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TITLE OF THZE INVENTION

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 £ilm

which has excellent transferability, and a method of
pr?paring the same.

‘ A metal thin film obtained according to the present
invention is so transferxred that the same is applicable to
a Circfiit which is provided on a substrate; an electredas
fo& an electronic component, a display metallic foil or
the like, for example.

Dgscriotion of the Background Art

apanese Patent Laying-Open No. 1-42809 (1989)
discloses a transfer technique which is employed for
foﬁming electrodes for an electronic component, mors

specifically, lnternal electrodes for a multilayer ceramic

‘capacitor, for example. Such a transfer technique is

evaluated as a technique which is effective for forming

thin internal electrodes.

In mors detail, & thin—film—forming method such as

vapour deposition or sputtering is known as a method &f

forming 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 laminaﬁion. However, it is difficult to
directly form metal thin films on the ceramic green

sheets, which are mechanically weak aﬁd 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 cerdmic green sheets, so that it is easy or possible
to form the metal thin films on the ceramic. green shéets.

Thus, the internal electrodes are formed by metal
thin films through a transfer technique, so that it is
possible to reduce the dimensions, particulaily 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 sheets. Due to the lattér
property, it is possible to reduce a 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

advantages in relation to a multilayer ceramic capacitor,
—_—
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it is desirable that each metal thin film is completsgly
ferrsed onto a targst surface with excellent
transierability, in order to carry out the transfer
technique. If the metal thin film is not completely
transferred with a desirsd pattern by the transfex
technique which is employed for forming an internal

electrode for a multilaver ceramic capacitor, for example,

the as-formed multilayer ceramic capacitor is rendersd

defective, as a matter of course.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to

- provide a metal thin film having excellent transferabkility

and a method of preparing the same.

The metal thin film according to the present
invention is provided with at least two layers, including
a first metal layer which is fcrmed on a2 film and a second
metal layer which is formed above the first metal laver.
The first metal layer is formed by vapour 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 metal layer is formed of

nickel, copper or palladium, for 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 wvapour deposition, wet
plating and patterning with photolithography or the
like. Such a film is prepared from a resin film of
polyethylene terephthalate 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,
to be transferred onto a target of a ceramic green

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

or the 1like. As to transfer conditions, the metal

~thin film is first brought into contact with the

targgt, 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 generally has relatively
weak adhesion with respect to the carrier £film, i.e.,
it has excellent transferability.

However, easiness of vapour deposition for
forming 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 type of metal used. In order to attain the object
of the present invention, therefore, it is necessary
to pfepare 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 comﬁonent
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or the like. 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
high peel strength or cause difficulty 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 1low vapour deposition rate,
leading to increase in manufacturing 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, while the second metal
layer is formed above the first metal 1layer to
compehsate for properties which are insufficient in
the metal forming the first metal layer. The second
metal layér can be formed of an optimum metal which is
selected in consideration of :

/
/
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properties required for an elsctrode for a taxget
electronic component cr 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 vapcr deposition in addition to
compensating for insu ufficient properties of the first
metal layer, to easily attain a thickness required for the
overall metal thin film to be transferred. Thersfore; the
first and second metal layers may be formed of either..
diffefent or identical metals.

According to the prassent invention, further, the
second metal layer is fcrmed by wet platlng such as
electroplating or electroless plating. When 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
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

are recuired for an electrode for a target electronic



THiS SHEET HAS BEEN

This Sheet Has Been Reﬂlitced
REPLACED

AR

2
component or the like. Therefore, it is easy to satisiy
both transferability and other desired properties over

the entire metal thin film. For example, a metal thin
film having excellent transferability can be formed by a

5 metal, which has not been suitable for transfier in
general, to widen the range of metals that can be subjected to

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

applicaticn of the transferable metal thin film.

=

n £ilm which

’.a-

Since it is easy to pattern a metal th
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 electroqe 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 foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description 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 Experimental Examples weres made
according to the present invention:

Experimental Example 1

5 Experimental Examplé 1l was adapted 'to .prspares a
transfer metallic foil.
A film 1 was first prepared as shown in Fig. 1. This
film 1 was prepared from polyethylene terephthalate, whieh

about 100°C,

h

is not deformed even under a tamperaturs o

10 and coated with silicon in order to further improve the

4 .
transferability of a metal thin £ilm to be formed.

