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and its usage and, more particularly, to a conductive paste
and a method for production'of multilayer ceramic capacitors

employing the same as a material for internal electrodes of

multilayer ceramic capacitors.

!

With recent miniaturization and densification of
electronic equipment, considerable progress has made in
miniaturization, enlargement in capacitance, and densification
of multilayer ceramic capacitors. -Such multilayer ceramic
capacitors are generally produced by the steps of preparing
ceramic green sheets with a dielectric cegamic cogposition,
applying a conductive paste on respective green ceramic sheets
by screen printing, stacking and bonding the green ceramic
sheets by thermocompression, cutting the resultant multilay-
ered body into green ceramic capacitor chips, firing the greén
chips to form capacitor chips with internal electrodes, and
finally forming external electrodes connected to the internal
electrodes on opposed sides of each of the capacitor chips to
complete multilayer ceramic chip capacitors.

The conductive paste used in the above screen
printing is generally composed of a metal powder, e.g., Pd
with a particle eize of 2 to 5 gm, dlspersed in an organlc

vehicle, the organic vehicle being composed éf an organch7
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binder such as ethyl cellulose or alkyd resin and a solvent

therefor.

When producing the multilayer ceramic capacitors,
it is required to apply such a conductive paste to ceramic
green sheets so that the resultant conductive layers have a
dried thickness of 5 to 10 um. If the thickness of the dried \
conductive paste layers is less than 5 um, the internal
electrode layers produced therefrom by firing are cracked and
form a reticular structure, resulting in deterioration of
electric characteristics such as capacitance and ESR. If the
thickness of the dried conductive layers exceeds more than 10
pm, it is difficult to improve the capacitance-volume ratio
of the multilayer ceramic capacitors.

In order to meet demands for the miniaturization and
densification of electronic equipment, it is required to make
the dielectric layers thin as well as to increase the number
of the internal electrode layers in the multilayer ceramic
capacitors. However, the dried conductive paste layers of the
prior art with a thickness of 5 to 10 um are too thick to

produce multilayer ceramic capacitors with good reliability.

The conductive paste layers of the prior art cause insuffi-
cient removal of the organic binder and large internal
stresses in the green ceramic capacitor chips, resulting in

occurrence of internal defects such as delamination.

It would be desirable to be able
to provide a conductive paste which overcomes the aforesaid
disadvantages and enables formation of thin, smooth internal

electrodes of multilayer ceramic capacitors by screen printing.
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It would also be desirable to be able to
provide a method of producing multilayer ceramic capacitors
_’\' which have gdod electrical properties and are free from
internal defects such as delamination.

According to the present invention, there is
provided a conductive paste for internal electrodes of
multilayer ceramic capacitors, éaid conductive paste consist-
ing essentially of 50 to 70 % of an organic vehicle and 30 to
50 % of a metal powder dispersed therein, said metal powder
having a particle size range of 0.1 to 1.5 um and a mean

particle size of 0.3 to 1.0 um.

As a metal powder used in the above conductive
paste, there may be used any metals with good electric
conductivity. However, it is most preferred to use P4 singly
or in combination with at least metal selected from the group
consisting of Ag, Au and Pt. If Pd is used in combination

with at least one other noble metals, they may be mixed in any

ratio.

The organic vehicle is generally composed of an
organic binder dispersed in an organic solvent. As an organic
solvent, any desired synthetic resin may be used, singly or
in combination, including ethyl cellulose, acrylic resin,
alkyd resin and other resins widely used in the conventional
conductive paste for the internal electrodes. As the organic
solvent, any desired solvent may be used singly or in
combination, including a-terpineocl, butyl carbitol, ker&sene

and other solvents widely used in the conventional conductive

paste for the internal electrodes. _—
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Preferably, the conductive paste according to the ¥
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present invention is applied to a green ceramic sheet by

screen printing and then dried to form a conductive paste

layer with a center-;ine mean roughness of not more than 1.0
pm, a ten—-point mean roughness of not more than 5.0 um and a
metal thickness of 0.5 to 2.0 um.

According to the preser;t invention, there is further
prov1ded a method for manufacturlng multllayer ceramic
capacitors comprising the steps of forming a conductive paste
layer with a conductive paste by screen printing on green
ceramic sheets, staéking the resultant green ceramic sheets
to form a multilayered body, and firing the multilayered body,
said conductive paste consisting essentially of 30 to 50 % of
a metal powder and 50 to 70 % of an organic vehicle, said
metal powder having a size range of 0.1 to 1.5 um and a mean

particle size of 0.3 to 1.0 pm.

