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CONDUCTIVE PASTE AND ITS USAGE ../ 
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~ The present invention relates to a conductive paste 

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 ce~amic composition, 

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 green 

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 conducti v~ 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 µm, dispersed in an org~n~p 
~. . ,.. .. .·. ~. 

vehicle, the organic vehicle being composed:, ~f an ,_organic 
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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 a~ply such a conductive paste to ceramic 

green sheets so that the resultant conductive layers have a 

dried thickness of 5 to 10 µm. If the thickness of the dried \ 

conductive paste layers is less than 5 µm,. 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 

µm, it is difficult to improve the capacitance-volume ratio 

of the multilayer ceramic capacitors. 

In order to meet demands for the miniaturization and 

densif ication 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 µm 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 good 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, said 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 o .1 to 1. 5 µm and a mean 

particle size of o.3 to l.O µm. 

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 Pd singly 

or in combination with at least metal selected from the group 

consisting of Ag, Au and Pt. If Pd is u~ed 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-terpineol, butyl carbitol, kerosene 

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. 

present invention is applied to a green ceramic sheet by 

screen printing and then dried to form a conductive paste 

layer with a center-line mean roughness of not more than l.O 

µm, a ten-point mean roughness of not more than s.o µm and a 

metal thickness of 0.5 to 2.0 µm. 

According to the present 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 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 µm and a mean 

particle size of 0.3 to 1.0 µm. 

These and other features of the present 

invention will become clear from the following examples. 

EXAMPLES 

Using Pd powder with the particle size range of O.l 

to i.s µm and a mean particle size of 0.3 to 1.0 µm, several 

samples of palladium pastes were prepared by mixing 20 to 60 

weight percent of palladium p_owder 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 resin and alkyd resin in a-terpineol. 

Separate from the above, ceramic green sheets with 

a thickness.of 20 µm were prepared by mixing a ceramic raw 

material of a BaTio3 system with a powder form with a suitable 

i 
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amount of an organic binder, polyvinyl butyral and a suitable 

amount of toluene to prepare a slurry and forming the 

resultant slurry into green ceramic sheets by the Doctor 

blade. 

Each conductive pasteprepared as above was applied 

to one surf ace of the green ceramic sheet by screen-printing 

and then dried to form a Pd paste layer. For the resultant 

Pd paste layers, the surf ace roughness was measured by a 

tracing type surf ace-roughness tester to determine the center-

1 ine mean roughness (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 capacit?r 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 temperature 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 
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capacitor chips and then baking it at 7 50 ° C to 

multilayer ceramic capacitors. 

For the resultant multilayer ceramic capacitor, esr 

was measured and lOQ 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. 



Table 1 

No. Pd paste Pd paste layer Multilayer Ceramic Capacitor 

mean Composition Thickness Roughness ESR Delamination 

5 size (wt%) of Pd Ra Rz (mO) (pieces) 
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Cuml Pd Vehicle .~Lwnl _ ____l_IDnL._C1.un1. 

0.3 30 70 0.5 o.24 2.so JOO 0/100 

1.0 40 60 1.0 0.50 3.00 250 0/100 

1. 0 so 50 2.0 0.95 4.80 250 0/100 

0.2 50 50 2.0 0.95 4.85 250 3/100 

1.5 so 50 2.0 1.85 6.00 800 0/100 

0.2 20 80 0.3 0.30 2.60 9500 0/100 

1.0 60 40 3.0 1.50 5.00 250 -- --- - 8/1.00 __ 
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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 Pd paste layer having a metallic palladium 

thickness of o. 5 to 2 .. o µ.m, a center-line mean roughness (Ra) 

of not more than 1.0 µ.m and a ten-point mean roughness (Rz) 

of not more than 5.0 µ.m. Further, the multilayer ceramic 

capacitors of the present invention have good ESR of less than 

3 oo mn and no delamination between the ceramic dielectric 

layers and the internal electrodes. 

The conductive 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 metal powder having a size range of 0.1 to 1.5 

µ.m and a mean particle size of o. 3 to 1. O µm for the following 

reasons. 

