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TITLE OF TSE INVENTION 

THIS SHEET HAS BEEN 
REPLACED 

Metal Thin Film having Excellent Transferability and 

Method of ?reoaring the Same 

::BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a metal. thin film 

which has excellent transferability, and a method of 

pr~paring the same. 
' . 

A metal thin· film obtained according to the present 

10 invention is so transferred that the same is applicable to 

a 'circfl.it which is provided on a substrate·; an electrQde 

for an electronic component, a display me~allic foil or 

the like, for example. 

Descriotion of the Backcrround Art 

15 Japanese Patent Laying-Open No. 1-42809 (1989) 

discloses a transfer technique which is employed for 

formi~g electroaes for an electronic component, more 

specifically, internal electrodes for a multilayer ceramic 

capacitor, for example. Such a transfer technique is 

20 evaluated as a technique which is effective for forming 

thin internal electrodes. 

In more detail, a thin-film-forming method such ~s 

vapour deposition or sputtering is known as a method of 

forming thin internal electrodes, i.e., metal thin films. 

25 while a plu:=ality of unfired ceramic green sheets are 
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laminated in order to prepare a multilayer ceramic 

capacitor, internal electrodes, which are provided between 

adjacent ones of the ceramic green sheets, must be formed 

in advance of lamination. However, it is difficult to 

5 directly form metal thin films on the ceramic green 

sheets, which are mechanically weak and hard to handle, by 

the aforementioned thin-film-forining method. In the first 

place, therefore, thin films for defining internal 

electrodes are formed on handleable films which are 

10 different from ceramic green sheets, and then transferred 

onto cer~mic green sheets, so that it is easy or possLple 

to form the metal thin films on the ceramic. green sheets. 

Thus, the internal electrodes are formed by metal 

thin films through a transfer technique, so that it is 

15 possible to reduce the .dimensions, particularly the 

thickness, of the as-formed multilayer ceramic capacitor. 

In addition, it is also possible to further homogenize the 

thickness in the laminated state along the direction of 

extension of the ceramic green sheet~. Due to the latter 

20 property, it is possible to reduce ~_possibility of 

inconvenience such as delamination after firing of the 

laminated ceramic green sheets. 

While the transfer technique enables formation of 

internal electrodes of metal thin films which provide some 

25 advantages in relation to a multilayer ceramic capacitor, 
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it is desirable that each metal thin film is completsly 

transferred onto a target surface with excellent 

transferability, in order to carry out the transfer 

technique. If the metal thin film is not completely 

5 transferred with a desired pattern by the transfer 

technique which is employed for forming an internal 

electrode for a multilayer ceramic ca-paci tor, for example, 

the as-formed multilayer ceramic capacitor is rendered 

_defective, as a matter of course. 

10 saMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 

provide a metal thin film having excellent transferasility 

and a method of preparing the same. · 

The metal thin ~ilm according to the present 

15 invention is provided with at least two layers, including 

a first metal layer which is formed on a film and a second 

metal !aye~ which is fo.I:!l\ed above the first metal layer. 

The first metal layer is formed by vapour deposition, while 

the second metal layer is formed by wet plating such as 

20 electroplating or electroless plating. 

Metals for forming the first and second metal layers 

may be different from or identical to each other. 

The first metal layer is formed of nickel, copper or 

silver, for example. The second metal layer is formed of 

25 nickel, copper or palladium, for example. 



THIS SHEET HAS BEEN 
REPLACED . ··-- •...... ·--·-· ·-

b==::::::: 4 

The film employed for forming the metal layers 

must have flexibility and heat resistance, as well as 

sufficient resistance against vapour deposition, wet 

plating and patterning with photoli thography or the 

5 like. such a film is prepared from a resin film of 

polyethylene terephthal.ate etc. , or a metallic foil of 

nickel, copper aluminium or the like. 

The metal thin film according to the present 

invention is prepared with excellent transferability, 

10 to be transferred onto a target of a ceramic green 

sheet, a ceramic material, a resin material, a metal 

or the like. As to transfer conditions, the metal 

thin film is first brought into contact with the 

target, and then transferred thereto under a pressure 
' 15 of 10 to 500 kg/cm2 at a temperature of 60 to 95°C, 

for example by so-called hot stamping. 

The present invention is based on the recognition 

that a metal thin film which is formed on a carrier 

film by vapour deposition generally has relatively 

20 weak adhesion with respect to the carrier film, i.e., 

it has excellent transferability. 

However, easiness of vapour deposition for 

for.ming a metal thin film depends on the type of metal 

used. Further, transferability of a metal thin film 

25 which is formed by vapour deposition also depends on 

the type of metal used. In order to attain the object 

of the present invention, therefore, it is necessary 

to prepare the material for the thin film, which is 

formed on a carrier film by vapour deposition, from a 

30 metal which is excellent in transferability and easy 

to deposit. However, a metal selected in 

consideration of easiness in vapour deposition and 

transferability ··is not necessarily suitable as an 

electrode material for a target electronic component 
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When a metal layer is formed only by 

vapour deposition along its overall thickness, 

further, a peel surface of the film is thermally 

denatured in the vapour deposition process, to require 

5 high peel strength or cause di ff icul ty in peeling. 

Further, the film is warped by residual stress of the 

metal layer which is obtained by vapour deposition. 

In addition, a long time is required for forming the 

metal layer due to a low vapour deposition rate, 

10 leading to increase in manuf~cturing cost. 

15 

According to the present invention, therefore, 

the first metal layer is formed of a metal which is 

selected 

deposition 

layer is 

in consideration of easiness in vapour 

and transferability, while the second metal 

formed above the first metal layer to 

compehsate for properties which are insufficient in 

the metal forming the first metal layer. The second 

metal layer can be formed of an optimum metal which is 

selected in consideration of 

/ 
/ 
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proper~ies required for an electrode for a target 

electronic component c= the like, since it is not 

necessary to consider easiness in vapour deposition and 

transferability. Further, the second metal layer also 

S compensates for the thickness of the first metal layer 

which is formed by vapor deposition in addition to 

compensating for insufficient properties of the first 

metal layer, to easily attain a thickness required for the 

overall metal thin film to be transferred. Thereforei the 

10 first and second metal layers may be formed of either 

diffefent or identical metals. 