Then, a nickel deposition £ilm 2 was formed on the
film 1, as shown in Fig..l. This nickel deposition film 2
was formed by electron beam heating with an acceleration
15 . foltage of 10 XV under an atmosphere prassure oi not more
than 5 x 10~ Torr. The as-formed nickel deposition film 2
was 0.1 pm in thickness (comparative sample 1).
Then, a nickel plating film 3 was formed on another
nickel deposition film 2 by electroplating, as shown in
20 Fig. 1. The electroplating step was carried out with a
current density of 1 A/dm? 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 waé performed for 3 minutes, to obtain the

25  nickel plating film 3 of 1 pm in thickness (inventive
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sample 1}.

Then, a nickel plating f£ilm 3 was formed on still
another nickel deposition film 2 by electroless plating,
in place of the aforementidned electroplating, as shown in
Fig. 1. The electroless élating step was carried out iﬁ
an alkaline hydrazine bath at a liguid temperature of
80°C. Such plating was pérformed for 4 minutes, to'qgfain
the nickel plating film 3 of 1 um in thickness (inventive
sample 2). |

The aforementioned comparative samplé 1 and the
inventiJe samples 1 and 2 were subjectéd 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
the nickel plating films 3 in the inventive samples 1 and
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 196'
kg/cm? 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 plaétic surfaces when the hot stamping
temperature was 100°C. In the inventive samples 1 and 2,
on the other hand, it was possible to transfer 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
5 were emploved in place ofnnickel. Further, similar
results were obtained also when at least two layers werse

prepared from such metals.

Experimental Example 2

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

10 the same material as the film 1 employed in Experimental
Exampl; 1.

Then, a copper deposition film 5 of 0.1 um in
thickness was formed on the film 4 by wvapour deposition
under the same conditions as Experimental Example 1

15 (comparative'saméle 2).

Then, a nickel plating £ilm 6 of 1 pm in thickness
was formed on another copper deposition f£ilm 5 by
electroplating under the same conditions as Experimental
Example 1 (inventive sample 3).

20 }n addition, a nickel plating film 6 of 1 um 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).

25 In order to evaluate transferability of the
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comparative sample 2 and the inventive samples 3 and 4,
the following experiment was performed:

A slurry was prepared from a nonreducing dielectric
ceramic material which was mainly composed of barium
titanate. The surfaces of the metal films, i.e., thoss of
the copper deposition film 5 in the comparative sample 2
and the nickel plating films § in the inventive samples 3
and 4, wers coated with this slurry and dried to form

n the

ceramic grsen sheets 7, which were t@gn peeled.
comparative sample 2, the éopper depoéition £ilm 5 waé not
in the'least separated from the film ¢, although the
ceramic green sheet 7 was peeled: In the inventive
samples 3 and 4, on the other hand; éhe 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 filmé 6 of the inventive
samples 3 and 4.were coated with photoresist films, and
thereafter the metal thin films, i.e., the copper
éeposition films 5 and the nickel plating films 6, wexe
patterned to form internal electrodes for multilayer
ceramic capacitors by photoetching.

Then, ceramic green sheets 7 of 10 to 15 pm 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 slurrv of a nonreducing dielectric
ceramic material.

Then, a plurality of such ceramic green sheets 7 were
stacked with thermocompression bonding applied to every stack, and -
the films 4 were péeled after every thermocompression
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
capacitor, fired and provided with extarnal 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
electrodes were formed by screen printing of metal paste,
and its thickness was further homogeneous along the
direction of extension of the ceramic sheets. 1In
addition, no deterioration of electric characteristics,
such as reduction of capacitance, was observed since the

internal electrodes exhibited no defects such as pores.

