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successivel y.on the conguctive filmby 'plating to there form an external
ielectrode. In the abovgigrocess, | ead gl ass, zinc gl ass% borosilicate gl ass
rand the like are used as the glass frit contained in the conductive paste.
-2- In the conventional production process of an external

-1 -

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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el ectrode, however, prgll ens have frequently arisen becguse of the
penetration of a plati™ liquid into the ceramc chip dy during
the plating step after the baking of the conductive paste. Specifically,
the multilayer chip part is prone to such problens as, for exanple, that it
has internal defects such as delam nation and cracks; that the externa
el ectrode of the chip part has a reduced?adhesion strength; and that” after
the chip part is nounted on a circuit board substrate, it is apt to suffer
breakage due to wadmpage ofortventiomaltpbodugtion @xreesd efepbopxterasd
probl ens, investigations

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

——s ot

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 paste
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,

[ S
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tave been made on technjgues for inhibiting the penetratgon of a plating

fiquid into a ceramc c®p body by i ncreasi t he anobunt of the
lass frit contained in a conductive paste or by enploying a glass frit
having a high nelting point which is chemcally stable. However, the
tecently devel oped ceramic chip parts produced by using |ead oxide series
materials, e.g., high- capacitance, snmatl3 multilayer ceranic capacitors

Wi th excellent bias properties, have the_follow ng problem The ceranic

paterial eRpFojtaCi n BdeRiagcddanichris sLhrghey treRENSfERY® 1nto the
i resulting ceramic chip body to cause deterioration of

capacitor properties.

- A e

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 glass frit. Hence, ‘FJthough a conductive paste contgi ning the glass
frit having a high nel ™ ng point is applied and baked, ®the ceramc materi al
is denatured by reaction with the glass frit. As a result, not only are
the intended capacitor properties previously attained | ost, - 3-
but al so plating liquid is |liable to penetrate into the

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 Al,0;.

The present 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
contéining 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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Iresultlng cetam c chip: body - to cause deteriormtion of capacitor
properties. An object " the present invention is to piEvide a conductive
paste for form ng external electrodes of a ceramic chip part, in which the
reactivity of the glass frit with a ceramc material is suppressed. The
conductive paste is.capable of producing a ceramic chip part that has fewer
i nternal defects such as del ami nati on,~has—a hi gh adhesi on strength ‘of the
'external electrodes thus fornmed, and is |ess apt to break after being
mounted on a circuit board when the

The conductive material used in the conductive paste
according to the present invention and its properties are not

particularly limited, and conventional conductive material

é - such as powder of Ag, Cu, etc. can be gsed in the present
é ' 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
propértion 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
i 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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circuit .board is warged. Another object of the presgig I nvention is to E
provide a ceram c ch part produced by using the co®™ductive paste. -4- I
The present invention relates to a conductive paste for producing an i
external electrode of a ceramc chip part, the conductive paste conprising :

powder of a conductive 6

to 90 wt% for PbO, 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 J
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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material,, a gl ass friH‘gand an organic vehicle, the glgss frit containing
PbO, Blerr]Jerr], an I Jerr] as mmjor conponents a further containing

ifromlto 20 ww% of at least one of TiJerr] and Al[err](err]. The present

s Aot vhe

L AP FAR

i nvention also relates to a nmultilayer ceram c capacitor conprising

i nternal electrode |ayers separated by dielectric ceramc |ayers and an
external el ectrode connected to the intérnal el ectrodes, the external

el ectrode conprising a conductive material and a glass frit contaLnin%:PbO

Bl err] O eP?§tafd SFOFefrRMRdennjtdie PRORERLYCaRR SRR tFRR be applied 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.

R —————
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contains from1l to 20 oof at least one of Tierr] Al[err]Jerr]. In
the multilayer ceram c ®apacitor above, the dielectric ¥eramc |ayers
preferably contain | ead oxide. -5- The conductive material used in the
conductive paste according to the present invention and its properties are
not particularly linmited, and conventienal —conductive materi al

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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such as.powder of Ag, Ci’ etc. can be used in the preseng invention. The

gl ass frit used in the nducti ve paste according to th&”present invention
ciontains PbO B[err]Jerr], and SiJerr] as major conponents and further
ciontains from1l to 20 wt% preferably from7.5 to 15 wt% of at |east one
of Tierr] and Alferr](Jerr]. The propogtion of TiJerr] and
Al[err]C{err] Is not particularly limted. If the amount of Tiderr] and/or

| [err]err] is smaller t ei 8l 9 PEREMEEE by the addition
gf Tigerr] and/or Alferr , O i xceeds 20 wt % the
erformance . Fifteen kinds of glass frits shown in Table 1 ware

ATC

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

i 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.

