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DIELECTRIC CERAMIC COMPOSITION

BACKGROUND OF THE INVENTION
1. Field of the inventiSn :

The present invention relates to a dielectric
ceramic composition and, mbre particularly, to a ceramic
composition wuseful as a dielectric material for
monolithic ceramic capacitors. '

2. Description of the prior art

As a high permittivity material for ceramic
capacitors, there have widely been used those mainly
comprising BaTiO3 and containing an additive such as
BaSnO3, CaZrO, and SxTiO4 incorporated-therein because of
their hiéhi dielectric constant ranging £from 2000 to
15000. | |

However, these dielectric materials have such a
disadvéntage that they have a high sintering temperatﬁre
of 1300 to 1400 AC.” This results in increase in a cost
required for sintering.; In addition, when producing
monolithiclcapacitbrs with such a dielectric material, it
is required to use a material for internal electrodeé
which does not melt, oxidize, or react with the
dielectric material at a high temperature of more than
1300 °C since mondlithic ceramic capacitor are produced
by the steps of preparing ceramic green sheets, forming

an internal electrode layer on each ceramic green sheet,
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bonding a plurality of green sheets by thermo-
compression, and firing the resultant multilayered green
ceramic body. Accordingly, noble metals such as
palladium,_platinum have widely been used as a material
for internal electrodes of the monolithic ceramic
capacitors. However, the use of the noble metals has
become a bar to reduction of the cost of monolithic
ceramié capacitors since the greater paft of the cost
thereof is occupied by the internal electrodes.

To solve sucﬁ problems, it has been proposed to
incorporite a vitreous material containing oxides of B,
Bi é.nd Pb into a BaTiO;-based dielectric ceramic
composition to lower the sintering temperature. The
dielectric ceramic composition containing such a vitreous
material makes it possible to use relatively inexpensive
Ag-Pd alloys as a material for intérnal electrodes of
monolithic ceramic capacitors since it can be sintered at
a low témperature of 1100 to 1150°C. However, the
incorporation of the vitreous material causes such a
problem that the dielectric constant lowers, resulting in
increase in size of the monolithic ceramic capacitors.
Accordingly, the advantages of the use of the inexpensive
electrode material is cancelled.

In addition, the monolithic ceramic capacitois
comprising the | BaTiO;-based dielectric ceramic

composition have such a problem that the capacitance
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thereof is affected greatly by a biasing electric field
of a direct current. For example, the capécitance is
lowered about 30 to 80 % of the initial value by applying
a high direct current voltage of 5kV per 1 mm thick of
the dielectric layer. |

To solve such problems, many investigations
have been madé-on lead-based c§mplex perovskites mainly
comprising lead because of their low temperature
sintering: Some lead-based complex perovskites have been
already known to be dielectric ceramic compositions
having 4 relative dieiectric constant of more than 10000
and a sintering temperature of 1050 °C of below.
However, a problem of these compositions is that they
cause a large.température coefficient of capacitance.
SUMMARY OF THE INVENTION

It is therefore a main object of the present
invention to provide a dielectric ceramic composition
which has a high dielectric constant equal to or more
than 10000, a small change rate of capacitance with
applied DC voltage, and a good temperature coefficient of
capacitance which meets requi:ements of E c¢characteristics
defined by Japanese Industrial Standard (JIS), and a low
sintering temperature equal to of less than 1050 °C.

The above and other objects of the present
invention are achieved by providing a dielectric ceramic

composition cbnsisting essentially of:
/
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a main component of a four cdmponent system,
Pb (Mg; /3Nb, /3) 03-PbTi03-Pb(Ni, /3Nby /3)03-Pb(Zn, /oWy 75) O3,
of which a part of Pb is replaced with at least one
substituent selected from the group consisting of Ba, Ca
and Sr, said main component consisting essentially of 4.0
to 93.0 mol% of Pb(Mg1/3Nb2/3)O3, 1.5 to 35.0 mol% of
PbTiO3, 1.5 to 51.0 mol% of Pb(Ni1/3Nb2/3)03, and 1.0 to
34.0 mol% of Pb(Zn1/2W1/2)O3,.the amount o? said at least
one substituent for Pb being 0.1 to 10 mol%; and

a secondary component selected from the group
consistihg of W, 2n and Mg, said secondary cdmponent
being incorporated in said main component in an amount of
0.05 to 10.0 parts by weight per 100 parts by weight of
said main component in terms of each oxide, WO5;, ZnO or
MgO.

The above main component may be expressed by
the general formula:
(Pby _oMq) { (Mgy /3Dy /3) 5 Tiy (Niy /3Nby /3) 5 (20 75Wg /2) g - x-y-
2}03 | . |
where M is a substituent selected from the group
consisting of Ba, Ca and Sr, 0.001 = o = 0.100; 0.040 s x
= 0.930, 0.015 s y s 0.350, and 0.015 =< z =< 0.510; in
short,

ABO,

where A represents (Pby _ M B represents

o)

{ Mgy /3Dy /3) Tiy (Nig /3Nby /3) 5 (Z0g oWy /3) 3 x-y-z}, and M
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in (Pby_ M) is a sﬁbséituent selected from the group
consisting of Ba, Ca and Sr, 0.001 = a s 0.100, 0.040 s X
< 0.930, 0.015 =y s 0.350, and 0.015 = z s 0.510.

However, the molar ratio of the A site to the B
site, i.e., A/B in the main component is not necessarily
required to be ﬁhe_stqichiometric value. It may take a
value in the range of 0.99 to 1.03 inclusive.

Thus, the ggneral formula of the above main
component may be_rewritten'as follows:

(Pby _ oMy (Mgy /3Nby /) ( Ty (Niy y3Nby 13) 5 (20 7oWy 1o) gy y-
2}03. ’
where M is a substituent selected from the group
consisting of Ba, Ca and Sr, 0.001 = o < 0.100, 0.040 s X
= 0.930,.0.015 <y s 0.350, 0.015 s z < 0.510, and 0.99 =
m < 1.03.

If W is used as the secondary component, it is
preferred to incorporate it into the main component in an
amount of 0.05 to 8.0 parts by weight in terms of WO; per
100 parts by weight of the main component. Accordingly,
there is provided ‘a dielectric ceramic composition .
consisting _essentiélly of a main component of a foﬁr
component  system, Pb(Mgl/3Nb2/3)O3-PbTi03-
Pb(Niy /3Nby 3)03-Pb(Zny sy /5)03, of which a part of Pb |
is substituted by at least one substituent selected from
the group consisting of Ba, Ca and Sr, said main

component consisting essentially of 4.0 to 93.0 wol% of
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Pb (Mg, /3Nby/3)03, 1.5 to 35.0 mol¥ of PbTiOz 1.5 to 51.0

mols of Pb(Niy/3Nby,3)03, and 1.0 to 34.0 mols of

Pb(Zn1/2W1/2)03, the amount of said at least one
substituent for Pb being 0.1 to 10 mol%; and a secondary
component composed of W and incorporated in said main
component in an amount of 0.05 to 8.0 parts by weight per
100 parts by weight of said main component in terms of
WO3. |

If Zn is used as the secondary component, it is
preferred to incorporate it into the main component in an
amount &f 0.1 to 10.0 parts by weight in terms of 2nO per
100 parts by weight of the main component. Accordingly,
there is further pro%ided a dielectric ceramic composi-
tion conéisting essentially of a main component of a four
component system, Pb(Mgl/3Nb2/3)03-PbTiO3-
Pb(Ni; s3Nb, /3)03-Pb(Zny /oW, /5)03, of which a part of Pb
is substituted by at least one substituent selected from
the group consisting of Bé; Ca and Sr, said main
component consisting essgntially of 4.0 to 93.0 mol% of
Pb (Mg, /3Nby /3)03, 1.5 to 35.0 mol¥ of PbTiO3, 1.5 to 51.0

mol% of Pb(Ni1/3Nb2/3)O3, and 1.0 to 34.0 mol% of

. Pb(Zn1/2W1/2)03, the amount of said at 1least one

substituent for Pb being 0.1 to 10 mol%; and a secondary
component composed of 2Zn and incorporated in said main
component in an amount of 0.1 to 10.0 parts by weight per

100 parts by weight of said main component in texrms of
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ceram c conposi- tion have such a problemthat the capacitance thereof is

affected greatly by a biasing electric field of a direct

T

Zno.

If Mg is used as the secondary component, it is
preferred to incorporate it into the main compénent in an
amount of 0.05 to 5.0 parts by weight in terms of MgO per
100 parts by weight of the main component. Accordingly,
there is further provided a dielectric ceramic composi-
tion consisting essentially of a main component of a four
component system, Pb(Mgl/3Nb2/3)O3—PbTiO3-
Pb(Ni1/3Nb2/3)03-Pb(Zn1/2W1/2)03,- of which a part of Pb
is substituted by at least one substituent selected from
the grdup consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 to 93.0 mol% of
Pb(Mg1/3Nb2/3)O3, 1.5 to 35.0 mol% of PbTiO3, 1.5 to 51.0
ﬁol% of Pb(Nil/3Nb2/3)O3, and 1.0 to 34.0 mol% of
Pb(Zny /W, /5)03, the amount of said at least one
substituent for Pb being 0.1 to 10 mol%; and a secondary
component composed of Mg and incorporated in said main
component in an amount of 0.01 to 5.00 parts by weight
per 100 parts by weight of said main component in terms
of Mgo. )

| In a preferred embodiment, the above dielectric
ceramic composition contains Mn as a secondary component
along with W, 2Zn ér Mg in an amount of 0.5 parts by
weight per 100 parts by weight of said main component in
texms of MnO,.

The reasons why the main’ component has been
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limited to thosé having a composition defined as above
are as follows:

If the content of Pb(Mgl/3Nb2/3)O3 is less than
4.0 mol%, the dielectric constant becomes less than 10000
and ' the dielectric dissipation factor (tan &) becomes
more than 2.0 %. If the content of Pb(Mg1/3Nb2/3)O3
exceeds 93.0 mol%,. the temperature coefficient of
capacitance becomes worse, though the dielectric constant
becomes large. For these reasons, the content of
Pb(Mgl/BNb2/3)O3 has been limited to 4.0 to 93.0 mol%.

‘ If the content of PbTiO; is less than 1.5 mol%,
the dielectric constant decreases considerably and
becoﬁes less than 10000. If the content of PbTiO,
exceeds 35.0 mol%, the dielectric constant becomes low
and the dielectric dissipation factor becomes more than
2.0%. For these reasons, the content of PbTiO; has been
limited to 1.5 to 35.6 mol%.

If the content of Pb(Nil/3Nb2/3503 is less than
1.5 mol%, the temperature coefficient of capacitance does
not meet the requirements of E characteristics defined by
JIS, though the dielectric constant becomes large. If
the content of Pb(Ni1/3Nb2/3)O$ is more than 51.0 mol%,
the dielectric constant becomes less than 10000. Thus,
the content of Pb(Ni1/3Nb2/3)03 has been limited to 1.5

to 51.0 mol%.
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1.0 mol%f the sintering temperature becomes higher than
1050 °C and the dielectric constant becomes less than
10000. if the content of Pb(an/2W1/2)03 is more than_
34.0 mwol%, the dielectric constant becomes less than
10000 and the specific resistance becomes less than 1012
Q- cm at room temperature, though the sintering
temperature becomes less than 1050 °C. Thus, the content

of Pb(Zn1/2W1/2)03 has been limited to 1.0 to 34.0 mol%.

A part of Pb in the main components is replaced
with 0.2 to 10 mol% of at least one element selected from
the group consisting of Ba, Ca and Sr to prevent
férmation of pyrochlore phase, whereby producing a
dielectrié ~ceramic composition with a high dielectric
constant, a high insulatioﬁ resistance, a small
temperature coefficiént of capacitance and high
mechanical property. If the amount of the substituent is
less than 0.1 mol%, the dielectric dissipation factor
becomes higher than 2.0 %¥. If the amount of the
substituent is more than 10.0 mol%, the sintering
temperature becomes higher than 1050 °C, the temperaturé
coefficient of capacitance does not meet the requirement
of E characteristics, and the dielectric constant becomes
less than 10000. Thus, the amount of the substituent has

been limited to 0.1 to 10.0 mol%.

The secondary component, W, 2Zn and Mg is
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incorporated into the main component to improve the
dielectric properties. The reasons why the secondary
component has been limited to those defined as above are
as follows:

If the content of Zn is less than 0.1 parts by
weight in terms of 2ZnO, the dielectric constant becomes
less than 10000. 1If the content of Zn is more than 10.0
parts by weight in terms of ZnO, ﬁhe temperature
characteristics does not meet the E regulation and the
specific resistance becomes less than 1012 q-cm, though
the diefectric constant becomes large. Thus, the content -

" of Zn has been limited to 0.1 to 10.0 parts by weight per-
100 parts by weight of the main component in terms of
Zno0.
If the content of W is less than 0.05 parts by
weight in terms of WO5, the dielectfic constant becomes
. less than 10000. If.the content of W is more than 8.0
parts by weight in terms of WO3;, the temperature -
characteristics does not meet the E regulation and the
specific resistance becomes less than 1012 @-cm, though
the dielectric consfant becomes large. Thus, the content
of W has been limited to 0.05 to 8.0 parts by weight per
100 parts by weight of the main component in terms of
WO5. _
If the content of Mg is less than 0.05 parts by

weight in terms of MgO, the dielectric constant becomes
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less than 10000. If the content of Mg is more than 5.00
parts by weight in terms of MgO, the temperature
coefficient of capacitance doeé not meet the requirements
of E characteristics difined by JIS and the specific
resistance becomes less than 1012 Q-cm, though the
dielectric constant becomes large. Thus, the content of
Mg has been limited to 0.05 to 5.00 parts by weight per
100 parts by weight of the main componenﬁ in terms of
MgO.

Mn is incorporated into the main component to
improve the insulation resistance at room temperature and
elevated temperatures, as occasion demands. However, if
the content of Mn is more than 0.5 parts by weight in
térms of MnO,, the specific resistance becomes less than
1012 @-cm at room temperature.

The molar ratio of the A site to the B site,
i.e., m (=A/B) in the above main component has been
limited to 0.99 to 1.03 for the following reasons. If
the ratio A/B is legs than 0.99, the sintefing
temperature becomes more than 1050 °C and the dielectric
constant becomes less than 10000. If the ratio A/B is
more than 1.03, the dielectric dissipation factor becomes
greater than 2.0% and the temperature coefficient of
capcitance does not meet the requirements of E
characteristics defined by JIS.

The dielectric ceramic composition of the
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present invention has a high dielectric constant of not
more than 10000, a low dielectric loss of not more than 2
%, a high specific resistance of 1012 Q-cm at room
temperature, and a low sintering temperature of not more
than 1050°C. It has a small temperature coefficient of
capacitance which meets E characteristics defined by JIS
over a temperature range of -25°C to +85°C, i.e., it has
a temperature coefficient of capacitance ranging from
+20% to -55% over a temperature range of -25°C to +85°C.
In addition, the dielectric ceramic composition is small
in voltdge dependency, excellent in mechanical strength
and high in reliability.

Accordingly, the dielectric ceramic composition
of the present invention can be used as a dieleétric
material not only for general ceramic capacitors but also
for monolithic ceramic capacitors. Further, it is
possible to use inexpensive Ag-Pd alloys as a material
for internal electrodes because of its low sintering
temperature, thus mak%ng it possible to produce
monolithic ceramic capacitors which are small in size but
large in capacitance.

The above and other objects, features and
advantages of the present ipvention will become apparent
from the following description in connection with several

examples.

EXAMPLE 1
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a secondary conponent selected fromthe group con- sistj ~ﬂF:Zh°dﬁde@;
sai d secondary conpo- nent being incorporated in said maithHiSERPERENt TN an!
amount of 0.05 to 10.0 parts by wei ght per 100 parts byliwei ghgof*'s'ai d..majn
conmponent in terms of each oxide, [err], ZnO.or MyO Thé=sbovE e n
conponent may be expressed by the general fornula:

.-13- .

As raw materials, there were used PbO, NiO,
Nb205, TiOz, Zn0O, WO5, MgO, BaCO,, SrCO5, CaCO4 and MnoO,,
with a purity of not less than 99.9%. These raw
materials were weighed and mixed in proportions shown in.
Table 1 to prepare mixture for a dielectric ceramic
composition.

The resultant mixture (100 g) was placed in a
polyethylene pot along with agate balls and milled by the
wet ~process fér 10 hours. The slurry obtained was
dehydrated, dried, and then put into an alumina sagger to
calcine it at 650 to 800 °C for 2 hours.

The resultant calcined powder was crushed,
added with 3 parts by weight of polyvinyl alcohol, milled
again by the wet process, dried and then passed through a
screen with 60 meshes to obtain granules for molding.
The resultant granules wefe molded with an oil press
under a pressure of 2000 K.g/cm2 to prepare ceramic green

disks with a diameter of 10 mm and a thickness of 1.0 mm.

The green disks were placed in an alumina
sagger with zirconia powder spread over its bottom,
heated in air at 400 °C for 4 hours to remove the organic
binder by combustion, and then £fired at a sintering
temperature shown in Table 2 for 2 hours to obtain
ceramic disks. The ceramic disks were provided on its

both sides with silver electrodes by applying a silver

T




Terr] where Mis a substituent selected fromthe grou'

Ca and Sr,

0. 015[err]y[err]0 350, and 0.015[err]z[err]0.510;
ins
‘represents [err], represents [err] Lnd M in

*0.00[err]a[err]0.100, 0.040[err]x [err]0.93

..14..
paste containing lead borosilicate glass frit and then
baking it at 750 °C for 10 minutes to prepare specimens
for measurements of electriqal properties.

For each specimen, measurements were -made on
capacitance (C), dielectric loss (tan &) and insulatién
resistance (IR). The dielectric constant and dielectric
loss were measured at 1 kHz, 1 Vrms at 25°C. The
insulation resistance (IR) was measured after applying a
DC voltage of 500 V for 2 minutes. The dielectric
constant‘(e) and specific resistance (p) were determined,
usihg data for capacitance, insulation resistance (IR), a
thickness of the specimen' and a surface area of the
electfodes. Results aré shown in Table 2.

In Tables 1~and 2, specimens with an asterisk

(*) are- those out of the scope of the present invention.
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0.99[err] m[err] 1.03. If Wis used as t he seconda&yzﬁgnpgﬁéhfffﬁngg pre-
ferred to incorperate—t TNto the main conponent iniami@Bobnt "6f 0. 050

8.0 parts by weight |g.5geds of [err] per 100 parts/|by weighit" of . t he-mai n
conponent Thigsheet there is provided a di el eeFFi¢ ¢céram c com
position c ‘“ “E ‘“tially of a main conponent of a four conponent

system |
- 17 -
As will be understood from the data shown in
Tables 1 and 2, all the specimens comprising the
dielectric ceramic composition according to the present
invention have a high dielectric constant of more than
'10006, and a low dielectric dissipation factor (tan §) of
not higher than 2.0%. Further, they meet the. E
characteristics defined by JIS even. though théy have a
high dielectric constant. ‘In addition, they have a
sintering temperature of less than 1000°C, thus making itl
possible to fire them at a low temperature.
¢ In c§ntrast therewith, the composition.with the
content of Pb(Mgl/3Nb2/3)b3 less than 4.0 mol%, like as
specimen No. 1, provides a low dielectric constant of
less than 10000 and a high dielectric dissipation factor
exceeding 2.0 %. Further, the composition with the
_content of Pb(Mgl/3Nb2/3)O3 exceeding 93.0 mol%, like as
! specimen No. 10, is poér in the temperature coefficient
of capacitance, though it has a high.dielectric constant.
The composition_with the content of PbTiO, less
than 1.5 mol%, like as specimen No. 5, provides a low
dielectric constant less than 10000. The compositioﬁ
with the content of PbTiO3 exceeding 35.0 mol%, like as
specimen No. 6, provides a low dielectric constant and a
high dielectric dissipation factor of more than 2.0%.
In case of the composition with the content of

Pb(N11/3Nb2/3)03 less than 1.5 mol%, like as specimeﬁ No.



