meet conditions such that (a) it

has a melting point higher than a sintering temperature of

the dielectric ceramics as the internal electrodes are fired

|



insul ation resistance. The dielectric constant 4fﬁ=ﬁfé = Fo=
were measured at 1 kHz, 1 Vrns at 25 [err]. The tenperat/iFEFLAGEMENTI SHRET
(TG of capacitance was determ ned over the tenperatur Drﬂan_bé Nﬂvngg',]
to [err] on ate '

al

-

- 2 -

along with the dielectric ceramic material; and that (b) it
neither oxidize nor react with the dielectric ceramics even
in an oxidizing atmosphere with a high temperature.

To meet such requirements, noble metals such as
platinum, gold, palladium and their alloys have been used as
a conductive material for the internal electrodes. Such
noble metals provide satisfactory characteristics, but for
all practical purposes they are too expensivg to use. That
is, use of such a noble metal is the greatest factor
determining the rise in the production cost of monolithic
ceramic capacitors as the cost of internal electrodes
occupies from 30 to 70 % of the production cost of
monolithic ceramic capacitors.

Other metals having a high melting point are base
metals such as Ni, Fe, Co, W and Mo, but they are easily
oxidized in a oxidizinﬁjhigh temperature atmosphere. Thus,
if such a base metal is used as a material for internal
electrodes of monolithic ceramic capaéitors, it loses the
function serving as the internal electrodes when the green
chips are fired in air.. It is therefore required to fire
the green chips in a neutral or reducing atmosphere in order
to use a base metal as a material for internal electrodes of
monolithic ceramic capacitors. However,. the dielectric
ceramic materials of the prior art are reduced considerably

and thus semiconductorized when fired in the reducing

atmosphere.
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[err],

- the basis of the capacitance at [err] along
>absolute value of TCin the range of [err] to [err].
coefficient (TC) of capacitance was given by equation
is difference between capacitance at the nmeasured te
and [err] is a capacitance at-203[e&tr].
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To solve such a problem, it has been proposed in
JP-B- 57-42588 to wuse a dielectric ceramic material
comprising a barium titanate solid solution having a ratio
of a barium site to a titanium site being larger than the
stoichiometric ratio. Such a dielectric ceramic material is
scarcely semiconductorized even if fired in a reducing
atmosphere, thus making it ©possible to manufacture
monolithié ceramic capacitors including internal electrodes
of a base metal such as nickel. It is, however, difficult
with such dielectric ceramic materials to miniaturize
monolithic ceramic capacitors for the following reasons.

With recent development of electronic techniques,
considerable progress has made in miniaturization of
electronic devices. Conseguently, this requires
miniaturization of monolithic ceramic capacitors as well as
other electronic parté. For the monolithic ceramic
capacitors, the miniaturization is generally carried out by
using a dielectric ceramic material with a high dielectric
constant or by making dielectric ceramic layers thin. The
dielectric ceramic materials as disclosed in JP-B- 57-42588
have high dielectric constant, but they are large in grain
size. Thus, if the thickness of dielectric ceramic layers
is decreased to 10 um or below, the number of crystal grains
present in each layer is considerably decreased, resulting

in lowering of reliability of the monolithic ceramic

capacitors.

Egl

N N



The insul ation resistance was neasured at 25 [err] and
appl ying a direct voltage of 500 V to the specinmen for ﬁEHUMeawgﬁhghh
results are shown in Table 6 in which the insulation re |staan ﬁ &lven
a logalithimc value of volunme resistance (log [err]). | Pete:.]. 4 ..... Q"J997
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On the other hand, JP-B~ 61-101459 discloses a
nonreducible dielectric ceramic composition consisting of a
barium titanate solid solution into which a rare earth
element such as La, Nd, Sm and Dy has been incorporated.
Such a comﬁosition has a fine grain size which enables to
avoid lowering of the reliability of monolithic ceramic
capacitors as the fine grains size contributes to increase
the number of crystal grains present in each dielectric
layer. However, it is impossible with such a ceramic
composition to obtain high dielectric constant and that the
composition containing a rare earth element is easy to
oxidize during firing.

EP-A-0 446 814 discloses a non-reducing dielectric
ceramic composition, the main component of which is a barium_
titanate phase formed by the oxides of Ba, Ca, Mg, Sr, Ce, Ti
and Zr, and the additive are oxides of Mn, Fe, Cr or Co in an
amount of 0.02 to 2 mole % per 100 mole % of the main
component.

SUMMARY OF THE INVENTION

It is therefore a primary object of the present
invention to provide a nonreducible dielectric ceramic
composition which is iafge in dielectric constant but small
in crystal grain size-ﬁnd which 1is never semiconductorized
even if fired in a reducing atmosphere.

Another object of the present invention is to
provide a nonreducible dielectric ceramic composition which
enables to miniaturize monolithic ceramic capacitors without

lowering of reliability and characteristics.
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According to the present invention, there is
provided a non-reducible dielectric ceramic composition
consisting essentially of a main component and at least one
additive selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni, said main component having a composition
of the general formula (I):

{(Bay g p-q-rSTeCALRLR2,) Oy 4qr94r /2 tm (TiyogoyZr,HEL) O,
where Rl is at least one element selected from the .group
consisting of La, Ce, Nd, Pr and Sm R2 1is at least one
element selected from the group consisting of Dy, Ho, Er, Y¥Yb
and ¥, and o, p, g, r, %X, Yy and m mneet the following
conditions: 0 <0<£0.32, 0£p < 0.20, 0<qgx 0.02, 0¢<

r £0.02, 0<x<0.24, 0<y <0.16, 1L.00 £m £ 1.03, and O
< g+r £ 0.03; the content of said additive being 0.02 to 2.0
moles per 100 moles of said main component when calculated
in terms of the respective oxides MnO, Fe,0,, Cr,0,, CoO and
Nio.