If the mean particle size of t~ metal powder is 

less than 0.3 µ.m, 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 l. o µ.m, the 

center-line mean roughness . (Ra) of the metai paste layer 

becomes large, e.g., 1.85 µ.m and the ten-point mean roughness 

(Rz) becomes large, e.g., 6.00 µm like as specimen No. s, 

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 
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powder to be used has been limited to a value with in the 

range of 0.3 µm to 1.0 µm inclusive. 

Further, the metal powder to be used is required to 

has particle sizes ranging from 0.1 to 1.5 µm in addition to 

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

of the metal powder is less than 0.1 µm, 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 size of the metal powder exceeds more than 1. 5 

µm, 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 th~ conductive metal 

paste layer becomes less than o. 3 µm, resulting in con-

sider able increase in ESR of the multi layer 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 becomes large, e.g., 3.0 µm and 

the center-iine mean roughness (Ra) of the metal paste layer 

becomes large, e.g., 1.5 µm, resulting in occurrence of the 

delamination between the ceramic 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 Pd powder. Similar results can be obtained 
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by use of a mixture of Pd powder and powder of at ·1east 

metal consisting of Ag, Au and Pt. 

Although the present invention has been 

described in conne~tion with the preferred embodiments 

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. 

·-
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CLAIMS 

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 powder dispersed therein, said metal powder 

having a particle size range of o .1 to l. 5 µm and a mean 

particle size of 0.3 to 1.0 µm. 

2. The conductive paste according to claim l wherein 

said metal powder consists of Pd. 

3. The conductive paste according to claim l 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 gr~en 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 µm and a mean particle size 

of 0.3 to 1.0 µm. 

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 Pd 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 

ten-point mean roughness of not more than 5. o µm 

thickness of metal in the dried conductive paste layer 

to 2. O µ.m. .• 

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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Thin, smooth conductive layers for internal electrodes 

of multilayer 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 µm, a ten-point mean roughness of not more t~an s.o µm and 

a thickness of metal in the dried conductive paste layer of 

0.5 to 2.0 µm. 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 O.l to 1.5 µm and a mean 

particle size of 0.3 to 1.0 µm. 

:". ·; 
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and its usaqe and, more particularly, to a conductive paste 

and a method for production of multilayer ceramic capacitors 

employinq the same as a material for internal electrodes of 

multilayer ceramic capacitors. 

With recent miniaturization and densification of 

electronic equipment, considerable proqress has made in 

miniaturization, enlarqemer:it in capacitance, and densification 

of multilayer ceramic capacitors. such multilayer ceramic 

capacitors are qenerally produced by the steps of preparinq 

ceramic green sheets with a dielectric ce~amic composition, 

applyinq a conductive paste oq respective qreen ceramic sheets 

by screen printinq, stacking and bonding the qreen ceramic 

sheets by thermocompression, cutting the resultant multilay­

ered body into green ceramic capacitor chips, firinq the qreen 

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 conducti v~ paste used in the above screen 

printinq is generally composed of _a metal powder, e.q~, Pd 

with a particle eize o-f 2 to s µm, dispersed in an organic 

.vehicle,· the orqanic vehicle being compo.seq of . an orqanic 
);."' 
~- . 
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binder such as ethyl cellulose or alkyd resin and ·a solvent 

~herefor. 

When producinq the multilayer ceramic capacitors, 

it is required to a~ply such a conductive paste to ceramic 

qreen sheets so that the resultant ·conductive layers have a 

dried thickness of 5 to 10 µm. If the thickness of the dried \ 

conductive paste layers is less than 5 µm, _ the internal 

electrode layers produced therefrom by f irinq are cracked and 

form a reticular structure, resultinq in deterioration of 

electric characteristics such as capacitance and ESR.. If the 

thickness of the dried conductive layers exceeds more than 10 

µm, it is difficult to improve the capacitance-volume ratio 

of the multilayer ceramic capacitors. 