Terr] of which a part of Pb is substituted by at | east one_s ttuent==}
sel ected fromthe group consisting of Ba, Ca and Sr,\_ Qﬁ¢£T canpanent:
consisting essentially of 4.0 to 93.0 nol - % of [err] AL §a5h95np| % af
[err] 1.5 to 51.0 nol % of [err], and 1.0 to 34.0 nDI\ FET

anount of said at |east one substitu- ent for Pb belng 0. 1 tonlo mol %
and a secondary com :
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12, the temperature coefficient of capacitance does not
meet the requirements of E characteristics, defined by
JIs, thoﬁgh the dielectric constant becomes large. The
compositioﬁ with the content of Pb(Nil/SNb2/3)O3 more
than 51.0 mol%, like as specimen No. 16, provides a low
dielectric constant of less than 10000.

The composition with the content of
Pb(Zn1/2W1/2)03 less than 1.0 mol%, 1like oo specimen No.
17, has a sintering temperature higher than.1000 °C and
provides a low dielectric constant less than 10000. The
composit&on with the content of Pb(Zn1/2W1/2)03 is more
‘than 34.0 mol%, like as specimen No. 18, provides a low
dielectric constant less than 10000 and a low specific
resistance less than 1012 Q-cm at room temperature,
though its sintering temperature is less than 1000 °C.

The composition containing the substituent less

Lo than 0.1 mol%, like as specimen No. 25, provides a high
dielectric dissipation factor exceeding 2.0 %. The

composition containing Fhe substituent exceeding 10.0
mol%, like as specimens Nos. 26, 27 and 28, has a high
sintering temperature more than 1000 °C and provides-a
low dielectric constant less than 10000 and poor
temperature coefficient of capacitance which does not
meet the requirements of E characteristics defined by
JIS.

- The composition with the content of Zn less
eet Has Been Reﬁaced
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ponent conmposed of Wand incorporated in said main conjgﬁ_ﬁigfh-én,anuunt

of 0.05 to:8 0 parts—by—weight per 100 parts by wei ght jlof sakg@dragi:a: 3
=conponent i n te me of grr] If zn is used as the secongasy—corpoReRt="ft
IS pre- nﬁ%ﬁﬁi W porate it into the main conponent in an anmount. of

1 I

0.1to ight in terns of ZnO per 100 parts by weight of the
main co
- 19 - _
than 0.1 parts by weight in_ terms of 2ZnO, 1like as
specimen No. 19, provides a low dielectric constant less
ﬁhan 10000. The composition with the content of Zn more
than 10.0 parts by weight in terms of 2ZnO, 1like as
specimen No. 20, provides poor temperature
characteristics which does not meet the E regulation, and
a low specific resistance less than 1012 @-cm, though it
provides a high dielectric constant.

Finally, the composition with the content of Mn
exceeding 0.5 pérts by weight in terms of MnO,, like as
specimen‘No. 24, provides a low specific resistance less
than 1012 Q-cm at room temperature.

Example 2

| Using the calcined powder prepared in Example 1
for the specimens Nos. 11 and 25, there were prepared
monolithic ceramic capacitors in the ‘following manner.
Each calcined powaer was crushed, added with a suitable
amount of an organic binder of polyvinyl butyral resin
and ethyl alcohol, milled with a ball mill by the wet
process, and then formed into rectangular ceramic green
sheets of a 20 pum thick by the Doctor blade process.

The ceramic green sheets were respectively
provided on both sides thereof with a conductive layer
for an internal electrode by screen printing with a
conductive paste containing Ag as a conductive material.

_Subsequently, a plurality of the printed green sheets



cordingly, there is further provided a dielectric cera “ci@oﬁp05|t|on
consLsLLng—esseﬁfTaTTV“‘f a mai n conponent of a four co onenb»%y Téﬁl~

ferr] [e r part of Pb is substituted by at B -
substi t ron1the group consisting of Ba, Ca and St, said main
conponen ssentlally of 4.0 to 93.0 mol % of [err], 1.5 to 35.0

nmol % of
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were stacked, bonded by thermo-compression, and then cut
to prepare green chips for monolithic ceramic capacitors.
The resultant green chips were fired in air at  a
temperature shown in Table 3 for 2 hours.

Each capacitor chip was provided on its
opposite edges with external electrodes by applying a
silver paste and then baking it aﬁ 750 °C for 10 minutes

to prepare a specimen of a monolithic ceramic capacitor.

The dimensions of the monolithic ceramic
capacito%s are: 1.6 mm in width, 3.2 mm in length, 1.2
mm in thickness, and 13 um in thickness of dielectric
layer. Thg number of -dielectric layers is 10, and

effective surface area of internal electrode is 2.1 mm= .

For each specimen, measurements were made on
capacitance (C), dielectric dissipation factor (tan 6),
insulation resistance (IR), deflectibn strength and
change rate of capacitance.

The capacitance (C) and dielectric dissipation
factor (tan 8) were measured at 1 KHz, 1 Vrms at 25°C
with a self-balancing bridge type measuring instrument.
The specimen was abplied with a DC voltage of 25 V for 2
minutes to measure an insulation resistance (IR). The
insulation resistance was measured with an insulation

resistance tester before and after a humidity aging test.



51. 0 nol
said at

%of [err] and 1.0 to 34.0 mol % of -5- [errj=he=anount ‘of
| east one substitu- ent for Pb being 0.1 to 10 mpl T Sand:- a B

secondary com ponent conposed of Zn and incorporated in|said Rl
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The humidity aging test was carried.out in an atmosphere
with a humidity of 95% at 80°C for 1000 hours. The
insulation resistance is given in Table 3 as the product
of capacitance (C) multiplied by insulation resistance
(IR), i.e., CR.

The bending strength was measured with a
deflection strength measuring instrument 10 shown in Fig.
1, which the load is applied to a test specimen 12 put on
a specimen holder 14- by a loading pin 16 ‘and the load
applied is indicated by a tension gage 18 with an
indicating needle. A gap between the tools of the
specimen holder 14 was set to 2 mm.

The change rate of capacitance was determined
by applying a DC voltage of 25 V to the specimen along

with a AC voltage of 1lkHz, 1 Vrms. Results are shown in

Table 3.

This Sheet Hii||Been|I|Tlaced



conponent in an ampunt of 0.1 to 10.0 parts by wei ght per 100 parts, by
wei ght* of said main conponent in terns of ZnO If M) is ih
secondary conponent, it is pre- ferred to incorporate if
conmponent in an anmpunt of 0.05 to 5.0 parts by weight i VB —
100 parts by weight of the main conmponent22Ac- cordingly, there is further
provided a dielectric ceramc
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"conposi tion consi'sting essennially of a main conponent

system ferr}—ferr] of which a part of Pb is substituted b 3

Subst it enﬁh§§&5§& gted rom t he group consisting of Ba, and ;t;;sald mai ni

conp essentially of 4.0 to 93.0 nol % ofldets +=5-t5350
ﬁ to 51.0 nol %of [err] and 1.0 to 34. 0 nDI 960f

.a_f.our conponent .
by.cat: i heast: one; .
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From the above results, it will be seen that
the dielectric ceramic composition according to the
present invention possesses high bending strength, and a
small change rate of capacitance with applied DC veoltage,
as compared with the cémparative specimen. Further, the
insulation resistance is scarcely affected by the
humidity aging test. Accordingly, it is possible with
the dielectric ceramic composition of ‘the present
invention to produce monolithic ceramic capacitors with
high reliability.

EXaMPLE 3

Using PbO, NiO, Nb205, Ti02, ZnO, WO3, MgO,
BaCO3, SrCO3, CaCO4 and MnO, with a purity of not less
tﬁan 99.9%, there 'wére prepared test specimens in the
following manner.

The raw materials were weighed and mixed in
proportions shown in Table 4 to prepare mixture for a
dielectric ceramic composition. The mixture was placed
in a polyethylene pot along with agate balls and milled
by the wet process for 10 hours. The slurry obtained was
dehydrated, dried, and then put into an alumina sagger to
calcine it at 650 to 800 °C for 2 hours.

The resultant calcined powder was crushed,
added with 3 parts by weight of polyvinyl alcohol, milled
again by the wet process, dried and then passed through a

screen with 60 meshes to obtain granules for molding.



[err], the anount of said at |east one substitu- ent for RPh=bei-ng0. 1‘to 10\
nol @6 and*a secondary com ponent conposed of My and |nooraﬁra-‘ X sai
mai n conponent in an amount of 0.01 to 5.00 parts by wei ght peré g

by wei ght of said nmain conponent in ternms of MJO. I n a pr¢ :

enbodi ment, the above dielectric ce- ramc conposition contains M as a
secondary conpo-
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The resultant granules were molded with an o0il press
under a pressure of 2000 Kg/cm2 to prepare ceramic green

disks with a diameter of 10 mm and a thickness of 1.0 mm.

The green disks were placed in an alumina
sagger with zirconia powder spréad -over its bottom,
heated in air at 400 °C for 4 hours to remove the organic
binder by combustion, and then £fired at a  sintering
temperature shown in Table 5 for 2 hours to obtain
ceramic disks. The ceramic disks were provided on its
both sidés with silve:; electrodes by applying a silver
‘paste containing lead borosilicate glass frit and then
baking it at_750 °C for 10 minutes to prepare specimens
for measurements of electrical properties.

For each specimen, capacitance (C), dielectric:
loss (tan &) and insulation resistance (IR) were measured
in the same manner as Example 1. Results are shown in
Table 5.

In Tables 4 anq 5, specimens with an asterisk

(*) are those out of the scope of the present invention.

This Sheet Has Been Reilaced
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If the content -of [err] is less than 1.5 mol % the dielectric constant
decreases consi derably and becones | ess than 10000. If
PbTi O3 exceeds 35.0 nol % the dielectric constant beco
di el ectric dissipation factor becones nore than 2.0 %
the content of PbTi B has been Iim ited to 1.5 to 35.0

1S 6% and the

or theSe 7 easeﬂe-*’

- 27 -

As will be understood from the data shown in
Tables 4 and 5, all the specimens comprising the
dielectric ceramic composition according to the present
invention have a high dielectric constant of more than
10000, and a low dielectric dissipation factor (tan &) of
less than 2.0%. Further, they meet the E characteristics

~defined by JIS even though they have a high dielectric
constant. Since they' have a sintering temperature of
less than 1000°C, it 1is possible to fire them at a low
temperature.

In contrast therewith, the composition with the
content of Pb(Mgl/3Nb2/3)O3 less than 4.0 mol%, like as
specimen No. 29, provides a low dielectric constant of
less than 10000 and a high dielectric dissipation fector
exceeding 2.0 %. Further, - the composition with the
content of Pb(Mgl/3Nb2/3)Oé exceeding 93.0 mol%, like as
specimen No. 38, is poor in the temperature
characteristics of capacitance, though it has a high
dielectric constant.

The composition with the content of PbTiO; less
than 1.5 mol%, like as specimen No. 33, provides a low
dielectric constant less than 210000. The composition.
with the content of PbTiO3 exceeding 35.0 mol%, like as
specimen No. 34, provides a low dielectric constant and a

high dielectric dissipation factor of more than 2.0%.

In case of the composition with the content of
This Sheet Has Been Reﬂlaced




1f the content of [err] is less than 1.5 nmol % the tenperature coefficient
of capacitance does not neet the requirenments of E characteristics deﬂrned
by JI'S, though the di el ectric constant becomes | arge. If t[fe _cont
[err] is nore than 51.0 nol % the dielectric constant bec
10000. Thus, the content of [err] has been limted to 1.5

- 28 - .

. Pb(Nil/BNb2/3)O3 less than 1.5 mol%, like as specimen No.
40, the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by
JIS, though the dielectric constaﬁt becomes large. The
commposition with the content of Pb(Ni1/3Nb2/3)O3 more
than 51.0 mol%, like as specimen No. 44, provides a low
dielectric constant of less than 10000.

The composition with the content of
Pb(Zn1/2W1/2)03 less than 1.0 mol%, like as specimen No.
45, has a sintering temperature higher than 1000 °C and
provides’a low dielectric constant less than 10000. The
composition with the content of Pb(Zn1/2W1/2)03 is more
than 34.0 mol%, like as specimen No. 46, provides a low
dielectric constant less than 10000 and a low specific
resistance less fhan 1012 Q-cm at room temperature,
though its sintering temperature is less than 1000 °C.

The composition containing less than 0.1 mol%
of the substituent, like as specimen No. 53, provides a
high dielectric dissipatign factor exceeding 2.0 %. The
composition containing more than 10.0 - mol%¥ of the
substituent, like as specimens Nos. 54, 55 and 56, has a
high'sintering temperature more than 1000 °C and provides
a low dielectric constanﬁ less than 10000 and poor
temperature coefficient of capacitance which does not

‘meet the requirements of E characteristics defined by

JIS.

Sheet Has Been Re laced
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If the content of [err] is less than 1. 0 nol % the sinteri peT
s hi he%—%haﬁ—&GSGfefff——and the dielectric consta 18 QOTHES “1'e i
e X ¥ t hewdivel éetrie

t-han 10000. n ent of err] is nore than 34.0 no
const ant becoﬂ@ 0 and the specific resista —bettites | ess
than 10[err] a ure, though the sintering tenperature becones

| ess t han 1050[ e content of [err] has

- 29 -

The composition with the content of W being
less than 0.05 parts by weight in terms of WO3, like as
specimen No. 47, provides a low dielectric constant less
than 10000. The composition with the content of W being
more than 8.0 parts by weight in terms of WO;, like as
specimen No. 48,hprovides poor temperature coefficient of
capacitance which does not meet the requirements of E
characteristics defined by JIS, and a 1low specific
resistance less than 1012 Q°-cm, though it provides a high
dielectric constant.

"Finélly, the composition with the content of Mn
exceeding 0.5 parts by weight in terms of MnO,, 1like as
specimen No. 52, provides a low specific resistance less
than_1012.Q'cm at room temperature.

Example 4

Using the calcined powder prepared in Example 3

for the specimens Nos. 39 and 53, there were prepared

monolithic ceramic capacitors in the same manner as

Example 2. The dimensions of the monolithic ceramic
capacitors were: 1.6 mm in width, 3.2 mm in length, 1.2
mm in thickness. Each dielectric layer is 13 pum in

thickness, the number of dielectric layers is 10, and

effective surface area of internal electrode is 2.1 mm=2.

For each specimen, capacitance (C), dielectric

dissipation factor (tan ), insulation fesistance (IR),



l'
‘been Iimted to 1.0 to 34.0 nol % A part of Pb in the H}’S@onponemtsﬁs
replaced with 0.1 to 10 nol % of at |east one el ement sgl ect e fremit he |
‘group consisting of Ba, Ca and Sr to prevent formation Of "pyrocfiore pfase,
‘wher eby producing a dielectric ceramc conposition with a high dielectric
constant, a high insulation resistance, a small tenperature coeffici- ent
of capacitance and hi gh nechani cal property. If the

- 30 =~
bending strength and change rate of capacitance were
measured in determined in the same manner as Example 2.
The results are shown in Table 6 together with ﬁhe

sintering temperature.
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anount of the substituent is less than 0.1 nol % the diele '
di ssi patlon factor becones higher than 2.0% If the anou 't""f;hﬁh
substituent is nore*than 10.0 nol % tg sintering tenpe a¥urepb800-rfe_s,___., -
hi gher than 1050 C., the tenperature ¢ df 7 ci ent of capa g5 not
nmeet the requirenment of E characteristics, and the di- electric constant
becones | ess than 10000. Thus, the anmount of the substituent has been
limted to 0.1 to 10.0
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hD! % The secondary conponent, W Zn and My is incor- \prrated: IﬂtO the -
mai n conponent to inprove the dielec- tric properties. The reéﬂnngnﬁgy~1 i
secondary conpo- nent has been limited to those defined' are as
fol |l ows:

[

heet Has Been Rej laced
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Using PbO, NiO, Nb,Og, Ti02, ZnO, WO45, MgoO,

EXAMPLE 5

BaCO,, SrCO5, CaCO3'and MnoO, with a purity of not less
than 99.9%, there were preparéd test specimens in the
following manner.

The raw materials were weighed and mixed in
proportions shown in Table 7 to prepare mixture for a
dielectric ceramic composition. The mixture was placed
in a polyethylene pot along with agate balls and milled
by.the wet process for 10 hours. The slurry obtained was
dehydratédd, dried, and then put into an alumina sagger to
calcine it at 650 to 800 °C for 2 hours.

'Thg resultant calcined powder was crushed,
added with 3 parts by weight of polyvinyl alcohol, milled
again by the wet process, dried and then passed through a
screen with 60 meshes to obtain granules for ﬁwiding.
The resultant granules were molded with an. oil press
under a pressure of 2000 Kg/cm2 to prepare ceramic green

disks with a diameter of 10 mm and a thickness of 1.0 mm.

The green disks were placed in an alumina
sagger with 2zirconia powder spread over its bottom,
heated in air at 400 °C for 4 hours to remove the organic
binder by combustion, and then fired at a sintering
temperature shown in Table 8 for 2 hours to obtain

ceramic disks. The ceramic disks were provided on its
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If the content of Zn is less than 0.1 parts by weigh
the dielectric constant becones | ess than 10000. If the
Jmore than 10.0 parts by weight in ternms of ZnQ the tenp

lgﬁ;% :

characteristics does not neet the E regulation and the speC|f|c resis-
.tance becones less than 10[err], though the dielec-

--33 -
both sides with silver electrodes by applying a silver
paste containing lead borosilicate glass frit and then
baking it at 750 °C for 10 minutes to prepare specimens
for measurements of electrical properties.

For each specimen, capacitance (C), dielectric
loss (tan 9) and insulation resistance (IR) were measured
in the same manner as Example 1. Results are shown in
Table 8.

In Tables 7 and 8, specimens with an asterisk

(*) .are those out of the scope of the present invention.

This Sheet Has Been Rerlaced
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tric constant

limted to 0.05

t hough the dielec-

[err]

the content of Whas been

Thus,

tance beconmes | ess than
| ar ge.

i'n
the tenperature coefficient

s |l ess than 10000.
in terns of MO

c¢dhan 0. 06 parts by wei ght

wei ght pe%—&ee—partS‘bV”ﬁérﬁht of the main conponent i
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of capacitance does not neet the requirenments of E characteristics.difined
by JI'S and t he —specitfi+ec—resistance becones | ess than 1
.dielectric con- gtz ecges L arge. Thus, the contentjlo . Has;, .
limted to 0.05 wei ght per 100 parts ght..of -t he i n
conmponent in ter 3ﬁ‘tl . ﬂiE I ncorporated into the main conponent to
im prove the |ns nce at roomtenperature and

- 36 -

As will be understood from the data shown in
Tables 7 and 8, all the specimens comprising the
dielectric ceramic composition according to the presernt
invention have a high dielectric constant of more than
10000, and a low dielectric dissipation factor (tan &) of
less than 2.0%. Further, they meet the E characteristics
defined by JIS even though they have a high dielectric
constaﬁt. Since they have a sintering témperature of
less than 1050°C, it is possible to fire them at a low
-temperature. |

¢ In contrast therewith, the composition with the
content of Pb(Mg1/3Nb2/3)O3 less than 4.Q mol%, like as
specimen No. 57, provides a low dielectric constant of
less than 10000 and a high dielectric dissipation factor
exceeding 2.0. %5. Further, the composition with the
content of Pb(Mgl/3Nb2/3)O3 exceeding 93.0 mol%, like as
specimen No. 66, is poor in = the temperature
characteristics of capacitance, though it has a high
dielectric constant.

The composition with the content of PbTiO; less
than 1.5 mol%, like as specimen No. 61, provides a low
dielectric constant less than 10000. The composition
with the content of PbTiO; exceeding 35.0 wol%, like as
specimen No. 62, provides a low dielectric constant and a
high dielectric dissipation factor of more than 2.0%.

In case of the composition with the content of



el evated. tenperatures, as the occasi on demands. How ever ..if—t-he=con
of Miis nore than 0.5 parts by weight in terns of [err],,h ﬁ;Speei
r.esi stance be- Tmaﬂea}hesam err ] cm at roon1tenperatuﬂe Thé:: i
of the Asite t , m(=A/B) in the above Ea¢ﬁ=fbﬁﬁ6ﬁ€ﬁt has
been Iimted to or “the follow ng reasons. If the ratio AABis
e S|n _

| ess than 0. 99, erirn tenperature becones

- 37 - _

Pb(Nil/3Nb2/3)O3 less than 1.5 mol%, like as specimen No.
68, the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by
JIS, though the dielectric constant becomes large. The
composition with the content of Pb(Nil/3Nbé/3)03 more
than 51.0 mol%, iike as specimen No. 72, provides a low
dielectric constant of less than 10000.