_—
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of the oeram.c chip parfacannot be enhanced any nore begguse the hi ghest
performance | evel s have®been achi eved. The anounts and oportions of the
maj or components, i.e., PbO B[err]derr], and SiJerr], are not
particularly linmted and nay be appropriately deternm ned depending on the
end use of the ceramc chip part. In gengéal, their anmounts are from 25

- 6- - - -

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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0 90 w% for PbO fromZz to 30 wt % for ﬂﬂ”QﬁHL-% fromO to 30 Wt %
or Siderr]. In the co ctive paste according to the sent invention,
he ratio of the anount of the conductive material to the anount of the
lass frit is generally from80/20 to 99/1 by weight, and preferably from
E4/6 to 98/2 by weight. The organic vehicle used in the conductive paste of
ccording to the present invention is netlparticularly limted and -
convent i onal organic vehicles can be used in the present invention.
Exanpl es t Ipowddr i as| adeonduatiyki mateximl with 5 wt% of the glass frit
and 29 wt% of an organic vehicle obtained by dissolving an
ethyl cellulose resin in butyl cellosolve 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
ceramic 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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nd an ethyl ecellul ose dilauted with terpenes such as a-tegpi neol,
err]-terpineol or a m x®Wure thereof with other solvents¥such as kerosine,
but yl carbitol, butyl carbitol acetate and high boiling al cohols and

hl cohol esters. In the conductive paste of the present invention, the
content of the organic vehicle is generally from20 to 50 wt% and the
otal content of the-conductive materia lahd-the glass frit is generally
rom50 to 75 wt% The conductive paste of the present invention can be

br oduced i rbzegk cons eméasuzedpanhés valuy epfirting degteet ofewarpage 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 ﬁeasuring
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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bast es. :For exanple, a cgnductive material and a glass fgt, which have
been separately prepared¥ are m xed, and the resulting n®xture is kneaded
pith an organic vehicle to forma conductive paste according to the present
nvention. The conductive paste of the present invention can be used in a
5im | ar manner to conventi onal conduct%ge -7-

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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past es. . For exanple, thghconductive paste can be appliegayto a ceramic chip

body for preparin® an external electrode to produ®e a ceramc chip
part, e.g., a nultilayer ceramic capacitor, a ceramic coil chip (L chip), a
conposite ceram c chip containing coil, capacitor and resistor (LCR chip).

The conductive paste can also be printed on a suitable base, such as a
ceram c base, by screen printing to form4 Tircuit and the Iike. The

applied or printed conductive paste can be dried, e.g., at %?Qéerr]c for 10
mnutes, oFRFYRER BARBEIteTgWers npspawed @Rt the gumber 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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The nul ti |l ayer ceram c iﬁpacitor according to the prese I nvention has an’
external electrode conp®sing a conductive material and glass frit
containing PbO, Blerr]Jerr], and SiJerr] as major conponents and further
contains 1 to 20 wt% of at l'east one of TiQ2 and Al[err](err], which can
be produced by applying the conductive paste of the present invention to a
ceramc chip body, foll owed by baking. The ceranic chip ~ body
conprising internal electrode |ayers separated by dielectric ceramc
| ayers, towhanchsede isoddusting exisernal ehectreses ohvewesncpramic
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 thereto. Specifically, in place of Pb;0,, 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 H3;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 uéed 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. In 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(OH);, a
known aluminum compound may be used such as, for example, an
aluminum oxide, e.g., Al,0;, a compound of aluminum with an
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 part, 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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dppl i ed*'to provide extdrnal el ectrodes .is not particuwirly limted and

gny conventional ceramc¥chip body “for produci®ig a nultilayer
deram c capacitor can be used. The internal electrode |ayers may conprise
fgal | adi um or a pall adiumsilver alloy. The dielectric ceramc | ayer may

dqonprise BaTiJerr] (bariumtitanate) series ceram cs, perovskite ceramc

- 16 -
chip part can be obtained which is less apt to suffer
internal defects such as delamination, has high adhesion
strength of the external electrodes formed, and is less apt
to break after being mounted on a circuit board when the