In order to meet demands for the miniaturization and 

densif ication of electronic equ_ipment, it is required to make 

the dielectric layers thin as well-as to i~crease 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 µm are too thick to 

produce multilayer ceramic capacitors with qood reliability. 

The conductive paste lay~rs of the prior art cause insuff i­

cient removal of the orqanic binder and larqe internal 

stresses in the qreen ceramic capacitor chips, resultinq. in 

occurrence of internal defects such as delamination. 

It .would be desirable to be able . 

to.provide a conductive paste which overcomes the aforesaid 

disadvantaqes and enables formation of thin, smooth internal 

electrodes of multilayer ceramic capacitors by screen printinq. 

This is the replacement sheet 
. ~.. · .. ··'!:l-? 

.f ... ;~. 
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THIS SHEET HAS BEEN 
REPLAC.EO 

I~ would also be desirable to be able to 

provide a method of producinq multilayer ceramic capacitors 

which have good electrical properties and are free from 

internal defects such as delamination. 

According to the present invention, there is 

provided a condu~tive paste for internal electrodes of 

multilayer ceramic capacitors, said conductive paste consist­

inq essentially of so to 70 % of an organic vehicle and 30 to 

so % of a metal powder dispersed therein, said metal powder 

having a particle size range of o. l to l. 5 µm and a mean 

particle size of 0.3 to l.O µm. 

As a metal powder used in the above conductive 

paste, there may be u.sed any metals with good electric 

conductivity. However, it is most preferred to use Pd singly 

or in combination with at least metal selected from the group 

consisting of Ag, Au and Pt. If Pd is u~ed in combination 

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

ratio. 

The organic vehicle is generally composed of an 

orqanic binder dispersed in an orqanic sol vent. As an organic 

solvent, any desired syntheti~_resin may be used, singly or 

in combination,· including ethyl cellulose, acrylic resin, 

alkyd resin and other resins widely used in the conventional 

conductive pasta for the internal electrodes. As the organic 

solvent, any desired solvent may be used singly or in 

combination, includin9 a:-terpineol, b\ltyl carbitol'- kerosene 

and other solvents widely used in the conventional conductive 

paste for the internal ·electrodes. 

•,::· 
24 JUL 1998,-
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present invention is applied to a qreen ceramic sheet by 

screen printing and then dried to form a conductive paste 

layer with a center-~ine mean rouqhness of not more than i.o 

µm, a ten-point mean roughness of not more than s.o µm and a 

metal thickness· of 0.5 to 2.0 µm.· 

According to the present invention, there is further 

provided a method for manufacturing multilayer ceramic 

capacitors comprising the steps of forming a conductive paste 

layer with a conduc~i ve paste ·by screen printinq on qreen 

ceramic sheets, stacking the resultant green ceramic sheets 

to form a multilay~red body, and firing the multilayered body, 

said conductive past~ consisting essentially of 30 to so % of 

a metal powder and SO to 70 % of an organic vehicle, said 

metal powder having a size range of O.l to l.S µm and a mean 

particle size of 0.3 to l.O µm. 

These and other features of the present 

invention will become clear from the followinq examples. 

Ep.MPLES 

Using Pd powder with the particle size ranqe of o .1 

to i. s µm and a mean particle size of o. 3 to i .·o /,£m, seve~al 

·samples of palladium pastes were prepared by mixing 20 to 60 

weight percent of palladium P.owder and 80 to 40 weiqht percent 

of an organic vehicle in the ratio shown in Table l. The 

organic vehicle used weas prep~red by dissolving ethyl cel­

lulose, acrylic resin and alkyd. resin in ~-terpineol. 