The composition with the content .of.
Pb(Zn1/2W1/2)O3 less than 1.0 mol%, like as specimen No.
73, has a sihtering temperature higher than 1050 °C and
provides *a low dielectric constant less than 10000. The

- composition with the content of Pb(Zn1/2W1/2)03 is more
than 34.0 mol%, like as specimen No. 74, provides a low
dielectric constant less than 10000 and a low specific
resistance 1ees than 1012 @-em at room temperature,
though its sintering temperature becomes less than 1050
°C,

The composition containing substituent in an
amount of less than 0.1 mol%, like as specimen No. 81,
provides a high dielectric dissipation factor exceeding
2.0 %¥. The composition containing the substituent in aﬁ
amount of more than 10.0 mol%, like as specimens Nos. 82,
83 and 84, has a high sintering temperature more .than
1050 °C and provides a low dielectric constant less than
10000 and poor temperature coefficient of capacitance

which does not meet the requirements of E characteristics



more than 1050 C. and the dielectric constant becones : ,
the ratio A/Bis nore than 1.03, the dielectric d|SS|pat'0nﬂEa¢tbr be;OWES;
greater than 2.0% and the tenperature coefficient of cap |tancﬁuﬂﬁ@sjnngz-wé
nmeet- the requirenents of E characteristics defined by Jl ]

.- 38 ._
defined by JIS.

The composition with the ratio A/B being less
than 0.99, like as specimen No. 88, has a sintering
temperature higher than 1050 °C and a low dielectric
constant less than 10000. The composition with the ratio
A/B being more than 1.03, 1like as specimen No. 85,
possesses a high dielectric dissipation factor exceeding
2.0% and provides poor temperature éoeéficient of
capacitance which does not meet the requirements of E
characteristics defined by JIS.

* The composition with the content of Mg being
less than 0.05 parts by weight in terms of MgO, like as
specimen No. 75, provides a low dielectric consﬁant less
than 10000. The composition with the content of MgO
being more than 5.00 parts by weight in terms of MgoO,
like as specimen No. 76, provides poor temperature
coefficient of capacitance which ddes not meet the
requirement of E characteristics defined by:JIS, and a
low specific resistance ;ess than 1012 Q-cm, though it
provides a high dielectric constant.

Finally, the composition with the content of Mn
exceeding 0.5 parts by weight in terms of MnO,, like as
specimen No. 80, provides a low specific resistance less
than 1012 @'cm at room temperature.

Example 6

Using the calcined powder prepared in Example 5
This Sheet Has Been Replaced




-8- The.dielectric ceranic conposition of the present in;cmﬁlpg,ias .. hi_gh
dielectric constant of not nore than 10000, a | ow dielectjric I gs;s_ﬁ_t_ pot :

nore than 2%a high specific resistance of 10[err] [err]-

tenpera- ture, and a |ow sintering tenperature of not:- nore than 1050 C It
has a small tenperature coefficient of capaci-

- 39 - .
for the specirﬁens Nos. 69 and 79, there were prepared

monolithic ceramic capacitors in the same manner as

Example 2. The dimensions of the monolithic ceramic
capacitors were: 1.6 mm in width, 3.2 mm in length, 1.2
mm in thickness. Bach dielectric layer is 13 um in

thickness; the number of effectiv_e_:dielectric layers is
12, and effective surface area of éach internal electrode
is 2.1 mm2.

For each specimen, capacitance (C), dielectric
dissipation factor (tan §), insulation resistance (IR),
deflectién strength and change rate of capacitance were
mreased in determined in the same manner as Example 2.
The results are shown in Table 9 together with. the

sintering temperature. The CR product is given by the

mean value of 30 test pieces and the minimum value (MIN).

Sheet Has Been Replaced
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tance which meets E characteristics defined by JI'S over a_tenperature F-ang!
of -25 C. to + 85[err].,.i.e., it has a tenperature coefifirgjcent T,
capaci tance ranging from +20%to -55% @ger a tenperature ranggg@tf
+ 85 C. In addition, the dielectric ceram c conposi- tiaa=t :
vol t age dependency, excellent in me- chanical strength and high in
reliability. Accordingly, the dielectric ceramc conposition of
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the present invention can be used as a dielectric mat : , ,
general ceram c capacitors but also for nonolithic c raﬁkofc paci.tors.
Further, it is possible to use inexpensive Ag-Pd allo LﬂﬁﬁéngL«iﬁﬁ
i nternal el ectrodes because of its |ow sintering tenp €, thus nmaki.ng
It possible to produce nonolithic ceramc ca- pacitors which are small in
size but large in capacitance. The above and ot her objects, features and
advant ages :

- 41 -

From the above results, it will be seen that
the dielectric ceramic composition according to the
present invention possesses high bending strength,land a
small change rate of capacitance with applied DC wvoltage,
as compared with the comparative specimen. Further, tlie
insulation resistance is scarcely affected by the
humidity aging test. Accordingly, it is possible with
the dielectric ceramic composition of ‘the bresent
invention to produce monolithic ceramic capacitors with
high reliability.

This Sheet Has Been R.eﬂlaced




of the present invention will becone apparent fromthe fiolHieéwing. ~ - .. .-

description in connection with several exam ples. EXAMPLE 1 A&y B
materials, there were used PbO, NN O [err] [err] ZnO [eff], MO Terri=:
[err] and [err] with a purity of not |ess than 99.9% Tk j

wer e wei ghed and m xed in proportions

This Sheet Has Been Rerlaced

'WHAT IS CLAIMED IS

1. A dielectric ceramic composition consisting
essentially of:

a main component of a four component system,
Pb (Mg; s3Nby s3) O3 -PbTi03-Pb (Niy /3Nby /3) 03-Pb(2Zny /oW, /5) 05,
of which a part of Pb is replaced with at least one
substituent selected from the group consisting of Ba, Ca
and Sr, said main component consisting esséntially of 4.0
to 93.0 mol% of Pb(Mgl/3Nb2/3)O3, 1.5 to 35.0 mol% of
PbTiO,, 1.5 to 51.0 mol% of Pb(Ni1/3Nb2/3)O3, and 1.0 to
34.0 mol? of Pb(Zn1/2W1/2)O3, the amount of said at least
one substituent for Pb being 0.1 to 10 mol%; and

a secondary component selected from the group
consisting of W, Zn and Mg, said secondary component
being incorporated in said main component in an amount of
0.05 to 10.0 parts by weight per 106 parts by weight of

;L said main component in ﬁerms of each oxide, WO3, ZnO or

MgO. |

2. The - d;electric ceramic composition
according to claim 1, wherein the molar ratio of the A
sité to the B site in the main component béing in the
range of 0.99 to 1.03 inclusive when said main component
is expressed by the general formula: ABO,, where A

represents (Pb, . o,My) ., B. represents

{ Mgy /3Nby /3) 5 Tiy (Niy /3Nby /3) 5 {20y /W) /) 3 x-y-g},  0.001
s ¢ s 0.100, 0.040 = x = 0.930, 0.015 = y s 0.350, and

R

R AR




shown in Table 1 to prepare m xture for a dielectric ceram c conposition.
The resul tant mixture (100 g) was placed in a pol yeth- yI ene--pot-.al-eng with
agate balls and rrmlslsa thgsnehdlﬂﬁw process for 10 hours. 'ThesEurty-obt-ai- ned

was dehy- drat ed, put into an al um na sa get tarcakeine it
at 650 to 800 C. $\“mﬂ‘m m“ 9———"‘

L_________————:"“_____—-'—' e

0.015 < z = 0.510.

3. The dielectric ceramic composition
according to claim 1, wherein said secondary component
further contains Mn in an amount §f not more than 0.5
parts by weight per 100 parts by weight of said main
component in terms of MnoO, .

4. A dielectric ceramic composition consisting
essentially of: |

a main component of a four component system,
Pb (Mgl/3Nb2/3) 03-PbTiO3-Pb (Nil/3Nb2/3) 03—Pb (an/zwl/z) 03 p
of whiclf a part of Pb is replaced with at least one
substituent selected from the group consisting of Ba, Ca
and Sr, said main component consisting essentially of 4.0
_té 93.0 mol% of Pb(Mgl/BNb2/3)O3, 1.5 to 35.0 mol% of
PbTiOB, 1.5 to 51.0 mol% of Pb(Ni1/3Nb2/3)O3, and 1.0 to
34.0 mol% of Pb(Zn1/2W1/2)03, the amount of said at least

4 | one substituent for Pb being 0.1 to 10 mol%; and

a secondary component dompoéed of W and
incorporated in said maiq component in an amount of 0.05
to 8.0 parts by weight per 100 parts by weight of said
main component in terms of WO, .

5. A dielectric ceramic composition consisting
essentially of:

a main component of a four component system,
Pb (Mg1/3Nb2/3) 03-PbTi03-Pb (Nil/BNb2/3)O3-Pb (an/zwl/z) 03,

of which a part of Pb is replaced with at least one

* [ L M S *

| PP



-9- The-resultant cal cined powder was crushed, added mnth 3. part.s-by.wei ght
of polyvinyl alcohol, mlled again by the wet process, dr éd\and thenvuﬁmw i
-passed through a screen with 60 neshes to obtain granule%lfor FlindgED The g
resul tant granul es were nolded with an oil press _ -

- 44 -

substituent selected ffom the group consisting of Ba, Ca.
and Sr, said hain component consisting essentially of 4.0
to 93.0 mol% of‘Pb(Mgl/3Nb2/3)O3, 1.5 to 35.0 mol% of
PbTiO;, 1.5 to 51.0 mol% of Pb(Ni1/3Nb2/3)O3, and 1.0 to
34.0 mol% of Pb(an/2W1/2)03, the amount of said at least’
one substituent for Pb being 0.1 to 10 mol%; and

a secondary component composed of 2n and
incorporated in said main component in an amount of 0.1
to 10.0 parts by weight per 100 parts by weight of said
main component in terms of ZnO.

¢ 6. A dielectric ceramic composition consisting

essentially of:

a main component of a four component system,
Pb (Mg, /31b, /3) 03-PBTi05-Pb (Niy 3Nby /3)03-Pb (Zny /oW, /)0,
of which a part of PB is replaced with at least one
substituent selected from the group consisting of Ba, Ca
and Sr, said main component consisting essentially of 4.0
to 93.0 mol% of Pb(Mg/3Nb,/3)03, 1.5 to 35.0 mol% of
PbTiO3, 1.5 to 51.0 mol%'of Pb(Ni1/3Nb2/3)03, and 1.0 to
34.0 mol% of Pb(Zn1/2W1/2)03, the amount of said at least
one substituent for Pb being 0.1 to 10 mol%; and

é secondary component composed of Mg and

incorporated in said main component in an amount of 0.05

to 5.00 parts by weight per 100 parts by weight of said

main component in terms of MgO.

is Sheet Has Been Reﬁaced
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under a.pressure of 2000 Kg/[err] to prepare ceram c green disks with a

di aneter of 10 mm and a thickness of 1.0 nm The green
an al um na sagger with zirconia powder spread over its
air at 400 C. for 4 hours to renove the organic binder
then fired at a sintering tenperature shown in Table 2

obtai n ceram c di sks.

- 45 -

ABSTRACT OF THE DISCLOSURE
A dielectric <ceramic composition consists?®
eésentially of a main component of a four component
system, = Pb (Mg y3Nb, s3)03-PbTi03-Pb(Nij /3Nby /53)05-
Pb(Zn1/2W1/2)O3, of which a part of Pb is replaced with
at least one substituent selected from the group
consisting of Ba, Ca and Sr; and a secondary component
selected from the group consisting of W, Zn and Mg. The
secondary component is incorporated in the main component
in an amount of 0.05 to 10.0 parts by weight per 100
parts by’ weight of the main component in - terms of each
oxide, W03, 2ZnO or MgoO. The main component consists
esseptially of 4.0 to 93.0 mol% of Pb(Mgl/3Nb2/3)O3, 1.5

to 35.0 moly of PbTiO;, 1.5 to 51.0 mol% of

Pb (Ni1/3Nb2/3)03, and 1-0 tO 34.0 mo:l.% Of

Pb(Zn1/2W1/2)03, the amount of at least one substituent

for Pb being 0.1 to 10 mol%.

This Sheet Has Been RTlaced .
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The cerami c di sks were provided on its both sides with ellvet el ectrodes by
applying a silver paste containing |ead borosilicate glass. fri t"and then .
baking it at 750[err]. for 10 minutes to prepare specinens for. nﬁa§urenents
of electrical properties. For each specinmen, neasurenent slwere made on._._._J
capacitance (C), dielectric loss (tan [err]) and insul ation resistance

(IR). The dielectric constant and dielectric

Fig. /

heet Has Been Re ﬁaced
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| oss were neasured at 1 kHz,

was neasured after applying a DC voltage of 500 V for 2 ninutes. The.
dielectric con- stant ([err]) and specific resistance (p»!m&re :

usi ng data for capacitance,

-speci men and a surface area of the electrodes. Results arle—shewn--in Table i)

1 Vrms at 25 C. The insulation resistance (IR

i Ck -$'§ ?9""1_»--.; 1.

i nsul ation resistance (IR,

2. In Tables 1 and 2, specinens with an asterisk (*) are

Flg 7

/
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those out of-the scope of the present invention. - 10 - [err] [err]

F'i‘g. .

| 16

14
12

\
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DIELECTRIC CERAMIC COMPO'SITION??-_.__-_ :

BACKGROUND OF THE INVENTION
1. Field of the invention

The present invention relates to a dielectric
deramic composition and, more particularly, to a ceramic
composition useful as a dielectric material for
monolithic ceramic capacitors.

2. Description of the prior art.

As a high permittivity material for c_.eramic
capacitors, there have widely been used those mainly
comprising BaTiO3 and containing an additive such as
BaSnO,, CaZr03 and SrTiO4 incorporated therein because of
their hi'gh' dielectric constant ranging from 2000 to
15000.

However, these dielectric materials have such a
disadvaﬁtage that they have a high sintering temperature
of 1300 to 1400 °C. This results in increase in a cost
required for sintering._ -In a&dition, whe1_-1 producing
monolithic capacitors with such a dielectric material, it
is required to use a material for internal electrodes
which does ‘not melt, oxidize, or react with the
dielectric material at a higﬁ temperature. of more than
1300 °.C_ since monolithic ceramic capacitor are produced
by the st-ept_ of preparing ceramic green sheets, forming

an internal electrode layer on each ceramic green sheet,

R

ect Has Been Reraced
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As will be understood fromthe data shown in Tables 1 and 2, all .the .- -
speci mens conprising the dielectric ceram c conposition accordl ng:to the
present invention have a high dielectric constant of nore fhan 18%08 ‘a,

| ow dielectric dissipation factor (tan [err]) of not highel ‘than !!}67
Further, they meet the E characteristics defined by JIS ev ﬁ—though they
.have a h| gh dielectric constant. In addition, they have ai5F
t emperat ure

-z - i
bonding a plurality of green sheets by | thermo-
compression, and firing ‘the resultant mu'lt;ilayered gréen
ce_ratﬁic body . Accordingly, noble metal-s. such as
palladium, platinum have widely been used as a material
for -.internal electrodes of the wmonolithic ceramic
capacitors. However; the use of the noble metals has
become a bar to i‘eduction of the cost of monolithic
ceramic capacitors since the greater part of the cost
there’of is occupied by the internal electrodes. |

To solve such problems, it has been g'aropos.ed to

“incorporate ‘a vitreous material containing oxides of B,

- Bi énd Pb into a BaTiOj-based dielectric ceramic
composition to lower the sintiéring temperature. The
dielectric ceramic ‘composition containing such a vitreous
matefi_al makes it possible to use relatively inealcpen's;.i.ve.
Ag-Pd alloys as é. material  for internal electrodes of
monolithic ceramic capacitors since it can be sintered at
a low temperature of 1100 to '1150°C.- However, the
incorporation of the vitreous material .causes such a
problem that the dielectrié' constant lowers, resulting in
iﬁcrease in Si_ze of the monolithic ceré.mi‘c . capacitors.
Accordingly, the advantages of the ﬁse of the inexpensive
elect'fode material is éancelled.

| In addition, the monolithic ceramic capacitors
éo_inprising the ~ BaTiO5-based ' _dielect.'_cic' ceramic

composition have such a problem that the capacitance

Sheet Has Been Reﬁaced
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of less than 1000 C., thus making it possible to fire themat “a-ow ‘
tenperature. In contrast therewith, a conposition with the contgat AGf '[erf]k
less than 4.0 mol % like as the speci- men No. 1, provildésis: low - !
dielectric constant of |ess than 10000 and a hi gh diel ec%ﬂb’r‘c:‘d'" X ’paidrﬁﬂ—““
factor ex- ceeding 2.0% Further, the conposition with t con:. ;
[err] exceeding 93.0 nol % |ike speci- Hie ‘f'_

. = 3 - .
thereof is affected greatly by a biasing electric field
of a direct current.. Fbr'eacample, the capac_:itance is
lowered about 30 to 80 % of the initiai value by applying
a high direct current voltage of 5kV per 1 mm thick of
the dielectric layer.

. To solve such problems, many investigations
have been made on lead- based complex perovskites mainly
compr:.s:.ng lead _because of their lo‘:w temperature'
s:.nterlng Some Iead-based complex perovskites have béen
already known to be dielectric ceramic - compositions
having a relative dielectric constant of mere than 10000
ahd a sintering temperature of 1050 °C or below.
However, a problem of these compositions is that they
cause a large temperature. coeffieient of capacitance.
SUMMARY OF THE INVENTION

It is therefore a main object of the present
invention to provide a dlelectrz.c ceram:.c compos1t10n
which has a high dielectric constant equal to or more
‘than 10000, a small change rate of capac:.tance w:.th
applied DC voltage, and a good temperature coeff:.c:.ent of
capacitance which meets requirements of E characteristics
" defined by Japanese Induetrial Standard (JIS), and a low
s:l.nter:l.ng temperature equal tb or less than 1050 °C

The above and . other objects of the present

invention are achieved by providing a dielectric ceramic

composition conéisting.essentially of: —

“ﬁli*iiﬁ i tin



men No. 10, is poor in the tenperature coeff|C| ent of capamtance though
it has a high dielectric constant. The conposition with a ooht ent” of Png(E
less than 1.5 nol % |ike as specimen No. 5, provides a |ow d ﬂgal é
constant | ess than 10000. The conposition with a content of "(=‘r"rT'“‘e")'(("‘é'(n”di"ﬁﬁ”_'f_._'_;-
35.0 mol % like as speci- nen No. 6, provides a |ow diel eGErie: gonstant
and a high dielectric dissipation factor of gqrore than 2. 0%] THIZS

s s gt

- a main component of a four component system,
Pb (Mgl/3Nb2/3 ) 03-PbT103-Pb (N11/3Nb2/3) 03—Pb (an/2W1/2)03 .
of which a part of Pb is replaced w:.th at least one
_ substltuent selected from the group cons:.st:.ng of Ba, Ca
and Sr, said main component consisting essentially of 4.0.
to 93.0 mols of Pb(Mg; 3Nby/3)03, 1.5 to 35.0 molt of
PbTiO;, 1.5 to 51.0 mol¥ of Pb(Nij/3Nby/3)03, and 1.0 to
34.0 mol¥ of Pb(Zn, /2W1/2)03, the amount of. said at least
one substituent for Pb being 0.1 to 10 molt; and .

a secondary component selected from the group
consisting of W, 2n and Mg, ' said secondary component
being incorporated in said main component in an. amount of
0.05 to .10.0 pafts by weight per 100 parts by weight of
said main component in terms of each. oxide, W03, ZnoO "or
Mgo.

The above main component may be exp_ressed by

the general formnla

. (Pbl C!MC!) { (Mgl/3Nb2/3)ley (Nll/3Nb2/3) (an/zwl/z) l1-x-y-

where M is a. ‘substituent sele_cted from_ the group
consisting of Ba, Ca and Sr, 0.001 s a s 0.100, 0.040 = X
s 0.930, 0.015 = y s 0.350, _and 0.015 s z s 0.510; in
short, |

ABO, |
.where A reptesents. (Pbl-aMa) . B represents

{ Mgy yaNby /3) (Tiy (Nig /3NDy /3) 5 (zn, /2%1/2) 1_}{'_y_z} , .and M

Isﬁii]tliﬁlreen IITM




In case of the conposition with a content of [err] less than 1.5 nol.
| i ke specimen No. 12 rature coefficient of capaC|tance does n?
nmeet the requirenents of E acterlstlcs defined by JIS, thoug Hely “g

dielectric commﬁanulbiﬁ ‘“ ge. The conposition with a cont.ent- ﬂf [erri-—‘*

nore than 51.0 speC|nen No. 16, provides a IOM/dleIectrlc
const ant of.les

AL TS

- 5 - -
in (Pb;_ M,) is a subetituent selected from the group
consisting of Ba, Ca and Sr,.0;001 s a-s 0.100, 0.040 = # :
< 0.930, 0.015 s y s 0.350, and 0.015 s z = 0.510.