circuit board is warped.
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Hhterlals cont ai ni ng PbT‘i[err] or related systens. he present .
nvention the dielectricW@®eramc |ayer preferably contal Pl ead oxide,——

ecause the effect of the present invention, i.e., suppressing t ced
eactivity of the glass frit with the ¢ g_?mc nmaterial , bm@ytmmﬂa
bhen the ceramic material of this type is’used. The dlnen5|
eram c chip body, the thicknesses of the |nternal
ayer and the dielectric ceranic layer, and the dinensions an ornB of the

gxternal el e¢ihogdgsare not particularly limted and can be

_— < = 5

1. A conductive péste for producing an external
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 Al1,0;.

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 —

TN
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ppropri-ately detern negadepending on the end use of t mul til ayer ceramc
apacitor. Wien the con®ictive paste of the present in tion is applied

nd baked on a ceramic chip body, the glass frit contained in the
tonducti ve paste shows reduced reactivity with the ceram ¢ materiat
font ai ni ng | ead oxide as a maj or conponent. Consequentrhi¥ Shéetifas BEh R} 15ced
faterial is prevented from bei ng excessively denatured I ther
loses its inherent properties nor deteri %rq_ted by the MHHIHH‘”IH"]

pl ating Iiquid. -

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 l:ve::lon.

12. The features z=rein described, or thelr equivalents,

in any patentable, zovel selection.

T
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The present invention yal | be described in nore detail referring to the
fol | o ng Exanpl es and npar ati ve Exanples, but is no onstrued as being
limted thereto. -9- EXAMPLE AND COVPARATI VE EXAMPLE Fi fteen ki nds of
glass frits shown in Table 1 were produced. Pb[err](err], Herr]BdJerr],
Sigerr], TiJerr], and Al (OH)[err], as starting

_lg_

ABSTRACT OF THE DISCLOSURE

 CONDUCTIVE PASTE AND MULTILAYER CERAMIC CAPACITOR

A conductive paste used in producing an external
electrode of a ceramic chip part comprises powder of a
conductive material, a glass frit, and an organic vehicle,
the glass frit containiﬂg PbO, B,0;, and SiO0, as major
components and further containing from 1 to 20 wt% of at
least one of TiO, and Al,0;.

The paste is coated 6nto, eg, a multilayer ceramic
‘capacitor body such as to contact the exposed edges of the
internal electrode layers, and baked. The surface of thé
conductive film so formed is then plated to form external
electrodes which have good adhesion strength. The
capacitor so produced also has good resistance td breakage

after mounting on a circuit board that becomes warped.

-
heet Has Been Replaced
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materialks for the glasgafrit, were m xed in such propo‘ions as to result
in the glass frit conp tions shown in Table 1. Each xture was nelted at
an el evated tenmperature and then quenched to vitrify the m xture. The

t hus- obt ai ned gl asses were pulverized to obtain glass frits. Sanple Nos. 1
to 14 were the sanples accordi ng to the present invention and Sanple No. 15

was a conpar ative sarrpl e. ]/2

Fig. 1
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- PABLE 1 Sanple dass frit conpositi ogeNoO. PbO
rjgerr] SiCIer. Tiderr] Aferr]g ] (wt%
% (Wm % (W% ~ (wt% 1 82.5 11.0 5.5
: 02 79.2 - 10.5 5.3 5.0 03 75.0
.0 5.0 10.0 04 70. 8 9.5 4.7
0 05 66. 7 8.9 2§24 20.0 0
Fig. 3
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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.

Aﬁ external electrode of a ceramic chip.part is
generally produced by the following process: 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 prepare 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 fhen
baked to remove the organic substancés 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 conéuctive film by plating to thereby
form an external electrode.

In the above process, lead glass, zinc glass,

borosilicate glass and the like. are used»as the glass frit
g Ry ? i4 Y
P

contained in the con uctlve aste .-’ i
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Not e:

* Sanple No. 15 was a conparative sanple and the others were

sanpl es according to the present invention. Fifteen kinds of conductive
pastes were then prepared respectively fromthese glass frits, by mxing 66
wt % of Ag - 11 - powder as a conductive material with 5 mﬁ@bof t he gl ass

ert

-2 -

In the conventidnal production process of an external
electrode, however, probiems 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 paste. Specifically, the multilayer 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.