Separate from the above, ceramic qreen sheets with 
~ 

a thickness of-20 µm were prepared by mixinq a ceramic raw 

material of a Ba.Ti03 system with a powder form wi~ a suitable 

.This Js the r~placement sheet: 
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amoun~ of an orqanic oinder, polyvinyl bu~y:-al and a suitable 

amcu::~ of toluene to prepare a slu:=y and f.1r.n.inq the 

:-esc.l-:an~ slurry into c;::een ceramic sheets ?:y t.'le Ooc:tor 

Each conductive pasteprepa:ed as above was applied 

·~=one surface of the q=een ceramic sheet by sereen-printinq 

an~ ~~en ciried to form a Pd paste laye: .. For the resultant 

~d ;:as~e layers, the surf ace rouqhness . was measured by a 

-:=a cine; type surf ace-rouqhness tester to dete..~in• t!le center­

li~e mean rouqhness (Ra) and ten~paint mean rouqhness (R:) 

speei!ied in Japanese Indust=ial Standa:d (JZS) B 0601. The 

t~ickness of Pd in the Pd paste laye= was deter.nined cy the 

i~:ansity of fluorescence X-rays emitted by a~plyinc;.x-rays 

t= ~!!e ?d paste layer. The rasult.s are shown in Tal:3le l alone; 

~i'!~. composition of the Pd paste. 

Then, the printed qreen ceramic sheets with 1:.'le Pd 

;as-:.a layer were placed one on anothe: so t.'lat eac..'1. Pd paste. 
. . 

laye= was sandwiched cetween two ;=een ceramic layers. The 

resultant multilayered body of the qreen ceramic sheets was 

then sandwiched by a pair of c;reen ceramic sheets with no Pd 

paste layer, bonded ~y thermal-compression, and.then cut into 

;=een ce=amic capacitor c:hi;is with a rec;uired size. 'the 

res~ltant qreen ceramic c:apacit~r chips we:e heat-treated to 

a=ou: soo •c to remove the or;anic binder in the qreen chips, 

and '!hen !urthe= heated to and maintained at a temperature of 

lJOO •c for 2 hours_, the=eby sinterinq the ceramic layers of 

the capacitor ·chips.~ The resultant ceramic capacitor chips· 

wit~ internal electrodes were provided with exte.-nal 
... 

elec:-:rodes ·by apply inc; Ac; paste on . oppose4 sides of the 

This is ·the. rep1acernent shee.t 
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capacitor chips and then baking it at 750 °C to . complete. 

multilayer ceramic capacitors. 

For the resultant multilayer ceramic capacitor, esr 

was measured and lOQ pieces of the samples were cut in the 

direction perpendicular to planes of the internal electrod·es. 

After polishing the c~t 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 l. 

In Table l, the reference numerals with an asterlsk 

are specimens out of the scope of the present invention, while 

others are those fall:ing within the scope Of the present 

invention. 

This is the rep\acem~nt sheet 
... 
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Table 1 

No. ed gaste fd easte lA~et Multila~e~ ceramic CAggcitor 

mean com1201ition Thickness Rou9hness ESR De lamination 

5 size (wt.\) of Pd Ra Rz (mO) {pieces) 

(um> Pd VehicJ.e (uml Cum> cum) 

l 0.3 lO 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 so so 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* 1.5 50 50 2.0 1.85 6.00 800 0/100 
~ 

6* 0.2 20 80 O.l 0.30 2.60 9500 0/100 

7* 1.0 60 40 3.0 1.50 5.00 2~0 8/100. 
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As can be seen from the results shown in Table l 
' 

the use of the Pd paste according to the present invention 

enables to form Pd.paste layer having a metallic palladium 

thickness of o. S to 2 .. O µm, a center-line mean roughness (Ra) 

of not more than l.O µm and a ten-point mean roughness (Rz) 

of not more than 5.0 µm. Further, the multilayer ceramic 

capacitors of the present invention have good ESR ot less than 

JOO mn and no delamination between the ceramic dielectric 

layers and the internal electrodes. 

The conductive paste of the present inven~ion has 

been limited to those consisting essentially of S~ to 70 % of · 

an organic vehicle and 30 to 50 % of a metal powder dispersed 

therein, said metal pqwder having a size range of O.l to l.5 

µm and a mean particle size of O. J tQ l. 0 µm for the following 

reasons. 

If the mean particle size of t~ metal powder is 

less·than 0.3 µm, 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 elect~odes, like as specimen No. 4. 