However, the molar ratio of the A site to the B
site, i.e., A/B in the main component is not heeessarily
required to:be the stoichiometric value. It may take a
value in‘tﬁe range of 0.99 to 1.03 inclusive.

Thus, the general formula of the above main
component:may be rewritten as follows:
'(Pbl-aMa)m{(Mgl/BNb2/3)xTiy(Nill3Nb2/3)z(znllzwl/z)l-x-y-
2103 . - |
where M is a substituent selected from the group
consisting ef Ba, Ca and Sr, 0.001 s o s 0.100, 0.040 = x
< 0.930, 0.015 < y s 0.350, 0.015 = 2z =< 0;510,,and 0.99 =
m s 1.03. |

If W is used as the secdndery component, it is
preferred to incorporate it into the main component in.an
amount of 0.05 to 8.0 parts by weight in terms of WO5 per
100 parts by weight of the main component. Accordingly,
there is provided a dielectric ceramic composition
consisting .essentielly of a main component of .a four
component system, Pb(Mg1/3Nb2/3)03-PbTi03-
Pb(Nil/3Nb'2/3)03-_pb(zn1/2wi/2)03, of which a part o.f..Pb
is substituted'bf at least one subsﬁitueht selected from
the group consisting of. Ba, Ca and ér,- said main

component consisting essentially of 4.0 to 93.0 mol% of



- 13 - The conp05|t|on with a content of [err] less than 1.0 not.% . li ke |l
specimen No. 17, has a sintering tenperature higher than 1000[err] and _
prOV| des a low dielectric constant |ess than 10000. The cotmos@g gilG .. 995‘

Pb(Mgll3Nb2/3)O3, 1.5 to 35.0 mol% of PbT103 1. 5 to 51 o
mol% of Pb(N11/3Nb2/3)03, and 1.0 to ‘34 .0 mol% of
Pb(Zn1/2W1/2)03, the amount of said at least one
substituent for Pb being 0.1 to 10 mol%; and a secondary
component oomposed' of W and incorporated in said main -
component in an amount of 0..05 to 8.0 parts by weight per
100 parts by weight of said main component 'in terms of
WO, | ‘

If Zn is used as the secondary component, it .ie
preferred to 1ncorporate it 1nto the main component in an
amount of 0.1 to 10.0 parts by we:.ght in terms of ZnO per
100 parts by weight of’ the main component. Acoording_ly,
there is further provided a dielectric ceramic composi-
tion consisting essentially of a main component of a four
component  systenmn, Pb(Mgll3Nb2/3)o3-PbTio:-
Pb(Nil/3Nb2/3)03-Pb(an/2W'l/2)03, of which a part of Pb
is substituted by at least ‘one substituent selected from
the group consisting of Ba, Ca and Sr, said main

" component consisting ess.enti'a]_.ly of 4.0 to 93.0 mol% of
Pb (Mg, /3Nby /3)03, 1.5 to 35.0 mol% of PbTiO;, 1.5 to 51.0
mol% of Pb(Nil/sNb2/3)O3, .and 1.0 to '34.0 nol% of

~ Pb(Zn, /21 /2)03, the amount of said at least one
substltuent for Pb being 0.1 to 10 mol% and a secondary
component composed of Zn and :anorporated in said main

'component in an amount of -0.1 to 10_.0 parts by weight per

100 parts Iby weight of said main component in terms of _

Sheet Has Been RTlaced
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with a content of [err] is nmore than 34.0 mol % |ike specihén No. . 18,

provides a |ow dielectric con- stant |ess than 10000 and & IOM/SpeC|f|c 3
resistance less than 10[err] at roomtenperature, thought:its:sf t e ﬁf@. g
tenperature is | ess than 1000[err]. The composition cont aiini:-ng: ?H S
substituent content of less than 0.1 nmol % Iike speC|nen'hb .25, pf v1de$
a high dielectric di ssi pation factor exceeding 2.0% Thew R A

- 7 -

Zno.

If Mg is used as the secondary component; it is
preferred to incorporate it into the main component in an
amount of 0.05 to 5.0 parts by weight in texrms of Mgo per
100 parts by weight of the main component. Accordingly,
there is further provided a dielectfic ceramic composi=
tion.consisting essentially of a main component-of a four
component system, Pb(Mgl/3Nb2)3)O3-PbTio3-
Pb (Niy/3Nby 3) 03-Bb(2ny Wy /5) O3, OF which a part of Pb
is substituted by at least'one substituent selected from.
the group consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 to 93.0 mol% of
Pb(Mg, /3Nby/3)03, 1.5 to 35.0 moly of PBTiO;, 1.5 to 51.0
mol% of Pb(Ni1/3Nb2/3)03, and 1.0 to 34.0 mol% ofl
Pb(Zn1/2W1/2)03; the amount of said at least one
substituent for Pb being 0.1 to 10 mol%; and a secondary
component composed of Mg and incorporated in said main
component in an amount of 0.01 to 5.00 parts by_meight
per 100 parts by weight of said main component in terms
of MgO.

In a preferred'embodiment, the above dielectric
ceramic comp031tlon contalns Mn as a secondary component
along with W, Zn or Mg in an amount of 0.5 parts by
weight per 100 parts by weight of said main component in
terms of MnO,. | | .

The reasons why the main’ component has been

I

Sheet Has Been Reﬂlaced '
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conposi tion containing the substituent content .of ex- ceedlng 10 0 ol
| i ke as speci nens Nos.

t han 1000[err].

%).
26, 27 and 28, has a high sinteringi tenperature ‘nore’

and. provides a |l ow dielectric constant Iess than, )
poor tenperature coefficient of capacitance which does not ireet: p%PQ@@ %ﬂﬁ“”

i
i

L RYpES——

requi renments of E characteristics defined by JIS. The COﬁpQSltlDﬂ wi.th_a

content of Zn

| ess than 0.1 : i N
132

-8 -

| S O,

limited to those having a composition defined as above

are as follows

If the content of Pb(Mg1/3Nb2/3)o3 is less than

4.0 mol%, the dielectric constant becomes less than 10000

and' the dielectric dissipation  factor (tan 9) becomes'

more than 2.0 %. - If the content of Pb(Mg1/3Nb2/3)O3

- exceeds ,93.0 . mol%, the temperature coefficient of

capacitance becoﬁoé worée, ;hough the dielectric constant
becomes large. . For these reasoné,. the content of
Pb(Mgi/3Nb2/3)03 hés.been limited'to 4.0 to_93.0 mol%.

If the content of PbTiOs-is less than 1.5 mol%,
the dielectfic constant decreases considerably and
becomes less .than 10000. If the content _of. PbTib3
exceeds 35.0 mol%, the dielectric constant becomes low
and the dielectric dissipation factor beoomeé mone than
2.0%. For these reasons, the content of PbTiO3 has been
limited to 1.5 to 35.0 mol%.

If the content of Pb‘Nil/3Nb2/3j03 is less than
1.5 mol%, the temperature coefficient of capacitance does
not meet the requirements of E charactéristics definéd by
JIs, though the dieléctric constant becomes large. If
the content of Pb(N11/3Nb2/3)03 is more than 51.0 mol%,
the dielectric constant becomes less than 10000. Thus,
the content of Pb(Nil/3ﬁb2/3)O3 has been limited to 1.5

to 51 0 mol%

If the content of Pb(an/2W1/2)03 1s less than

Sheet Has Been Replaced
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parts by weight in terns of-ZnCZ | i ke as speci nen No. 19, rcvrdes a |l ow

- dielectric constant |ess than 10000. The conposition with i content of Zn
more than 10.0 parts by weight in terms of ZnO |ike speci nen. hbf“%gmﬂ“'ﬁoﬁ

provi des poor tenperature characteristics which does not neet- the

regul ati on,

and a | ow specific resistance less than 10 [er
provi des a hlgh_dlelectrlc const ant .

-9 -
1.0 mol%, the sintering temperature becomes higher than

1050 ©°C and the dielectric constant becomes less than

10000. If the content of Pb(Zn1/2W1/2)03- is more than

34.0 mol%, the dielectric constant becomes less than

16000_and the specific resistance becomes less than 1012

Q-cm at room 'tempefature, though the sintering
temperature becomes less than 1050 °C. Thus, the content

of.pb(2n1/2W1/2)03 has been limited to 1.0 to 34.0 mol%.

A part of Pb in the main components is replaced

with 0.1 to 10 mol% of at least one element selected from
the group consisting of Ba, Ca and Sr to prevent
formation of pyrochlore phase, whereby produc1ng -
dielectric ceramic composition with a high dlelectrlc
constant, : a hlgh- 1nsu1atlon re51stance, a small
temperatufe coefficient of capacitance end _hign
mecnanical property. If the amount of the substituent is
less than 6.1 mol%, the dielectric dissipation factor
becomes higher than '2.9 %. If the amount of the
substituent is more than 10.0 . mol%, the sintering
temperature becomes.higher than 1050 °C, the temperature
coefficient of capacitance does not meet the requirement
of E characterlstlcs, and the dielectric constant becomes
less than 10000. Thus, the amount of the substltuent has

been llmlted to 0 1 to 10. 0 mol%.

is Sheet Has Been RTIaced
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weight in ternms of [err], |ike specinen No. 24, provides a
resi stance |l ess than 10 [err] at room tenperature. EXAMPLE\}2
cal-ci ned powder prepared in Exanple 1 for

Finally, the conmposition with a content of M ex- ceeding ?tﬁlparts

| X
ﬁgfﬁﬁeﬁ'. ..

-10 -
incorporated into the main component to improve the
dielectric properties. The reasons why the secondary
component has been limited'to those défiped as above are
as follows:

If the Eontent of Zn is 1¢ss than O.i parts by
weight in terms of ZnO, the dielectric constant becomes
less than 10000. If the content of Zn is more than 10.0

pafts by weight in terms of ZnO,' the temperéturé

characteristics does not meet the E zegulation and the

specific resisténce'becqmes less than 102 @-cm, though
the dielectric constant becomes large Thus, the content

of 2Zn has been llmlted to 0. 1 to 10.0 parts by weight per-.

100 parts by weight of the main component in terms of

Zno0.

If the contént of W is less than 0.05 parts by
weight in terms of WO5, the dielectric constant becomes
less than 10006. If the content of W is more than 8.0
parts by weight in terms of ‘WO3, the temperature ‘
charaéteristics does not mget the E zegulétion and the
specific resistance becoﬁes less than 1012 chm,'though
the dielectric constant-becomes large. Thus, the content
of W has been limited to 0.05 to 8.0 parts by weight per
100 parts'by weight of the main component in terms of
Wo3._ _ _ : _. | |

If the content of Mg is less than 0.05 parts by

weight in terms of MgoO, the dielectric constant becomes

is Sheet Has Been Re lilaced
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- 14 - the specinens Nos. 11 and 25, there were prepared nnﬂellthlc |
. > X er C

capacitors in the follow ng manner. Each cal ci ned powder S crd$heHSU @g%d i

with a suit- able amount of an organlc bi nder of pol yvi nyl| Bétyrat-resin

and ethyl alcohol, mlled with a ball mll by the wet pro
035 =BT th
_forned into rectangular ceramc P I TL o

- 11 -
less than 10000. If the content of Mg is more than 5.00
parts by weight in tefms of - Mgo, the temperature
coefficient of capacitance does not meet the requirements
of E characteristics difined by JIS and the specific
resistance becomes less .than 1012 g@-cm, though the
dielectric constant becomes large. Thus, the content of
Mg has been.limited to 0.05 to 5.00 parts by weight pex
100 parts by'weight of the msin componsnt in terms of
MgO. |

Mn is incorporatéd into the main'component to
improve the'insulation resistance at room temperature and
elevated temperatures, as occasion demands. However, if
the content of Mn is more than 0.5 parts by weight in
terms of MnO,, the specific -resistance becomes less than
1012 g-cm at roomltemperature..
The_molar.ratio of the A site to the B site,
j.e., m (=A/B) in the above main component has been
limitea to 0.99 to 1.03 for the following reasons. if
the ratio A/B 'is less than 0.99, the sintering
temperature becomes more than 1050 °C and the dielectric
constant becomes less than 10000. If the rstio A/B is
more than 1. 03, the dlelectrlc d1551patlon factor becomes
| greater than 2.0% and the temperature cpeff1c1ent of

capcitance does not | meet the requirsments of E
characteristics defined by JIS. .

The dielectric ceramic composition of the

"l




green sheets of a 20 [err] thick by the Doctor blade pro-igess. The ceramc
green sheets were respectively provided on both sides t her. eof MAt

conductive layer for an internal electrode by screen pr|nt|mg [héb'ﬁgﬁ
conductive paste containing Ag as a conductive material. Bubse:: queﬁ{1y*

plurality of the printed green sheets were stacked, bondeq_b¥____—*- T 7
thernD conpression, and then cut - 12 - '

'l_'l: HIS &
present invention has a high dielectrio'constéﬁE fi53EMJﬁm{
more than 10000, a low dielectric loss of not more than 2
%, a high specific resistance of 1012 Q-em at room
temperature, and a low sintering'temperature of not more
than 1050°C. It has a small temperature coefficient of
capacitance which'meets.E characteristics defined by Jis
over a temperature rangé of -25°C to +85°C, i.e., it has
a temperature .coefficient of capécitance ranging £from

_420% to -55% over a temperature range of -25°C to +65°C.
'In addition, the aielectric cefamié composition is small
in voltage dependéncj, excellent in mechanical strength
and high in reliability. | |

" Accordingly, theldielectric'cefamic composition

" of the present invéntion can be used as a dielectric
‘material not only.for éeneral ceramic capacitors but also
for monolithic ceramic capacitors. Further, it ié
possible to use inexpensive Ag-Pd alloys as a material
for internal electrodes becauso of its low sintering
temperature, thus making it '-possiblel to produce
monolithic ceramic capaéito:s which are small in size.but
large in.capaoitance. |

The above and "other objects, features and
advantages of the present invention will become apparent
from the following description in connection with several
examples. | -

EXAMPLE 1

This Sheet Has Been R
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no prepare green chips for nonolithic : .ﬂinﬂs Th resultant
~green chips were fired in air at ate eﬂature_s '|ﬁ T ble g for

~hours. Each capacitor chip was prOV|ded on |fé'bﬁpbs1te B W é& By
el ectrodes by applying a silver paste and=Fhen baklng it Peféhj{@r1 ?e ﬂhl

m-nutes to prepare a specinen of a nonolithic ceramc capaC|tor The
dlnenS|ons of the nDnollthlc ceram c capacl3ofs

As raw materials, there were used PbO, NiO,
NbyOs, TiO,, ZnO, WO3, MgO, BaCOj, SrCO3, CaCOy and MnO,
with a purity of not 1less than 99.9%. These raw
materials were weighed and mixed in proportions shown in

:Table 1 to prepare mixture for ‘a dielectric ceramic
composition.

The resultant mixture (100 g) was p}aced in a
polyethylene pot along with agate balls and milled by the
wet process for 10 hours. f The slurry 'obtained 'was
dehydrated, dried, and then put into an alumina sagger to
calc1ne it at 650 to 800 °C for 2 hours.

‘The resultant calcined powder was crushed,
added with 3 parts.by weight of polyvinyl alcohol, milled
again by the wet prodess,-dried and then passed through a
screen with 60 meshes to obtainf granules for' molding.
The resultant granules were molded with an oil press
under a pressure of 2000 Kg/cm2 to prepare oeramic green

disks with a diameter of 10 mm and a thickness of 1.0 mm.

' The green disks were placed in an 'alumina
sagger with zirconia ﬁowder spread over its bottom,
heated in air at 400 °C for 4 hours to remove the organic
blnder by combustlon, and then £fired at a 51nter1ng a
temperature shown in Table 2 for 2 hours to obtain
ceramic disks. The ceramic dlsks_were.prov1ded on its

- both sides with silver electrodes by applying a. silver

u|||iiﬂ‘iii|fﬁ” ||T°“




are: 1.6 mmin width, 3.2 mmin |ength, _
I n thickness of dielectric |ayer. The nunber

and effective surface area of interna

change rate of capacitance.

1.2 Mmin thick- n

of dielectricj
el ectrode is 2.1 nn‘ Do,
speci men, neasurenments were made on capacitance (C),
factor (tan [err]), ‘insulation resistance (IR),

diele

defl ecti ony

éss Rand 13 [err]

Iayequlﬁugoﬁgﬁ

—NHH?F%?SSF

" THIS

ach- - e

- 14 -
paste cbntaining lead borosilicate glass £frit and "then

baking it at 750 °C for 10 minutes to prepare specimens

- for measurements of electrical properties.

For each specimen, measurements were made on.

capacitance (C), dielectric loss (tan 6) and insulation

resistance (IR). The dielectric constant and dielectric

loss were measured at 1 kHz, 1 Vrms at 25°C. The

insulation resistance (IR) was measured after applying a
DC voltage of 500 \' for 2 minutes. The dielectric
constant (e) and spec1f1c resistance (p) were determlned

using data for capac1tance, insulation resistance (IR), a

thickness of thé specimen and a surface area of the

electrodes. Results are shown in Table 2.
' In Tables 1 and 2, specimens with an asterisk

(¥*) are those out 6f-the'scope of the present invention.

is Sheet Has Been Reﬂlaced
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The capacitance (C) and dielectric dissipation factor (tas=-8F=we&fe
at 1 RfE—_ifTﬁTﬁ??ﬁ—iﬁﬁ?ﬁT] with a self-bal ancing brldée?tyﬁzl f“-hea“““f
| NSt r Ui Sheet Bigs BRERL was applied with a DC voltage ofgll 25 V 152\ |
m nut es Jj ation resistance (IR). The insu- la-t"l'ionhr% st an é :
was neas sul ation resis- tance tester beforl@- &
~humdity aglng ; e hunidity aging test -was <arried gl
at mospher e - ¥
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BRI EF DESCRI PTI ON OF THE DRAW NG The bendi ng strength wa
defl ection strength neasurihg I nstrunent 10 shown in FIGH
is applied to a test specinen 12 put on a speci nmen hoIder\%A by Joadhn

I ndicat- ing needle. A gap between the tools of the speci

set to 2 mnm

asur’ed Wi t h

- 17 =~

As will be understood from the data shown in

Tables 1 and 2, all the specimens comprisihg the
dielectric ceramic composition according to the present
inVention have é high_dielectric cénstant of more than
1000ﬁ, and a low dielectric dissipation factor (tan 8) of
not higher than .2,0%. | Further, they meet the E

characteristics defined by JIS even though they have a

high dielectric constant.  In addition, they have a’

sintering temperature of less than 1000°C, thus making it
p0551b1e to flre them at a low temperature.
In contrast therewith, the composition with the

content of Pb(Mg1/3Nb2/3)O3 less than 4.0 mol%, like as

specimen No. ‘1, provideé a low dielectric constant of
‘less than 10000 and a high dielecfric_dissipation factor

. exceeding 2.0 %. Further, the compgsition' with the

content of Pb(Mg1/3Nb2/3)O3 exceeding 93.0 mol%, like as
specimen No. 10, is poor in the temperature coefficient
of capacitance, though it has a high dielectric constant.

The composition with the content of PbTiO5 less

_ than 1.5 mol% like as specimen No. 5, provides a low

' dlelectrlc constant less than 10000. The composition

with the content of PbT103 exceedlng 35.0 mol%, 11ke as
specimen No. 6, provides a low dielectric constant and a

high dielectric dissipation factor of more than 2.0%.

In case of the composition with the content of

'beNiI/3Nb2/3)O3 less than 1.5 mol%, like as specimen No.