These and other features of the present
jnvention will become clear from the following examples.

EXAMPLES

Using Pd powder with the particle size range of 0.1
to 1.5 um and a mean particle size of 0.3 to 1.0 um, several
samples of palladium pastes were prepared by mixing 20 to 60
weight percent of palladium powder and 80 to 40 weight percent
of an organic vehicle in the ratio shown in Table 1. The
organic vehicle used weas prepared by dissolving ethyl cel-
lulose, acrylic reéin and alkyd resin in a-terpineol.

Separate from the.above, ceramic green sheets with
a thickness . of 20 um were prepared by mixing a ceramic raw

material of a BaTiO; system with a powder form with a suitable
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amount of an organic binder, polyvinyl butyral and a suitable
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amount of toluene 'to prepare a slurry and forming the
resultant slurry into green ceramic sheets by the Doctor
blade.

Each conductive paste prepared as above was applied
to one surface of the green ceramic sheet by screen-printing
and then dried to form a PAd paste layer. For the resultant
Pd paste layers, the surface roughness was measured by a
tracing type surface-roughness tester to determine the center-
line mean roughnéss (Ra) and ten-point mean roughness (Rz)
specified in Japanese Industrial Standard (JIS) B 0601. The
thickness of Pd in the Pd paste layer was determined by the
intensity of fluorescence X-rays emitted by applying X-rays
to the Pd paste layer. The results are shown in Table 1 along
with composition of the Pd paste.

Then, the printed green ceramic sheets with the Pd
paste layer were placed one on another so that each Pd paste
layer was sandwiched between two green ceramic layers. The
resultant multilayered body of the green ceramic sheets was
then sandwiched by a pair of green ceramic sheets with no Pd
paste layer, bonded by thermal-compression, and then cut into
green ceramic capacitor chips with a required size. The
resultant green ceramic capacitor chips were heat-treated to
about 500 °C to remove the organic binder in the green chips,
and then further heated to and maintained at a temperatﬁre of
1300 °C for 2 hours, thereby sintering the ceramic layers of
the capacitor chips. The resultant ceramic capacitor chips
with internal electrodes were provided with' external

electrodes by applying Ag paste on opposed sides of the




capacitor chips and then baking it at 750 °C to complete:
multilayer ceramic capacitors.

For the resultant multilayer ceramic capacitor, esr
was measured and 10Q pieces of the samples were cut in the
direction perpendicular to planes of the internal electrodes.
After polishing the cut plane, the samples were observed with
a microscope to determine occurrence of delamination between
the internal electrode and ceramic dielectric layer. The
results are shown in Table 1.

In Table 1, the reference numerals with an asterisk
are specimens out of the scope of the present invention, while

others are those falling within the scope of the present
invention. .
_—
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Table 1

No. Pd_paste P4 _paste layer Multilayer Ceramic Capacitor
mean Composition Thickness Roughness ESR Delamination
size (wt%) of Pd Ra Rz (mQ) (pieces)
(um) P4 Vehicle (pm) (um) __(pm)
1 0.3 30 70 0.5 0.24 2.50 300 0/100
2 1.0 40 60 1.0 0.50 3.00 250 0/100
3 1.0 50 50 2.0 0.95 4.80 250 0/100
4% 0.2 50 50 2.0 0.95 4.85 250 3/100
5% 1.5 50 50 2.0 1.85 6.00 800 0/100 t .
~
6* 0.2 20 80 0.3 0.30 2.60 9500 0/100 ' \
7% 1.0 60 40 3.0 1.50 _5.00 250 8/100
.—.—_E ‘
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As can be seen from the results shown in Table 1,
the use of the Pd paste according to the present invention
enables to form PA paste layer having a metallic palladium
thickness of 0.5 to 2.0 um, a centef-line mean roughness (Ra)
of not hore than 1.0 gm and a ten-point mean roughness (Rz)
of not more than 5.0 um. Further, the multilayer ceranmic
capacitors of the present invention have good ESR of less than
300 m? and no delamination between the ceramic dielectric
layers and the internal electrodes.