Iin order to overcome these problems, investigations
havé 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
méterial employed in such a capacitor is highly react;ve to
the glass frit. Hence, although a conductive paste
containing the glass frit having a high melting point is
applied and baked, the ceramic material is denatured by
reaction w1th the glass frlt As-a regglt, not only are the

F

1ntendnd capacitor properties prev10usly attained lost,

This is the replacement sheet
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and 29 wt % of an organi c vehicle obtained by dissolving an ethyl cellul ose

resin in butyl cellosolve and then kneading the mxture on a three-rol

mll to disperse the conductive material and the glass frit. A multilayer

ceram c capacitor body produced beforehand, dielectric ceramc

| ayers of which had been produced by using | ead oxide as a starting

material, was then coated on-its exposed Bdges of the internal electrode

| ayers with each of the conductive pastes obtained above. The coated

conduct i veppasagswas @lisadrand ipkidl is Lhebder tat penetrate into tne
resulting ceramic chip body to cause deterioration of

capacitor properties.

An object of tﬂe present invention is to provides a
conductive paste for forming external electrodes of a ceramic
éhip part, in which the reéctivity of the glass frit with a
ceramic material 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
ap£ 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.

This is the replacement sheet
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%SO[err]C to forma conductive film Thereafter, the surface of the
conductive filmwas plated with Ni and then Sn to form external el ectrodes.
The fifteen kinds of nultilayer ceramc capacitors thus produced were

subj ected to a substrate bending test and a test for measuring

ext ernal - el ectrode adhesi on strength. TQe substrate bending test was
performed in accordance mnth JI'S C6429, “Appendi x 2. Each nultilayer ceramc

d d
e M R

for producing an external electrode of a ceramic chip part,
the conductive paste comprising powder of a conductive
materiél, a glass frit, and an organic vehicle, the glass
frit containing PbO, B,0;, and SiOz as major components and
further containing from 1 to 20 wt$ of at 1

east one of TiQ,

" and Al,0;.

The present inventjon also relates to a multilayer
ceramic capacitor comprising internal electrode layers
separated by dielectric ceramic layers and an external

e external

electrode connectad to the internal electrodes, th

electrode comprising a conductive material and a glass

containing Pb0O, B.0;, and Si0; as major components and furth

=]

contains from 1 to 20 wt% of at least one of TiO; and Al,0,.

<+ }

n the multilayer ceramic capacitor above, the

dielectric ceramic layers preferably contain lead oxide.

This is the replacement sheet
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glass cloth. The copper-clad |amnate to which the nultilayer ceramc
capaci tor had been thus attached was warped by pushinng the |am nate on the
si de opposité to the capacitor by neans of a pressure rod, and the degree

of warpage at which the nulti]ayer ceram c capacitor began to break was
measured; this value of the degree of warpage was taken as the substrate
bendi ng test. -5 - :

The conductive material used in the conductive paste
according to the present invention and its properties ars not
particularly limited, and conventional conductive material
such as powder of Ag, Cu, etc. can be used in the 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%, piéfe:ably
from 7.5 to 15 wt$, of at least one of TiO, and Al,0,. The
proportion of TiO, and R1,0; 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 canﬁot be 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 Si0O,, 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

This is the replacement sheet
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fhe external-eLectrode.adhesion strength was neasured in such a manner that
a lead wire was soldered to each of the two external electrodes of the
multilayer ceranic capacitor, and the lead wires were stretched at a
constant rate in the axial direction to neasure the strength at break,
which strength was taken as the adhesion strength of the external
el ectrodes. Fig. 1 shows the results of-these tests for nmeasuring
external - el ectrode adhesi on strength and substrate bending test for the
nul til ayerteed@nwt3clpacPbd, Haxomde exoeBfawt’ for B;0;, and from 0 to

30 wt% for SiO,.

In the conductive paste 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
according 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—férpinebl; 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 condﬁctive paste of the present invention, the
content of the organic vehicle is generally irom 20 to 50
wt%, and the total content of the conductive material and the
glass frit is generally from 50 to 75 wts.

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

This is the repiacement shest
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él ectrodes fornmed fromthe conductive paste containing a glass frit

contai ning neither Ti 2 nor A1203.(Sanple No. 15) and for the nultilayer
ceram ¢ capacitors having external electrodes fornmed fromthe conductive
pastes containing glass frits containing Tierr] (Sanples Nos. 2 to 5).
The nunber of specinens for each sanple was 20. Fig. 2 |ikew se shows the
results of these tests for neasuring ext érnal - el ectrode adhesi on strength
and substrate bending test for the nmultilayer ceram c capacitor having
external ER&EEsodeF ForeMPiom the comdluatine ppasée can be appliad 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.