Sheet Has Been Replaced .
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The change rate of capacitance was determ ned by applying WE%?iolta q '"5%3
25 V to the specinen along wwth a AC voltage of 1 kHz, 1 Vrirs. Resﬂﬁ? g‘égg
shown |n Table 3. - 16 - L?“P‘ """""""""" e i

12, the temperature coe.fficient of capacitance does not
meet the requirements of E charaCteristics defined by
JIS; though the dielectric constant becomes large. The
compos:.t:.on with the content of Pb(N:Ll /3Nb2 /3)03 more
than 51.0 mol%, like as specimen No. 16, provides a low
dielectric constant of less than 10096. |
o The composition with the content of
Pb(Zn1/2W1/2)03 less than 1.0 mol%, like as specimen No..
17, has a sintering temperature higher than 1000 °C and
provides a low d:.electr:.c constant less than 10000. The
compos:.t:.on with the content of Pb(Zn, /2" /2)03 is more
than 34.0 mol%, llke as specimen No. 18, provides a low
dielectric constant less than 10000 and a low specific
resistance less than‘ 1012 Q-cm at room temperature,
though its sintering temperature is less than 1000 oC,

The composition containing the substituent less
than 0.1 mol%, like as specimen No. 25, provides a high
dielectric dissipation factor exceeding 2.0 %. The
composition conta:_’.ning the Substituent e_xceeding‘ 10.0
mol%, like as specimens Nos. 26, 27 and 28, has a high
-s:.nter:.ng temperature more than 1000 °C and provides a
1ow dielectric constant less than 10000 and poor
temperature coefficient of capacitance which does not
meet the requirements of E'_character'isties .'defined' by
JIS. |

The composition with the content of 2n less

Sheet Has Been Reﬂlaced
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[err] - 17 - Fromthe above results, it will be seen tﬁagr 3
tric ceram c conposition according to t he present i n- vent|on p 00%
hlgh bendi ng strength, and a snall H Dt Lt e W

- 19 - _
than 0.1 parts by weight in terms of éﬁo, like as
specimen No. 19, provides a low dielectric constant less
£han 10000. The-composition with the content of Zn more
than 10.0 parts .by weight in terms of 2ZnO, like és

'_specimen No. 20, "provides poor temperature_
chaxacteristics which does not meet the E regulation, and
a low specific resistance less thaﬁ 1012 g@-cm, though it
prévides a high dielectric constant. |

. Flnally, the comp031tlon with the content of Mn

exceedlng 0.5 parts by weight in terms of Mnoz; llke as
speglmen No. 24, provides a low specific resistance less
than 1012 @-cm at room temperature.
Example 2

Using the calcined powder preparéd in Example 1
for the specimens Nés. 11 and 25,“there were  prepared
monolithic . ceramic capacitors in thé ‘foliowing. manner.
Each calcined pdwder was crushed, added with'a suitable
amount of an organic binder of polyvinyl butyral xresin
and ethyl alcbhol,,millec.i with a ball mill by the wet
process, and then formed into'rectangular ceramic green
sheets of a 20 um thick by the Doctor blade process.

The ceramic green' sheets were respectively

' provided on both sides t;he_repf with a conductive 1ayér
for an internal .electrode -by screen printing with a

conductive paste containing Ag as a conductive material.

_Subsequently, a plurality of the printed green sheets

—
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change rate of capacitance with applied DC volta ympar-ed wi
_ _ ge, as conpared with the:

| conparative specimen. Further, the insulation resistance |m§ scar cel y
affected by the hum dity aging test. Accordingly, it is possi. blﬂagmNﬂ[Bl TQ%

di el ectric ceram c conposition of the present invention tle=pro- duce-
monolithic ceram c capacitors with high.reliabil- ity.

- 20 -
were stacked, bonded by thermo-‘compression,:- ané then cut
to prepare green chips for monolithic ceramic capacitors.

. The resﬁltant: green chips were fired in air at a
temperature shown in Table 3 for 2 hours.
_ . Each capacitor chip was provided | on its
opposite edges with ‘external electrodes by applying a
silver paste. and then baking it a‘;: 750 °C for 10 minutes

to prepare a specimen of a monolithic ceramic capacitor.’

The dimensions of the monolithic ceramic
capacitors are: 1.6 mm in width, 3.2 mm in length, 1.2
mm in thickness, and-13' pm in .thickness of dielectric
layer. The number of dielectric layers is 10, and

effective surface area of internal electrode is 2.1 mm2 .

For each épeéimen, measufements were made on
capacitance.(C), dielectric dissipation factor (tan o),
insulation resistance (IR), deflectibn strength and
change rate of capacitance.

The capacitance (C.:)' and dielectric dissipation
factor (tan §) were lme.asured at 1 KHz, 1 Vrms at 25°C
with a s‘elf—balé.ncing bridge type measuring instrument.

' The spedimen was appiied _with a DC voltage of 25 V for 2
minutes to measure an insulation resistance (IR). The
insulation resistance - was measured with an insuiatioﬁ

!

resistance tester before and after a humidity aging test.
/
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Using PBO, N O [err], znO [er] Myd[ ferr) and [err]: e

| ess than 99. 9% there wer e prepared“test SpECLnEnS I n thE'foIIomrhg

manner. The raw materials were wei ghed=aad-mixed in-pro: ip

Qnﬁlﬁgs

Table 4 to prepare mxture for a dielectric ceramc conpqs_”g
m xture was placed in a pol yethyl ene pot _akeng with agate balls and n1||ed

The .

The humldlty aging test was carrled out in an atmosphere
with a humidity of 95% at 80°C for 1000 hours. The
insulation resistance is given in Table 3 as the produét
of. capacitance '(C). multiplied by insulation resistance
(IR), i.e., CR. |
The bending strength was measured with a
deflection strength measuring instrument 10 shown in Fig.
1, which the_ioad is applied to a test specimen 12 put on
a ﬁpecimen holder 14- by a lbading pin 16 and the load

applied is indicated .by a tension gage 18 with an

indicating needle. A gap between the toolé of the

specimen holder 14 was set to 2 mm.

The change rate of capacitance was determined

by applylng a DC voltage of 25 V to the specimen along_

with a AC voltage of lkHz, 1.Vrms. Results are shown in

Table 3.

/
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by the wet process for 10 hours. The slurry obtai ned was deﬁ a?ated drled
and then put into an alum na sagger to calcine it at 650 tc1800 b EE%
hours. The resultant cal ci ned powder was crushed, added mnthra p éU

wei ght of polyvinyl alcohol, mlled again by the wet proces§;_g_Led and
t hen passed through a screen with 60 neske22te obtain granules forfwﬁﬁﬁﬂ? ;
~The resul tant- granul es were nol ded mnth an oil press ¥ N
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under a pressure of 2000 Kg/cnR to prepare ceram c green dl 3

di anet er of j_m_n@nﬁ_a_Lthmess of 1.0 mm - 18 - Thel

pl aced in an aI um na sagger. !

ia
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From the above results, it will be seen that
the dielectric céi‘amic composition according to the
present invention possesses high bending strength, and a
small cﬁange ro.te of capacitancé with applied DC voltage,
.as compared with the comparative specimen. Further, the
insulation fesi_stahce is scarcely affected by the
humidity aging t_est-. Acco_rd_ingly, it is possible with
the’ _dieiectric_ c.éramio composition of _the prgsént
invention to produce monolithic ceramic capacitors wiﬁh

high reliabi_lity..

- EXAMPLE 3

Using PbO, NiO, Nb,Og, TiO,, 2ZnO, WO;, Mgo,
BaCO3, SrCO,, CaCOq and MnO, with.a purity of not less
than- 99.9%, there were prepared test specimens :Ln the
following | manner.

The raw materiais were weighed and mixed iﬁ
-pi'oportions shown in Table 4 to prepare fn:i.xtureI for a
dielectric ce_ramic composition. The mixture was placed
in a polyethylene pot along with agate balls and milled
by the wet process', f_of io houfs. The slurry obtained was
.'déhydrated, dried, and then put into ah alumina sag‘gef to
calcine it at 650 to 800 °C for 2 hours.

Thé resultant calcinéd powder was crushed,
added wi_th 3 pé.rts by weight of poiWinyl alcohol, milled
agéin by th_e wet process, ‘dried é.nd then passed through a

screen with 60 meshes to obtain gi‘anules for molding.



with zlrconia powder spread over its botton1 heated in airat~400" C For 4
hours to renove the organi c binder by conbustion, and thenifirfed at 7,

sintering tenperature shown in Table 5 for 2 hours to obtahn ceraﬂﬂczﬁlsﬁgn
The ceramic di sks were provided on its both sides with silver" ‘¢l ect.rodes by .
applying a silver paste containing | ead borosilicate glass frrfgand then-’--—::1
baking it at 750[err] for 10-mnutes to prepare speC|nenﬁ'i§ ;neasurenents b

ls
- 24 -

The resultant granules were molded with an oil press
under a pressure of 2000 Kg/cm2 to prepare ceramic green

disks with a diameter of 10 mm and a thickness of 1.0 mm.

The .green: disks were placed in an alumina
sagger with zirconia powder spread over ité bottom,
heated in air ét 400 °C for 4 hours to remove the organic
binder by combustion, énd then fired at a sintering
temperature 'shoWh in Table 5 for 2 hours .to obtain
ceramic disks. The ceramic disks were provided on its
both sides with silver electrodes by applying a silver
paste containing 1lead borosilicate glass frit and then
baking it at 750 °C for.lb minutes'tb prepare specimens
for measurements of electrical properties.

For each specimen, capacitance (C), dielectric
loss (tan 65 and insulétion_resistance (IR) were.measured.
in.the same manner as Example 1. Resplts aré shown in
Table S. '

In Tablesl4 and 5, specimens with an asterisk

(*) are those out of,the'scope of the present invention.
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Table 4

'Pb (Mg, /3Nb;/3) 04

No.

(mol%)-

properti es. For each specinen, capacitance (

an [efk heetrmsBe:esab ecbn resi st ance ( R) were neasuried i
as Exa are shown in Table 5. In Tabl M}'@an
) are those out of the scope of—t

WO, Mno.,
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-20- [err] [err] - 21 - As will be understood fromthe ¢én££§hﬁﬁh»rn;.;ﬁ"l
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5"5. ;.'.‘?_;"n., R ‘.
As will be understood from the data- shown -in=. -7

Tables 4 and 5, all the specimens comprising the

dielectric cerémic composition  according to the present

invention have a high dielectric constant of more than

16000,-and a low dielectric dissipation factor (tan 6) of

less than 2.0%. Further, they meet the E characteristics

defined by JIS even though they have a high dielectric

constant. Since théy"have a sintering pemperature of -
less than 1000°C, it is possible to fire them at a low

temperature.

In contrast therewith, the composition with the

-'content of Pb(Mgi/3Nb2/3)03 less than 4.0 moi%, like as

- specimen No. 29; provides a low dielectric constant of
iess than ioooo and a high dielectric dissipation factor
exceeding 2;0 %.  Further, the composition with the
content of Pp(Mg1/3Nb2/3)O3 exceeding 93.0 mol%, like as
speoimen No. 38, is poor in the | temperature
characteristics of capacitsnce, though it has a high
dielectric constant.

The composition with the conﬁent'of PbTiO5 less
than 1.5.mp1%, like as spéoimén No. 33, provides é low
dielectric constant less than 10000. The composition
with the content of PbTiO3 exceeding 35.0 mol%, like as
specimen No, 34, provides a low dielectric constant and a
,high dielectric dissipation factor of more than 2.0%.

In case of the composition with the content of

This Sheet Has Been Rerlaced
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4 and 5, all

the specimens conprising the dielectric ceramnic th05|t|on

according to the present invention have a high dielectric cohstant
t han 10000, and a |l ow dielectric dissipation factor (tan [ekn¢ Dle

than 2. 0%

t hough they have a high dielectric con- stant.
t enper at ure of

t enper -

Further, they neet the E characteristics deflned_by_JLS even.

: Since they ha Ve a: slntering-m |
1ess than 1000[err], it is possible to fire: Hen1ah,a sho@w

)

- 28 - e

‘ Pb(Nil/3Nb2/3)03-less than 1.5 mol%, -like as specimen No.

40, the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by

JIS, though the dielectric constant becomes large. The

. composition with the content of Pb(Nil/3Nb2/3)03 more

than 51.0.mol%, like as specimen No. 44, provides a low
dielectric constant of less than 10000. “

| The composition with the content . of
Pb(Zn1/2W1/2)03 less than 1. 0 mol% iike'as specimen No. .

45, has a sintering temperature higher than 1000 °C and

- provides a low dielectr;c constant less than 10000. The

. composition with the content of Pb(Zn1/2W1/2)03 is ‘more

than 34.0 mol%, like as specimen No. 46, provides a low
dielectric constant 'le‘_ss than '1-00_00 and a low specific
resistance less than 102 @'cm at room temperature,
though_its sintering temperature is less than 1000 °C.
The'conposition containing less than 0.1 mol%
of the substituent, like_as specimen'No. 53, provides a
high dielectric dissipation factor exceeding 2.0 %. The
composition containing more than 10.0 mol%¥ of the

substituent, like as specimens Nos. 54, 55 and 56, has a

" high ‘'sintering temperature more than 1000 °C and provides

a low dielectric constant less than 10000 and poor
temperature coefficient of capacltance whlch does not
meet the requirements of E characteristics defined by

Jis.

Sheet Has Been Replaced




_ature. In contrast theremnth a conp05|t|on with the content of.. '”TT Iess

than 4.0 nol

|l ess than 10000 and a high dielectric dissipation factor exceeding 2. 096- .
Further, the conposition with the content of [err] exceeding g3..0. ol %
i ke speC|nen No. 38, is poor in the tenperature characterlstlcs of

% 1ike specinmen No. 29, provides a Iom/dlelectrlc'constant of

-29_

The composition with. the content of_-W being

less than 0. 05 parts by weight in terms of WO, like as

specimen No. 47, provides a low dielectric constant less
than 10000. The composition with the content of W being

more than 8.0 parts by weight in terms of W03, like as

specimen No. 48, provides poor temperature coefficient of

capac1tance which does not meet the requirements of E
characteristics defined by .JIS, and a low specific
resistance 1ess than.lol? Q-cm, though it prov1des-a high
dielectric constant

Finally, the compos1tion with the content of Mn

‘exceeding 0.5 parts by weight in terms of Mnoz, like as

specimen No. 52, provides a low specific resistance less
than 1012 @-cm at room temperature. |
Example 4 | |

' Using the ca1c1ned powdex prepared in Example 3

for the spec1mens Nos. 39 and 53, there ‘were prepared

monolithic vceramic capacitors in the same manner as

' Example 2. The ‘dimensions of the monolithic ceramic

capacitors were: 1.6 mm in width, 3.2 mm in length, 1.2

“mm in thickness. - Each dielectric layer is 13 pm in

thickness, the number of dielectric layers is 10, and

effective surface area of internal electrode is 2.1 mm2 .

. For each Specimen, capacitance (C), dielectric

_ dissipation factor (tan $), insulation resistance (IR),

This Sheet Has Been Reﬂlac
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CoEBLA

capaci tance, though it has a high dielectric constant. The conpoggtlgg augh
the content of [err] less than 1.5 nol % |ike as speci men:NF2 33" provides:

~a low dielectric constant |ess than 10000. The conposition WTh a conte
of .[err] exceeding 35.0 nol % I|ike specinen No. 34, provhdes”a' o
dielectric constant and a high dielectric dissipation factiof® of;nnre;;:an”
2.0% In case of a conposition with the content of : ;E g -

- 30 -

bending strength and change rate of capacitance were
measured in determined in the same manner as Example 2.

The results are shown in Table 6 mtogether with the-

sintering temperature.

Sheet Has Been Replaced
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[err] less than 1.5 nol % |ike specinmen No. 40, the tenperature
coefficient of capacitance does not neet the requirenents of E @95 |
characteristics defined by JIS t hough t he dlelectrlc constant bedbﬁeéUG

| arge. The - 22 -
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conmposition with a content of [err] nore than 51.0 nol % F{”mmﬂa;s ecimen.+ ||

No. 44, provides a |low dielectric constant of |ess than 10'00 ST,

|
{
conposition with a content of [err] less than 1.0 nol % giﬂnéughgﬁﬁ
3?e|2§fra S|nte{|n? fenperﬁture hi gher than 1000[ err] and pr VTﬁﬁﬁmﬁ"rHﬁ; """" IY
_ ic constant |ess than 10000. The co 05|t|on wth a
[err] of nmore than 34.0 nol : 3:p _ESEEEEE_Rf

EXAMPLE 5 | _
| Using PbO, NiO, NbyOg, TiOp, 2n0, WOz, MgO,
BaCO;, SrCO;, CaCOy and MnO, with a purity of not less
than 99.9%, there were jprepared test specimens in the
following manner. |
The raw materials were weighed and mixed in
proportions shown in Table 7 to prepare mixture for a
dielectric ceramic composition. The mlxture was placed
in a polyethylene pot along with agate balls and milled
by the wet process for 10 hours. The slurry obtained was .
dehydrated, dried, and then put into an alumina sagger to
L calcine it ae 650 to 800 °C for 2 hours.
| "The resultant_ calcined powdef was crushed,
‘added with 3 parns by weight of polyvinjl alcohol; milled
again by the wet process, dried and then passed through a
screen with 60 meshes to obtain granules for melding.
The resultant granules were molded. with an oil press
under a pressure of 2000 K.g/cm2 to prepare ceramic green

disks with a diameter of 10 mm and a thickness of 1.0 mm.

The green- disks were placed in an alunina

'~ sagger with zirconia powder spread ‘over its bottom,
heated in airiatn400 oc for 4 hours to remove the organic
binder by 'combnetion, and then fired at a sintering

temperature shown in Table 8 for 2 hours to obtain

ceramic disks. The ceramic disks were provided on its
iﬁﬁﬁnﬁﬁﬁmiﬁjﬁrm




| i ke speci men No. 46, pfovides a low dielectric con- staﬁt

10000 and a | ow specific resistance less than 10 [err] at r on1t$nperat%B

containing less than 0.1 nmol % of the substituent, |ike as 5
provi des a high dielectric dissipation factor exceedlng 2.
position containing nore than 10.0 nol % of the substit-

though its sinter- ing tenperature is | ess than 1000 C. The; Dﬂpo&:trdnm"m”m;r

s than L

- 33 - _ A~_—:
both sides with silver electrodes by applying a silver
pasté containing lead borosilicate glass frit and then
baking it at 750 °C for 10 minﬁtes to prepare specimens
- for measurements of electr1cal propertles

For each spec1men, capac1tance (C), dielectric
léss'(tan ) and insulation resistance (IR) were measured
.in the same manner as Example 1. Results are shown in
Table 8.

In Tables 7 and 8, speéimens wiﬁh an asterisk

(*) .are those out of the écope of the present invention.
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ceeding 0.5 parts by weight in terms of M2, Iike speC|nen No: B2 on i
provides a |l ow specific resistance less than 10 [err]

- 23 - EXAMPLE 4 - | ant ﬁomt?rr%éawé 1996 |

- 36 -

As will be understood from the data snown in
Tables 7 and 8, all the specimens comprising the
dielectric ceramic composition according to the present
invention have a high dielectric constant of more than
10000, and a low dielectric dissipaﬁion factor (tan 8) of
less than 2.0%. Further, they meet the E characteristics
~defined by JIS even though tney have a high dielectric
coristant_. Since they have a sinterin§ t-empei'ature of
.less than 1050°C, it is possible to fire them at anlow
temperature. | |

' In contrast therewith, the composition with the
content of Pb(Mgl/3Nb2/3)O3 less than 4.0 mol%, like as
specimen No. 57, provides a low dielectric constant of
less than-loboo and a high dielectric dissipation factor
exceeding 2.0' $. Fnrther( the composition_ with the
content of Pb(Mgj/3Nb,/3)03 exceeding 93.0 mol%, like as
specimen  No. 66, is poor in the  temperature
characteristics of .capacitance, though it has a high
dielectric constant.

The composition with the content of PbTiO3 1ess
than 1.5 mol%, like as specimen No. 61, provides a 1om
dielectric constant less ‘than 10000. The composition
with the content of PbTiOg exceeding 35.0 mol%, like as
specimen No. 6 'pfoVides a low dielectric constant and a
high dielectric diss1pation factor of more than 2. 0%.