The conductive paste of the present invention has
been limited to thoée consisting essentially of 50 to 70 % of -
an organic vehicle and 30 to 50 % of a metal powder dispersed
therein, said metal poWder having a size range of 0.1 to 1.5
pm and a mean particle size of 0.3 to 1.0 um for the following
reasons. |

If the mean particle size of the metal powder is
less than 0.3 um, shrinkage of the metal paste layer becomes
large when converting it into a metal layer by firing,
resulting in occurrence of the delamination between the
ceramic dielectric layers and the resultant metal layers
serving as the internal electrodes, like as specimen No. 4.
If the mean particle size of the Pd powder exceeds 1.0 um, the
center-line mean roughness  (Ra) of the metal paste layer
becomes large, e.g., 1.85 um and the ten-point mean roughness
(Rz) becomes large, e.g., 6.00 pm like as specimen No. 5,
resulting in considerable increase in ESR of the multilayer
ceramic capacitor, e.g., 800 mf like as like as specimen'No.

5. For these reasons, the mean particle size of the metal

‘This Sheet
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powder to be. used has been limited to a value with in the

e

range of 0.3 pm to 1.0 um inclusive.

Further, the metal powder to be used is required to
has particle sizes ranging from 0.1 to 1.5 gm in addition to
the mean particle size.defined as above. If the particle size
of the metal powder is less than 0.1 um, shrinkage of the
metal paste layer becomes large when converting it into a
metal .layer by firing, resulting in occurrence of the
delamination between the ceramic dielectric layers and the
resultant metal layers serving as the internal electrodes.
If the particle sizé of the metal powder exceeds more than 1.5
pm, it is impossible to obtain thin smooth metal paste layer.

The reasons why the content of the metal powder has
been limited to the above range are as follows: If the
content of the metal powder is less than 30 percent by weight
(wt%),.the thickness of the metal in the. conductive metal
paste layer becomes less than 0.3 pm, resulting in con-
siderable increase in ESR of the multilayer ceramic capacitor,
e.g., 9500 mNl, like as specimen No. 6. If the content of the
metal powder exceeds 50 wt%, the thickﬁess of the metal in the
conductive metal paste layer becomes large, e;g., 3.0 um and
the center-line mean roughness (Ra) of the metal paste layer
becomes large, e.g., 1.5 pm, resulting in occurrence of the
delamination between the cer;mic dielectric layers and the
resultant metal layers serving as the internal electrodes.

In the above examples, Pd powder is employed alone
as the metal powder. However, the metal powder to be used is

not limited to the PA powder. Similar results can be obtained
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by use of a mixture of Pd powder and powder of at least °nef

metal consisting of Ag, Au and Pt.

Although the present invention has been fullyi'

in connection with the preferred embodiments

R A

described

thereof, it is to be noted that various changes and modifica-
tions are apparent to those skilled in the art. Such changes
and modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.

R\'
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CLAIMS
1. A conductive paste used for forming internal
electrodes of multilayer ceramic capacitors, consisting
essentially of 50 to. 70 % of an organic vehicle and 30 to S50
% of a metal powder dispersed therein, said metal powder
having a particle size range of o.i to 1.5 pgm and a mean

particle size of 0.3 to 1.0 pm.

2. The conductive paste according to claim 1 wherein
said metal powder consists of Pd.

3. The conductive paste according to claim 1 wherein
said metal powder consists of Pd and at least one metal
selected from the group consisting of Ag, Au and Pt.

4. A method - for manufacturing multilayer ceramic
capacitors comprising the steps of forming a conductive paste
layer with a conductive paste by screen printing on green
ceramic sheets, stacking the resultant green ceramic sheets
to form a multilayered body, and firing the multilayered body,
said conductive paste consisting essentially of 50 to 70 % of
an organic vehicle and 30 to 50 % of a-metal powder having a
particle size range of 0.1 to 1.5 pm and a mean particle size

of 0.3 to 1.0 pum.

5. The method according to claim 4 wherein said metal
powder consists of Pd. |
6. The method according to claim 4 wherein said metal
powder consists of PAd and at least one metal selected from the
group consisting of Ag, Au and Pt.
7. The method according to claim 4 wherein said
conductive paste layer is formed'by applying said conductive

paste to a green ceramic sheet by screen printing so as to
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have a center-line mean roughness of not more than 1.0 um‘
ten-point mean roughness of not more than 5.0 pm ang :

thickness of metal in the dried conductive paste layer of 0.5
to 2.0 pum. .
8. A conductive paste substantially as described with

reference to the Examples.