If the mean particle size of the Pd powder exceeds 1. o µm, the 

center-line mean roughness . ·(Ra) of the metai paste layer 

becomes large, e.g., l.85 µm and the ten-point mean roughness 

{Rz) becomes large, e.g., 6.00 µm like as specimen No~ s, 
resu~ting in considerable increase ~n ESR of the multilayer 

ceramic capacitor, e.g., 800 mn like as like a~ specimen No. 

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

This .i~ the replacement· she~ 

Date: ··~·4 JUL i996 
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powder to be used has been limited to a value with in the 

ranqe of 0.3 µm to l.O µm inclusive. 

FUrther, the metal powder to be used is required to 

has particle sizes ranqinq from 0.1 to l.S µm in addition to 
,.) 

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

of the metal powder is less than 0.1 µm, shrinkaqe of the 

metal paste layer becomes large when convertinq it into a 

metal layer by firinq, resultinq in occurrettce of the 

delamination between the ceramic dielectric layers and the 

resultant metal lay~~s serving as the internal electrod~s. 

If the particle size of t;h~ metal powder exceeds more than l. s 
~m, 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 ranqe are as follows: If the 

content of the metal powder is less· than 30 percent by weiqht 

(~t%), the thickness Of the metal in the. Conductiye metal 

paste layer becomes less· than o. J µm, resultinq in con­

siderable increase in ESR of the multilayer ceramic capacit~r, 

e.q.,·g~oo mn, like as specimen No. 6. If the content of the 

metal powder exceeds SO wtt, the thickness of the metal in the 

conductive metal paste layer becomes larqe, e.q., 3.0 µm and 

the center-iine mean roughness (Ra) of the metal paste layer 

becomes large, e.q., l.S µm, resulting in occurrence of the 

delamination between the ceraJl\ic· 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. Howev·er, the meta 1 powder to be used is . . . . 

not limited to the Pd powder. Similar results can be obtained 

This is. the rei:>lacement sheel 

Date: 2 4 JUL 1996 . 
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by use of a mixture of Pd powder and powder of at 'least on 

metal consisting of Ag, Au and Pt. 

Although the present invention has bee~ fully 

described in conne~tion with the preferred embodiments 

thereof, it is ~o 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. 

This is-tbe rep\acement sheet 

2. 4 JUL \996 
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THIS SHEET HAS BEEN 
REPLACED 

l• A conductive paste used for forming internal 

electrodes of multilayer ceramic capacitors, consisting 

essentially of SO to. 70 % of an organic vehicle and 30 to 50 

:!II of a metal powder dispersed therein, said metal powder 

having a particle size· range of o .1 to 1. 5 µm and a mean 

particle size of 0.3 to 1.0 µm. 

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 qroup 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, $tacking the resultant gr~en ceramic sheets 

to form a multilayered body, and firing the multilayered body, 

said con~~ctive paste consisting essentially of 50 to 70 % of 

an organic vehicle and 30 to 50 % of a metal powder having a 

particle size ranqe of 0.1 to i.s µm and a mean particle size 

of 0.3 to 1.0 µm. 

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 Pd and at least one metal selected from the 

group consisting of Ag, Au and .Pt. 

7. The method according to claim 4 wherein said 

~onductive paste layer is formed by applying said conductive 

paste to a green ceramic sheet by screen printing so as to 
This. is-the replacem,ent ehetH 
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have a center-line mean roughness of not more than l.O ,, ,..JQ, 

ten-point mean rol1ghness of not more than S. O µm and a 

thickness of metal in the dried conductive paste layer of o. 5 
to 2.0 µm. ~ 

8. A conductive paste substantially as descd.bed with 

reference to the Examples. 

9. A method ror manuracturing multilayer ceramic 

capacitors substantially as described with reference to the 

Examples. 