The above composition may contains at least one
additional additive selected from the group consisting of
Si0, and Zn0 in an amount of 0.1 to 2.0 moles per 100 moles
of the main component.

The above non-reducible dielectric ceramic
composition has a small grain size of not more than 3 um
even though it has a high dielectric constant of not less
than 11000, thus making it possible to thin the dielectric

layers without causing decrease in the number of crystal

grains present in each dielectric layer. However, if the
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contents of Rl and R2 become increased, the dielectric loss
becomes more than 1.5% and the insulation resistance becomes

lowered. This problem can be solved by addition of a
certain amount of Mgo inté the main component.

Thus, according to the present invention there is
further provided a non-reducible dielectric ceramic
composition consisting essentially of a main component and
at least one additive selected from the group consisting of
oxides of Mn, Fe, Cr, Co and Ni, said main component having
a composition of the general formula (II):

(1-a) {(Ba;_g.p-q-rSTeCALRLR2,) 0140 /24r /2 m (Tiimx-y ZTHEL) O) +
aMgo, where Rl is at least one element selécted from the
group consisting of La, Ce, Nd, Pr and Sm, R2 is at least
one element selected from the group consisting of Dy, Ho,
Er, Y¥Yb and ¥, and a, o, p, g, r, X, Yy and m meet the
following conditions: 0 < a £ 0.05, O < o0 £ 0.32, 0<p <

0.20, 0 < g £ 0.02, 0 < r < 0.03, 0 < x £ 0.24, 0 < Yy %
0.16, 1.00 < m £ 1.03, and 0 < g+r < 0.04; the content of
said additive being 0.62 to 2.0 moles per 100 moles of said
main component ‘when calculated in terms of _the
respective oxides MnO, Fe,0,, Cr,0,, CoO and NiO.

Also, the composition may contains at least one
additional additive selected from the group consisting of
Si0, and ZnO in an amount of 0.1 to 2.0 moles per 100 moles
of the main component.

The dielectric ceramic composition of the present

invention is never reduced or semiconductorized even if
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fired in a reducing atmosphere. Furthermore, the dielectric
ceramic composition of the present invention can be fired at
a . temperature of not more than 1300 °C. Accordingly, the
non-reducible dielectric ceramic coﬁposition of the present
invention makes it possible to use any base metal as a
material for internal electrodes of monolithic ceramic
capacitors, which in turn makes it possible to cut down the
production cost Sf,monolithic ceramic capacitors.

The non-reducible dielectric ceramic composition
of the present invention has a small grain size of not more
than 3 pgm though it has a high .dielectric constant of not
less than 9000, thus making --it possible to thin the
dielectric layers without causing decrease in the number of
crystal grains present in each dielectric layer. Thus, the
présent invention makes it ©possible to manufacture
monolithic ceramic capacitors which have high reliability
and which are small in size but large in capacitance.

The above aﬁd=other objects, features and advan-
tageé of the present invention will become apparent from the
following examples.

EXAMPLE 1

Using, as raw materials, BaCO;, SrCO;, CacCoj,
CeO,, Lay03, Nd,0;, Dy,03, Ho,03, Er,0;, Yb,03, Y¥,03, Tio,,
2r0,, HfO,, MnO, Fey03, Cr,05, CoO and NiO with the purity of
not less than 99.8%, there were prepared specimens of
diglectric ceramic compositions in the following manner:

Firstly, the raw materials, BaCO;, SrCO;, CaCOj5,

¥




- 31 - Jerr] 32 As can be seen fromthe above results,

L

2r0, and Hf0,, were weighed and mixed to prepare a mixture
for a main component having a composition expressed by the
general formula (I):
{ (B2 6-p-q-rSToCapR1R2,.) Oy a/24r /2 tm (T1-x-y ZEXHE,) Of

with values of o, p, q, ¥, m, X and y shown in Table 1. The
remaining raw materials, MnO, Fe,0;, Cr,0;, CoO and NiO,
were added as an additive to the resultant mixture in
proportions shown in Table 1 in which the added amounts of
the additive are listed in mole pér 100 moles of the main
component, respectively. -

The resultant mixture was wet-milled with a ball
mill for 16 hours, dried by evaporatioﬁ, calcined in air at
1100 °C for 2 hours, and then crushed ana pulverized by a
dry grinding machine to prepare a calcined i:owder with a
particle size of 1 pm or smaller.

The calcined powder was added with suitable
amounts of pure watef and an organic binder of polyvinyl
acetate, and wet-milled for 16 hours with a ball mil)l and
then granulated to prepare molding powder. The powder was
then molded under a pressure of 2000 Kg/cm2 to prepare green
compacts of a diameter of 10 mm and a thickness of 0.5 mm.
The green compacts were heated to 500 °C in air to remove
the organic binder by combustion, and then fired at a
temperature shown in Table 2 for 2 hours in a reducing .
atmosphere consisting of H,, N, and air with a partial

pressure of oxygen being 2 x 10719 to 3 x 1072 atm to




nol ar fraction of Sr, o, is 0, like as specimen No. 28, the~ di-electriemmsms;
sconst ant becones | ess than 9000, the dielectric | oss excpebs wdibis .9 Landi |
the tenperature coefficient of capacitance becones |ajge. I I

Al 008097 |

exceeds 0.32, |I|ike as specinmen No. 45, the dielectric c
| ess than 9000 and the tenperature coefdictent of capacitanc
and does not neet the requirenents of F characteris-

prepare deramic disks.