9. A method for manufacturing multilayer ceramic

capacitors substantially as described with reference to the

Examples.
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ABSTRACT OF THE DISCL =
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Thin, smooth cénductive layers for internal electrodes
of multilaxer ceramic'capacitors are produced by a method
including the steps of forming a conductive paste layer on a
green ceramic sheet with a conductive paste by screen printing
so as to have a center-line mean roughness of not more than
1.0 gm, a ten-point mean roughness of not more than 5.0 um and
a thickness of metal in the dried conductive paste layer of
0.5 to 2.0 um. The conductive paste consists essentially of
50 to 70 % of an organic vehicle and 30 to 50 % of a metal

powder with a particle size range of 0.1 to 1.5 um and a mean

particle size of 0.3 to 1.0 um.
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The present invention relates
and its usage and, more particularly, to a conductive paste
and a method for production of mdltilayer ceramic capacitors

employing the same as a2 material for internal electrodes of

multilayer ceramic capacitors.

With recent miniaturization and densification of
electronic egquipment, consideral;le progress has made in
'mi_niatu'rization, enlargement in capacitance, and densification
of multilayer ceramic capacitors. Such multilayer ée_ramic
capacitors are qenera.lly.'produc_ed by the steps of preparing
ceramic green sheets with a dieléctric cer_’amic cox.nposition,
applying a conductive paste' on respective green ceramic sheeﬁs
by screen printing, stacking and bonding the green ceramic
sheets by thermocompression, cutting the resultant multilay-
ered body into green ceramic capacitor chi'ps, £ iring_the greén
chips to form capacitor chips with internal electrodes, and
finally forminé external electrodes connected to the iﬁternal
electrodes on 6pposéd sides of each of the capacitor chips to
complete multilayer ceramic chip capacitors.

The conductive pasﬁe used in the above screen
printing is generﬁally composed_ of a metal powder, e.g., Pd
with a particle eize of 2 to 5 uym, dispersed in an organic

wvehicle,” the organic vehicle being composed of an organic
'.,'_-gi"t ’
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binder such as.ethyl cellv;lose or alkyd resin and a solvent
;therefor.'

When producing the multilayer ceramic capacitors,
it is required to apply such a conductive paste to ceramic
green sheets sé that the resultént ‘conductive layers h'ave.-a
dried thickness of 5 to 10 gm. If the thickness of the dried
conductive paste layers is less than 5 um, the internal
electrode layers produced therefrom by firing are cracke& and
form a reticular structure, resulting in deterioration of
electric characteristics such as 'capacitance and ESR. If the
thickness of the dried conductive lﬁy‘ers exceéds more than 10
pm, it .:Ls ‘difficult to improve the capacitance-volume rati_.c
of the multilayer ceramic cé_.p'acitors.

| In order to meet demands for the miniaturization and
densification of electronic equipment, it is reqtiired to maké
the dielectric layers thin as well as to increase the number
of the internal electrode layers in the multilayer ceramic
capacitors. However, the dried conductive paste layers of the
prj.or art with a thickness of 5 to 10 um are too thick to
produce multilayer ceramic capacitors with good reliability. |
‘The conductive paste layers of the prior art cause insuffi-
lcient removal of. thé b:ganic binder and large internal
' stresses in the green ceramic capacitor chips, resulting in

occurrence of internal defects such as delamination.

It would be desirable to be able .
to provide a conductive paste which overcomes the aforesaid
disadvahtéges and enables formation of thin, smooth internal
elect'rb.des of multilayer ceramic capacitors by screen plr'intin'g.
| This is the replacement sheet
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. It would also be desirablé to be able to
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provide a method of producing multilayer ceramic capacitors
which have .good electrical properties and are free fronm
internal defects sﬁct} as delamination.

According to the present invention, there is
provided a conductive paste for internal eiéctrod_es of
multilayer ceramic capacitors, said conductive paste consist-~
ing essentially of 50 to 70 % of an organic vehicle and 30 to
50 % of ﬁ metal powder dispersed therein, said metal powder
having a particle size range of 0.1 to 1.5 gm and a mean
particle size of 0.3 to .1..0 sm.

As a _meta]_.. powder used in the above conductive
paste, there inay be used any metals Qith good electric
conductivity. However, it is most preferred to use Pd singly
or in combination with at ieast metal selected from the graup'
consisting of Ag, Au and Pt. If Pd is used in combination
with ai: least one other noble metals, they may be mixed in any
ratio.