In case of the compos1tion with the content of

Thls Sheet Has Been Reilaced :




Usi ng the cal cined powder prepared in Exanple 3 for the spec1nens Nos. 39. -
and 53, there were prepared nonolithic ceranic capacitorsiin the same = i
manner as Exanple 2. The di mensions of the nonolithic ceramn :cq@aclpar i
were: 1.6 mmin width, 3.2 mmin length, 1.2 nmin thlckness'wEaQ "“”ﬁmﬁ“ff
dielectric layer is 13 [err] in thick- ness, the number T

| ayers is 10, and effective surface area 0§7|nternal el eg

Pb(NiI/3Nb2/3)O3 less than 1.5 mol%, like ‘as specimen No.
68, the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by
JIS; though the dielectric constant becomes large. The
composition with the content of Pb(Ni1/3Nb2/3)o3 more
.than 51.0 mol%, like as specimen_No. 72, provides a low
dielectric constant of less than 10000.

The composition with the content of
Pb(Zn1/2W1/2)03 less than 1.0 mol%, like as speCimen.Nc
73, has a sintering temperature higher than 1050 °C and
provides a low dielectric constant less than 10000. The
composition with the content of Pb(Zn1/2W1/2)03 is more
than 34.0 mol%, like as specimen No. 74, provides a low
dielectric constant iess than 10000 and a low specific
resistance less than 1012 Q'cm at room temperature,
though its sintering temperature.becomes'less than 1050
°C. |

The compositicn containing substituent in an
amount of less than 0.1 pcl%, lihe as specimen No. 81,
provides a high dielectric 'dissipation factor _exceeding
2.0 %. The composition containing the substituent in an
amount of more than 10.0 mol%, like as specimens Nos. 82,
83 and 84, has a high sintering temperature more than
1050 °C and prov1des a low dielectric constant less than

- 10000 and poor temperature coeffic1ent of capac1tance.

" which does not meet the requirements of E characteristics

heet Has Been Re laced
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For each specimen, capacitance (C), dielectric dissi- patlon fac or ?tan

[err]), insulation resistance (IR), bending strength and change : &éJBf 199@
capaci tance were neasured in determined in the sane mannet as.-E

The results are shown in Table 6 together with the S|nteetﬂg:£é§§§§éﬁﬁiez;

-38-

defined by JIS.

) The composition with the ratio A/B being less
than 0.99, like as specimen No. 88, has a sintering
temperature higher than 1050 °C _and a low dielectric
constant less than 10000. The composition with the ratio
A/B being more than 1.03, like as specimen No. 8'5,.
possesses a high dielectric dissipation factor exceeding
2.0% and provides poor temperature -coe,f'.f'icie'nt of
capacitance which .does not 'meet the requirements of E
characterietics defined by | JIS.

The compo_si-tien with the .content_'of Mg being
less than 0.05 parts by weight in terms of MgO, like as
specimen No. 75, provides a low dielectric constant less
‘than 10000. The 'composition with the content of -MgO
being more than 5.00 parts by we:.ght 1n texrms of MgoO,
like as specimen No. . 76, provides poor temperature
coefficient of capacitance which does not meet the
requirement of E characteristics defined by JIs, and a
low specific resistance less than 1012 Q-cm, ‘though _it:
provides a high dielectric constant. - |

Final_Z!.y, the coﬁposition with the content of Mn
exceeding 0.5 parts' by weight in tei:ms of MnO,, like as
specimen No. 80, 'prov:i_.desl a low specific resistanee less
.then 1012 g-cm at room tempefature.

Example 6 |
‘Using the calcined powder prepared in Example 5

R

mmmmmr
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for the specimens Nos. 69 and 79, there were prepared
monolithic ceramic capacitors in the same manner as
Example 2. The dimensions of the'“monélithic ceramic
capacitors were: 1.6 mm in width, 3.2 mm in length, 1.2

‘mm in thickness.  Each dielectric layer is 13 um in.
thickness,'the number of efféctive dielectriq 1ayers_is
12, aﬁd éffective surface area of each interﬁal electrode
is 2.1 mm2 . .‘

For each specimen, Capaéitance (C), dieiectric
dissipation factor (tén 6),'insu1ation resiétance-(IR),
deflection strength.and change rate of capacitance were
mreased in determihed.in the same manner as Example 2.

' The results are shown in Table 9 together with the
sintering temperature. The CR. product is given by the

mean value of 30 test pieces and the minimum value (MIN) .

This Sheet Has Been R
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Using PbO N O J[err] 2ZnQ [err] MO, [err] ,and [err] mnth a purrty of .
not |less than 99.9% there were prepared test specrﬂens in the follow ng ™
manner. The raw materials were wei ghed and m xed in pro-: porIro % ﬁ@gw&mﬁn
Table 7 to prepare nixture for a dielectric ceranic conposition. _
m xture was placed in a ponetherne pot _ajpng with agate bal.ls. and m.lled-

A C/C(%)
DC25V
-48
-48

MIN
80000
83000

after test
X

85000
87000

CR (QeF)
before test
: MIN
84000
85000

X
88000
90000

strength (kg)
1.9
2.1

bending -

Table 9

(%)

Capacitance tand
~ (puF)
.2
.25

Sinter
temp. (°C)
990
980

No
69
79

This Sheet Has Been Re: ﬂ
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by the wet process for 10 hours. The slurry obtai ned was . dehyd-at-ed;- drred—:—:’]
and then put into an alum na sagger to [ rererRe Tt at. 650[érr]~r 0 800[err] ‘
for 2 hours. The resultant cal ci ned poWdéHs ru§hed aéided Wt@@ fbartggﬂﬁ ‘
by wei ght of polyvinyl alcohol, mlled iagai n~-by the wet- protess; .dried-and - i
t hen passed through a screen W|th 60 neshiés to obtain granule&—ﬁ‘—ﬁr—n‘ol aingT
The resul tant granules were nolded with -an oil press

. - 41 -

From the above results, it will be seen that
the dielectric ceramic composition according to. the
pre.sent invention possesses high bending strength, and a
small change rate of capacitance with applied DC voltage,
és compared with t-he' comparative specimen. Further, the
insulation resistance is scarcely affected by the
humidity aging test. Accordingly, it is possible with
the dielectric ceramic composition of . the pré_sent
invention to produce monolithic ceraniic capacitors. with

high reliability.

eet Has Been Reﬁaced
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under a pressure of 2000 Kg/[err] to prepare ceramc greep =-eh=sks-whii-h- a .
di aneter of 10 mm ness of 1.0 mMm The green dlék-sf‘wvere -t aced |n

an al um na Sagger with 2|§ padda powder spread over its boft om hgat ?J
air at- 400 C. tHiosh \mrpermve the organi c- bi nder byrmnj)usg% ﬁ G

i

then fired an
obtain ceramc

WHAT IS CLAIMED IS
1. A dielectric 'ce_ramic composition consisting
.essentially of: |
a main component 6f a four component system,
Pb (Mg; /3Nb, /3)03-PbTi05-Pb (Niy /3Nby /3) 03-Pb(Zn; /oW, /) O3,
of which a part of Pb is replaced with at least one
su_bstituent selected from the group consisting of Ba, Ca
and Sr, said main component consisting essentially of 4.0
to 93.0 mol% of Pb(Mg1/3m2/3)03, 1.5 to 35.0 mol% of
PbTiO3, 1.5 to 51. 0 mol% of Pb(N11/3Nb2/3)03, and 1.0 to
 34.0 mol% of. Pb(Zn1/2W1/2)03, the amount of said at least
one subst:.tuent for Pb being 0.1 to 10 mol%; and
a secondary COmponeht ‘selected from the _group'-
consisting of W, "_Zn and Mg, said secdndary component
being incorporated in said main component in an amount of
0.05 to. 10.0 parts by weight per 100 parts by weight of
said main component in terms of each oxide, WO,, Zn0 or
MgO. |
2. The d;i:electric ceramic composition
'acqording to claim 1, wherein the molar ratio of the. A
‘site to the .B site in the main .'component being in the
range of 0.99 to 1.03 inclu'sive when said main component
is expressed by the general formula: ~ ABO,, where A
'represents' (Pby _gM4), B repreéents

{ (Mg, y3Nby /3) yTiy (Niy j3NDy /3) 5 (20 /oWy /2) 3 xoy-z}  0-001
< a s 0.100, 0.040 s x s 0.930, 0.015 = y = 0.350, and

-

O



di sks.

f or

(9,

neasur e-

dielectric loss (tan [err]) and insul ation resistance Ry igre =]
neasured in the same manner as Exanple 1. Results are shown~kﬁ———

ments of electrical properties. For each spec1nenﬁ.

osificane: glass-

The ceram c disks were provided on its both sides wth=si-lver .o
el ectrodes by applying a silver paste contain- ing |lead boJ '

frit and then baking it at 750[err] C. for 10 minutes to prepare jg§g$?g2@80 ;

- 43 - THIS &+
0.015 s z s 0.510. b s
3. = The dielectric ceramic composition

according to claim 1, wherein said secondary component

further contains Mn in an amount of not more than 0.5

parts by weight per 100 parts by weight of said main

component in terms of MnO,.

4. A dielectric ceramic composition: consisting
essentially of:

a main component of a four component system,
Pb (Mg; /3Nby /3) 03-PbTi03-Pb(Niy s3Nby /3) 03-Pb(2Zny /5W) /5) 03,

of which a part of Pb is repiaced"with .et least one

substituent selected from the group consisting of Ba, Ca '

and Sr, said main component consisting essentially of 4.0

to 93.0 mol¥ of Pb(Mg/4Nby/3)03, 1.5 to 35.0 mol¥ of

PbTiO;, 1.5 to 51.0 mol¥ of Pb(Ni; 3Nby/3)05, and 1.0 to’

34.0 mol% of Pb(Zn1/2W1/2)03, the amount of said at least

one substituent for Pb being 0.1 to 10 mol%; and

a secondary component composed of W and
incorporated'in said maiq component in an amount of 0.05
to 8.0 parts by weight per 100 parts by weight of said
main component in terms of WO;.

S.. A dieiectric ceramic composition consisting
essentially of: |

a main component of a four component system,

of which a part of Pb is replaced with at least one

A T
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Table 8. In Tables 7 and 8, specinmens with an asterisk (*) .
the scope of the present invention. -26- [err] |

- 44 -

substituent selected from the group consistiﬁg'of Ba, Ca
and Sr, said main component'consisting essentially.of 4.0
to 93.0 mol¥ of Pb(Mgy 3Nby/3)03, 1.5 to 35.0 mol% of
PbTiO5, 1.5 to 51.0 mol% of Pb(N11/3Nb2/3)03, and 1.0 to .
34.0 mol% of Pb(Zn1/2W1/2)03, the amount of sald at 1east
one substltuent for Pb belng 0.1 to 10 mol%; and
a secondary component cbmposed of 2n and
incorporated in said maih.compcnent in an amount of 0.1
to 10.0 partslby weight -per 100 pafts by wéight of said.
main component in térms of Zno.
| 6. A dielectric ceramic composition cpnéisting
essentially of:
a main. component of a four component system;
Pb (Mg, /3N, /3) O3 ~PDTiO3-Pb (Niy /3Nb, /3) O3-Pb(Zny /oWy /5) O3,
of which a part of P5 is replaced with at least one
substituent selected from the group consisting of Ba, Ca
and Sr, said main component coﬂéisting essentially of 4.0
to 93.0 mol%¥ of Pb(Mg; 3Nby/3)03, 1.5 to 35.0 mol%¥ of
PbTiO;, 1.5 to 51.0 mol% of Pb(Nij/3Nby/3)03, and 1.0 to
34.0 mol% qf éb(znl/2W1/2)03, the amount of said at least
one substituent for Pb being 0.1 to 10 mol%; and
a secondary coﬁpénent composed of Mg. and-
... incorporated in said main component in an amount of 0.05
to 5.00 parts by weight per 100 parts by weight of said

main component in terms of MgO..

// . . " This Sheet Has Been RTlaccd
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- 45 -

DIELECTRIC CERAMIG COMPOSITION

ABSTRACT OF THE.DISCLOSURE

A dielectric ceramic composition consists
essentially of a main component of a four component
system,  Pb(Mgy /3Nby /3) 03-PbTi05-Pb (Niy /3Nby /3) 05
Pb(Zn, /oWy /5) O3, of which a part of Pb is replaced with
at leést__one - substituent selected‘ from the group
conéisting'of Ba, Ca and Sr; and a secondary component
selected from the group conSLStlng of W, Zn and Mg. 'The
secondary component is 1ncorporated in the main component
in an amount of OQQS-tq 10.0 parts by weight per 100
parts by weight of the main component in terms of each
oxide, WOé,-'ZnO or Mgo. The -m&in component consists
essentially of 4.0 to 93.0 mol% of Pb(Mg1/3Nb2/3)03, 1.5
to 35.0 moly of PbTiOy, 1.5 to 51.0 mwols of

Pb(Ni1/3Nb2/é)03, and 1.0 to 34.0 mol%¥  of

'Pb(zn1/2W1/2)03, the amount of at least one substituent

for Pb being 0.1 toc 10 mol%.
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stant. since they have a sintering tenperature of |ess than;: 105@C| t | 50-7
-Qbssible to fire themat a |low tenper- ature. In contrast tpgagmﬁ .melgﬁf :
conposition with the content of [err] less than 4.0 nol % {Ekg;§mgghn?q:::;Tj%
No. 57, provides a low dielectric constant of |ess than 10000 aﬁd‘_—a“ A ghr-=sma
dielectric dissipation factor exceedi ng, 2.0% Further, a corfposition with

t he content of

DIELECTRIC CERAMIC COMPOSITION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dielectric ceramic
composition and, more particularly, to a ceramic com-
position useful as a dielectric material for monolithic
ceramic capacitors..

2. Description of the Prior Art

As a high permittivity material for ceramic capaci-
tors, there have widely been used those mainly compris-
ing BaTiOj3 and containing an additive such as BaSnOs,
CaZrO3 and SrTiOj; incorporated therein because of
their high dielectric constant ranging from 2000 to
15000.

However, these dielectric materials have such a dis-
advantage that they have a high sintering temperature
of 1300° to 1400° C. This results in an increase in the
cost required for sincering. In addition, when produc-
ing monolithic capacitors with such a dielectric mate-
rial, it is required to use a material for internal elec-
trodes which does not melt, oxidize, or react with the
dielectric material at a high temperature of more than
1300° C. since monolithic ceramic capacitor are pro-
duced by the steps of preparing ceramic green sheets,
forming an internal electrode layer on each ceramic
green sheet, bonding a plurality of green sheets by ther-
mocompression, and firing the resultant multilayered
green ceramic body. Accordingly, noble metals such as
palladium and platinum have widely been used as a
material for internal electrodes of the monolithic ce-
ramic capacitors. However, the use of the noble metals
has become a bar to reduction of the cost of monolithic
ceramic capacitors since the greater part of the cost
thereof is occupied by the internal electrodes.



[err] exceeding 93.0 mol % |ike specimen No. 66, is poor in the
tenperature characteristics of capacitance, though it has ?af‘ni'gh“di electric
constant. The conmposition with a content of PbTi O3 |ess than 1.8 4m}..% =
| i ke specimen No. 61, provides a |ow dielec- tric constant |:es;:-sxat%:g‘i~‘f“*1d‘odo S
The conposition with content of PbTi 8 exceeding 35.0 nol % T ke ‘speci men
No. 62, provides a low dielectric constant and a hi gh
-2 -
To solve such problems, it has been proposed to in-
corporate a vitreous material containing oxides of B, Bi
and Pb into a BaTiO3-based dielectric ceramic composi-
tion to lower the sintering temperature. The dielectric
ceramic- composition containing such a vitreous mate-
rial makes it possible to use relatively inexpensive
Ag-Pd alloys as a material for internal electrodes of
monolithic ceramic capacitors since it can be sintered at
a low temperature of 1100° to 1150° C. However, the
incorporation of the vitreous material causes such a
problem that the dielectric constant lowers, resulting in
an increase in size of the monolithic ceramic capacitors.
Accordingly, the advantages of the use of the inexpen-
sive electrode material is cancelled.
In addition, the monolithic ceramic capacitors com-
prising the BaTiOs-based dielectric ceramic composi-
tion have such a problem that the capacitance thereof is
affected greatly by a biasing electric field of a direct
current. For example, the capacitance is lowered about
30 to 80% of the initial value by applying a high direct
current voltage of 5 kV per | mm thickness of the di-
electric layer.
To solve such problems, many investigations bave
been made on lead-based complex perovskites mainly
comprising lead because of their low temperature sin-
tering. Some lead-based complex perovskites have been
already known to be dielectric ceramic compositions
having a relative dielectric constant of more than 10000
and a sintering temperature of 1050 ° C. or below. How-
ever, a problem of these compositions is that they cause
a large temperature coefficient of capacitance.

SUMMARY OF THE INVENTION

It is therefore a main object of the present invention
to provide a dielectric ceramic composition which has a
high dielectric constant equal to or more than 10000, a
small change rate of capacitance with applied DC volt-
age, and a good temperature coefficient of capacitance
which meets requirements of E characteristics defined
py Japanese Industrial Standard (JIS), and a low sinter-
ing temperature equal to or less than 1050° C.



di el ectric dissipation factor of nore than 2.0% In case of ‘@ conposition .
with the content of [err] less than 1.5 mol % |ike speci nen”N6. 68, the

tenmperature coefficient of capacitance does not neet the r%@aq____q!i_ﬁ_r,egr;ﬁ_nma\(o‘tgg-li___
characteristics defined by JI'S, though the dielectric consfant. hecones. ...
| arge. The conposition with a content of [err] nore than 51.0 nmol % i ke

speci nen No. 72, provides a |ow di-
- 3 -

The above and other objects of the present invention
are achieved by providing a dielectric ceramic composi-
tion consisting essentially of:

a main component of a four component system,
Pb(Mg;Nb3)O3—PbT103—Pb(NiyNb-
3)O3—Pb(Zn3W3)O3, of which a part of Pb is re-
placed with at least one substituent selected from
the group consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 to 93.0 mol
% of Pb(Mgi/Nbz)O3, 1.5 to 35.0 mol % of
PbTi0;3, 1.5 to 51.0 mol % of Pb(NijNb;z)O3, and
1.0 to 34.0 mol % of Pb(Zn;W )O3, the amount of
said at least one substituent for Pb being 0.1 to 10
mol %; and

a secondary component selected from the group con-
sisting of w, Zn and Mg, said secondary compo-
nent being incorporated in said main component in
an amount of 0.05 to 10.0 parts by weight per 100
parts by weight of said main component in terms of
each oxide, WO3, ZnO or MgO.

The above main component may be expressed by the

general formula:

{(Pb1 —aMso ){(Mgi Nb3) < Tiy(NiyNb3)(Zny; W})
t-x-p-z O3

w}_zere M is a substituent selected from the group con-
sisting of Ba, Ca and Sr, 0.001=a=0.100, 0.040=x
=0.930, 0.015=y=0.350, and 0.015=z=0.510; in
short,

ABO;

where A represents (Pbj_,Mg ), B represents
{(Mg*Nbi)xTiy(NigNbg)z(ZnéW,s)I.X.y.:}, and M in
(Pb1—¢0 Meo ) is a substituent selected from the group
consisting of Ba, Ca and Sr, 0.001=a=0.100, 0.040=x
=0.930, 0.015=y=0.350, and 0.015=2=0.510.

However, the molar ratio of the A site to the B site,
lLe., A/B in the main component is not necessarily re-
quired to be the stoichiometric value. It may take a
value in the range of 0.99 to 1.03 inclusive.
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el ectric constant of |ess than 10000. - 29 - with a conf ant ot [err]

fmore than 34.0 nol % |ike specinmen No. 74, provides a lo d| el ec rZﬂ?O@W
stant |ess than 10000 and a | ow specific resistance |ess Dae: ................ n ';L'Z';'L'.'-ij

Thus, the general forr-mfla-of the above main compo-
nent may be rewritten as follows:

(Pb1_aMeo ,
)m{(Mg3Nb3)Ti,{(NigNb3)(Zny W) r.5.:}O3

where M is a substituent selected from the group con-
sisting of Ba, Ca and Sr, 0.001=a=0.100, 0.040=x
=0.930, 0.015=y=0.350, 0.015=Z=0.510, and
0.9=m=1.03.