The resultant ceramic disks were observed by a
scanning-electron microscope at a magnification of 1500 to
determine crystal gain size.

Each ceramic disk was provided on its opposite
sides with silver electrodes by applying a silver paste and
then baking it at 600. °C for 30 minutes in a nitrogen
atmosphere to prepare a capacitor to be used as a specimen
for measurements of electrical properties.

For each specimen, measurements were made on
dielectric constant (€¢), dielectric loss (tan §), and a
temperature coefficient (TC) of . capacitance (C), and
insulation resistance. The dielectric constant and
dielectric loss were measured at 1 kHz, 1 Vrms at 25°C. The
temperature coefficignt (TC) of capacitance was determined
over the temperature rénée of -25°C to 85°C on the basis of
the capacitance at 20;é along with the largest absolute
value of TC in the range of -25°C to 85°C. The temperature
coefficient (TC) of capacitance was given by equation: TC =
AC/C,q, where AC is difference between capacitance at the
measured temperature and that at 20°C, and Cyq is a
capacitance at 20 °cC.

The insulation resistance.was measured at 25 °C
and 85 °C after applying a direct voltage of 500 V to the
specimen for 2 minutes. The results are shown in Table 2 in

which the insulation resistance is given as a logalithimic



tics defined by JIS. If the nolar fraction of Ca, p, exc s 0 )

sspeci men No. 46, the sintering properties becone worse aficgihe di.el ectric. |
constant becones lowered. If the nolar fraction of Rl, qf is thfﬁ??féﬁiggw
speci nen No. 29, the crystal grain size exceeds 3 [err], tmﬂaﬁ”@/
inpossible to thin the dielectric layers when — lem—eee T 7"7 i:

- 10 -

value of volume resistance (log p).
In Table 1 and Table 2, specimens with an asterisk

are those having a composition out of the scope of the

present invention.
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tenperature coefficient of capacitance does not neet the r q¥#i
characteristics defined by JIS. If the content of MgOis @, Ii 4
speci nen No. 33, the dielectric loss is increased to nore Qﬂﬁg
addition of RL and R2 exceeding 0.03, and the insulation

| ower ed.

52, the sintering

14

If the nolar fraction of_ My{3 exceeds 0.05, like as sp

As can be seen from the above results, the non-
reducible dielectric ceramic composition of the present
invention possesses a high dielectric constant equal to or
more than 11000, a low loss tangent of equal to or less than
2.0 %, and good temperature coefficient of capacitance which
meets requirements of F characteristics defined by Japanese
Industrial Standard (JIS) in the temperature range of -25 °C
to +85°cC.

In addition, the éomposition of the present
invention possesses”™ a high vélue of +the insulation
resistance of which a logalithimic.value is equal to or more
than 12. Further, the composition can be sintered at a
relatively low temperature of not more than 1300 °C and has
a small grain size of 3 um or below which makes it possible
to thin thé dielectric, layers of the monolithic ceramic
capacitors.

The main component of the non-reducible dielectric

ceramic composition has been limited to those having a

composition expressed by the general formula (I) for the
following reasons:

If .the molar fraction of Sr, o, is 0, 1like as
specimen No. 1, the dielectric constant becomes less than
11000, the dielectric loss excéeds 2.0 % and the temperature
coefficient of capacitance becomes large. If o exceeds
0.32, 1like as specimen No. 18, the dielectric constant

becomes less than 11000 and the temperature coefficient of

s 0f
BENT ¢
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properties beconmes |owered and the dielectric constant beeeses—tessthan
9000. |If t he mol ar ratio of [err] [efrReruaseafmer ezt |
i.e., m is less than 1.00, like as specinmen No. 35, the insuiz?hav H
resi stance becones | owered as the conposition is reduced mmk;"mm“m"mgﬁqui
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capacitance becomes large and does not meet the requirements
of F characteristics defined by JIS.

If the molar fraction of Ca, p, exceeds 0.20, like
as specimen No. 19, the sintering properties of the
dieléctric ceramic composition become worse.

If the molar fraction of R1, q, is 0, like as
specimen No. 2, the crystal grain size exceeds 3 um, which
in turn makes it impossible to thin the dielectric layers
for monolithic ceramic capacitors. If g exceeds 0.02, like
as specimen No. 20, the dielectric loss exceeds 2.0 % and
the insulation resistance at 25°C or 85°C becomes lowered.

If the molar fraction of R2, r, is 0, like as
specimen No. 3, the dielectric constant becomes less than
11000 and the temperature coefficient of capacitance becomes .
large. 'I_f r exceeds 0.02, like as specimen No. 21, the
dielectric loss exceeds-2.0 % and the insulation resistance
becomes lowered.

If the-sum of the molar fractions of Rl and R2,
i.e., g+r, exceeds 0.03, 1like as specimen No. 22, the
composition is reduced and semiconductorized when fired in a
reducing atmosphere, whereby the insulation resistance
becomes considerably lowered.

If the molar fraction of Zr, x, is 0, like as
specimen No. 4, the dielectric constant becomes less than
11000 and the temperature coefficient of capacitance becomes

large. If x exceeds 0.24, like as specimen No. 23, the



- 34 - semconductorized when fired in a reducing atnosppese—lf m
exceeds 1.03, like as specinmen No. 54, the sintering prop rREeﬁg@g@gg§§;E;;‘i
consi derably | ower ed. Thus, the nolar ratio of the bariymsite to SEEE
titaniumsite has been limted

- 17 -

sintering properties become lowered and the dielectric
constant becomes less than 11000.