. THIS SHEET. HAS BEEN' 
REPLACED 

This i~.the replacement &~eel 

Oate: 2 4 JUL - ·--~ 
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CONDUCTIVE PA~TE AND ITS USAGE 

ABSTRACT OF THE DISCLOSURE 

Thin, smooth conductive layers for internal electrodes 

of multi layer ceramic capacitors are produced by a method 

including the steps of forming a conductive paste layer on a 

qreen ceramic sheet with a conductive paste by screen printinq 

so as to have a center-line mean rouqhness of not more than 

l.O µm, ~ten-point mean rouqhness of not more than s.o µm and 

a thickness of metal in the dried conductive paste layer of 

o.s to 2.0 µm.· The conductive paste consists essentially of 

so to 70 % of an orqanic vehicle and 30 to 50 t of a metal 

powder with a particle size range of 0.1 to l.5 µ111 and a mean 

particle size of 0."3 to l.O µm. 

This is. the replacement sheet 

· (?ate: 2 4 JUL 1996 
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!t •.o1ould also be desi:al::lle to be able c:o provide a met:hcd of 

p:oducing mulc:ilayer ce:amic capac~c:ors wh~ch have geed 

electrical properties and are free f:om in~ernal defects such as 

delaminacion.. 

Accord.in~ t:a. Che p:cesent:. in.vent:iart, t:.here: is pravide.d a 

c:ondu.c:ti.ve paste. for cera.m±.c: capaci.t:ors: c:onsist.ing: of bet:weeri 

more- than· S-a'= anci 70:~ cf. an:. a~ vehi.c:J.e and of. beeween: 30%: 

and:. l.ess:. t:harr SO'~ c;:r::C a met:a.J:. pawd"e:r d:i.siee-rse.d. theJ:ein~ said:.. met~ 

powdar compr.isi:.ag:- paliadiunt a:m£ ha.v.:i:ng; a pa:r:::t::icle s'iz.e ranging: 

f:ro= a. r. µ.m to: l:.. sr µ.m:. ·ancf: ha.v.ing;: .,_ mean; paJ::t±.c:I.e s:i:z:e o:E a:. 3 J.'Rt 

t:a I:.. a µ.m-_ • 

'!he:· meta!. powder may fw:t:her comp:cise at I.east: one met:a:l. 

selected. fJ:om the g:t:aup: c:cmsi:Stin9;; of 1tsr ~ AU. anci. Pt. :r..E Il'd is: 

_used. in. c:ombination:.. wf.t:h. at:. :teas.t one other nohie metal., they may. 

be mixed. in. aii.y z:atio:. 

'!ha o::i:::g:anic:·~l:tf.de is-· gene-rally composed o:f. an. o:t:ganic: . . . . . 

binder.-dispez:aed in. a~ ol:ganic: so:tvent:. :As- an· organic: sol.vent, 

any desired syuth~tie resbi: l'IJa.Y be: used,. sinsrle or in. 

combination·, including et:hyl cellulose, acrylic: resin; alkyd .. . . . . 

resin and ether res:tns widely ~secl. in the .conventionai conductive 

paste ~or the incerna1 eleccr9des.. As the organic solvent, any 

de~ired solven~ may be used singly or in combination, including 

a:-terpineol, kerosene and other solvents widely used in the 

conventional conductive pas~e for the internal elect:.rodes. 

Preferably, the conductive paste according to the present 

· invention is applied to a green ceramic .sheet by screen printing 

and then dried td form a conductive paste layer with a centre-· 
" :! 

line mean roughness of not more than l.O µm, a ten-point mean 
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roughness of not: more than s.a µm and a met:al ~hickness oe C.S µm 

c::~ z. a µ.m. 

According co the present inver.cion, there is Eur:her 

~rovided.. a method Eor manufact:.uring mu.it:~laye: ceramic capaci.t:ors 

comprising; the: st:eps of: Eorming- a condu.c:t:.i.ve. past:e la.yer wi.t:l:r a. 

conduct::ive: pas.t:.e by sere.err p:i::int:::f:nq- on:. g:ra~ c:erarrri.c: sheets, 

st::acking- t:h~ resul.c:anc. gi::e.en: ce;amic::: she.e.t:s: ta :form a 

muI.t:ilayered:. body, and: fil::in~ the muI.t::il.ayered. body, sai.d:. 

cond.Uct:i..ve past:.e. consist:insr of bet.ween: more t:han SQ%. ~ 70~ of 

an cn:::ganic. velr±.c:l:e. and.. of. betweetJ:. J:CI'l; and:. I.ess: tha.tt so~ of a 

metal. ~owder, sai~ me.t:a:I. powder c:omprisinsr palladiWlr ~ _ ?-ving- a 
" -

:ga::ct:icle: · s:lz:e:. rangi.."Ig- f:com- a.!.. J.mr t:o- I.. 5 µ.m· and havinsr a me~ 

particle: si.ze 0£. cr. l µ.m and. :t.-0: µm. 