- The organic vehicle is genetally composed of an
organic binder dispersed in an organié solve_nt.' As an organic
solvent, any desired synthetic resin _may be used, singly or .
in combinétion,' inciuding ethyi cellulose, acrylic .resin,
a.lkyd_' resin and other resins widely used in the conventionai
conductive paste for the internal electrodes. As the organic
solvent, any desired solvent may be used singly or in:
combinétion’, ‘including a-terpinecl, butyl carbitel, kerc;sene
and other solvents widely \ised.in the conventional conductive
paste for the internal electrodes. _

. Th(s is thg "'.’:P’acem ent shegy
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Preferably, the conductive paste acco

the

present invention ie applied toc a green ceramic sheet by
screen printing and then dried to form a conductive paste
layer with 2a center—l_ine mean roughness of not more than 1.0
pm, a ten-point mean roughness of not more than 5.0 gm and a
metal thickness of 0.5 to 2.0 pn.-

According to the pre’seﬂt invention, there is further
provided 'a method for manufacturing 'multilayer ceramic
capacitors comprising the steps of forming a conductive paste
layer with a conductive paste by .screen printing on green
ceramic sheets, stacking the resultant green ceramic sheets
to form 2 multilayered body, and firing the multilayered body,

said conductive paste consisting essentially of 30 to 50 % of
. a metal powder and 50 to 70 % of an organic wvehicle, said
metal powder having a size range of 0.1 to 1.5 um and ‘a. mean
particle size of 0.3 to 1.0 pm. '

These and other | features of the present
invention will become clear from the following examples. |

- Using P& powder with the particle size fange of 0.1
to 1.5 um and a mean particle size of 0.3 to 1.0 nm; several
‘'samples of palladium pastes were prepared by mixing 20 to 6.0
weight percent of palladium powder and 80 to 40 weigl;t percent
of an organie vehicle in the ratio shov;m in Table 1. The
organic vehicle used weas prepered by dissolving ethyl cel-
lulose, acrylic resin and alkyd resin in c-terpineol. |

Separate from the above, ceramic green sheets with
a thickness of 20 um were prepared by m.x:.ng a ceramic raw

material of a BaTioO, sys tem w:.th a powder form with a suitable .

. This jis the replacement shest

Date: 2 & .M 1098



-5 =
amount of an organic binder, polyvinyl butyral and a sﬁitable
amcunt of toluene to prepare a slurTy and farming the
-_—esuliant slurry inte green ceramic sheeis by the Doctor
blace.

Each conductive paste prepared as above was applied
""to cne surface of the green ceramic sheet by screen-printing
ancd :h'en'dried to forﬁx a Pd paste layer. TFor the :esuitant
¢ paste layers, the surface roughness was measured by a
tracing type surface~roughness tester to determine the centé.r-
line mean roughness (Ra) and ten-point mean roughness (Rz)
specizied in Japanese Indust*ial Standaxd (JIS) B 060i. The
thickness of Pd in the P4 paste layer was dete#ained by the
incensity of fluorescance X-rays emitted by applyinq.x-fays
T3 the Pd paste layer. The results are shown in Table 1 alcng.
with composition of the Pd paste. |

Then, the _printad green ceramié sheets with the Pd
Tasta layer were .placed one on another so that each Pd paste
laver was sandwiched between two g-een ceramic laye:s.. The
:esui‘:a.nt multi'layer'ed body cf. the'qreen ceramic sheets was
than sandwiched i:y a pair-of green ce:amic_ sheets with no Bd
paste layer, bonded by tnerr-ﬁal-compression, and then cut into
gresen ceranmic capa&itar chips with a2 reguired size. The
resultant green ceramic capacitor chips weTe heat-treated to
akousz 500 °C to remove the organic binder in the green chips,
arlid then further heated to and maintained at a2 temperature of
1300 °C for 2 hours, | thereby sintering the ceramic layers of
the capacitor -chi{:; . The resultant ceramic capacitor chips '
with internal electrodes were provided with external
e.l.eé.:r:éde_s by applying A§ paste on . oppos'ec}. sides of th§

This is'the replacement sheet -
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capacitor chips and then baking it at 750 °C to complete
mult;layer ceramic capacitors. |
For the Iresultant multilayer ceramic capacitor, esr
was measured and 10Q pieces .of the samples were cut in the
direction perpendicular to planes of the internal_ electrodes.
After .polishing the cut plane, thé samples were observed with
a microscope to determine occurrence of delamination between
the internal electrode and ceramic dielectric layer. The
results are shown in Table 1.
In Table 1, the'reference numerals with an asterisk
are specimens out Sf the scope of the present inventien, while

others are those falling within the scope of the present

invention.