According to the present invention, further, the 

second metal layer is fer.med by wet plating such as 

electroplating or electroless plating. When the second 

15 metal layer is formed above the first metal layer by wet 

20 

plating, adhesion of the first metal layer with respect to 
-

the film is not increased as compared with a case of 

forming a metal layer only by vapour deposition along its 

overall thickness. 

Thus, according to the present invention, the metal 

thin film is provided with at least two layers including 

first and second metal layers, so that the first metal 

layer is adapted to provide transferability while the 

second metal layer is adapted to provide properties which 

25 are required for an electrode for a target electronic 
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component or the like. The=efore, it is easy to satisfy 

both t=ansferability and other desired properties over 

the enti=e metal thin film. For exarn?le, a metal thin 

film having excellent transferability can be formed by a 

5 metal, which has not been suitable for transfer in 

general, to widen the range o~ metals that can be subjected. to 

transfer, while it is also possible to widen the range of 

application of the transferable metal thin film. 

Since it is easy to pattern a metal thin film which 

10 is formed on a film by photoetching, for example, a metal 
' 

thin film according to the present invention can be 

advantageously applied as an electrode for an electronic 

component, an internal or external conductor for a 

multilayer substrate, a conductor which is provided on a 

15 circuit board, a display metallic foil, or the like. 

The foreg~ing and other objects, features, aspects 

and advantages of the present invention will become more 

apparent from the following detailed descr~ption of the 

present invention when taken in conjunction with the 

20 accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing an embodiment of 

the present invention; and 

Fig. 2.is a sectional view showing another embodiment 

25 of the present invention. 
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DESCRiPTION OF THE EMBODIMENTS 

The following Exper~mental Examples were made 

accordincr to the oresent invention: - .. 
Exoerimental Examole 1 

5 Expe=imental Example 1 was adapted ·to prepare a 

transfer metallic foil. 

A film 1 was first prepared as shown in Fig. 1. This 

film 1 was prepared from polyethylene terephthalate, which 

is not deformed even under a temperature of about 100°C, 

10 and coated with silicon in order to further improve the 

' transferability of a metal thin film to be fanned. 

Then, a nickel deposition film 2 was formed on the 

film 1, as shown in Fig. 1. This nickel deposition film 2 

was formed by electron beam heating with an acceleration 

15 voltage of 10 kV under an atmosphere pressure of not more 

0-" than 5 x l Torr. The as-fanned nickel deposition film 2 

was 0.1 µmin thickness (comparative sample 1). 

Then, a nickel plating film 3 was formed on another 

nickel deposition film 2 by electroplating, as shown in 

20 Fiq. 1. The electroplating step was carried out with a 

current density of 1 A/dm 2 in a plating bath of 

sulfonamino acid, while setting the nickel deposition film 

2 and a nickel plate on minus and plus sides respectively. 

Such plating was performed for 3 minutes, to obtain the 

25 nickel plating film 3 of l µm in thickness (inventive 
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sample 1). 

Then, a nickel plating film 3 was formed on still 

another nickel deposition film·2 by electroless plating, 

in place of the aforementioned electroplating, as shown in 

S Fig. 1. The electroless plating step was carried out in 

an alkaline hydrazine bath at a liquid temperature of 

80°C. Such plating was performed for 4 minutes, to qbtain 

10 

the nickel plating film 3 of 1 µm in thickness (inventive 

sample 2). 

The aforementioned comparative sample 1 and the 

' inventive samples 1 and 2 were subjected to evaluation of 

transferability onto paper and plastic surfaces. First, 

the surfaces of the metal thin films, i.e., those of the 

nickel deposition film 2 in the comparative sample 1 and 

15 the nickel plating films 3 in the inventive samples 1 and 

20 

2, were coated with adhesive agents. Then, the metal thin 

films were transferred to the paper and plastic surfaces 

by hot stamping, with application of a pressure of 100 

kg/cm 2 for 10 seconds. 

According to the comparative sample 1, the metal thin 

film, i.e., the nickel deposition film 2, was transferred 

onto the paper and plastic surf aces when the hot stamping 

temperature was 100°C. In the inventive samples 1 and 2 1 

on the other hand 1 it was possible to transfer the metal 

25 thin films, i.e., the nickel deposition films 2 and the 
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nickel plating films 3, onto the paper and plastic 

surfaces at a temperature .of 80°C. 

In the aforementioned Experimental Example 11 similar 

results were obtained also when gold, silver and copper 

S were employed in place of nickel. Further 1 similar 

results we=e obtained also when at least two layers were 

prepared from such metals. 

Exoerimental Examole 2 

As shown in Fig. 2, a film 4 was first prepared from 

10 the same material as the film 1 employed in Experimental 

' Example 1. 

Then, a copper deposition film 5 of 0.1 µmin 

thickness was formed on the film 4 by vapour deposition 

under the same conditions as Experimental Example 1 

15 ( comparative sample 2) . 

20 

25 

Then 1 a nickel plating film 6 of l µm in thickness 

was formed on another copper deposition film 5 by 

electroplating under the same conditions as Experimental 

Example 1 (inventive sample 3). 

In addition, a nickel plating film 6 of 1 µm in 

thickness was formed on still another copper deposition 

film 5 by electroless plating, in place of the 

aforementioned electroplating, under the same conditions 

as Experimental Example 1 (inventive sample 4). 

In order to evaluate transferability of the 
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comparative sample 2 anc the inventive samples 3 and 4 1 

the following experiment was performed: 

A ~lurry was preparec from a nonreducing dielectric 

ceramic material which was mainly composed of bariu.iu 

5 titanate. The surfaces of the metal films, i.e., thos~ of 

the copper deposition film 5 in the comparative sample 2 

and the nickel plating films 6 in the inventive samples 3 

and 4, were coated with this slurry and dried to form 

ceramic green sheets 7, which were then pe~led. In the 

10 comparative sample 2, the copper deposition film 5 was not 

' in the least separated from the film 4, although the 

ceramic green sheet 7 .wa~ peeled. In the inventive 

samples 3 and 4, on the other hand, the copper deposition 

films 5 and the nickel plating films 6 were separated from 

15 the films 4 upon peeling of the ceramic green sheets 7. 