If the molar fraction of Hf, y, is 0 1like as
specimen No. 5, the dielectric constant becomes less than
11000. if y exceeds 0.16, like as specimen No. 24, the
temperature coefficient of capacitance does not meet the
requirements of F characteristics defined by JIS.

If the molar ratio of {(Ba:,__o__p_;;__r
SrOCapquRzr)01+q/2+r/2} to (Til_x_ygrfoy)oé, i.e., m, is less
than 1.00 like as specimen No. 7, the insulation resistance
becomes lowered as the composition is reduced and
semiconductorized when fired in a reducing atmosphere. ©On
the other ﬁand, if m eiceeds 1.03, like as'specimen No. 286,
the sintering properties becomes considerably lowered.
Thus, the molar raﬁio.of the barium site to titanium site
has been limited to a value ranging from 1.000 to 1.03.

Further, if the added amouﬁt of the additive, Mno,
Fe,03, Cry,03, CoO and NiO, is less than 0.02 mole per 100
mole- of the main component, like as specimen No. 6, the
insulation resistance at 85°C and above becomes small,
resulting in lowering of the reliability in a long use at
high tempergtures. If the added amount of the above
additive exceeds 2.0 moles per 100 mole of the main
component, like as specimen No. 25, the dielectric 1loss
exceeds 2.0 % and the insulation resistance becomes lowered.

For these reasons, the added amount of the additive has been



to a value ranging from1.000 to 1.03. The reasons why
additives MO [err] has been |imted to the above rangg
| f the added ampbunt of the additive is |less than 0.02
t he mai n component, |ike.as specinmen No. 34, the insula
850C and above becones snall, resultifyg in |owering of

i
i

limited to a value ranging from 0.02 to 2.0 moles per 100
moles of the main component.
EXAMPLE 2

Using calcined powders of specimen Nos. 2, 3, 15
and 17 prepared in Example 1 for énd having particle size of
not more than 1 um, there were prepared monolithic ceramic
capacitors in the following ﬁanner.

Separate from the above, using, as raw materials,
BaCO3, SrCO5, CaCO3, TiO,, 2rO,, HfO,, MnO and NiO with the
purity of not less than 99.8%, théfe was prepared a calcined
powder for comparative specimenﬁ No. 27 in the following
manner: The raw materials were weighed and mixed so that
the resulfant product has a composition of 100 mol
{(Bag_93570,06C20.02) O}1.01(T10.832%0.16Hf0.01)02 + 0.3 mol MnO
+ 0.1 mol NiO. The resultant mixture of the raw materials
was wet-milled with a..ball mill for 16 hours, dried by
evaporation, calcined in air at 1100 °C for 2 hours, and
then crushed and pulverized by a dry grinding machine to
prepare a calcined powder with a particle size of 1 um or
below. |

Each calcined powder was wet-milled with a ball
mill for 16 hours together .with a suitable amount of
pelyvinyl butyral resin dissolved in ethyl alcohol to
prepare a ceramic slurry. Then, the slurry was formed into
a sheet by the Doctor blade process, dried and then cut to

prepare ceramic green sheets with a thickness of 18 pn.



refiability in a long use at high tenperatures. | f the added ampunt of

‘the additive exceeds 2.0 noles per 100 nole of the nmain ¢o r#g%.f €.
speci men No. 53, the dielectric | oss exceeds 1.5% and th¢g I nAsu agﬁ%ﬁ+§ﬁ“g§
resi stance becomes | owered. EXAMPLE 4 Using the cal ci ned ggﬂgeft4oNUV1gg7
specimen Nos. 29. o E T T DR L

- 19 -

A conductive paste containing Ni as a conductive
material was screen-printed on one surface of each ceramic
green sheet to form a conductive paste layer for internal
electrodes. Subsequently, 19 sheets of the resultant
printed green sheets were stacked, bonded by thermo-
compression along with two non-printed green sheets put on
the opposite surfaces of the stack, and then cut into pieces
to form green chips for monolithic ceramic capacitors. The
green chips were fired with an electric furnace at 350°C in
a nitrogen atmosphere to burn tﬁe binder, and then fired at
a temperature shown in Table 3 for 2 hours in a reducing
atmosphere composed of a mixed gas of N,, H, and air with a
partial pressure of oxygen being 2 x 1070 to 3 x 10712 atm
to prepare monolithic ceramic capacitor chips.

The resultant. capacitor chips were observed by a
scanning-electron microscope at a magnification of 1500 to
determine crystal gain size.

The capacitor chips were pfovided on its opposite
sides with external -electrodes connected to internal
electrodes by applying a silver paste and then baking it at
600 °C for 30 minutes in a nitrogen atmosphere to produce a
monolithic ceramic capacitor.

The thus prepared monolithic ceramic capacitors
have the following dimensions and constituents:

Wwidth: 1.6 mm

Length: 3.2 mm



30; 36 and 44 prepared in Exanple 3 and having particle size of not nore
1 [err], there were prepared nonolithic ceraniclcgg Crtors i—thres
same nmanner as Exanple 2. Separate fromthe above, using PLAGE

[err] the purity of not less than 99.8% there was prepa %ﬂng.c MFNﬂVWBST*—J

powder .-for conparative specinmen No. 55 in the

-t han
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Thickness: 1.2 mm

Thickness of each dielectric layer: 1S5 um.
Number of effective dielectric layers: 19 sheets
Surface area of internal electrode: 2.1 mm2

Dielectric constant (&) and dielectric loss (tan
§) were measured at 1 XHz, 1 Vrms at 25°C. The insulation
resistance (R) was measured at 25 °C and 85 °C after
applying a direct voltage of 16 V'to the spec_imen for 2
minutes. The results are shown in Table 3 in which the
insulation resistance is given as the product of insulation
resistance and capacitance (CR) .

