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11ii1ii1nii 9600553-3 
, -: ' 

~ 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. 