'rhese. and. ot:her feat:ures- oE the present invention. will. 

become cl.ear from= the EoI.l_C?wing:- exa.mpies. 

· EX}\MPLE:S·· 

U-sing- Pd powder wi.t:h. the :paz:ticle. ·size range of. o . L ~nr _t:o 
~-·. 

1.. S: . j.tm and a me.cm pcu:ticl.e size· of a. 3 µlli t:o. Lo. µ.m, se.veraI. 
. . ~ 

sample& of palladium pastes.were prepared by mixing- 2.0 to 60 
. . . . 

weight percent of pa1ladium powd~r and-SO to 40 weight percent of 

an-organic vehicle:· in ~he rat:io shown in Table L. The o~ganic 

vehicle· .used was· prep~red by dissolving ethyl cellulose, acrylic 

re'sin and alkyd resin in a:-t:erpineol. 

Separate from the above, ceramic green sheets with a 

thickness of 20 µ.m were prepared by mixing a ceramic raw material 

of a BaTio1 syst:em with a ·powder form with a suitable 
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CU IMS 

l. A conductive paste for ceramic capacitors consisting~ 

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

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

there.in, said metal. powder comprising palladiu~ and having a 

particle size ranging- from a • :r. µ,m t:o l.. s µ:m and having a mean 

pa:i:::tic:le s-i2:e of. o. 3 µ.nr to l..-0 µ.m_ -
2.. A. conduct.ive: paste ac::c:orcling t:a: c:laim I. wherein. said 

meeal. powder fw:t.her comprlses; at: :Least one metal. selected from 

the. gz:oup consisting:- of Ag, Au. and Pt. 

· 3 . A method for manufacturing- mul.tilayer cera'ITlic 

· capacitors:. c:ompris:ing- the: s.teps of forming a con~uctive. paste. 

layer with:. a:. c:onduct:i.ve pas-.te by· sc::reen printing. on green ceramic: 

sheets,. stacking the resultant green. cex:amic· sheets to form a 

. mul.t:il.ayered body, and firing; the mul.tilayered :body, said 

cond"':lct:ive paste. ~onsisting of between more.than SO% and 70% of 

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

metal.pow~er, said meta1 powder comprising palladium and having a 

particle· size ranging from 0.1 µm to i.s µm and having a mean 

particle size of 0.3 µm and l.O p.m. 

4. A method according to claim 3 wherein said metal powder - -
further comprises at least one metal selected from the group 

consisting of ~g. Au and Pt. 

This is the· replacement ·sheet 
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S. A met:hcd according co claim J or claim 4 ~herein said -
conductive paste layer is formed. by applying said conductive 

pasee ~o a green ceramic sheet: by screen printing so as t:o have a 

centre-line mean roughness of not: more than L.O ~m. a t:en.-point: 

mean roughness of not: mare- t:han: :.a µ.rrr and. a. thickIIess: af met:al. 

in t:he dri.ed. c:onduc:ti.ve: paste: lay&r of a. ~ ~ t:o z. a µ.m _ 

fi. A.. c.onduc.t:i.ve pa:s.t:e Eor c:eramic: c:apac:lt:or~ aubst:antia:lly 

as: des:cribed. wi.l:h: refeJ:enc:e:. t:a: t:he Erxamp:les. 

T. -. A met:had for manufa.ct:w:ing; muI.t:iiayer ceramic: 

cai>acitors subatantiall.y as described.· wi.th. refeenc:e to t:h:e 

Examples· .. 