Then, the nickel plating films 6 of the inventive 

samples 3 and 4 were coated with photoresist films, and 

thereafter the metal thin films, i.e., the copper 

deposition films 5 and the nickel plating films 6, were 

20 patterned to form internal electrodes for ·multilayer 

ceramic capacitors by photoetching. 

Then, ceramic green sheets 7 of 10 to 15 µm in 

thickness were formed on the surfaces of the films 4, 

which were provided with the metal thin films 1 by a doctor 

25 blade coater. The ceramic green sheets 7 were formed of 
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the aforementioned slurry of a nonrecucing dielectric 

ceramic material. 

Then, a plurality of such ceramic gree~ sheets i were 

stacked with thermocompression bonding aPPlied to every stack, and 

s the films 4 were peeled after every thermocornpression 

bonding. In this case, the metal thin films were 

completely separated from the films 4. 

Each of the as-formed laminates were cut in 

dimensions for defining a single multilayer ceramic 

10 capacitor, fired and provided with external electrodes, 

thereby' forming a multilayer ceramic capacitor. 

The as-formed multilayer ceramic capacitor was 

smaller in thickness as compared with a conventional 

typical multilayer ceramic capacitor whose internal 

15 electrodes were formed by screen printing of metal paste, 

and its thickness was .further homogeneous along the 

direction of extension of the ceramic sheets. In 

addition, no deterioration of electric characteristics, 

such as reduction of capacitance, was observed since the 

20 internal electrodes exhibited no defects such as pores. 

Exnerirnental Examnle 3 

A film 1 was prepared in a similar manner to 

Experimental Example 1. 

Then, a copper deposition film 2 of 1 µm in thickness 

25 was formed on the film 1 by vapour deposition as shown in 
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... • 1 r.:.q. - ' unde= the same conditions as Exoerimental Ex~mple 

1 {comparative sample?)· 

Also, a copper deposition .film 2 of 0.1 

µm in thickness was formed on another film 1 by vapour 

S deposition as shown in Fiq. l, and a copper plating f~lm 3 

of 1 µm in thickness was formed on the copper deposition 

film 2 by electroplating under·the same conditions as 

Experimental Example 1 (inventive sample 5). 

Then, a copper plating film 3 of l µm in thickness 

10 was fo.z:mec on still another copper deposition film 2 by 

electroless plating in place of the aforementioned 

electroplating, under the same conditions as Experimental 

Example 1 (inventive sample 6). 

In order to evaluate transferability of the 

15 comparative sample 3 and the inventive samples 5 and 6, 

the following experiment was performed: 

A pair of 2 cm-square plates were prepared to hold 

each of the comparative sample 3 and the inventive samples 

5 and 6, and contact surfaces therebetween were fixed to 

20 each other with an adhesive agent. In this case, the 

plates were outwardly pulled to examine strength required 

for peeling the copper deposition film 2 from the film 1. 

The comparative sample 3 required peel strength of 3QOO g, 

while the inventive samples 5 and 6 required 2000 g 

25 respectively. 
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Fur~her 1 it was difficult to pattern the comparative 

sample 3 by photoetching, since the film 1 was extremely 

warped and it was difficult to obtain a flat surface. 

Exoerimental Exarnole 4 

5 A film l was prepared in a similar manner to 

Experimental Example 1. 

Then, -a nickel deposition film 2 of 1 µm in thickness 

was formed on the film 1 by vapour deposition as shown in 

Fig. l, under the same conditions as Experimental Example 

10 1 (comparative sample 4). 

A'lsc, a nickel deposition film 2 of 0.1 

µm in thickness was formed on another film 1 by vapour 
. 

deposition as shown in Fig. 1, and a nickel plating film 

of l µm in thickness was formed on the nickel deposition 

15 film 2 by electroplating under the same conditions as 

Experimental Example l {inventive sample 7) .. 

Then, a nickel plating film 3 of 1 µm in thickness 

was formed on still another nickel deposition film 2 by 

electroless plating, in place of the aforementioned 

20 electroplating, under the same conditions as Experimental 

Example l {inventive sample 8). 

The comparative sample 4 and the inventive samples 7 

and 8 were subjected to evaluation of transferability 

25 similarly to Experimental Example 1. In the comparative 
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sample 4, it was impossible to transfer the metal thin 

film even if hot stamping was performed at a temperature 

of 100°.c. Further, it was difficult to pattern the 

comparative sample 4 by photoetching since the nickel 
. 

s deposition film 2 was extr'emely cracked and the film 1 was 

so warped that it was difficult to obtain a flat surface. 

In the inventive samples 7 and 8, on the other hand, it 

was possible to transfer the metal thin films, i.e., the 

nickel deposition films 2· and the nickel plating· films 3, 

10 onto paper and plastic surfaces at a temperature of 80°C. 

Whi1e the present invention has been described in 

relation to Experimental Examples 1 to 4, the first and 

second metal layers may be prepared from arbitrary metals. 

The second metal layer may not necessarily be brought 

15 into contact with the first metal layer. For example, at 

least a single third metal layer may be provided between 

the first and second metal layers. In this case, the 

third metal layer may be formed by a method such as 

sputtering, electroplating, electroless plating or the 

20 like. 

The film for forming the first metal layer, which is 

prepared from resin, for example 1 may not inevitably be 

subjected to treatment for improving transferability, such 

as the aforementioned silicon coating. When th~ film 

25 itself is formed of a material which essentially has· small 

- 15 -
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adhesion with respect to a metal, it is not necessary to 

perform surface treatment for improving transferability. 

In addition to the aforementioned Examples, it is 

possible to form the following substance by properly 

S selecting materials for the first and second metal layers: 

A first metal layer which is prepared from copper and 

a second metal layer which is prepared from nickel are 

transferred onto a ceramic green sheet for a 

s.emiconducting ceramic capacitor. A plurality of such· 

10 ceramic green sheets are laminated and then fired so- 'that 

the san\e are vitrified. Thereafter re-oxidation treatment 

is performed to diffuse copper int:.0 the ceramic material and 
. 

convert grain boundaries of the semiconducting ceramic material 

into insulator states, thereby obtqining an intergranular-

15 insulated multilayer ceramic capacitor. 