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 Si0, 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 body ., followed by baking.

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

The internal electrode layers may comprise palladiumor

a palladium-silver alloy.
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containing a glass frit containing neither TidJerr] nor Al[err](err]
(Sanmple No. 15) and for the nultilayer ceram c capacitors having external
el ectrodes formed fromthe conductive pastes - 13 - containing glass
frits containing Al[err](err] (Sanples Nos. 6 to 10). The nunber. of
speci mens for each sanple was 20. Fig.-3gshows the rel ati onshi ps between

ext ernal -

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 of 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
extérnal 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 fhe ceramic material containing 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
penetrafion 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.

This is the replacement sheet
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gfectrode adhesion strength and substrate bending test in the multilayer
ceram c capacitors having external electrodes fornmed fromthe conductive
pastes containing glass frits containing both TiQ® and A1203 (Sanpl es Nos.
11 to 14). The nunber of specinmens for each sanple was 10. As Figs. 1 to 3
show, the nultilayer ceramc capacitors_ngving external electrodes forned
fromthe conductive pastes of the present”invention are superior in results

of both the external-eIec%&gﬁ§ﬁ¥ﬂfﬁboeo§gwax¥fvénE&AQ§L§ubstrate bendi ng

test to the nultilayer cerattre ==
Fifteen kinds of glass frits shown in Table 1 ware

arc

produced. Pb;0., H;BO., Si0,, 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 an elevated temperature and then

fv
n
M -

sS2s

quenched to vitrify the mixture. The thus-obtained gi

were pulverized to obtain glass frits. Sample Nos. 1 to

j—t
1=9

were the samples according to the present invention and

Sample No. 15 was a comparative sample.

This is the raplacement sheet
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capaci tor having external electrodes formed fromthe conductive paste
containing a glass frit containing neither TiJerr] nor Al[err]Jerr]. If
the amount of TiJerr] and/or Al[err]Jerr] is smaller than 1 w% no
effect is produced by the addition of Tierr] and/or Al[err](err]. If the
anount thereof exceeds 20 w% the results of the external -el ectrode
adhesi on strength and the substrate bendigmg test cannot be enhanced any
nore because the val ues of these properties have already been reached to
their highest levels. The nmultil ayer oggapngcicapacitors  having external

Sample Glass frit composition

No. PbO B,0, Si0, TiO, Al.Qs
(wt%) (Wt%) (wt$) (Wt$) (Wt%)

1 82.5 11.0 - 5.5 1.0 0

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 1.4 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 10.0 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 the

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

This is the replacement $heet
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électrodes formed fromthe conductive pastes respectively containing glass
frit sanples Nos. 3, 8, and 15 were exam ned for delamnation, i.e., 30,000
speci nens for each multilayer - 14 - ceram c capacitor were prepared and
t he nunber of specinmens in which delam nation occurred was counted. The
results obtained are given in Table 2.
-11 -

powder as a conductive material with 5 wt% of the glass frit

and 29 wt% of an organic vehicle obtained by dissolving an |

ethyl cellulose resin in butyl cellosolﬁe 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 éf
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 perfbrmed in
accordance with JIS C6429, Appendix 2. Each multilayer
ceramic capacitor produced was soldered to a 1.6 mm-thick
copper-clad laminate containing an epoxy resin-impregnated
glass cloth. The copper-clad 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

This is the replacement sheet
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TABLE 2 Nunber of specinens Sanple No. - havi na del am nati on defect 3
08 0 15* 7 Not e: *  Sanpl e

N6. 15 is a conparative sanple and the others are sanples according to the
present invention. Nunber of specinmens to be exam ned: 30, 000 :

) - 12 -
break was measured; this value of the degres of warpage was
taken as the substrate bending test.

The_external-eléctrode adhesion straagth was measured
in such a manner that a lead wire was soldezad to each of the
two external electfodes of the multilayer ceramic capacitor,
and the lead wires were stretched at a constant rate in the
axial direction to measure the strength at break, whiéh
strength was taken as the adhesion strength of the external
electrodes.