The temperature coefficient (TC) of capacitance
was determined over the temperature range of -2S°c to 85°C
on the basis of the capacitance at 20°C along with the
largest absolute value of TC in the range of -25°C to 85°C.
The temperature coefficient (TC) of capacitance was given by
equation: TC = AC/C,;, where AC is differerice between
capacitance at the measured temperature and that at 20°cC,
and Cyy is a capacitance at 20 °c.

A high temperature load life test was carried out

'by applying DC voltége of 150 volts to the specimen at

150°C. The specimen, i.e.,. a capacitor, was considered to
be failed when the insulation resistance fell below 10% .

The high temperature load life time is given as a mean value

of data for 36 chips.

The capacitance of each specimen was measured

|



35 so that
REPLACEMENT SHEET

foll owi ng manner: The raw materials were wei ghed and m xe
the resultant product has a conposition [err]

before and after a high temperature load test which was
carried out by applying a DC voltage of 32 volts to the
specimen at 85°C for 1000 hours. From the data, a Change
rate of capacitance was determined by the equation: (AC’/Cp)
x 100, where AC’ =Cy400~Co, Cigoo 1S a capacitance measured
after the test, ¢; is a cépacitance measured before the

test.



mol [err] + 0.3 nol [err] + 0.1 nol [err]. The resultant
~materials was wet-mlled with a ball mll for 16 hours,
evaporation, calcined in air at 1100 [err] for 2 hours,
and pul verized by a dry grinding machine to prepare a c
a particle size of 1 [err] or below Using the cal cined
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speci nens (No. 55) of nonolithic ceram c capacitors int
Exanple 2. The nonolithic ceramc capacitors have t
di rensi ons and constituents: Wdth: 1.6 mm Length: 3.2

sane nmanner as

.........
Tiae

- 23 -

As can be seen from the results shown in Table 3,
the monolithic ceramic capacitors including the non-
reducible dielectric ceramic composition of the present
invention are high in dielectric constant, small in
dielectric 1loss (tan §&§) and possess good temperature
characteristics as the temperature coefficient of
capacitance (AC/C,,) meets requirements of F characteristics
defined by JIS in the temperature range of -25 °C to +85°C.
In addition, the composition of the present invention has an
high insulation resistance as the product of C and R is more
than 10000 MO-uF at 25°C and more than 5000 MN-uF at 85°cC.
Further, the composition has a long high temperature 1life
time of more than 100 hours and the change rate of
capacitance under the high temperature load test is less
than 10 %. |

In contrast therewith, the specimen No. 2
containing no element Rl selected from the group consisting
of La, Ce, Nd is short in high temperature 1life time. The
specimen No. 3 containing no element R2 selected from the
group consisting lof Dy, Ho, Er, Y¥Yb and Y is 1low in
dielectric constant, but large in dielectric loss. In
addition, the change rate of capacitance become large when
the capacitor is subjected to the high temperature load test
for 1000 hours.

The specimen containing no element of Rl and R2 is

short in high temperature life time, but large in change



Thibkness of each dielectric |ayer: 15 Am Nunber of eff
1ayers: 19 sheets 2 Surface area of internal electrode:

speci nen,

2. Results are shown in Table 7.

el ectrical properties were neasured in the sang

- 24 -

rate of capacitance. Thus, it can be seen that the co-
addition of Rl and R2 contributes to improve both the high
temperature life time and the change rate of capacitance due
to aging during load life test.

EXAMPLE 3

Using, as raw materials, BaCO;, Srco;, CacCoy,
CeO,, La,03, Nd,03, Prg0;;, Smy0;, Dy,03, Ho,0;, Er,0;, Yb,0s,
¥,03, TiO,, Zro,, Hf0,, MgO, MnoO, Fe,03, Cr,0;, CoO and NiO
with the purity of not less tﬁan 99.8%, there were prepared
specimens of dielectric ceramic compositions in the
following manner:

The raw materials, BaCO;, SrCoO;, CaCO;, CeO,,
Lay0j3, NA,03, PrgO;;, Smy0;, Dy,0;, Ho,03, Er,03, Yb,04, Y,05,
Ti0,, 2r0, and HfO,, were weighed and mixed to prepare a
mixture for a basic composition for a main component, of the
formula (III):
{(Bay_op-g-rSToCaR1IGR2,) 0y 4 /04r /2 m (Ti1oyg-y 2 HEL) Oy
with a set of o, p, g, r, m, x and y shown in Table 4.

The resultant mixture of the raw materials was
wet-milled with a ball mill for 16 hours, dried by
evaporation, calcined in air at 1100 °C for 2 hours, and
then pulverized by a dry. .grinding machine to preparé a
calcined powder with a particle size of 1 um or below.

Added to 100 moles of the calcined power was the
remaining raw materials MgO, MnO, Fe,0,, Cr,0;, CoO and NiO.