This is the re_placemeht sheet
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Table 1

No. Pd paste d paste laye

-

eren

60 ¥ 2

e

Multilayer Ceramic Capacitor
mean Composition Thickness Roughness ~ ESR Delamination
5 size (wtd) of Pd Ra Rz (m)) (pieces)
: (um) Pd__Vehicle (um) {(um) __ (pm)
1 0.3 30 70 0.5 0.24 2.50 300 0/100
2 1.0 40 60 1.0 0.50 3.00 250 0/100
3 1.0 50 50 2.0 0.95 4.80 250 0/100
10 4% 0.2 50 50 2.0 0.95 4.85 250 3/100
5 1.8 50 50 2.0 1.85 6.00 800 0/100
6% 0.2 20 80 0.3 0.30 2.60 9500 0/100
7% 1.0 60 40 3.0 1.50 5.00 250 8/100

wous eweoejdel aul S| SiUL




-8 =

As can be seen from the results shown in Table 1,
the use of the Pd paste according to the present invention
enables to form Pd paste layer havinq.a metallic palladium
thickness of 0.5 to 2.0 um, a center-line mean roughness (Ra)
of not more than 1.0 gm and a ten-point mean roughness (Rz)
of not more than 5.0 pum. Further, the multilayer ceramic
capacitors of the present invention have good ESR of less than
300 m0 and no delamination between the éeramic dielectric
layers and the internal electrodes.

The cdnductive paste of the present invention has
been limited to those consisting essentially of 50 to 70 % of -
an organic vehicle and 30 to 50 % of a metal powder dispersed
therein, said ﬁétai powder having a size range of 0.1.to 1.5
pm and a mean particle size of 0.3 to 1.0 pm for the following
reasohs; | _

If the meén'particle size of the metal powder is
less than 0.3 um, shrinkage of the metal paste layer becomes'
-large when converting it intc a metal layer by firing,
resulting in occurrence of. ﬁhe delamination. between the
‘ceramic dielectric léyers and thé resultant metal layers
serving as the internal electrodes, like as specimen No.l4.-
. If the mean-particle'size of the Pd powder exceeds 1.0 ﬁm, the
center-line mean rouqhness_kRa) of the metal paste layer
becomes large, e.g., 1.85 um and the ten-point mean roughness
(Rz) becomes large, e.g., 6.00 pum like as specimen No. 5,
resulting in considerable increase in ESR of the multilayer
ceramic capacitor, e.g., 800 mn like as like as specimen No.

5. For these reasons, the mean particle size of the metal

This ls the replacement'she.et

Cate: 24 JUL 1996



-9 -
powder to be used l}as been limited to é value with in the
range of 0.3 pm te 1.0 um inclusive.

Further, the metal powder to be used is requ.lired to
has particle sizes ranging from 0.1 to 1.5 pm in addition to

the mean particle size defined as above. If the particle size

of tne metal poivder is less than 0.1 um, shrinkage of the

metal paste layer becomes large when c.onv'erting it into a
metal layer -by firing, resultimj in occurrehce of the
delamination between the ceramic dielectric layers and the
resultant metal layers serving- as the internal électrodgs.
If the particle sizé cf the metal powder exceeds more than 1.5
pm, it is impossible to obtain thin smooth metai paste layer.

