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CONDUCTIVE PASTE AND MULTILAYER CERAMIC CAPACITOR

The present invention relates to a conductive paste
for preparing an external electrode of a ceramic chip part.
The present invention also relates to a ceramic chip part
produced by using the conductive paste.

An external electrode of a ceramic chip'part-is
generally produced by the following'pfocess: Powder of a
conductive material, e.g., silver (Ag), and powder of a glass
frit are dispersed in an organic vehicle comprising an
organic solvent and a binder resin dissolved therein to
thereby preparé a conductive paste. The conductive paste is
then applied to a ceramic chip body comprising
internal electrode layers separated by dielectric ceramic
layers. The applied conductive paste is dried, and then
baked to remove the organic substances contained therein to
thereby form a.conductive film composed of the conductive
material and the.glass frit. A film of nickel (Ni) and a
film of either tin (Sn) or solder are then formed
successively on the conductive film by plating to théreby
form an external electrode. |

In the above process, lead glass, zinc glass,
borosilicate glass and the like are used as the glass frit

-contained in the conductive paste.
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In the conventional production process of an external
electrode, however, problems have frequently arisen because
of the penetration of a plating liquid into the ceramic chip
body : during the plating step after the baking of the
conductive pasﬁe. Specifically, the multilayef chip part is
prone to such problems as,. for example, that it has internal defects
such as delamination and cracks; that the external electrode of the
chip part has a reduced adhesion strength; and that after the
chip part is mounted on a circuit board substrate, it is apt
to suffer breakage due to warpage of the circuit board.

In order to overcome these problems, investigations
have been made on techniques for inhibiting the penetration
of a plating liquid into a ceramic chip body by
increasing the amount of the glass frit contained in a
conductive paste or by employing a glass frit having a high
melting point which is chemically stable.

. However, the recently developed ceramic chip parts

produced by using lead oxide series materials, e.g., high-

capacitance, small, multilayer ceramic capacitors with excellent
bias properties, have the following problem: The ceramic
material employed in such a capacitor is highly reactive to
the glass frit. Hence, although a conductive péste
containing the glass frit having a high melting point is
applied and baked, the ceramic material is denatured by
reaction with the glass frit. As a result, not only are the
intended capacitor properties previously attained lost,
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but also plating liquid is liable to penetrate into the
resulting ceramic chip body to cause deterioration of

capacitor properties.

An object of the present invention is to provide a
conductive paste for forming external electrodes of a ceramic
chip part, in which the reactivity of the glass frit with é
ceramic ﬁaferial is suppressed. The conductive paste is
capable of producing a ceramic chip part that has fewer
internal defects such as delamination, has a high adhesion

strength of the external electrodes thus formed, and is less

apt to break after being mounted on a circuit board when the

circuit board is warped.

Another object of the present invention is to provide

~a ceramic chip part produced by using the conductive paste.
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The presenﬁ invention relates to a conductive paste
for producing an external electrode of a ceramic chip part,
the conductive paste comprisihg powder of a conductive
material, a glass frit, and an organic vehicle, the glass
frit containing PbO, B,0;, and SiO, as major components and

further containing from 1 to 20 wt% of at least one of TiO,

. and AleJ.

The presént invention also relates to a multilayer
ceramic capﬁcitor comprising internal electrode layers
separated by dielectric ceramic layers and an extermnal
electrode connectad to the internal electrodes, the external
electrode comprising a conductive material and a glass frit
containing PbO, Bﬁh,'and S$i0, as major components and further
contains from 1 to 20 wt$ of at least one of TiO; and Al,0;.

In the multilayer ceramic capacitor above, the

dielectric ceramic layers preferably contain lead oxide.
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The conductive material used in the conductive paste
according to the present invention and its properties are ﬁot
particularly limited, and conventional conductive material
such as powder of Ag, Cu, etc. can be gsed in th; present
invention. |

The glass frit used in the conductive paste according
to the present invention contains PbO, B;0;, and SiO, as major
components and further contains from 1 to 20 wt$, pféfe:ably
from 7.5 to 15 wt%, of at least one of TiO, and Al,0;. The
proportion of TiO, and Al,0; is not particularly limited.

If the amount of TiO, and/or Al,0; is smaller than
1 wt%, no effect is produced by the addition of TiO, and/or
Al,0,. If the amount thereof exceeds 20 wt%, the performance
of the ceramic chip part cannot bé enhanced any more because

the highest performance levels have been achieved.

The amounts and proportions of the major components,
i.e., PbO, B,0;, and SiO,, are not particularly limited and
may be appropriately determined depending on the end use of

the ceramic chip part. 1In general, their amounts are from 25
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to 90 wt% for Pb0O, from 5 to 30 wt% for B,0;, and from 0 to
30 wt% for SiO,.