The added amounts of additives are shown in Table 5. Then,




36 {err]

B ——

REPLACEMENT

the resultant mixture was added with suitable amounts of

pure water and an organic binder of polyvinyl acetate, wet-

milled for 16 hours with a ball mill and then granulated to
prepare molding powder. The powder was then molded under a
pressure of 2000 Kg/cm2 to prepare green compacts of a
diameter of 10 mm and a thickness of 0.5 mm. The green
compacts were heated to 500 °C in air to remove the organic
binder by combustion, and then fired at a temperature shown
in Table 6 for 2 hours in a reducing atmbsphere consisting
of H,, N, and air with a partial ?ressure of oxygen being 2
x 10710 to 3 x 107!2 atm to prepare ceramic disks.

The resultant ceramic disks were observed by a
scanning-electron microscope at a magnification of 1500 to
determine crystal gain size.

Each ceramic disk was provided on its opposite
sides with silver electrodes by applying a silver paste and
then baking it at 600 °C for 30 hinutes in a nitrogen
atmosphere to prepare a capacitor to be used as a specimen
for measurements of electrical properties.

For each specimen, measurements were made on
dielectric constant (€), dielectric loss (tan §), and a
temperature coefficient (TC) of capacitance (C), and
insulation resistance. The dielectric constant and
dielectric loss were measured at 1 kHz, 1 Vrms at 25 °cC.
The temperature coefficient (TC) of capacitance was

determined over the temperature range of -25°C to 85°C on

SHEET



As can be seen fromthe results shown in Table 7, the nonglithic ceramc
capacitors including the non- reducible dielectric ceram ;

the present invention are high in dielectric constant, s
|l oss (tan 6) and possess good tenperature characteristics 2
tenperature coefficient of L%l WY

the basis of the capacitance at 20°C along with the largest
absolute value of TC in the range of -25°C to 85°C. The
temperature coefficient (TC) of capacitance was given by
equation: TC = AC/C,,, where AC 1is difference between
capacitance at the measured temperature and that at 20°C,
and C,5 is a capacitance at 20 °cC.

The insulation resistance was measured at 25 °C
and 85 °C after applying. a direct voltage of 500 V to the
specimen for 2 minutes. The results are shown in Table 6 in
which the insulation resistance is given as a logalithimic

value of volume resistance (log §).
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i nvention has an high insulati
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in the tenperature range of
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t he conposition has a | ong highit
e rate of
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at [err]. Further,

the product of Cand Ris nore than 10000 [err]

[err]

time of nore than 100 hours and the chan
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The speci
in high tenperature

| oss.

I n addition,

Table 5
No Additive (mol)
) 2 MnO | Fe,0, Cr,0, Co0 Nio
%28 | 0.005 0.4 - - - -
%29 | 0.005 0.4 - - - -
#30 | 0.005 0.3 - - 0.1 -
#31 | 0.01 0.4 - - - -
#32 | 0.01 0.3 - - 0.1 -
*33 |0 0.3 - - -
*34 | 0.005 - - - - -
*35 | 0.005 0.4 - - - -
36 | 0.005 0.4 - - - 0.1
37 |o0.00s 0.3 - - - -
38 | 0.005 0.3 - - - 0.2
39 | 0.005 0.3 - - - -
40 |0.02 0.4 - - - -
41 | o0.001 0.02 - - - -
42 |o.01 1.0 0.1 - .7 0.2
a3 |o0.05 0.2 - - .1 -
44 | 0.005 0.3 - - - -
%45 | 0.005 0.3 - - i -
*46 | 0.005 0.3 - - . -
%47 | 0.005 0.3 - - 0.1 -
*48 | 0.005 0.3 - - 0.1 -
%49 | 0.005 0.3 - - - 0.1
*50 | 0.005 0.3 - - - -
%51 | 0.005 0.3 - - - -
*52 | 0.08 0.3 - - - 0.1
*53 | 0.005 3.0 - - . -
%54 | 0.005 0.3 ~ - . -

t he
tO



he co-addition

t he exanpl es descl

it can be seen that,
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Thus,

Al t hough in al

0f RlL and R2 contributes to inprove both the high tenpersg

38 change rate of capacitance.

agi ng characteristics.
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startlng materials used are powders of oxides or carbonates such as [err]

they nmay be powders prepared by the al koxi de net hod,

copre

met hod, or hydrothermal synthesis. The use of such pomders

potential for further inprovenent in the electrical
conpared with those used in the above ¥kanpl es.
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Al t Hough t he pr esent I nvention has been particularly described,

It i1s to be noted that the sane is by way of exanple only e
taken by way of limitation, and the spirit and scope || BEPLABEMERTQER, }
invention is determned only by the terns of the appended [cl ai ns. 14NUV 197 :

As can be seen from the above results, if the
molar fraction of Sr, o, is 0, like as specimen No. 28, the
dielectric constant becomes less than 9000, the dielectric
loss exceeds 1.5 % and the temperature coefficient of
capacitance becomes large. If o exceeds 0.32, like as
specimen No. 45, the dielectric constant becomes less than
9000 and the temperature coefficient of capacitance becomes
large and does not meet the requirements of F characteris-
tics défined by JIS.

If the molar fraction of Ca, p, exceeds 0.20, like
as -specimen No. 46; the sintering properties become worse
and the dielectric constant becomes lowered.

If the molar fraction of R1l, ¢, is 0, like as
specimen No. 29, the crystal gra'in size exceeds 3 um," thus
making it impossible to thin the dielectric. layers when .
producing monolithic ceramic capacitors. If g exéeeds 0.02,.

like as specimen No. 47, the dielectric loss exceeds 1.5

o\

an.d the insulation resistance at 25°C or 85°C becomes
lowered. |

If the molar fraction of R2, r, is 0, 1like as
specimen No. 30, the dielectric constant becomes less than
9000 and the temperature coefficient of capacitance bécomes
large. If r exceeds 0.03, like as specimen . No. 48, the
dielectric loss exceeds 1.5% and the insulation reglstance
becomes lowe;'ed.