Alternatively, a first metal layer of aluminium 

second metal layer of copper and a third metal layer of 
··~ 

aluminium may be transferred onto a ceramic green sheet. A 

plurality of such ceramic green sheets are laminated and 

20 then fired, so that the aluminium layers are converted.to 

Al20 3 layers, thereby preventing diffusion of copper. Such 

a technique is so applied· to preparation of a multilayer 

ceramic capacitor as to prevent the ceramic layer~ from 

diffusion.of copper for forming internal electrodes. 

25 Thus, it is possible to prepare a multilayer ceramic 
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capacitor which has small dispersion of characteristics, 

particularly capacitance. In this case, the second metal 

layer may be formed of nickel in place of copper, to-

at'tain a similar effect. 

The present invention is advantageously applicable to 

forming electrodes for an electronic component, more 

specifically, internal electrodes for a multilayer ceramic 

capacitor. For example, first, a capacitor can be 

obtained by the steps of transferring metal thin films 

10 onto ceramic sheets, and stacking the ceramic sheets . 

• Secondly, a capacitor can be obtained by the steps of 

transferring metal thin films onto a. ceramic block of a 

plurality of stacked ceramic sheets, further stacking.~ 

ceramic sheet on the ceramic block, transferring metal 

15 thin films onto the ceramic sheet, and repeating the last 

two steps. Thirdly, a capacitor can be obtained by the 

steps of forming a metal thin film on a film, forming a 

ceramic sheet on the surface of the film, which is 

provided with the metal thin film, peeling the ceramic 

20 sheet together with the metal thin film from the film, and 

stacking such peeled ceramic sheets. Fourthly, a 

capacitor can be obtained by the steps of forming a metal 

thin film on a film, forming a first ceramic sheet on the 

surface of the film, which i's provided with the metal thin 

25 film, stacking the first ceramic sheet on a second ceramic 



-----This Sheet Has B --

lllDIH !lllH iinr. 
18 

sheet, and peeling the film from the first ceramic sheet. 

Although the present invention has been described and 

illustrated in detail, it is clearly understood that-the 

same is by way of illustration and example only and is not 

5 to be taken by way of limitation, the scope of the present 

invention being limited only by the terms of the appended 

claims. 

I 
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CLAIMS: 

l. A metal thin film having excellent 

transferability, said film comprising: 

a first metal layer formed by vapour deposition; 

5 and 

a second metal layer formed ·on said first metal 

layer by wet plating. 

2 .• A metal thin film in accordance with claim 1, 

wherein said wet plating is electroplating. 

' 
10 3. A metal thin film in accordance with claim 1, 

wherein said wet plating is electro less plating. 

4. A metal thin film in accordance with claim 1 or 2 

or 3, wherein said first and second metal layers are 

formed of dif~erent metals. 

15 5. A metal thin film in accordance with claim 1 or 2 

or 3 wherein said first and second metal layers are 

formed of the same type of metals. 

6. A method of preparing a metal thin film having 

excellent transferability, said method comprising the. 

20 steps of: 
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forming a first metal layer by vapour deposition; 

and 

forming a second metal layer on said first metal 

layer by wet plating. 

5 7. A method of preparing a metal thin film in 

accordance with claim 6, wherein ·said wet plating is 

electroplating. 

a. A method of preparing a metal thin film in 

accordance with claim 6, wherein said wet plating is 

10 elect;roless plating. 

9. A method of manufacturing a ceramic electronic 

component comprising a ceramic sheet and an electrode 

formed on said ceramic sheet, said method comprising: 

forming a first _metal layer on a carrier by 

15 vapour deposition; 

forming a second metal layer above said first 

metal layer by wet plating; and 

transferring said first and second metal layers 

onto a ceramic sheet. 

20 10. An electronic component including a metal thin 

film as claimed in any of claims 1 to 5, or a metal 

thin film manufactured by a method as claimed in any 

lii1i1i1iHr 
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11. An electron~c component as claimed in claim 10 

and comprising a ceramfc sheet and one or more said 

metal thin films. 

5 12 . An electronic· component as claimed in claim 11 

and comprising a ceramic capacitor. 

13. An electronic component as claimed in claim 12 

and comprising a multilayer ceramic capacitor 

comprtsing a plurality of ceramic sheets and said thin 

10 metal films. 



1 

., THIS SHEET HAS BEEN 
REPLACED 

ABSTRACT OF THE DISCLOSURE 

A metal thin· film having excellent 

transferability is provided in order to facilitate 

formation of an internal electrode for a multilay~r 

5 ceramic capacitor, for example, · by a technique of 

transferring a metal thin film. A first metal layer 

(2) of nickel or copper is formed on a carrier film 

( 1) by vapour deposition, and then a second metal 

layer (3) of nickel or copper is formed thereon by wet 

10 plat~ng such as electroplating or electroless plating, 

thereby providing a metal thin film comprising the 

first and second metal layers ( 2 and 3) which can 

readily be transferred. 

' 
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Metal Thin Film having Excellent Transferability and 

Method of Preparing the Same 

::BACKGROUND OF THE INVENTION 

Field of the Invention 

·The present invention relates to a metal thin film 

which has excellent transferability, and a method of 

preparing the same. 

A metal thin film obtained _according to the present 

invention is so transferred that the same is appli.cable to 

a circuit"· which is provided on a substrate, an electrQde 

for an ~lectronic component, a display metallic foil-or 

·the like, for example. 

Descriotion of the Backaround .Art 

Japanese Patent Laying-Open No. 1-42809 (1989) 

discloses a transfer techniqu·e which is employed for 

forming electrodes for an electronic· component, more 

specifically, internal electrodes for a multilayer ceramic 

capacitor, for example. Such a transfer technique is 

evaluated as a technique whic~ is effective for forming 

thin.internal electrodes. 

In more detail, a thin-film-forming method such ~s 

vapour deposition or sputtering is known as a method of 

form~ng thin internal electrodes, i.e., metal thin.films. 