The reasons why the content éf the metal powder has

peen limited to the above range are as follows: If the

content of the metal powder is less than 30 percent by weight

(wt%), the thickness of the metal in the. conductive metal
paste layer becomes lesé' than 0.3 um, 'resulting in con-
siderable inﬁrease in ESR of the multilayer ceramic capacitor,
e.g., 9500 mN), like as specimen No. 6. If the content of the
metal powder exceeds 50 wt¥, the thickness of the metal in the
conductive metal paste layer bhecomes l_a‘rtje, e.g., 3.0 um and
the center-line mean roughness (Ra) of the metal paste layer
becomes large, e.g., 1.5 pm, resulting in occurrence of the
delamination betweeﬁ the cera-mic' dielectric layers and the
resgl'tant metal layers serving as the interngl electrodes.
In the above examples, Pd powder is eﬁplcyed_ alone
as the metal powder.. However, the metal powder to be used is

not limited to the Pd powder. Similar results can be 6btained

This is.the repiacement sheet
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metal consisting of Ag, Au and Pt

Although € i
described in c:n h% present invention has beem fully
thereof, it i nestion with tbe‘ preferred embodiment
) , it is to be noted that various changes and xﬁod'f' )
a;:ts.ar.'e apparent to .those skilled in the art. Such c:' -
modifications are to be understood as included withiznz:s |
e

scope of the i
present invention as defined by th
e appended

claims unless they depart therefrom

This is-the replacement sheel
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“Date:



e

This Sheet Has Bee: - .
MG [ T s e
- - REPLACED
CLAIMS |
1. A conductive paste used for forming internal

electrodes of multilayer ceramic capacitors, consisting
essentially of 50 to.70 ¥ of an organic vehicle and 30 to 50
$ of a metal pdwder dispersed therein, said metal powder
having a particie size range of 0.1 to 1.5.ﬁm and a mean
particle size of 0.3 to 1.0 um. |

2. The conductive paste according to claim 1 wherein
said metal powder consists of Pd. _

3. The conductive paste according to claim 1 wherein
said metal powder consists of Pd and at least one metal
selected from the group consisting of Ag, Au and Pt.

4. A method ' for 'manufacturing multilayer ceramic
capacitors comprising the steps of forming a conductive paste
layer with a conductive paste by screen printing on green
ceramic sheets, stacking the resultant green ceramic sheets
to form a multilayered body,.and firing the multilayered body,
said conductive paéte consisting essentially of 50 to 70 % of
an organic vehicle and 30 to 50 % of-a-metal powder having a
particle size range of 0.1 to 1.5 zm and a mean particle size

of 0.3 to 1.0 pm.

S. The method according to claim 4 wherein said metal
powder consxsts of Pd.

6. The method according to clalm 4 wherein said metal
powder consists of Pd and at least one metal selected from the
group consisting of Ag, Au and Pt.

7. The methed aécérding to claim 4 wherein said
conductive paste layer is formed by applying said conductive

paste to a green ceramic sheet by screen printing so as to
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have a center-line mean roughness of not more than 1.0 km
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ten-point mean roughness of not more than 5.0 pm and a

.thickness of metal in the dried conductive paste layer of 0.5
to 2.0 um. . '
8. A conductive paste substantially as described with

reference to the Examples.

9. A method for manufacturing multilayer ceramic
capacitors substantially as described with reference to the

Examples.
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~ CONDUCTIVE PASTE AND ITS USAGE

- ABSTRACT OF THE DISCLOSURE

Thin, smooth cénductive layers for internal eledtfodes
of multilager ceramic capacitors are produced by a method
including the steps o_f .forming a conductive paste layer on a
green ceramic sheet with a condﬁctive paste by screen printing.
so as to have a center-line mean roughness of not more than
1.0 um, a tén-point' mean roughness of not more than 5.0 pm and
a thickness of metal in the dried conductive paste layer of
0.5 to 2.0 pm. The conductive paste consists— essentially of
S0 to 70 % of‘ an organic vehicle_and 30 to 50 ¥ of a metal
powder with a particle size range of 0.1 to 1.5 um and a mean

particle size of 0.3 to 1.0 um.
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Lt would also be desirable to be able to provide a methcd af
raoducing mulcilayer ceramic capacicaors which nave gacd
electrical properties and are free fram inrernal defects such as
delaminacion.
According ta the present inventiam, there is pravided a

conductive paste for ceramic capacitors consisting of between

more than S3% and 70% of am. organic vehicle and of betweenr lax

and less tham 50% of = metal powder dispersed thereim, said metzl

_Bowdexr comprising 'paiIa.d’iuut and having a particle size ranging

from 0.1 pm ta I.5 pm and having a mean particle size of C.3 po

to I.Q pm.