If the sum of the molar fractions of RI and R2,



39 CLAIM 1. A non-reducible dielectric ceram c conposition consisting
eSsentially of a main conponent and at | east one additive
group consi sting of oxides of M,

REPLACEMENT SHEET

Date '4NOV1m7

i.e., gq+r, exceeds 0.04, like as specimen No. 49, the
composition is reduced and semiconductorized when fired in a
reducing atmosphere, whereby the insulation resistance
becomes considerably lowered.

If the molar fraction of Zr, x, is 0, like as
specimen No. 31, the dielectric constant becomes less than
9000 and the temperature coeffi;ient of capacitance becomes
lax_'ge; If X exceeds 0.24, like as specimen No. 50, the
sintering propertieé become lowered and the dielectric
constant becomes less than 9000,

If. the molar fraction of Hf, y, is 0, 1like as
specimen No. 32, the dielectric consi';ant becomes less than
9000. if y exceeds 0.16, like as specimen No. 51, the
temperature coefficient of capacitance does not meet the
requirements of F characteristics defined by JIS.

If the content of Mgo is 0, like as specimen No.
33, the dielectric loss is increased to more than 1.5 by the

. addition of Rl and R2 exceeding 0.03, and the insulation

resistance becomes lowered. If the molar fraction of MgO
exceeds 0.05, like as specimen No. 52, the sintering
properties becomes lowere‘d: and the dielectric constant
becomes less than 9000.

If the molar ratio of {(Baj_g-p-q-

£SToCapR1IGR2,) 0y 4q 242} to  (Tiy_,  2r HE)O,, i.e., m, is
less than 1.00, 1like as specimen No. 35, the insulation

resistance becomes lowered as the composition is reduced and



Fe, O, Co and N, said main conmponent having a conpositigon of the general
fformula (1): [err] wherein RL is at |east one el enent sel
group consisting of [err], R2 is at |east one elenent selfe
group consisting of Dy, Ho, Er, Yb and Y, and wherein o,

m neet the following LT el
- 34 -

C

.........
......

semicdnductorized when fired in a reducing atmosphere. If m
exceeds 1.03, 1like as specimen No. 54, the sintering
properties becomes considerably lowered. Thus, the molar
ratio of the barium site.to titanium site has been limited
to a value ranging from 1.000 to 1.03.

The reasons why the added amount of additives Mnb,
Fey0;3, Cry0;, Co0 and NiO, has been limited to the above
range are as follows: If the added amount of the additive
is less than 0.02 mole per 100 mole of the main component,
like as specimen No. 34, the insﬁlation resistance at 85°C
and above becomes small, resulting in lowering qf the
reliability in a long use at high temperatures. If the
added amount of the additive exceeds 2.0 moles per 100 mole
of the main componenﬁ, like as specimen No. 53, the
‘dielectric loss exceeds 1.5% and the insulation resistance
becomes lowered.
EXAMPLE 4

Using'the calcined pbwders of specimen Nos. 29,
30, 36 and 44 prepared in Example 3 and having particle size
of not more than 1 pm, there were prepared monolithic
ceramic capacitors in the same manner as Example 2.

Separate from the above, using, as raw materials,
BaCO;, SrcCo;, CaCo,;, Tio,, Z2ro,, HfO,, MgO, MnO and NiO with
the purity of not less than 99.8%, there was prepared a
calcined powder for comparative specimen No. 55 in the

following manner: The raw materials were weighed and mixed



conditions: [err] the content of said additive being 0.0 .2 _nol es |
100 nol es of said main conmponent when calculated in terns (#Eﬂdﬂéﬁhﬁﬁﬁﬁg
oxides [err] and NNO 2. A non-reducible dielectric ceranfc conpositio
consisting essentially of a main conponent and at | east ®ate :...., 14“

per

=4

NOY. f9g7. |

- 35 -—

so that the resultant product has a composition

99.5 mol {(Bag, 9357p,05C0.02)0}1.01(Ti0.83%70.16HEg. 010, + 0.5
mol MgO + 0.3 mol MnO + 0.1 mol NiO. The resultant mixture
of the raw materials was wet-milled with a ball mill for 16
hours, dried by evaporation, calcined in air at 1100 °C for
2 hours, and then crushed and pulverized by a dry grinding
machine to prepare a calcined powder with a particle size of
1 um or below.

Uging'the'calcined powders, there were prepared
specimens (No. 55) of monolithic ceramic capacitors in the
Same manner as Example 2.

The monolithic ceramic capacitors have the
following dimensions and constituents:

Width: 1.6 mm

Length: 3.2 mm

Thickness: 1.2 mm..