Fig. 1 éhows the results of these tests for measuring
external-electrode adhesion strength and substrate bending

'teét 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 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

This is the replacement shest
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"As Table 2 shows, the nmultilayer ceram c capacitors having externa

el ectrodes forned fromthe conductive pastes according to the present

i nvention are |less apt to suffer delam nation than the capacitor having
external electrodes forned fromthe conventional conductive paste
containing neither TiQ2 nor Al[err](err]. Al though application of the

conductive paste of the invention to ndl 4Bl ayer ceram c capacitors has been
described in the above Exanple, it is a matter of course that the
conduct i vecpasaéndhgt hile ssvEnttioncgnbadingéagt Bd..OangSanpéessNos. 6 to

10). The number of.specimens for each sample was 20.

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

As Figs. 1 to 3 show, the multilayer ceramic
capacitois having external electrodes formed from the
conductive pastes of the present invention are superior in
results of both the external-electrode adhesion strength and
the substrate bending test to the multilayer ceramic
capacitor having external electrodes formed from the
conductive paste containiné.a glass frit containing neitherx
TiO, nor Al,0;. If the amount of Ti0, 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
results of the external-electrode adhesion strength and the
substrate bending test cannot be enhanced any more becausé
the values of these properties have already been reached to
their highest levels.

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

for delamination, i.e., 30,000 specimens for each multilayer
This is the replacement sheet
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- 15 - when used in formng external electrodes of other ceramc chip
parts, e.g., L chips and LCR chips. It should be further noted that
al't hough Pb[err]derr], H3BO, SiJerr], TiJerr], and Al(OH[err] were
"used as starting materials for glass frits in the above Exanple, usable
starting materials are not linmted thereto. Specifically, in place of
Poferr](err], a - 14 -
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. havinag delamination defect
3 . 0
8 - 0
15" 7

(1]

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

Number of specimens to be examined: 30,000

As Table 2 shows, the multilayer ceramic capacitofé
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 from 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 describez
in the above Example, it is a matter of course that the

conductive paste of this invention produces the same effzcts
This is the replacement sheet
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fnomn | ead conpound may be used such as, for exanple, a |l ead oxide, e.g.
PbO or Pb[err]Jerr], PbCJerr], Po(OH)[err], or a lead salt of an organic
acid. In place of Herr]Bderr], a known boron conpound may be used such

as, for exanple, a boron oxide, e.g., Blerr]Jerr] or BO or

(HBJ err])[err]. In place of SiJerr], a known silicon conpound nmay be

used such as, for exanple, a silicon oxidé& -e.g., SIO a silicon boride,

e.g., SiB[err] or SiBlerr], or a conpound of silicon with an organic acid.

In pl ace oWwhBEnQusred ,im fkowmingi ézhermadomiaatrodss bef ustesusieranid or

exanple, a titaniumoxide, e.g., Ti[err]Jerr], a titanate, e.g., PbTi (3, a
chip parts, e.g., L chips and LCR chips.

It should be further noted that-although Pb;0., H3BO,,
$i0;, TiO,, and Al(OH); were used as starting materials for
glass frits in the above Example, usable starting materials
are not limited thereto. Specifically, in place of Pb;0.,, a
known lead compound may be used such as, for example, a lead
oxide, e.g., PbO or Pbﬁhr.PbCO3, Pb(0OH),, or a lgéd salt of
an organic acid. In place of H;B0O,, a known boron compound
may be used such as, for example, a boron oxide, e.g., B,0;
or BO, or (HBO;)x. In place of Si0,;, a known silicon compound
ma§ be used such as, for example, a silicon oxide, e.g., SiO,
a silicon boride, e.g., SiB; or S$iBs;, or a compound of
silicon with an organic acid.. In place of TiO;, a known
titanium compound may be used such as, for example, a
titanium oxide, e.g., Ti,0y, a titanate, e.qg., PbTiO;} a
titanium salt .of an organic acid, e.g., Ti;(CO.);, or a
titanium hydroxide, e.g., Ti(OH),. In place of Al(OH),;, a
known aluminum compound may be used such as, for example, an
aluminum oxide, e.g., Al,0;, a compound of aluminum with an
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 part, the glass frit

contained in the conductive paste is inhibited from reacting

with the ceramic material. Therefore, a high-quality ceramic

Thkis%hsrepmnemeﬂtﬂnmt
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titaniumsalt of an organic acid, e.g., Ti[err](CJerr])[err], or a
titani um hydroxide, e.g., Ti(OH)[err]. In place of AI(OHJ[err], a known

al um num conmpound may be used such as, for exanple, an al um num oxi de,

e.g., Al203, a conmpound of alum numw th an organic acid, or an al um num

al koxi de. As apparent fromthe above description, when the conductive paste
of the present invention is used to formthe external electrodes of a
ceramic chip part, the glass frit contained in the conductive paste is

i nhi bi ted fyIngBactd g ¥btptAenedr ¥HicHBISriaks dper eboisauf for
hi gh-qual ity “ceramc
' internal defects such as delamination, has high adhesion
strength of the external electrodes formed, and is less apt

to break after being mounted on a circuit board when the

circuit board is warped.