·While a plurality of unfired ceramic green sheets are 
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laminated in order to prepare a multilayer ceramic 

capacitor, internal electrodes, which are provided between 

adjacent ones of. the ceramic green sheets, must be formed 

in advance of lamination. However, it is difficult to 

directly form metal thin films on the ceramic green 

sheets, which are mechanically weak and hard to handle, by 

the aforementioned thin-film-forming method. In the first 

place, therefore, thin films for defining internal 

electrodes are formed on handleable films which are 

different from ceramic green sheets, and then transferred 

onto ceramic green sheets, so that it is easy or possiple 

to form the metal thin fi~ms on the ceramic. green sheets. 

Thus, the internal electrodes are formed by metal 

thin films through a trans~er technique, so that it is 

possible to reduce the .dimensions, particularly the 

thickness, of the as-formed multilayer ceram~c capacitor. 

In addition, it is also possible to further homogenize the 

thickness in the laminated state along the direction of 

extension of the ceramic green sheet~. Due to the latter 

property, it is possible to reduce ~ possibility of 

inconvenience such as delamination after firing of the 

lamin~ted ceramic green sheets.· 

While the transfer technique enables formation of 

internal electrodes of metal thin films which provide some 

advantages in relation to· a multilayer ceramic capacitor, 
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it is desirable that each metal thin film is completely 

transferred onto a tar~ec surface with excellent 

transferability1 in order to carry out the transfer 

technique. If the metal thin film is not completely 

transferred with a desired .Pattern by the transfer 

technique which is employed for forming an internal 

electrode for a multilayer ceramic capacitor, for example 1 

the as-fo.rmed multilayer c;eramic capa.citor is rendered 

defective, as a matter of course. 

saMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 

provide a metal thin film having excellent transferaaility 

and a method of preparing the same. · 

The metal thin £ilm according to the prt!sent 

invention is·provided with at least two layers, including 

a first metal layer which is formed on a film and· a second 

metal ~ayer wh~ch is formed above the first metal layer. 

The first· metal layer is formed by vapo\Jr deposition, while 

the second metal layer is formed by wet plating such as 

electroplating or electroless plating. 

Metals for forming the first and second metal layers 

may be different from or identical to each other. 

The first metal layer is formed of nickel, copper or 

silver, for· example. The second inetal layer is formed of 

nickel, copper or palladium, £.or example. 
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The film employed for forming the metal layers 

must have flexibility and· heat resistance, as well as 

sufficient resistance against vapour deposition, wet 

plating and patterning with photolithography or the 

like. Such a film is prepared from a resin film of 

polyethylene terephtha~a~e etc., or a metallic foil of 

nickel, copper aluminium or the li~e. 
The metal thin film according to the present 

invention is prepared with excellent transferability, 

to be transferred_ onto a target of a ceramic green 

sheet, a ceramic material, a resin material, a metal 

or the like. As to transfer conditions, the metal 

thin· film is first brought into contact with the 
-

target, and then transferred thereto under a pressure 

of 10 to 500 kg/cm2 at a temperature of 60 to 95°C, 

for example by so-called hot stamping. 

The present invention is based on the recognition 

that a metal thin film which is formed on a carrier 

film _by vapour deposition ge~erally has relatively 

weak adhesion with ·respect to the carrier film, i.e., 

it has excellent transferability. 
However,_ easiness of vapour deposition for 

fo%;Ining a metal thin film depends on the type of metal 

used. Further, transferability of a metal thin film 

which is formed. by vapour deposition also depends on 

the t:YPe of metal used. In order. to attain the object 

of the present invention, therefore, it ·is necessary 

·to prepare the material for the thin film, which is 

formed on a carrier film by vapour deposition, from a 

metal which is excellent· in transferability and easy 

to deposit. However, a metal selected in 

consideration of easiness in vapour deposition and 

transferability is not necessarily suitable as an 

electrode material for a· target electronic component 
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layer is formed only by 

its overall thickness, 

the film is thermally 

denatured in the vapour deposition process, to require 

~igh peel strength or cause difficulty in peeling. 

Further, the film is warped by residua:! stress of the. 

metal lay.er which ·is obtained by vapour deposition. 

In addition, a long time is required for forming the 

metal layer due to a low vapour deposition rate, 

leading to increase in manuf~cturing cost. 

According to the present invention, therefore, 

the first metal layer is formed of a metal which is 

selected in consideration of easiness in vapour 

deposition and transferability,. w~ile the second metal 

layer is formed above the first metal layer to 

compensate for properties which . are insufficient in 

the metal forming the first metal layer. The second 

metal layer can be formed. of an optimum metal which is 

selected in consideration of 
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properties required for an electrode for a tarqet 

electronic component or the like, since it is not 

necessary to consider easiness in vapour .. deposition and .. 
transferability. Further, the second metal layer also 

compensates for the thickness of the first metal layer 

which is formed by vapor deposition in addition to 

compensating for insufficient properties of the first 

metal layer,· to easily attain a thickness required for the 

overall metal thin film to be transferred. Therefore; the 

first and second· metal layers may be formed of either 

different or identical metals. 

According to the present invention, further, the 

second metal layer is formed by wet plating such as 

electroplating or electroless plating. Wh~n the second 

metal layer is formed above the first metal layer by wet 

plating, adhesion of the first metal layer with respect to 

the film is not increased as compared with a case of 

fo:cminq a metal layer only by vapour deposition along its 

overall thickness. 

Thus, according to the present invention, the metal 

thin film is provided with at least tWo layers including 

first and second metal layers, so that the first metal 

layer is adapted to provide trt!;nsferability while the 

second metal layer is adapted to provide properties which 

are required for an electrode for a tarqet electronic 
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component or the like. Therefore, it is easy to satisfy 

both transferability and other desired properties over 

the entire metal thin film. For example, a metal thin 

film having excellent t:ansferability can be formed by a 

metal, which has not been suitable for transfer in 

general, to widen the range of metals that can be subjected. to 

transfer, while it is. also possible to widen the range of 

application of the transferable metal thin film. 

Since it is easy to pattern a metal thin film which 

is formed on a film by photoetching, for example, a metal 

thin film according to the present invention can be 

advantageously applied as an electrode for an electronic 

component, an int~rnal or external conductor for a ., 
multilayer substrate, a conductor which is provided on a 

circuit board, a display metallic foil, or the like. 