Thickness of each dielectric layer: 15 um

Number of effective dielectric layers: 19 sheets

Surface area of internal electrode: 2.1 mm2

For eacﬁ specimen, electrical properties were measured
in the same manner as Examp}e 2. Results are shown in Table

7.



additive selected fromthe group consisting of oxides of M1, [err] said
.mai n conponent having a conposition of the general formula (l11): [err]

where Rl is at |east one elenment selected fromthe groyp,ConsSLST o) e
[err], R2 is at least one REPDRCEMENP skeT |
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40 el ement sel ected fromthe group consisting of Dy, Ho, Er, Yb and Y, and
a, 0, p, g, r, X, y and mneet the follow ng conditions
of said additive

REPLACEMENT g1

iEET

As can be seen from the results shown in Table 7,
the monolithic ceramic capacitors including the non-
reducible dielectric ceramic composition of the present
invention are high in dielectric constant, small in
dielectric loss (tan §) and possess good temperature
characteristics as the  temperature coefficient of
capacitance (AC/C,;) meets requirements of F characteristics
defined by JIS in the temperature range of -25 °C to +85°C.
In addition, the composition of the present invention has an
high insulation resistance as the product of C and R is more
than 10000 MQ-uF at 25°C and more than 5000 MO-uF at 85°C.
Further, the composition has a long high temperature 1life
time of more than 100 hours and the change rate of
capacitance under the high temperature load test is less
than 10 %.

In contrast therewith, the specimen No. 29
containing no element Rl selected frém the group consisting
of La, Ce, Nd is short in high temperature life time. The
specimen No. 30 containing no element R2 selected from the
group consisting of Dy, Ho, Er, Y¥b and Y 1is 1low in
dielectric constant, but 1large in dielectric 1loss. In
addition, the change rate of capacitance become large when
the capacitor is subjected to the high temperature load test
for 1000 hours.

The specimen No. 55, which does not contain Rl and

R2, is short in high temperature life time, but large in



befng 0.02 to 2.0 noles per 100 noles of said main conponent when

‘calculated in terns of the respective oxides [err],
REPLACEMENT SHegT

change rate of capacitance. Thus, it can be seen that the
co-addition of Rl and R2 contributes to improve both the
high temperature life time and aging characteristics.

Although in all the examples described above, the
starting materials used aré powders of oxides or carbonates
such as BaCO;, SrCO;, TiO,, 2Zr0, and HfO,, they may be
powders prepared by the alkoxide method, coprecipitation
method, or hydrothermal synthesis. The use of such powders
has a great potential for further improvement in the
electrical characteristics, as compared with those used in
the above examples.

Although the present invention has been
particularly described, it is to be noted that the same is
by way of example only and is not to be taken by way of
llmltatlon, and the i&Hﬁ%ﬂh—iﬁﬁ%- scope of the present
invention is determined -only by the terms of the appended

claims.
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CLAIM:

1. A non-reducible dielectric ceramic composition
consisting essentially of a main cﬁmponent and at least one
additive selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni, said main component having a compo_sition
of the general formula (I): B

{ (Bal_o_p_q_rSrQCapquRzr) O14g/2+r/2 m(Tiyxy2X,HE,) 0

wherein R1 ié at least one element selected from the group
consisting of La, Ce, Nd, Pr and Sm, R2 is at least one
element selected from the group consisting of Dy, Ho, Exr, ¥b
and ¥, and wherein o, p, 4, r, X, Yy and m meet the following
conditions: 0 <0%0.32, 0L p<0.20,b0<gz< 0.02, 0c<
r £ 0.02, 0<x<£0.24, 0 <y < 0.16, 1.00 £ m < 1.03, and

0 < g+r £ 0.03; the content of said additive being 0.02 to
0.2 moles per 100 moles of said main component when calculated
in terms of the respective oxides MnO, Fe,0,, Cr,03, CoO and
Nio.

2. A non-reducible dielectric ceramic composition
consisting essentially of a main component and at least one
additive selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni, said main component having a composition
of the general formula (II):

(1-2) {(Bay_o-p-q-rSToCapR1LGR2,) 0147242} m (Tl1-x-yZExHEL) Oy +
aMgo,
where Rl is at least one element selected from the group

consisting of La, Ce, Nd, Pr and Sm, R2 is at least one

|
I
!
{
i

|
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element selected from the group consisting of Dy, Ho, Er, Y¥b
and ¥, and a, o, pP, 9, r, X, Y and m meet the following

conditions: 0 < a £ 0.05, 0 < o0 < 0.32, 0<p < 0.20, 0 <

g £0.02, 0<r<0.03, 0<xg0.24, 0<y<0.16, 1.00 <m
< 1.03, and 0 < g+r < 0.04; the content of said additive
being 0.02 to 2.0 moles per 100 moles of said main component
" when calculated in terms of the_ respectivé oxides MnO, Fe,0;,

Cr,0;, CoO and NiO.
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NON-REDUCIBLE DIELECTRIC CERAMIC CCMPOSITION
ABSTRACT OF THE DISCLOSURE

A non-reducible dielectric ceramic composition
consists essentially of a main component and at least one
oxide selected from the group consisting of oxides of Mn,
Fe, Cr, Co and Ni. The main component has a composition of
the general formula: {(Bal_c_p_-q_rSrOCapquRzr)03_4,q/2,,,_./2}m
(Tilﬁberfoy)oz, where Rl is at least one element selected
from the group consisting of La, Ce, N4, Pr and Sm, R2 is at
least one element selected from the group-consisting of Dy,
Ho, Er, Yb and ¥, and o, p, g, ¥, X, Y and m meet tﬁe
following conditions: 0 <0 <£0.32, 0 £ pg0.20, 0<qg g

0.02, 0 <r £ 0.02, 0 < x < 0.24, 0 <y < 0.16, 1.00 £ m <
1.03, and 0 < g+r < 0.03. = The content of additive is 0.02
.to 2.0 moles per 100 moles of the main component when
calculated in terms of respective oxides, Mﬁo, Fe,0,, Cr,04,

CoO and NiO. The composition may contain MgO as a part of

the main component in an amount up to 0.05 mol%.