In the conductive paéte according to the present
invention, the ratio of the amount of the conductive material
to the amount of the glass frit is generally from 80/20 to
99/1 by weight, and.preferably from 94/6 to 98/2 by weight.

The organic vehicle used in the conductive paste of
aécording to the present invention is not particulgrly
limited and conventional organic vehicles can be used in the
present invention. Examples thereof include an acrylic resin
and an ethylcellulose diluted with terpenes such as
a-terpinedl, B-terpineol or a mixture thereof with other
solvents such as kerosine, butyl carbitol, butyl carbitol
acetate and high boiling alcohols and alcohol esters.

In the conductive paste of the present invention, the
content of the organic vehicle is generally from 20 to 50
wt%, and the total content of the conductive material and the
glass frit is generally from 50 to 75 wt%.

The conductive paste of the present invention can be
produced in any conventional manner for preparing conductive
pastes. For example, a cénducti&e material and a glass frit,
which have been separately prepared, are mixed, and the
resulting mixture is kneaded with an organic wvehicle to form
a conductive paste according to the present invention.

The conductive paste of the present invention can be

used in a similar manner to conventional conductive
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pastes. For example, thé conductive paste can be apﬁlied to
a ceramic chip body for preparing an external
electrode to produce a ceramic chip part, e.g., a multilayer
ceramic capacitor, a ceramic coil chip (L chip), a.composite
ceramic chip containing coil, capacitor and resistor (LCR
chip). The conductive paste can also be printed on a
suitable base, such as a ceramic base, by screen printing to
form a circuit and the like. The applied or printed
conductive paste can be dried, e.g., at 150°C for 10 minutes,
and then baked, e.g., at 650°C in the air. H

The multilayer ceramic capacitor according‘to the
present invention has an external electrode comprising a
conductive material and a glass frit containing Pbo; B,0;,
and Si0O, as major components and further contains 1 to 20 wt$
of at least one of TiO, and Al,0;, which can be produced by
applying the conductive paste of the present invention to a
ceramic chip bédy, followed by baking.

The ceramic chip body - comprising interﬂal
electrode layers separated by dielectric ceramic layers, to
which the conductive paste of the present invention is
applied to provide - external electrodes is not pérticularly
limited and any conventional ceramic chip body for
producing a multilayer ceramic éapacitor can be used.

The internal electrode layers_may comprise palladiumor

a palladium-silver alloy.

-
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The dielectric ceramic layer may comprise BaTiO;
(barium titanate) series ceramics, perovskite ceramic
materials containing PbTiO;, or related'systems. In the
present invention the dielectric ceramic layer preferably
contain lead oxide, because the effect of the present
invention, i.e., suppressing the reactivity-of the glass.frit
with the ceramic material, becomes remarkable when the ‘
ceramic material df this type is used.

The dimensions of the ceramic chip b;dy, the
thicknesses of the internal electrode layer and the
dielectric ceramic layer, and the dimensions and forms of the
external electrode are not particularly limited and can be
appropriately determined depending on the end use of the
multilayer ceramic capacitor.

When the conductive paste of the present invention is
applied and baked on a ceramic chip body, .the glass
frit contained in the conductive paste shows reduced
reactivity with the ceramic material cdntaining lead oxide as
a major component. Consequently, the ceramic material is
prevented from being excessively denatured, so that it
neither loses its inherent properties nor deteriorated by the
penetration of a plating liquid.

The present invention will be described in more
detail by referring to the following Examples,and Comparative

Examples, but is not construed as being limited thereto.
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EXAMPLE AND COMPARATIVE EXAMPLE

Fifteen kinds of glass frits shown in Table 1 ware

produced. Pb,sO,, H;BO., SiO,, TiO,, and Al(OH);, as starting

materials for the glass frit, were mixed in such proportions
as to result in the glass frit compositions shown in Table 1.
Each mixture was melted at anzelevated temperature anc then
quenched to vitrify the mixture. The thus-obtained glassés
were pulverized to obtaiq glass frits. Sample Nos. 1 to 14
were the samples according to the present invén&ion and

Sample No. 15 was & comparative sampie.