The foregoing and other objects'· features, aspects 

and advantages of the ·present invention-will become more 

apparent from the following qetailed descr~ption of the 

present invention when taken in conjunction with the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing an embodin\ent of 

the present invention; and 

· Fig. 2 is a sectional view showinq another ~mbodiment 

of the present invention; 
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DESCR~PTION OF THE EMBODIMENTS . ' 

The following Experimental Examples were made 

according to the present invention: 

Exoerimental Examole 1 

Experimental Example 1 was adapted to prepare a 

transfer metallic foil. 

A film. l was first prepared as shown in Fiq. 1. This 

film l was prepared from polyethylene terephthalate, which 

is not deformed even under a temperature of about 100°C, 

and coated with silicon in order to further improve the 

transferability of a metal thin film to be fo.oned. 

Then, a nickel deposition fi~m 2 was foJ:Ined on the 

film l, as shown in Fiq. l. This nickel deposition film 2 

' was formed by electron beam heating with an acceleration 

voltage of 10.kV under an atmosphere pressure of not more 

0
-4 than 5 x l Torr. The as-formed nickel depos.ition film 2 

was 0.1 f.llll in thickness (comparative sample l). 

Then, a nickel plating film 3 was formed on another 

nickel deposition film 2 by electroplating, as shown in 

Fig. l. The electroplating step was carried out with a 

current density of l A/dm 2 in a plating bath of 

sul;onamino acid, while setting the nickel deposition film 

2 and a nickel plate on minus and plus sides respectively. 

Such plating was performed for 3 minutes, to obtain the 

nickel plating film 3 of 1 µm in thic)(ness (inventive 
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sample 1). 

Then, a nickel plating film 3 was formed on still 

another nickel deposition film 2 by electroless plating, 

in place of the aforementioned electroplating, as shown in 

Fig. 1. The electroless plating step was carried out in 

an alkaline hydrazine bath at a liquid temperature of 

S0°C. Such plating was performed for 4 minutes, to ~btain 

the nickel plating film 3 of 1 µm in thickness (inventive 

sample 2). 

The aforementioned comparative sample 1 and the 

inventive samples 1 and 2 were subjected to evaluation of 

'!:ransferability onto paper and plastic surfaces. First, 

the surfaces of the metal thin films, i.e., those of the 

nickel deposition film 2 in the comparative sample 1 and 

the nickel plating films 3 in the inventive samples.land 

·2, were coated with adhesive agents. Then, the metal thin 

films were transferred to the paper and plastic surf aces 

by hot stamping, with application of a pressure of 100 

kg/cm2 for 10 seconds. 

According to the comparative sample 1, the metal thin 

film, i.e., the nickel deposition film 2, was transferred 

onto the paper and plastic su~f ac~s when the hot stamping 

temperature was 100°C. In the inventive samples 1 and 2, 

on the other.hand, it wis possible to tr~n~fer the metal 

thin films, i.e., the nickel deposition films 2 and the 
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nickel plating films 3, onto the paper and plastic 

surfaces at a temperature of 80°C. 

In the aforementioned Experimental Example 1, similar· 

results were obtained also when gold, silver and copper 

were employed in place of nickel. _Further, similar 

results were obtained also when at least two layers were 

prepared from such metals. 

Exoerimental Examole 2 

As shoW?l in Fig. 2, a film 4 was first prepared from 

the same material as the.film l employed in Experimental 

Example l. 

Then, a copper deposition.film 5 of O.l µmin 

thickness was formed on the film 4 by vapour deposition , 
under the same conditions as Experimental Example l 

(comparative sample 2). 

Then, a nickel plating film 6 of l J.Ull in thickness 

was formed on another copper depositi~n film 5 by 

electroplating under the same qonditions as Experimental 

Example l (inventive sample 3). 

In addition, a nickel plating film 6 of 1 µ.min 

thickness was formed on still another copper deposition 

film S by electroless plating, in place of the 

aforementioned eiectroplating, under the same conditions 

as Experimental Example 1 (inventive sample 4). 

In order to evaluate transferability of the 
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comparative sample 2 anc the inventive samples 3 and 4, 

the following experiment was performed: 

A ~lurry was prepared from a nonreducing dielectric 

ceramic material which was mainly composed of barilli" 

titanate. The surfaces of the metal films, i.e., those of 

the copper deposition film 5 in the comparative sample 2 

and the nickel plating films 6 in the inventive samples 3 

and 4, were coated with this slurry and dried to form 

ceramic green sheets 7, which were then pe~led. In the .. 
comoarative S2.!'llole 2, the coooer· deoosition film 5 was not - . - ... .. -
in the least separated from.the film 4, although the 

ceramic green sheet 7 .Wa!? peeled. In the inventive 

samples 3 and 4, on the other h~nd, the copper deposition 

films 5 and the nickel plating films 6 were separated from 

the films 4 upon peeling of the ceramic green sheets 7. 

Then, .the nickel plating films 6 of the inventive 

samples 3 and 4 were coated with photoresist films, and 

thereafter the metal thin films, i.e., the copper 

depos~tion films 5 and the.nickel plating films 6, were 

patterned to form internal electrodes for multilayer 

ceramic capacitors by photoetching. 

Then, ceramic green sheets 7 of 10 to 15 µm in 

thickness were formed on the surfaces of the films 4, 

which were provided with the metal thin films, by a doctor 

blade coater. The ceramic green sheets 7 were formed of 
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the aforementioned slurry of a nonrec~cing dielectric 

ceramic material. 

Then, a plurality of such ceramic qree~ sheets 7 were 

stacked with thermocompression bondincr applied to every stack, and 

the films 4 were peeled after every thermocompression 

bonding. In this case, the metal thin films were 

completely separated from the films 4. 

Eac~ of the as-fo:oned laminates were cut in 

dimensions for defining a single multilayer ceramic 

capaci~or, fired and provided with extarnal electrodes, 

thereby for.ning a multilayer ceramic capaci~or .. 