The metal powder may further comprise at least one metdl -

selected from the groug cons:.st::.ng of Ag, Au and Pt. If Bd is

used in combination. wil:h..al: Isast ocne other nchle metal, they may.

be mixed in any ratioc. _

The crgaﬁic'vehicleé is ée_ner_aﬂr ccmpoée.d of am o':génic:
binder‘.&'isgersed in an o'rg‘ar:ic:.' solvent. As an’ organ:r.c solvent,
any desired synthet:.c resin may be used, s:.ng:le or in
combznat:.on, inclu&mg' ethyl ce]‘.lulose, acryl:.c resin, alkyd
resin and other res:ns w:.dely used :.n the conventional conductive
paste for the im:ernal electrodes. As the orgaru.c solvent, any
d.es:.red solvent may be used singly or in combination, including
«-terpineol, kerosene and othgr soIvent_s widely used in the
conventional conductive paste for the in.telrnal electrodes.

Preferably, the conductive paste accofding to the present

" invention is applied ko a green ceramic sheet by screen printing

and then dried to form a conductive paste layer with a centre-

line mean roughness of not more than 1.0 gm, a ten-point mean

0o353-—3
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rcughness af not more than S.0 um and a mecal thickness of C.5 um
s 2.0 pm.
- According tg the presgent invertion, there is furcher

pravided a mechad for ma.nufacturing multilayer ceramic capacitors
comprising the steps of forming & canductive paste layer with z
canductive paste hl.r screen printing omr greemn céramic: sheetsg,
stacking the resultanc greern cé;amic: sheets to £foxm a
multilayered body, an& firing the multflayered bady, said

canductive paste consisting of betweerr more tham 50% and 70% of

an organic vehlicle and of betweerr I0% and less thao 50% of a

metzl powder, said metal powder comprising palladium and having =

_particle ‘size ranging from 0.L pm to L.5 pm and having a-.”meégr:

particle size of. 0.3 um and L.C um.

These and other features oﬁ the present inventiom will
become clear from the following examples.
— Al

.Usihg- Pd powder with the g_ért:icle.-size range of 0.1 ] to
1.5 pmw and a mean particle size of 0.3 xm to I1.0 am, several
samples of palladium p'aste.s,were -prepared‘ by mixing 20 to 60
weight percent of . palladium powde_z: and .80 to 40 welght percent of
an -orxganic véhicle' in the rat:ié shown in Table 1. The organic
veh_i;:le-. used was'p-reg-:a..red by dissolving ethyl cellulose, acrylic
resin and alkyd_iesin in x-terpineol.

Separate from the above, ceramic green sheets with a
thickness of 20 um were prepared by mixing a ceramic raw material

of a BaTio, system with a powder form with a suitable
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CLAIMS

L. A conductive paste for ceramic capacitaors consisting aof

between more than S0% and 70% of an organic vehicle and of

between 30% and less than 50% of a metal powder dispersed

therein, said metal powder comprising palladium and having a

particle size ranging from 0.I um to 1.5 um and having a mean

particle size of 0.3 pm ta 1.0 73, 8

2. A conductive paste according te claim I wherein said

metal powder further comprises at least one metal selected from

the group consisting of Ag, Au and Pt.

_}_. A meﬁhod- for manufacturing multilayer ceramic
‘capacitors comprising the steps of forming a conductive paste

. layer with a conductive paste by screen printing om greenx ceramic -
- sheets, stacking the resultant green ceramic sheets £o foﬁ a
.-m“l‘?il.aYerec"t body, and firing the multilayered body, said

conductive paste c;énsisting; of between more than 50% and 70% of _

an organic vehicle and of between 30% and less than 50% of a

metal'_ﬁ:owgler, said metal powder comprising palladium and having a

particle size ranging from 0.1 um to 1.5 pm and having a mean

particle size of 0.3 um and 1.0 um.

4. A method according to claim 3 wherein said metal powder

further comprises at least one metal selected from the group

consisting of Ag, Au and Pt.
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3. A methcd according ta claim 3 or claim 4 wherein said

rm—"  gupe—

canductive paste layer is farmed by applying said conductive

paste tg a green ceramic sheet by gacreen printing so as ta have a
centre-line mean rcughness of nat more than 1.0 pm, a ten-paint
mean roughness of not more than 5.0 pm and a chickness of metal

in the dried conductive paste layer of Q.5 pr ko Z.Q pm.

&. A conductive paste for ceramic capacitars suhsﬁanti;&l]’.y

as described with reference ta the Examples.

7.. A method for mamufacturing multilayer ceramic

capacitci:s substantially as described with reference ta the

Exanples.
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