This is the replacement sheet
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-16- chip part can be obtained which is I'ess apt to suffer internal defects
such as del am nation, has high adhesion strength of _the external el ectrodes
farmed, and is |less apt to break after being nounted on a circuit board

when the circuit board is warped. 17 ThisISIhiclaltIIIiiBeeillliei:lliced
CLAIMS:
1. A conductive paste for producing an external

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 Si0, 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
e;ectrode formed of conductive material and a glass frit
containing PbO, B,0;, and/or Si0O, as major components and
further containing 1 to 20 wt% of at least one of TiO, and

A1,0,.
3. A cefamic chip part as claimed in claim 2, being =&
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 ceramic 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,0; and 0 to 30 wt%
sio,.

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

paste as claimed in claim 2, 3, 4 or 5, in which the glass
This is the replacement sheet
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- 17 - 1. A ceramc chip part having at |east one external electrode
formed of a conductive paste, said paste conprising: powder of a
conductive material, a glass frit, and an organic vehicle, said glass frit
containing PbO, Blerr]Jerr], and/ or Sigerr] as rraj or corrponents and

further containing from1l to 20 w ﬂm”li III

%o of a nmenber
consisting of(a) Tigerr] and (b) a conbi nati on of T| QGIVII'lI
7. A conductive paste as claimed. in claim 1 and

Alferr]Jerr]. 18
A1,0,.

substantially as hs=rsinbefore described.

8. A conductivs paste substantially as hereinbefore
described with rsZs=rsnce to any one of samples 1 to 14 of
the Example of the :avention.

9. An electronic component having at least one external
electrode formed ¥ coating and baking a paste as claimed
in any one of cleizs 1, 5, 6, 7 and 8.

10. A ceramic cIip parc ‘as claimed in claim 2 and
substantially as Zs-sin described.

11. A ceramic chiz part substantially as herein described
with reference to ==y one of samples Nos 1 to 14 of the
Example of the invszzion.

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

in any patentable, —ovel selection.
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2. Aceramc chip part as claimed in Cla|m1 being a nmultilayer ceram c
capacitor conprising internal eleétrode” I ayers separated by dielectric
ceram c | ayers, and external el ectrodes connected to_t_hg_u[t_e_miMo
| ayers. 3. A ceramic chip part as claimed iniClaim2 1n whi ch the

dielectric ceramc layers contain |lead oxide. 4. A cemaisBieetdhs lac
25 to
eram c

clained.in any one of Clains 1 to 3, whereintthe al ass &l“‘

90 vvt%PbO Sto 30 w%B[err](err] and 0 to 30 vvt%Sl
chip part as clained in any one of Ca

- 19 -

ABSTRACT OF THE DISCLOSURE

CONDUCTIVE PASTE AND MULTILAYER CERAMIC CAPACITOR

A conductive paste "used in producing an -external
electrode of a ceramic chip part comprises powder of a
conauctive material, a glass frit, and an organic vehicle,
the glass frit..containing PbO; -B,0;, and-Si0, as major
_co;nponents and further containing from 1 to 20 wt% of at
least one of TiO, and Al,O;.

The paste is coated onto, eg, a multilayer ceramic
capacitor body such as to contact the exposed edges of the
internal electrode layers, and baked. The surface of the
"conductive film so formed is then plated to form external
electrodes which have good adhesion strength. The
capacitor so produced also has good resistance to breakage

after mounting on a circuit board that becomes warped.