The as-foJ:Ined multilayer ceramic capacitor was 

smaller in thickness as compared with a conventional 

typical multilayer ceramic capacitor whose internal 

electrodes were formed by screen printing of metal paste, 

.and its thickness was .further homogeneous along the 

direction of extension of the ceramic.sheets. In 

addition, no deterioration of electric characteristics, 

such as reduction of capacitance, was observed since the 

internal electrodes exhibited no defects such as pores. 

ExDerimental Examole 3 

A film 1 was prepared in a similar manner to 

·Experimental Example 1. 

T~en, a copper deposition film 2 of l µm in thickness 

was formed on the film 1 by vapour deposition as shown in 

-
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Fig. !, under the same conditions as Experimental Exc!mple 

! (comparative sample .3). 

Also, a copper deposition .film 2 ot 0.1 

µm in thickness. was formed on another f i.lm 1 by vapour 

deposition as show-n in Fie;. !, and a copper plating f_ilm 3 

of l µm in thickness was formed on the copper deposition 

film 2 by electroplating under·the same conditions as 

Experimental Example l (inventive sample 5} . · 

Then, a copper.plating film 3 of! µmin thickness 

was foz:mec on still another copper deposition film 2 by 

electroless plating in place of the aforementioned 

electroplating, under the same conditions as ExperL~ental 

Example 1 (inventive sample 6) • 

In order to evaluate transferability of the 

comparative sample 3 and the inventive samples 5 and.6, 

the following eXperiment was performed: 

A pair of i cm-square plates were prepared to hold 

each of the comparative sample 3 and the inventive samples 

5 and 6, and contact surfaces therebetween were fixed to 

each other with an adhesive agent. In this case, the . . . 

plates were outwardly pulled to examine strength required 

for peeling the copper deposition film 2 from the film 1. 

The comparative sample 3 required peel strength of .3000 g, 

while the inventive samples 5 and 6 required 2000 q 

respectively. 

. -·---------------
... 
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Further, it was difficult to pattern the comparative 

sample 3 by photoetchinq, since the film 1 was extremely 

warped and it was difficult to obtain a flat surface. 

Exoerimental Examole 4 

A film l was prepared in a similar manner to 

Experimental Example 1. 

Then, a nickel deposition film 2 of 1 µm in thickness 

was formed on the film 1 ~y va~ deposition as shown in 

Fig. 1, under the same conditions as Experimental Exa~pl~ 

1 (comparative sample 4) . 

Also, a nickel deposition film 2 of 0.1 

µm in thi~kness was formed on another film 1 by vapour 
. . 

deposition as shown in Fiq. l, and a nickel platinq film 

of l µm in thickness was formed on the nickel deposition 

film 2 by el·ectropla ting under the sa.rne conditions· as 

Experimental Example 1 (inventive sample 7) .. 

Then, a nickel plating film 3 of l µm in thickness 

was formed on still another nickel deposition film 2 by 

electroless platinq, in place of the aforementioned 

electroplating, under the same conditions as Experimental 

Example 1 (inventive sample 8). 

The comparative sample 4 and the inventive samples 7 

and 8 were ·subjected to evaluation of transferability 

similarly to Experimental Example 1. In the comparative 

.... 
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sample 4, it was impossible to transfer the metal thin 

film even if hot stamping was performed at a temperature 

of l00°c. Further, it was difficult to pattern the 

comparative sample 4· by photoetching since the nickel 

deposition film 2 was extremely cracked and the film 1 was 

so warped that it was difficult to obtain a flat surface. 

In the inventive samples 7 and 8, on the other-hand, it 

was possible to transfer the metal thin films, i.e., the 

nickel deposition films 2· and the nickel plating: films 3,_ 

onto paper and plastic surfaces at a temperature of 80°C. 

While the present invention has been described in 

relation to Experimental Examples 1 to 4, the first and 

second metal layers may be prepared from arbitrary metals. 

The second metal layer may not necessarily be brought 

into contact with the first metal layer. For example, at 

least a single third metal la~er may be provided between 
. 

the first and second metal layers. In this case, the 

third metal layer may be formed by a method such as 

sputtering, electroplating, electroless plating or the 

like. 

The film for fanning the first metal layer, which is 

prepared from resin, for example, may not inevitably be 

subjected to treatment for improving transferability, such 

as the aforementioned silicon coating. When the· film 

itself is formed of a material which essentially has small 
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adhesion with respect to a metal, it is not necessary to 

perform surface treatment for improvin~. transferability. 

In addition to the aforementioned Examples, it is 

possible to form the following substance by properly 

selecting materials for the first and second metal layers: 

A first metal layer which is prepared from copper and 

a second metal layer which is prepared from nickel are 

transferred onto a ceramic green sheet for a 

semiconducting ceramic capacitor. A plurality of such· 

ceramic green sheets are laminated and then fired so that 

the same are vitrified. Tnereafter re-oxidation treatment 

is performed to diffuse copper in"CO the ceramic material and 
. 

convert grain boundaries of th~ semiconducting ceramic material 

into insulator states, thereby obtaining an intergranular-

insulated multilayer ceramic capacitor. 

Alter~atively, a first metal layer of alum:inimn 

second metal layer of copper and a third metal layer of 
... "' 

aluminimn may be transferred onto a ceramic green sheet. A 

plurality of such ceramic green sheets are laminated and 

then fired, so that the aluminium layers are converted.to 

Al203 _layers, thereby preventing diffusion of copper. Such 

a technique is so applied to preparation of a multilayer 

ceramic capacitor as to prevent the ceramic layers from 

diffusion.of copper for· forming internal electrodes. 

Thus, it is possible to prepare a multilayer ceramic 

,. 
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capacitor which has small dispersion of characteristics, 

particularly capacitance. In this case,-· the second metal 

layer may be formed of nickel in place of copper, to-

attain a similar effect. 

The present invention is advantageously applicable to 

forming electrodes for an electronic component, more 

specifically, internal electrodes for a multi layer ce·ramic 

capacito~. For example, first, a capacitor can be 

obtained by the steps of transferring metal thin films 

onto ceramic sheets, and stacking the ceramic sheets. 