_—
This Sheet His Bee:

LI



- 10 -
TABLE 1
Sample Glass frit composition
No. - _PbO B,0s Si0, Tio, Al.05
(wt%) (Wt%) (Wt%) (Wt%) (wt%)

1 82.5 11.0 5.5 1.0 o

2 79.2 10.5 5.3 5.0 0

3 75.0 10.0 5.0 10.0 0

4 70.8 9.5 4.7 15.0 0

5 66.7 8.9 4.4 20.0 0

6 82.5 11.0 5.5 0 1.0

7 79.2 10.5 5.3 0 5.0

8  75.0 10.0 5.0 0 10.0

9 70.8 9.5 4.7 0 15.0
10 66.7 8.9 4.4 0 20.0
11 75.0 10.0 5.0 8.0 2.0
12 75.0 10.0 5.0 6.0 4.0
13 75.0 16.0 5.0 4.0 6.0
14 75.0 10.0 5.0 2.0 8.0
15" 83.3 11.1- 5.6 0 0

Note: * Sample No. 15 was a .comparative sample and thé

others were samples according to the present

invention.

Fifteen kinds of conductive pastes were then prepared

respectively from these glass frits, by mixing 66 wt% of Ag
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powder as a conductive.maferial with 5 wt% of the glass frit
and 29 wt% of an organic vehicle obtained by dissolving an
ethyl cellulose resin in butyl cellosol&e and then kneading
the mixture on a three-roll mill to disperse the conductive
material and the glass frit.

A multilayer ceramic capacitor body produced
beforehand, dielectric ceramic layers of which had been
produced by using lead oxide as a starting material, was then
coated on its exposed edges of the internal electrode layers
with each of the conductive pastes obtained above. The
coated conductive paste was dried and baked in the air at
650°C to form a conductive film. Thereafter, the surface of
the conductive film was plated with Ni and then Sn to form
external electrodes.

The fifteen kinds of multilayer ceramic capacitors
thus produced were subjected to a substrate bending test and
a test for measuring external-electrode adhesion strength.

The substrate bending test was performed in
accordance with JISlC6429, Appendix 2. Each multilayer
ceraﬁic capacitor produced was soldered to a 1.6 mm-thick
copper-clad laminate containing an epoxy resin-impregnated
glass cloth. The copperéclad laminate to which the
multilayer ceramic capacitor had been thus attached was
warped by pushing the laminate on the side opposite to the
capacitor by means of a pressure rod, and the degree of |

warpage at which the multilayer ceramic capacitor began to
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break was measured; this value of the degres of warpage was
taken as the substrate bending test.

| The_external-electrode adhesion-strength was measured
in such a manner that a lead wire was soldersd to each of the
two external electrodes of the multilayer ceramic capacitor,
and the lead wires wéré_stretched at a constant rate in the
axial direction to measure the strength at break, which
strength was taken as the adhesion strength of the external
electrodes.

Fig. 1 shows the results of these tests for measuring
external-electrode adhesion strength and substrate bending
test for the multilayer ceramic capacitor having external
electrodes formed from the conductive paste containing a
glass frit contaihing neither TiO,; nor Al,0; (Sample No. 15)
and for the multilayer ceramic capacitors having external
electrodes formed from the conductive pastes containing glass
frits containing TiO, (Samples Nos. 2 to 5). The number of
specimens for each sample was 20.

Fig. 2 likewise shows the results of these tests for
measuring external-electrode adhesion strength and substrate
bending test for the multilayer ceramic capacitor having
external electrodes formed from the conductive paste
containing a glass frit containing neither TiO, nor Al,0,
(Sample No. 15) and for the multilayer ceramic capacitors

having external electrodes formed from the conductive pastes
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containing glass frits containing Alg% (Samples Nos. 6 to
10). The number of specimens for each sample was 20.

Fig. 3 shows the relationshipé between external-
electrode adhesion strength and substrate bending test in the
multilayer ceramic capacitors having external electrodes
formed from the conductive pastes containing glass frits
containing both TiO, and Al,0, (Samples Nos. 11 to 14). The
number of speciméns for gach sample was 10.

As Figs. 1 to 3 show, the multilayer ceramic
capacitors having external electrodes formed from the
conductive pastes of the present inventioh are superior in
results of both the extefnal-electrode adhesion strength and
_ the substrate bending test to the multilayer ceramic
capacitor having external electrodes formed from the
conductive paste containing a glass frit containing neither
Ti0, nor Al,0,. If the amouht. of TiO, and/or Al,0; is smaller
than 1 wt%, no effect is produced by the addition of TiO,
and/or Al,0,. If thé amount thereof exceeds 20 wt%, the
results of the external-electrode adhesion strength and the
substrate bending test cannot be enhanced any more because
the values of these properties have already been reached to
their higheét levels.