FIGURE 1

This is the replacement sheet
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1 to 4, wherein the glass frit contains 7.5 to 15 wt % of at:|east one of
Tiderr] and Al[err]Jerr]. 6. A <¢eramc- chip part substantially as
her'ei n described with reference to any one of sanples Nos. 1 to 14 of the
Exanpl e of the invention. 7. An electronic conponent conprising a ceranc
chi;p part as clainmed in any one of Clains 1 to 6. 8 A nethod of

manuf act uri ng an el ectronic conponent .as clained in Claim?7, said nethod
conprising the steps of coating said ceramc chip part with said conductive

past e
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1. A ceramic chip part having at least one external

5

I 17
{ .
}

electrode formed of a conductive --paste,' said 'paste '
compr:.s:.ng powder of a conduct:.ve mater:.al a glass frict,
and an orga.n:.c veh:.cle, saJ.d glass fritc conta:.n:.ng Pbo,
' 'lszo,, an.d/or._SiO2 as major component:s ar;'d-further-.c_om_:alnz.ng .
from 1 to 20 wt% of at least one of TiO, and zu,o,.“

2. A ceramic chip part as claimed in Cla:.m 1, being a:
mu‘J‘.t.:Llayer ceramic capac:.tor compr:.s:Lng :|.nterna1 electrode
layers separated by dJ.electrJ.c ceram:.c layers, and external |
~electrodes connected to the internal electrode layers.

3. A ceram;.c ch:.p part as claimed in Claim 2, in which
the dielectric ceramic layers _ccntairz lead oxide-.' .

4. A ceramie chip part as cl"air'ned in any one of Claims

-1 to 3, wherein the glass frit contains 25 to 90 wt% PbO,
s to 30 wt% B,0, and 0 to 30 wt¥ s:.o,. : : |

S. A ceramic chip part as claimed in any one of Claims
1 to 4, wherein the glass fr:.t: contains 7.5 to 15 wtk of at
least one of TiO, and Al,0,. |

6. A. ceramic chip_ gart: substantially as herein
described w;th reference to any-one of samples Nos. 1 to 14
of the Example of the invention.

7. An electronic component comprising a ceramic chip
part as claimed in any one of Claims 1 to 6.

8. A method of manufacturing an electronic component
as claimed in Claim 7, sa:.d method comprising the steps of

coating said ceramic ch:.p part with said conductive paste

followed by baking.

R
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CT OF 1 CLOS

'CONDUCTIVE PASTE AND MULTILAYER CERAMIC CAPACITOR

A conductive 'p.as.t‘l.e - used' in producing' an 'exterxial
electrode of a ceramlc chlp part comprlses powder of a
_conductlve materlal, a glass frlt, and an organic vehicle,
the glass frit.. contalnlng PbO,Ing, a.nd-SJ.O_z as major
components and further contalning from 1 to 20 wt% of at
least one of TioO, and.Al 205+ |

The paste is coated onto, eg, a multllayer ceramlc
'capac1tor body such as to contact the exposed edges of the
internal electrode layers, and baked The surface of the
conductive film so formed is then plated to form external
electrodes which have - good adhesion strength. The

capacitor so produced also has.good resistance to breakage

after mounting on a circuit board that becomes warped.

FIGURE 1

R d



" qhoko13-2 TreS

<L DER 1998

REPLACEMENT SHEET:
CLAIMS:— : '

1. A ceramic chip part having at least one external
electrode formed of a conductive paste, said paste
comprising: powder of a conductive material, a glass frit,
and an organic vehicle, said glass frit containing PbO,

B,0;. _and/or $i0, as major components and further containing
from 1 to 20 wt% of a member selected from the group

consisting of(a) TiO, and (b) a combination of TiO, and Al,0;.

2. A ceramic chip part as claimed in Claim 1, being a
multilayer ceramic capacitor comprising intermal elect;rod,e'
layers separated by dielectric ceramic layers, and external
electrodes connected to the intermal electrode layers.

3. A ceramic chip part as claimed in Claim 2, in which
the dielectric ceramic layers contain lead oxide.

4. A ceramic chip part as claimed in any one of Claims
1 to 3, wherein the glass frit contains 25 to 90 wt% PbO,
5 to 30 wt¥ B,0;, and 0 to 30 wt% SiO,.

5. A ceramic chip part as claimed in any one of Claims
1 to 4, wherein the glass f£rit contains 7.5 to 15 wet of at
least one of TiO, and Al,0,.

6. A. ceramic: chip part substantially .as herein
‘desc'z:ibe_gi with reference to a.ny-one of samples Nos. 1 to 14
of t:l';':e g:lf’ca.mple of the invention.

7. An electronic componem:. comprising a.. ceramic ch.ip
part as claimed in any one of Claims 1 to 6.

| 8. A method of manufacturing an electronic component
as claimed in Claim 7, said method compris_:_‘.ng the steps of
coating said ceramic chip part with said conductive paste

followed by baking.
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