Secondly, a capacitor can be obtained by the steps of 

transferring metal thin films onto a ceramic block of a 

plurality of stacked ceramic sheets, further stacking.~ 

.ceramic sheet on the ceramic block, transferring metal 

thin films onto the ceramic sheet, and repeating the last 

~wo steps. Thirdly, a capacitor can be obtained by the 

steps of forming a metal thin film on a film, forming a 

ceramic sheet on the surface of the film, which is 

provided with the metal thin film, peeling the ceramic 

sheet together with the metal thin film from the film, and 

stacking such peeled ceramic sheets. Fourthly, a 

capacitor can be obtained by the steps of forming a metal 

thin film on a film, forming a first ceramic sheet on the 

surface of the film, which i"s provided with the metal thin 

film, stacking the first ceramic sheet on a second ceramic 

.. 



18 

sHEET 
RE.PLACEMENT 

21 AUG .. ~.; ..... 
oate : ............ . 

sheet, and peeling the film from the first ceramic sheet. 

Although the present invention has been described and 

illustrated in detail, it is clearly understood that-the 

same is by way.of illustration and example only and is not 

to be taken by way of limi"tation, the scope of the present 

invention being limited only by the terms of the appended 

claims. 
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·CLAIMS: 

1. A metal· thin film having excellent 

transferability, said film comprising: 

a first metal layer formed by vapour deposition; 

and 

a second metal layer formed· ·on said first metal 

layer by wet plating. 

2. A metal thin film in accordance with claim · 1, 

wherein said wet plating is electroplating. 

3. A metal thin film in accordance with claim 1, . 

wherein said wet plating is electroless plating .. 

4. A metal thin film in accordance with claim 1 or 2 

or 3, wherein said first and second metal layers are 

formed of dif+erent metals. 

5. A metal thin film in accordance with claim 1 or 2 

or 3 wherein said first and second metal layers are 

formed of the same type of metals. 

6. A method of preparing a metal thin film having 

excellent transferability, said method comprising the 

steps of: 

,. 
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forming a first metal layer by vapour deposition; 

and 

forming a second metal layer on said first metal 

layer by wet plating. 

7. A method of preparing a metal thin film in 

accordance with claim 6, wherein "said wet plating is 

electroplating. 

a. A method of preparing a metal thin film in 

accordance with claim· 6, wherein said wet plating is 

electroless plating. 

9. A method of manufacturing a ceramic electronic 

componen~ comprising a ceramic sheet and an electrode 

formed on said ceramic sheet, said method comprising: 

forming a first· metal layer on a carrier by 

vapour deposition; 

forming a second metal layer above said first 

metal layer by wet plating; and 

transferring said first and second metal layers 

onto a ceramic sheet. 

10. An electronic component including a metal thin 

film as claimed in any of claims 1 to s, or. a metal 

thin film manufactured by a method as claimed in any 
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of claims 6 to a. 
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11. An electronic component as c~aimed in claim 10 

and comprising a ceramic sheet and one or more said 

metal thin films. 

12. An electronic component as claimed in claim 11 

and comprising a ceramic capacitor. 

13. An electronic component as claimed in claim 12 

and comprising a multilayer ceramic capacitor · 

comprising a plurality· of ceramic sheets and said thin 

metal films. 
' . I 
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METAL THIN FILM HAVING EXC~LLENT TRANSFERABILITY 
AND METHOD OF PREPARING THE SAME 

ABSTRACT OF THE DISCLOSURE 

A metal thin· film having excellent 

transferability is provided in order to facilitate 

formation of an internal electrode for a multi layer 

ceramic capacitor, for example, · by a technique of 

transferring a metal thin fiim. A first metal layer 
-

(2) of nickel or copper is formed on a carrier film 

(1) by vapour deposition, and then a second metal 

layer (3) of ·nickel or copper is formed thereon by wet 

plating such as electroplating or electroless plating, 

thereby providing a metal thin film comprising the 

first and second metal layers ( 2 and 3) which can 

readily be transferred. 

Figure 1. 
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Claims 

1. A method of manufacturing a ceramic electronic 

component from a plurality of ceramic green sheets, 

the method comprising: 

preparing each of said plurality of ceramic 

green sheets by forming a first metal layer on 

a carrier by vapour deposition, 
forming a second metal layer on said first metal 

layer by wet plating, 
patterning said metal layers, and 
applying a ceramic slurry to said patterned met­

al layers thereby to form a ceramic green sheet 

including said patterned metal layers on said 

carrier; 
forming a stack of ceramic green sheets by tak­

ing one of said plurality of ceramic green sheets 

and peeling said carrier therefrom so that said 

one green sheet serves as the first sheet in the 

stack and repeatedly laminating another one of 

said plurality of ceramic green sheets to the 

stack and peeling said carrier therefrom; and 

firing said stack. 

2. A method according to claim 1, further comprising 

preparing a film of polyethylene terephthalate coat­

ed with silicon as said carrier. . 

3. A method according to claim 1 or 21 wherein said 

wet plating comprises electroplating. 

4. A method according to claim 1 or 2, wherein said 

wet plating comprises electroless plating. 
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5. A method according to any preceding claim, where­
in said first and second metal layers are formed of 
different metals. 

6. A method according to any of claims 1 to 4, wherein 
said first and seconqpietal layers are formed of the 
same type of metals. 

7. A method according to any preceding claim, where­
in said metal layers are patterned by photoetching. 

a. A method according to any preceding claim, where­
in the ceramic slurry is applied to said patterned 
metal layers by a doctor blade coater. 

· 9. A method according to any preceding claim, where­

in said ceramic green sheets are laminated by ther­
mocompression bonding ~~ch sheet to said stack. 

10. A method according to any preceding claim, further 
comprising forming a third metal layer between said 
first and second metal layers by sputtering, electro­
plating or electroless plating. 

11. A method according to any preceding claim, further 
comprising re-oxidizing said first metal layer to dif­
fuse the metal into the ceramic green sheet and 
convert grain boundaries of the ceramic green 
sheet into insulator states. 

12. A method according to any preceding claim, further 
comprising applying external electrodes to said first 
stack so as to complete the ceramic electronic com­
ponent. 

13. A method according to claim 12, wherein said ex­
ternal electrodes are connected to said metal layers 
to form a multilayer ceramic capacitor. 