The multilayer ceramic capacitors ﬁaving external
electrodes formed from the conductive pastes respectively
containing glass frit samples Nos. 3, 8, and 15 were examined

for delamination, i.e., 30,000 specimens for each multilayer
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ceramic capacitor were prepared and the number of specimens
in which delamination occurred was counted. The results

obtained are given in Table 2.

TABLE 2

Number of specimens

Sample No. having delamination defect
3 . 0
8 0
15" 7

Note: * Sample No. 15 is a comparative sample and the
others are samples according to the present
invention.

Number of specimens to be examined: 30,000

As Téble 2 shows, the multilayer ceramic capacitors
having external electrodes formed from the conductive pastes
according to the present invention are less apt to suffer
delamination than the capacitor having external electrodes
formed frbm the conventional conductive paste containing
neither TiO, nor Al,0,.

Although application of the conductive paste of the
invention to multilayer ceramic capacitors has been descﬁibeé

in the above Example, it is a matter of course that the

conductive paste of this invention produces the same efiects

[ —
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when used in forming external electrodes of other ceramic
chip parts, e.g., L chips and LCR chips.

It should be further noted that-although Pb;0;, H;BO,,
Si0,;, TiO,, and Al(OH); were used as starting materials for
glass frits in the above Example, usable starting materials
are not limited theréto. Specifically, in place of Pb30,, a
known lead compound may be used such as, for example, a lead
oxide, e.g., PbO or Pb,0;,.PbCO;, Pb(OH),, or a lead salt of
an organic acid. 1In place of H;BO,, a known boron cémpound.
may be used such as, for example, a boron. oxide, e.g., B,0,
or BO, or (HBO;),. In place of Si0O;, a known silicon compound
may be used such as, for example, a silicon oxide, e.g., SiO,
a silicon boride, e.g., SiB; or SiBg, or a compound of |
silicon with an organic acid. 1In place of TiO,, a known
titanium compound may be used such as, for example, a
titanium oxide, e.g., Ti,0,, a titanate, e.g., PbTiO;, a
titanium salt of an organic acid, e.g., Ti;(CO;);, or a
titanium hydroxide, e.g., Ti(OH),. In place of Al(bH);, a
known aluminum compound may be used such as, for example, an
aluminum oxide, e.g., Al;0;, a compound of aluminum with énﬁ
organic acid, or an aluminum alkoxide.

As apparent from the above description, when the
conductive paste of the present invention is used to form the
external electrodes of a ceramic chip pért, the glass frit
contained in the conductive paste is inhibited from reacting

with the ceramic material. Therefore, a high-quality .ceramic
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chip part can be obtained which is less apt to suffer
internal defects sﬁch as delamination, has high adhesion
strength of the external electfodes formed, and is less apt

to break after being mounted on a circuit board when the

circuit board is warped.
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electrode of a ceramic chip part or for coating onto a
suitable substrate to form a conductive element, said
conductive paste ' comprising powder of a conductive
material, a glass frit, and an organic vehicle, said glass
frit containing PbO, B,0;, and/or SiO, as major components
and further containing from 1 to 20 wt% of at least one of
TiO, and Al,0,.

2. A ceramic chip part having at least one external
electrode formed of cénductive material and a glass frit
containing PbO, B,0;, and/or Si0, as major components and
further containing 1 to 20 wt$% of at least one of TiO0, and
A1,05. o
3. A ceramic chip part as claimed in claim 2, being a
multilayer ceramic capacitor comprising internal electrode
layers separated by dielectric ceramic layers, and
external electrodes connected to the internal electrode
layers.

4. A multilayer ceramic capacitor as claimed in claim 3,
in which the dielectric ceramic layers contain lead oxide.
5. A paste as claimed in claim 1 or a cefamic chip part
as claimed in claim 2, 3 or 4, in which the glass frit
contains 25 to 90 wt$% PbO, 5 to 30 wt% B,O; and 0 to 30 wt%
5i0,.

6. A paste as claimed in claim 1 or 5, or a ceramic-chip

pasté as claimed in claim 2, 3, 4 or 5, in which the glass -
I —
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A1,0,.

7. A conductive paste as claimed in claim 1 and
substantially as hsreinbefore described.

8. A conductive paste substantially as hereinbefore
described with refs-snce to any one of samples 1 to 14 of.
the Example of the izvention.

9. An electronic compdnent having at least one external

electrode formed br coating and baking a paste as claimed
in any one of claizs 1, 5, 6, 7 andl8.

10. A ceramic czip parct as claimed in claim 2 and
substantially as zzzein described.

11. A ceramic chiz part substantially as herein deécribed

with reference to =zy one of samples Nos 1 to 14 of the

Example of the invsztion.

12. The features >=rein described, or their equivalents,

in any patentable, zovel selection.
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