If W is used as the secondary component, it is pre-
ferred to incorporate it into the main component in an
amount of 0.05 to 8.0 parts by weight in terms of WOj3
per 100 parts by weight of the main component. Ac-
cordingly, there is provided a dielectric ceramic com-
position consisting essentially of a main component of 2

four component system, Pb(MgiNb;)O3—PbTi-
O3—Pb(Ni;Nb3z)O3—Pb(Zn3; W,)Os3, of which a part of
Pb is substituted by at least one substituent selected
from the group consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 to 93.0 mol % of
Pb(Mg3Nb3)O3, 1.5 to 35.0 mol % of PbTiO;1.5t0 51.0
mol % of Pb(Ni;Nb3z)O3, and 1.0 to 34.0 mol % of
Pb(ZhyW;)O3, the amount of said at least one substitu-
ent for Pb being 0.1 to 10 mol %; and a secondary com-
ponent composed of W and incorporated in said main
component in an amount of 0.05 to 8.0 parts by welght
per 100 parts by weight of said main component in
terms of WOs.

If zn is used as the secondary component, it is pre-
ferred to incorporate it into the main component in an
amount of 0.1 to 10.0 parts by weight in terms of ZnO
per 100 parts by weight of the main component. Ac-
cordingly, there is further provided a dielectric ceramic
‘composition consisting essentially of a main component
of a four component system, Pb(Mg;Nb3)O3—PbTi-
O3—Pb(NiyNbz)O3—Pb(Zn; W})O3, of which a part of
Pb is substituted by at least one substituent selected
from the group consisting of Ba, Ca and St, said main
component consisting essentially of 4.0 to 93.0 mol % of
Pb(MgiNb3)O3, 1.5 to 35.0 mol % of PbTiOs, 1.5 to
51.0 mol % of Pb(Ni3Nbj));3, and 1.0 to 34.0 mol % of
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Pb(Zn;W}3)O3, the amount of said at least one substitu-
ent for Pb being 0.1 to 10 mol %; and a secondary com-
ponent composed of Zn and incorporated in said main
component in an amount of 0.1 to 10.0 parts by welght
per 100 parts by weight of said main component in
terms of ZnO.

If Mg is used as the secondary component, it is pre-
ferred to incorporate it into the main component in an
amount of 0.05 to 5.0 parts by weight in terms of MgO
per 100 parts by weight of the main component. Ac-
cordingly, there is further provided a dielectric ceramic
composition consisting essennially of 2 main component
of a four component system, Pb(Mg3Nbz)O3—PbTi-

3—Pb(NijNbz)O3—Pb(Zn3 W})O3, of which a part of
Pb is substituted by at least one substituent selected
from the group consisting of Ba, Ca and St, said main
component consisting essentially of 4.0 to 93.0 mol % of
Pb(Mg;iNbz)O3, 1.5 to 35.0 mol % of PbTiO3, 1.5 to
51.0 mol % of Pb(NijNb;z)O3, and 1.0 to 34.0 mol % of
Pb(Zn3;W})O3, the amount of said at least one substitu-
ent for Pb being 0.1 to 10 mol %; and a secondary com-
ponent composed of Mg and incorporated in said main
component in an amount of 0.01 to 5.00 parts by weight
per 100 parts by weight of said main component in
terms of MgO.

In a preferred embodiment, the above dielectric ce-

.ramic composition contains Mn as a secondary compo-
nent along with W, Zn or Mg in an amount of 0.5 parts ;
by weight per 100 parts by weight of said main compo- '

nent in terms of MnO,.

The reasons why the main component has been lim-

ited to those having a composition defined as above are
as follows:

If the content of Pb(Mg;Nb3z)O3 is less than 4.0 mol
%, the dielectric constant becomes less than 10000 and
the dielectric dissipation factor (tan §) becomes more

‘than 2.0 %. If the content of Pb(Mg;Nbz)O3 exceeds

93.0 mol %, the temperature coefficient of capacitance

becomes worse, though the dielectric constant becomes

large. For these reasons, the content of Pb(MgiNb;3)O3
has been limited to 4.0 to 93.0 mol %.



than 1050[err] and provides a |l ow dielectric constant | ess’than 10000, d
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requirenents of E char- acteristics defined by JI'S. The doppositi-en—wkth-—=
the ratio A/B being less than 0.99, like specinen No. 88, has a sintering
tenperature higher than 1050[err] and | ow di electric constant | ess than
10000. The conposition with the ratio A B being

If the content of PbTi®3-is less than 1.5 mol %, the
dielectric constant decreases considerably and becomes
less than 10000. If the content of PbTiOj3 exceeds 33.0
mol 9, the dielectric constant. becomes low and the
dielectric dissipation factor becomes more than 2.0 %.
For these reasons, the content of PbTiOj3 has been lim-
ited to 1.5 to 35.0 mol %.

If the content of Pb(INi;Nb3)Os is less than 1.5 mol %,
the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by
JIS, though the dielectric constant becomes large. If the
content of Pb(Nij;Nbz)O3 is more than 51.0 mol %, the
dielectric constant becomes less than 10000. Thus, the

- content of Pb(Ni3Nb3z)Os has been limited to 1.5 to 51.0

.+ mol %.

 If the content of Pb(Zn;W4)Os3 is less than 1.0 mol %,
the sintering temperature becomes higher than 1050° C.
and the dielectric constant becomes less than 10000. If
the content of Pb(Zn;W})O3 is more than 34.0 mol %,
the dielectric constant becomes less than 10000 and the
specific resistance becomes less than 1012 Q-cm at room
temperature, though the sintering temperature becomes
less than 1050° C. Thus, the content of PbZn;W ;)O3 has
been limited to 1.0 to 34.0 mol %.

A part of Pb in the main components is replaced with
0.1 to 10 mol % of at least one element selected from the
group consisting of Ba, Ca and Sr to prevent formation
of pyrochlore phase, whereby producing a dielectric
ceramic composition with a high dielectric constant, a
high insulation resistance, a small temperature coeffici-
ent of capacitance and high mechanical property. If the
amount of the substituent is less than 0.1 mol %, the
dielectric dissipation factor becomes higher than 2.0%.
If the amount of the substituent is more than 10.0 mol
%, the sintering temperature becomes higher than 1050°
'C., the temperature coefficient of capacitance does not
meet the requirement of E characteristics, and the di-
electric constant becomes less than 10000. Thus, the
amount of the substituent has been limited to 0.1 to 10.0
mol %.

The secondary component, W, Zn and Mg is incor-
porated into the main component to improve the dielec-
tric properties. The reasons why the secondary compo-
nent has been limited to those defined as above are as
follows:




nore than 1.03, |ike speci men No. 85, possesses a high dielectrie. -~ ... !
di ssipation factor exceeding 2.0% and pro- vides poor tenperature v 1001 i
coefficient of capacitance which does not neet the requirienents (p MEL IR |
characteris- tics defined by JIS. The conposition with a content—ef=NMF=="
being less than 0.05 parts by weight in ternms of MJO |i ke speci nen No. 75,
provides a low dielectric constant |ess than :

If the coritént of Zn is lZ:ss than 0.1 parts by weight in
terms of ZnO, the dielectric constant becomes less than
10000. If the content of Zn is more than 10.0 parts by
weight in terms of ZnO, the temperature characteristics
does not meet the E regulation and the specific resis-
tance becomes less than 1012 Q.cm, though the dielec-
tric constant becomes large. Thus, the content of Zn has
been limited to 0.1 to 10.0 parts by weight per 100 parts
by weight of the main component in terms of ZnO.

If the content of W is less than 0.05 parts by weight in
terms of WOQOs, the dielectric constant becomes less than
10000. If the content of W is more than 8.0 parts by’
weight in terms of WOj3, the temperature characteristics
does not meet the E regulation and the specific resis-
tance becomes less than 1012 Q.cm, though the dielec-
tric constant becomes large. Thus, the content of W has
been limited to 0.05 to 8.0 parts by weight per 100 parts
by weight of the main component in terms of WO;.

If the content of Mg is less than 0.05 parts by weight
in terms of MgO, the dielectric constant becomes less
than 10000. If the content of Mg is more than 5.00 parts
by weight in terms of MgQ, the temperature coefficient

. of capacitance does not meet the requirements of E

characteristics difined by JIS and the specific resistance
becomes less than 1012 Q.cm, though the dielectric con-
stant becomes large. Thus, the content of Mg has been
limited to 0.05 to 5.00 parts by weight per 100 parts by
weight of the main component in terms of MgQO.

Mn is incorporated into the main component to im-
prove the insulation resistance at room temperature and
elevated temperatures, as the occasion demands. How-
ever, if the content of Mn is more than 0.5 parts by
weight in terms of MnO,, the specific resistance be-
comes less than 1012 Q.cm at room temperature.

The molar ratio of the A site to the B site, ie., m
(=A/B) in the above main component has been limited
to 0.99 to 1.03 for the following reasons. If the ratio
A/B is less than 0.99, the sintering temperature becomes
more than 1050° C. and the dielectric constant becomes
less than 10000. If the ratio A/B is more than 1.03, the
dielectric dissipation factor becomes greater than 2.0%
and the temperature coefficient of capcitance does not

- meet the requirements of E characteristics defined by
JIS.
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weight in terns of MJO, |ike specinen No. 76, provides poor ‘it enperature
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The dielectric ceramic composition of the present
invention has a high dielectric constant of not more
than 10000, a low dielectric loss of not more than 2% a
high specific resistance of 1012 (}-cm at room tempera-
ture, and a low sintering temperature of not more than
1050° C. It has a small temperature coefficient of capaci-
tance which meets E characteristics defined by JIS over
a temperature range of —25° C. to +85° C,, i.e,, it has
a temperature coefficient of capacitance ranging from .
+209% to —55% over a temperature range of —25° C.
to +85° C. In addition, the dielectric ceramic composi-
tion is small in voltage dependency, excellent in me-
chanical strength and high in rehability.

Accordingly, the dielectric ceramic composition of
the present invention can be used as a dielectric material
not only for general ceramic capacitors but also for
monolithic ceramic capacitors. Further, it is possible to -
use inexpensive Ag-Pd alloys as a material for internal

-electrodes because of its low sintering temperature, thus-
making it possible to produce monolithic ceramic ca-
pacitors which are small in size but large in capacitance.

The above and other objects, features and advantages

_ of the present invention will become apparent from the

- following description in connection with several exam-
ples.

EXAMPLE 1

As raw materials, there were used PbO, NiO, Nb3Os,
TiO3, ZnO, WO;, MgO, BaCO;3, SrCO;3, CaCQOj3 and
MnO, with a purity of not less than 99.9%. These raw
materials were weighed and mixed in proportions
shown in Table 1 to prepare mixture for a dielectric
ceramic composition.

The resultant mixture (100 g) was placed in a polyeth-
ylene pot along with agate balls and milled by the wet
process for 10 hours. The slurry obtained was dehy-
drated, dried; and then put into an alumina sagget to
calcine it at 650° to 800° C. for 2 hours.
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The resultant calcined powder was crushed, added
with 3 parts by weight of polyvinyl alcohol, milled
again by the wet process, dried and then passed through
a screen with 60 meshes to obtain granules for molding.
The resultant granules were molded with an oil press
under a pressure of 2000 Kg/cm? to prepare ceramic
green disks with a diameter of 10 mm and a thickness of
1.0 mm. . _

The greemadisks were placed in an alumina sagger
with zirconia powder spread over its bottom, heated in
air at 400° C. for 4 hours to remove the organic binder
by combustion, and then fired at a sintering temperature
shown in Table 2 for 2 hours to obtain ceramic disks.
The ceramic disks were provided on its both sides with
ellvet electrodes by applying a silver paste containing
lead borosilicate glass frit and then baking it at 750° C.
for 10 minutes to prepare specimens for measurements
of electrical properties.

For each specimen, measurements were made oOn
capacitance (C), dielectric loss (tan 8) and insulation
resistance (IR). The dielectric constant and dielectric
loss were measured at 1 kHz, 1 Vrms at 25° C. The
insulation resistance (IR) was measured after applying a
DC voltage of 500 V for 2 minutes. The dielectric con-

-stant (€) and specific resistance (p) were determined,

using data for capacitance, insulation resistance (IR), a
thickness of the specimen and a surface area of the
electrodes. Results are shown in Table 2.

In Tables 1 and 2, specimens with an asterisk (*) are
those out of the scope of the present invention.

| i ke speci-pen=No. ~80, -
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Using the cal cined powder prepared in Exanple 5 for the speCInens Nos. (ﬁﬁ
and 79, there were prepared. nonolithic ceramc capacitors in th@'séhﬁ !
manner as Exanple 2. The di nensions of the nonolithic ceranic capaC|tors_;

Wwer e:

1.6 mMmin width, 3.2 nmin |ength,

1.2 mmin thickness.-Each ="

dielectric layer is 13 [err] in thick- ness, the nunber of effective
dielectric layers is 12, and effective surface area of each internal
electrode is 2.1 - 10
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As will be understood from the data shown in Tables
1 and 2, all the specimens comprising the dielectric
ceramic composition according to the present invention
have a high dielectric constant of more than 10000, and
a low dielectric dissipation factor (tan 8) of not higher
than 2.0%. Further, they meet the E characteristics
defined by JIS even though they have a high dielectric
constant. In addition, they have a sintering temperature
of less than 1000° C., thus making it possible to fire them
at a low temperature.

In contrast therewith, a composition with the content
of Pb(Mg;Nb:)Os less than 4.0 mol %, like as the speci-

men No. 1, provides a low dielectric constant of less.
than 10000 and a high dielectric dissipation factor ex-
ceeding 2.0%. Further, the composition with the con-:
tent of Pb(Mg;Nbz)O3 exceeding 93.0 mol %, like speci-

men No. 10, is poor in the temperature coefficient of
capacitance, though it has a high dielectric constant.

The composition with a content of PbTiO3 less than-

1.5 mol %, like as specimen No. 5, provides a low di-

. electric constant less than 10000. The composition with
* a content of PbTiOs3 exceeding 35.0 mol %, like as speci-

men No. 6, provides a low dielectric constant and a high
dieléctric dissipation factor of more than 2.0%.
In case of the composition with a content of

Pb(Ni;Nb;z)O3 less than 1.5 mol %, like specimen No.

12, the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by
JIS, though the dielectric constant becomes large. The
composition with a content of Pb(Ni;Nb;)O3 more than

' 51.0 mol %, like a specimen No. 16, provides a low
_ dielectric constant of less than 10000.



- 32 - Fromthe above results, it will be seen that the dielee-: tric -

ceram c conposition according to the present in- vention possesses high-

bendi ng strength, and a small change rate of capacitance mﬁth apal'jg‘;ﬁé ;
.i%lﬁht%n-

vol tage, as conpared with the conparative specinen. Furt her, ot:he
resistance is scarcely affected by the humdity I
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The composition with a content of Pb(Zn;W})O3 less
than 1.0 mol %, like specimen No. 17, has a sintering .
temperature higher than 1000° C. and provides a low
dielectric constant less than 10000. The composition
with a content of Pb(Zn3;W}3)O3 is more than 34.0 mol
%, like specimen No. 18, provides a low dielectric con-
stant less than 10000 and a low specific resistance less
than 10!2 Q-cm at room temperature, though its sinter-
ing temperature is less than 1000° C. '

The composition containing the substituent content
of less than 0.1 mol %, like specimen No. 25, provides a
high dielectric dissipation factor exceeding 2.0%. The
composition containing the substituent content of ex-
ceeding 10.0 mol %, like as specimens Nos. 26, 27 and
28, has a high sintering temperature more than 1000° C.
and provides a low dielectric constant less than 10000
and poor temperature coefficient of capacitance which
does not meet the requirements of E characteristics
defined by JIS. |

The composition with a content of Zn less than 0.1
parts by weight in terms of ZnO, like as specimen No.
19, provides a low dielectric constant less than 10000.
The composition with a content of Zn more than 10.0
parts- by weight in terms of ZnO, like specimen No. 20,

-provides poor temperature characteristics which does
not meet the E regulation, and a low specific resistance
less than 1012 Q.cm, though it provides a high dielectric
constant.

the composition with a content of Mn ex-
ceeding 0.5 parts by weight in terms of MnOg, like
specimen No. 24, provides a low specific resistance less
than 1012 Q.cm at room temperature.

EXAMPLE 2

Using the calcined powder prepared in Example 1 for

Finally,



aging test. Accordingly, it is possible with the dielectr Ih ,;.C‘er ‘am €.
conposition of the present invention to pro- duce nonolit Iﬂl C cerzhmzcm\,
capacitors with high reliabil- ity. - 33 - LRI Bl
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the specimens Nos. 11 and 25, there were prepared
monolithic ceramic capacitors in the following manner.
Each calcined powder was crushed, added with a suit-
able amount of an organic binder. of polyvinyl butyral
resin and ethyl alcohol, milled with a ball mill by the
wet process, and then formed into rectangular ceramic
green sheets of 2 20 pm thick by the Doctor blade pro-

CEess.

The ceramic green sheets were respectively provided
on both sides thereof with a conductive layer for an
internal electrode by screen printing with a conductive .
paste containing Ag as a conductive material. Subse-
quently, a plurality of the printed green sheets were
stacked, bonded by thermo-compression, and then cut
no prepare green chips for monolithic ceramic capaci-
tors. The resultant green chips were fired in air at a
temperature shown in Table 3 for 2 hours.

Each capacitor chip was provided on its opposite
edges with external electrodes by applying a silver paste
and then baking it at 750° C. for 10 minutes to prepare
a specimen of a monolithic ceramic capacitor.

The dimensions of the monolithic ceramic capacitors
are: 1.6 mm in width, 3.2 mm in length, 1.2 mm in thick-
ness, and 13 pm in thickness of dielectric layer. The
number of dielectric layers is 10, and effective surface
area of internal electrode is 2.1 mm?2.

-"For each specimen, measurements were made on
capacitance (C), dielectric dissipation factor (tan 3),
insulation resistance (IR), deflection strength and
change rate of capacitance.

The capacitance (C) and dielectric dissipation factor
(tan 8) were measured at 1 KHz, 1 Vrms at 25° C. with
a self-balancing bridge type measuring instrument. The
specimen was applied with a DC voltage of 25 V for 2
minutes to measure insulation resistance (IR). The insu-
lation resistance was measured with an insulation resis-
tance tester before and after a humidity aging test. The
humidity aging test was carried out in an atmosphere
with a humidity of 95% at 80° C. for 1000 hours. The
insulation resistance is given in Table 3 as the product of

capacitance (C) multiplied by insulation resistance (IR)
i.e., CR.



What is clainmed is: 1. A dielectric ceramc conposition ci n§| Stl ng essen——-
tially of: a main conponent of a four conponent system | rr] [eé?e 1997
which a part of Pb is re- placed with at | east one substi ‘uren ) Md .........
fromthe group consisting of Ba, Ca and Sr,'said nmain —
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BRIEF DESCRIPTION OF THE DRAWING

The bending strength was measured with a deflection
strength measuring instrument 10 shown in FIG. 1,
which the load is applied to a test spec1men 12 putona
specimen holder 14 by a loading pin 16 and the load

applied is indicated by a tension gage 18 with an indicat-
ing needle. A gap between the tools of the specimen
holder 14 was set to 2 mm.

The change rate of capacitance was determined by
applying a DC voltage of 25 V to the specimen along
with a AC voltage of 1 kHz, | Vrms. Results are shown

1n Table 3.
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an ‘anount of 0.05 to 10.0 parts by wei ght per 100 parts by Tght of sald ;
Jrai n conponent in ternms of each oxide, [err], ZnO or MO 12. Th c;§
ceram c conposition according to claiml, wherein t he nDIHrDTéfi%?oﬁA?ﬁgéf

site to the B site in the main conponent being in the range of 0,99 10 I.03
I ncl usi ve when said main conponent is expressed by the general fornula:
[err], where A represents
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From the above results, it will be seen that the dielec-
tric ceramic composition according to the present in-
vention possesses high bending strength, and a small
change rate of capacitance with applied DC voltage, as
compared with the comparative specimen. Further, the
insulation resistance is scarcely affected by the humidity
aging test. Accordingly, it is possible with the dielectric
ceramic composition of the present invention to pro-
duce monolithic ceramic capacitors with high reliabil-

ity.
EXAMPLE 3

Using PBO, NiO, NB>Os, TIO‘), ZnO W03, MgO,
BaCQs3;, SrC0O3, CaCO3 and MnO; with a punty of not
less than 99.9%, there were prepared test specimens in
the following manner.

The raw matenals were weighed and mixed in pro-
portions shown in Table 4 to prepare mixture for a
dielectric ceramic composition. The mixture was placed
in a polyethylene pot along with agate balls and milled
by the wet process for 10 hours. The slurry obtained
was dehydrated, dried, and then put into an alumina
sagger to calcine it at 650° to 800° C. for 2 hours.

The resultant calcined powder was crushed, added
~with 3 parts by weight of polyvinyl alcohol, milled
' again by the wet process, dried and then passed through

a screen with 60 meshes to obtain granules for molding.
The resultant granules were molded with an oil press
under a pressure of 2000 Kg/cm? to prepare ceramic
green disks with a diameter of 10 mm and a thickness of
1.0 mm. -



(ferr]),

0.040 [err]x[err]0.930,
0.015[err] z[err]0.510. 3. The dielectric ceranic conposi ti
claim 2, wherein said secondary conponent further contains
of not nore than 0.5 parts by wei ght per

conmponent

B

represents {([err] [err] , 0.001 [?;

:ggcgr
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The green disks were placed in an alumina sagger
with zlrconia powder spread over its bottom, heated in
air at 400° C. for 4 hours to remove the organic binder
by combustion, and then fired at a sintering temperature
shown in Table 5 for 2 hours to obtain ceramic disks.
The ceramic disks were provided on its both sides with
silver electrodes by applying a silver paste containing
lead borosilicate glass frit and then baking it at 750° C.
for 10 minutes to prepare specimens for measurements
of electrical prOpertles

For each specimen, capacitance (C), dielectric loss
(tan 8) and insulation resistance (IR) were measured in
the same manner as Example 1. Results are shown in
Table 5.

In Tables 4 and 5, specimens with an asterisk (*) are
those out of the scope of the present invention.

errl.a-Lerr]0.100,
. 015 [err]y[err]O0.350, %)and %lm\(1gg7

uMm4+uﬁﬂfanﬁuﬂr”
100 parts by weight of said main

'1
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conmponent in an anmount of 0.05 to 8.0 parts-by weight per 10‘ 3

wei ght of said main conponent in ternms of [err]. 5. The diel
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claim 2, wherein said secondary conponent is Zn incor- poréﬁédfih~said mai n

conponent in an ampunt of 0.1 to 10.0 parts by wei ght per 100 parts by
vei ght of said main conponent in terms of ZnO. 7. The di el ectrijc cPriamay 1997 |
conposi tion according to claim6, wherein said secondary cOnpORgAt. firt-her—==

i
!

contains M in an anount of not nore than 0.5 parts by wei ght per 100 part
by wei ght of said main conponent P y g9 p parts
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As will be understood from the data shown in Tables
4 and 5, all the specimens comprising the dielectric
ceramic composition according to the present invention
have a high dielectric constant of more than 10000, and
a low dielectric dissipation factor (tan 8) of less than
2.0%. Further, they meet the E characteristics defined
by JIS even though they have a high dielectric con-
stant. Since they have a sintering temperature of less
than 1000° C., it is possible to fire them at a low temper-
ature.

In contrast therewith, a composition with the content
of Pb(Mg3Nb;3)Os3 less than 4.0 mol %, like specimen
No. 29, provides a low dielectric constant of less than
10000 and a high dielectric dissipation factor exceeding
2.0%. Further, the composition with the content of

Pb(Mg3Nb;)O3 exceeding 93.0 mol %, like specimen
No. 38, is poor in the temperature characteristics of
capacitance, though it has a high dielectric constant.
The composition with the content of PbTiO3less than
1.5 mol %, like as specimen No. 33, provides a low
dielectric constant less than 10000. The composition

‘with a content of PbTiO3 exceeding 35.0 mol %, like

specimen No. 34, provides a low dielectric constant and

- a high dielectric dissipation factor of more than 2.0%.

In case of a composition with the content of
Pb(NiyNb3)O3 less than 1.5 mol %, like specimen No.
40, the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by
JIS, though the dielectric constant becomes large. The



in terns of [err]. 8. The dielectric ceramic conposition acco"r'dl ng 't o claim
2, wherein said secondary conmponent is My in- corporated |n sai ﬂ 997
conponent in an amount of 0.05 to 5.00 parts by weight per: 100 arts’ \6]

wei ght of said main conponent in terms of My. 9. The diel e€tFric Ceramtc"
conposi tion according to claim8, wherein said secondary conponent further
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composition with a content of Pb(NijNb;)O3 more than
51.0 mol %, like as specimen No. 44, provides a low
dielectric constant of less than 10000.

The composition with a content of Pb(ZnyW ;)O3 less
than 1.0 mol %, like specimen No. 45, has a sintering
temperature higher than 1000° C. and provides a low
dielectric constant less than 10000. The composition
with a content of Pb(Zny;W})O3 of more than 34.0 mol

%, like specimen No. 46, provides a low dielectric con-
stant less than 10000 and a low specific resistance less
than 10!2 Q-cm at room temperature, though its sinter-
ing temperature is less than 1000° C.

The composition contammg less than 0.1 mol % of
the substituent, like as specimen No. 53, provides a high
dielectric dissipation factor exceeding 2.0%. The com-
position containing more than 10.0 mol % of the substit-
uent, like as specimens Nos. 54, 55 and 56, has a high

. sintering temperature more than 1000° C. and provides
a low dielectric constant less than 10000 and poor tem-
perature coefficient of capacitance which does not meet
the requlrements of E characteristics defined by JIS.

The composition with a content of W being less than
0.05 parts by weight in terms of WQ3, like specimen No.
47, provides a low dielectric constant less than 10000.
The composition with a content of W being more than

8.0 parts by weight in terms of WO3, like specimen No.
48, provides poor temperature coefficient of capaci-

‘tance which does not meet the requirements of E char-
acteristics defined by JIS, and a low specific resistance
less than 10!2 Q-cm, though it provides a high dielectric
constant. '

Finally, a composition with the content of Mn ex- .
ceeding 0.5 parts by weight in terms of MnQO3, like
specimen No. 52, provides a low specific resistance less
than 1012 Q.cm an room temperature.



Ir.'.'.".'__'.'.'f..'. T .
contains Mh in an anount of not nore than 0.5 parts by wei gh'lt‘?' per--100" parts :
by weight of said nain conponent in terms of [err]. 10. Thedi elﬁqt MM 1997 ;
ceranmic conposition according to claim1, wherein said second&t~corponent...... ;|
further contains Mi in an anount of not nore than 0.5 parts~by werght—pei
100 parts by weight of said nmain conponent in terns of [err].

- 23 -

EXAMPLE 4

Using the calcined powder prepared in Example 3 for
the specimens Nos. 39 and 53, there were prepared
monolithic ceramic capacitors in the same manner as
Example 2. The dimensions of the monolithic ceramic
capacitors were: 1.6 mm in width, 3.2 mm in Iength,- 1.2
mm in thickness. Each dielectric layer is 13 pm in thick-

ness, the number of dielectric layers is 10, and effective
surface area of internal electrode is 2.1 mm?2.

For each specimen, capacitance (C), dielectric dissi-
pation factor (tan 8), insulation resistance (IR), bending
strength and change rate of capacitance were measured
in determined in the same manner as Example 2. The
results are shown in Table 6 together with the sintering
temperature.
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%of [err] 1.5 to 35.0 mol %of [err], 1.5 to 51.0 nol % of “[&ir].,-.and 1.0.
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EXAMPLE 5

Using PbO, NiO, Nby0s, TIO2, ZnO, WO;3, MgO,
BaCQj3, SrCO3, CaCOszand MnOa with a purity of not
less than 99.9%, there were prepared test specimens in
the following manner. |

The raw materials were weighed and mixed in pro-
portions shown in Table 7 to prepare mixture for 2
dielectric ceramic composition. The mixture was placed
in a polyethylene pot along with agate balls and milled
by the wet process for 10 hours. The slurry obtained
was dehydrated, dried, and then put into an alumina
sagger to calcine it at 650° to 800° C. for 2 hours.

The resultant calcined powder was crushed, added
with 3 parts by weight of polyvinyl alcohol, milled
again by the wet process, dried and then passed through
a screen with 60 meshes to obtain granules for molding.
The resultant granules were molded with an oil press
under a pressure of 2000 Kg/cm? to prepare ceramic
green disks with a diameter of 10 mm and a thickness of
1.0 mm. -

The green disks were placed in an alumina sagger
with zirconia powder spread over its bottom, heated in
air at 400° C. for 4 hours to remove the organic binder
by combustion, and then fired an-a sintering tempera-

- ture shown in Table 8 for 2 hours to obtain ceramic
disks. The ceramic disks were provided on its both sides
with silver electrodes by applying a silver paste contain-
ing lead borosilicane glass frit and then baking it at 750°
C. for 10 minutes to prepare specimens for measure-
ments of electrical properties.

For each specimen, capacitance (C), dielectric loss
(tan 8) and insulation resistance (IR) were measured in
the same manner as Example 1. Results are shown in
Table 8. . : |

In Tables 7 and 8, specimens with an asterisk (*) are
those out of the scope of the present invention.
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As will be understood from the data shown in Tables
7 and 8, all the specimens comprising the dielectric
ceramic composition according to the present invention
have a high dielectric constant of more than 10000, and
a low dielectric dissipation factor (tan &) of less than
2.0%. Further, they meet the E characteristics defined
by JIS even though they have a high dielectric con-
stant. since they have a sintering temperature of less
than 1050° C,, it is possible to fire them at a low temper-
ature.

In contrast therewith, a composition with the content
of Pb(Mg3Nb;)Os3 less than 4.0 mol %, like specimen
No. 57, provides a low dielectric constant of less than
10000 and a high dielectric dissipation factor exceeding
2.0%. Further, 2 composition with the content of
Pb(Mg;Nb;3)O3 exceeding 93.0 mol %, like specimen
No. 66, is poor in the temperature characternstics of
capacitance, though it has a high dielectric constant.

The composition with a content of PbTiO3 less than
1.5 mol %, like specimen No. 61, provides a low dielec-
tric constant less than 10000. The composition with
content of PbTiO3 exceeding 35.0 mol %, like specimen
No. 62, provides a low dielectric constant and 2a high

~ dielectric dissipation factor of more than 2.0%.

In case of a composition with the content of
Pb(NijNbz)O3 less than 1.5 mol %, like specimen No.
68, the temperature coefficient of capacitance does not
meet the requirements of E characteristics defined by
J1S, though the dielectric constant becomes large. The
composition with a content of Pb(Ni;Nbz)O3 more than
51.0 mol %, like specimen No. 72, provides a low di-
electric constant of less than 10000.



[err],

[err],
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with a content of Pb(Zn;W ;)O3 of more than 34.0 mol
%, like specimen No. 74, provides a low dielectric con-
stant less than 10000 and a low specific resistance less
than 10!2 Q.cm at room temperature, though its sinter-
ing temperature becomes less than 1050° C.

The composition containing the substituent in an
amount of less than 0.1 mol %, like as specimen No. 81,
provides a high dielectric dissipation factor exceeding
2.0%. The composition containing the substituent in an
amount of more than 10.0 mol %, like specimens Nos.

said nhln ‘conponent

,._:EI::“LE‘

of which a part of Pb is re- placed with at |east ong" substltuent
selected fromthe group consisting of Ba, Ca and Sr,
consisting essentially of 4.0 to 93.0 nol % of [err] 1.5 to”%&wQ mof) 2o

1.5 to 51.0 nol % of [err] and 1.0 to 34.0 nol % of [ieL:

% and

82, 83 and 84, has a high sintering temperature more

than 1050° C. and provides a low dielectric constant less
than 10000 and poor temperature coefficient of capaci-
tance which does not meet the requirements of E char-
acteristics defined by JIS.

The composition with the ratio A/B being less than
0.99, like specimen No. 88, has a sintering temperature
higher than 1050° C. and a low dielectric constant less
than 10000. The composition with the ratio A/B being
more than 1.03, like specimen No. 85, possesses a high
dielectric dissipation factor exceeding 2.0% and pro-
vides poor temperature coefficient of capacitance
which does not meet the requirements of E characteris-

tics defined by JIS.
The composition with a content of Mg being less than

. 0.05 parts by weight in terms of MgO, like specimen

No. 75, provides a low dielectric constant less than
10000. The composition with a content of MgO being
more than 5.00 parts by weight in terms of MgO, like
specimen No. 76, provides poor temperature coefficient
of capacitance which does not meet the requirement of
E characteristics defined by JIS, and a low specific
resistance less than 1012 Q-cm, though it provides a high
dielectric constant.

Finally, the composition with the content of Mn ex-
ceeding 0.5 parts by weight in terms of MnO,, like
specimen No. 80, provides a low specific resistance less
than 1012 Q.cm at room temperature.

f 1007
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EXAMPLE 6

Using the calcined powder prepared in Example 5
for the specimens Nos. 69 and 79, there were prepared
monolithic ceramic capacitors in the same manner as
Example 2. The dimensions of the monolithic ceramic
capacitors were: 1.6 mm in width, 3.2 mm in length, 1.2
mm in thickness. Each dielectric layer is 13 pm in thick-
ness, the number of effective dielectric layers is 12, and
effective surface area of each internal electrode is 2.1
mm?.

For each specimen, capacitance (C), dielectric dissi-
pation factor (tan 8), insulation resistance (IR), deflec-
tion strength and. change rate of capacitance were
mreased in determined in the same manner as Example
2. The results are shown in Table 9 together with the
sintering temperature. The CR product is given by the
mean value of 30 test pieces and the minimum value

(MIN).
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From the above results, it will be seen that the dielec-
tric ceramic composition according to the present in-
vention possesses high bending strength, and a small

change rate of capacitance with applied DC voltage, as
compared with the comparative specimen. Further, the
insulation resistance is scarcely affected by the humidity
aging test. Accordingly, it is possible with the dielectric
ceramic composition of the present invention to pro-
duce monolithic ceramic capacitors with high reliabil-

ity.
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What is claimed 1s:

1. A dielectric ceramic composition consisting essen-
tially of: .

a main component of a four component system,
Pb(Mg;Nb3z)O3—PbTiO3—Pb(NijNb-
)O3—Pb(ZnyW )O3, of which a part of Pb is re-
placed with at least one substituent selected from
the group consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 t0 93.0 mol
% of Pb(Mg3Nbz)O03, 1.5 to 35.0 mol % of PbTiOs3,
1.5 to 51.0 mol % of Pb(Ni;Nbz)O3, and 1.0 to 34.0,
mol % of Pb(Zn3W})O3, the amount of said at least
one substituent for Pb being 0.1 to 10 mol %; and

2 secondary component selected from the group con-
sisting of W, Zn and Mg, said secondary compo-
nent being incorporated in said main component in
an amount of 0.05 to 10.0 parts by weight per 100
parts by weight of said main component in terms of
each oxide, WO3, ZnO or MgO.

2. The dielectric ceramic composition according to
claim 1, wherein the molar ratio of the A site to the B
site in the main component being in the range of 0.99 to
1.03 inclusive when said main component is expressed
by the general formula: ABO3, where A represents

(Pbi—aM,), B . represents {(MgiNbpxTiy-
- NigNbpAZny W) 1x-pezhy 0.001 =a=0.100,
0.040=x=0.930, 0.015=y=0.350, and
0.815=z=0.510.

3. The dielectric ceramic composition according: to
claim 2, wherein said secondary component further
contains Mn in an amount of not more than 0.5 parts by
weight per 100 parts by weight of said main component
" in terms of MnOs;.

4. The dielectric ceramic composition according t0
claim 2, wherein the secondary component is W and is
incorporated in said main component in an amount of
0.05 to 8.0 parts by weight per 100 parts by weight of
said main component in terms of WOs. -

5. The dielectric ceramic composition according to
claim 4, wherein said secondary component further
contains Mn in an amount of not more than 0.5 parts by
weight per 100 parts by weight of said main component

__ : s
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§. The dielectric ceramic composition according to
claim 2, wherein said secondary component is Zn incor-
porated in said main component in an amount of 0.1 to
10.9 parts by weight per 100 parts by weight of said
main component in terms of ZnO.

7. The dielectric ceramic composition according to
claim 6, wherein said secondary component further

cor}tains Mn in an amount of not more than 0.5 parts by
weight per 1 00 parts by weight of said main component
In terms of MnO;. -

8. The dielectric ceramic composition according to
claim 2, wherein said secondary component is Mg in-
corporated in said main component in an amount of 0.05
to 5.00 parts by weight per 100 parts by weight of said
main component in terms of Mg.

9. The dielectric ceramic composition according to
claim 8, wherein said secondary component further
contains Mn in an amount of not more than 0.5 parts by
weight per 100 parts by weight of said main component
in terms of MnOa. .

10. The dielectric ceramic composition according to
claim 1, wherein said secondary component further
contains Mn in an amount of not more than 0.5 parts by
weight per 100 parts by weight of said main component
ifi terms of MnO:as. '

11." A dielectric. ceramic’ composition consisting es-
sentially of: ] '

a main component of a four component System,
Pb(Mg;Nbz)O3—PbTiO;—Pb(Nij Nb- |
:)03—Pb(ZnyW4)O3, of which a part of Pb is re-
placed with at least one substituent selected from
the group consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 to 93.0 mol
% of Pb(MgyNb3z)03, 1.5 to 35.0 mol % of PbTiOs3,
1.5 to 51.0 mol % of Pb(Ni;Nbz)O3, and 1.0 to 34.0
mol % of Pb(Zn;W;)O3, the amount of said at least
one substituent for Pb being 0.1 to 10 mol %; and

* c L L] S *
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a secondary component composed of W and incorpo-
rated in said main component in an amount of 0.05
to 8.0 parts by weight per 100 parts by weight of
said main component in terms of WOs.

12. A dielectric ceramic composition consisting es-
sentially
a main component of a four component system,
Pb(MgjNb3z)O3—PbTiO3~—Pb(Ni;Nb-
1)O3—Pb(ZnyW3)Os, of which a part of Pb is re-
placed with at least one substituent selected from
the group consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 to 93.0 mol
" % of Pb(Mg3Nb3z)Os3, 1.5 to 35.0 mol % of PbTiO;3,
1.5 to 51.0 mol % of Pb(Ni;Nb;3)Os3, and 1.0 to 34.0
mol % of Pb(Zn;W3)O3, the amount of said at least
one substituent for Pb being 0.1 to 10 mol %; and
a secondary component composed of Zn and incor-
porated in said main component in an amount of 0.1
to 10.0 parts by weight per 100 parts by weight of
said main cornponent in terms of ZnO.
13. A dielectric ceramic composition consisting es-
sentially of: : :
2 main component of a four component system,
Pb(Mg;Nbz)O3—PbTiO3—Pb(NiyNb-
1)0O3—Pb(Zn3W})Os3, of which a part of Pb is re-
placed with at least one substituent selected from
the group consisting of Ba, Ca and Sr, said main
component consisting essentially of 4.0 to 93.0 mol
% of. Pb(Mgngg)O_-,, 1.5 to 35.0 mol % of PbTiOs3,
1.5 to 51.0 mol % of Pb(Ni;Nbz)Os3, and 1.0 to 34.0
mol % of Pb(Zn3;W;)O3, the amount of said at least
one substituent for Pb being 0.1 to 10 mol %, and
a secondary component composed of Mg and incor-
' porated in said main component in an amount of
0.05 to 5.00 parts by weight per 100 parts by weight

of said main component in terms of MgO.
* * * * *
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DIELECTRIC CERAMIE COMPOSITION

ABSTRACT OF THE DISCLOSURE

A dielectric ceramic composition consists
essentially of a main gompoﬂent of a four component
system,  Pb(Mg;/3Nb,,3)03-PbTiO3-Pb(Ni, /3Nby/3)05-
Pb(an/2W1/2)03, of which a part of Pb is replaced with
at least one substituent selected from the group
consisting of Ba, Ca and Sr; and a secondary component
selected from the group consisting of W, Zn and Mg. The
secondary component is incorporated in the main component
.in an amount of 0.05 to 10.0 parts by weight per 100
parts by weight of the main component .in terms of each
oxide, WO5, 2ZnO or MgO. The main component consists
essentially pf 4.0 to 93.0 mol% of Pb(Mgl/3Nb2/3)03, 1.5
to 35.0 mols of . PbTiOy, 1.5 to 51.0 mol¥ of
Pb(N11/3Nb2/3)O3, and 1.0 to 34.0 mol% of
h Pb(Zn1/2W1/2)03, the amount of ‘at least one substituent

'for -Pb being 0.1 to 10 mol%.

Figure 1.



Fig. 1