Experimental Example 3

A film 1 was prepared in a similar manner to
Experimental Example 1.
Then, a copper deposition film 2 of 1 um in thickness

was formed on the film 1 by vapour deposition as shown in
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13

1 (comparative sample 3). |
Also, a copper deposition .film 2 of 0.1

um in thickness was formed on another film 1 by vapour
5 deposition as shown in Fig. 1, and a copper plating film 3
of 1 pm 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 1 um in thickness
10 was formecd on still-another Eopper deposition film 2 by
electrodess 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-sqguare plates were prepared to hold

the comparative sample 3 and the inventive samples

[

each o

S 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-3Q66 g,
while the inventive samples 5 and 6 required 2000 g

25 respectively.



s

i

10

15

20

25

14

ct

tern the comparative

ct

Further, it was difficult to pa
sample 3 by photoetching, since the film 1 was extremely
warped and it was difficult to obtain a flat suriface.

Experimental Exampls 4

A film 1 was prepared in a2 similar manner to
Experimental Example 1.

Then, a'nickel deposition.film 2 of 1 um in thickness
was formed on the film 1 by vapour deposition.as shown in
Fig. 1, under the same conditions as Experimental Example
1 (comparative sample 4).

A sc, a nickel deposition film 2 of 0.1
pum in thickness was formed on another f£ilm 1 by vapour
deposition as shown in Fiq.-l,.and a nickel plating.film
of 1 um in thickness was formed on the nickel deposition
film 2 by electrovlating under the same conditions as
Experimental Example 1 (inventive sample 7).,

Then, a niékel plating film 3 of 1 pum in thickness
was formed on still another nickel deposition film 2 by
electroless plating, 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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" 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
deposition f£ilm 2 was extremely cracked and the film_i was
so warped that it was difficult to ob£ain a flat surface.
In the inventive samples 7 and é, 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 présent invention has been described in
relation to Experimental Examples 1 to 4, the first and
second metal layers may be preéared 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 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
like.

The film for forming 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

- 15 -
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adhesion with respect to & 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
selecting materials for the first and second metal layers:
A first metal layer which is pfepared from copper and

a second metal layer which is prepared from nickel are

Hh

transferrasd onto a ceramic green sheet for a
semiconducting ceramic capécitor. A plurality of such-
ceramic green sheets are laminated and then fired so’'that
the same are vitrified. Thereafter re-oxidation treatmeht
is performed to diffuse copper into the ceramic material and
convert grain boundaries of the semiéonducting ceramic material
into insulator states, thereby obtaining an intergranular-
insulated multilayer ceramic capacitor.

Alternatively, & first metal layer of aluminium
second metal layer of copper and a third metal layer of
ahékxﬁum may be transferred onte a ceramic green sheet. A
plurality of such ceramic green sheets are laminated and
then fired, so that the aluminium layers are converted.to
Al,0, 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

copper for forming internal electrodes.

h

diffusion.o

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 multilayer cerémic
capacitor. For example, first, a capacitor can be
obtained-by the steps of transferring metal thin films
onto ceramic sheets, and stacking the ceramic sheets.
Secondlf: 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 a
ceramic sheet on the ceramic block, transferring metal
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 £ilm 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 is provided with the metal thin

film, stacking the fixrst ceramic sheet on a second ceramic
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sheet, and peeling the film from the first ceramic sheet.
Although the present invention has been deséribe@_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 limitation, 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 different 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:

[

i
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2
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 f£film in
accordance with claim 6, wherein said wet plating is

electroplating.

8. 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 electrohic
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
vapour deposition;
forming a second metal layex: 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 5, or a metal

thin film manufactured by a method as claimed in any

Sheet Has Been Rerlaced
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of claims 6 to 8.

11. An electronic component as claimed in claim 10
and comprising a ceramic sheet and one or more said

metal thin films.

5 12. An electronic component as ¢laimed in claim 11

and comprising a ceramic capacitor.

13. An electronic component as claimed in claim 12
and comprising a multilayer ceramic capacitor
compr,ising a plurality of ceramic sheets and said thin

10 metal films.

-
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ABSTRACT OF THE DISCLOSURE

A metal thin £ilm having excellent
transferability is provided in order to facilitate
formation of an internal electrode for a multilayer
ceramic capacitor, for example, by a technique of
transferring a metal thin film. A first metal iayer
(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.

—_—
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Metal Thin Film having Excellent Transferability and
Method of Preparing the Same

BACKGROUND OF THE INVENTION

jel the Invention

‘The present invention relates to a metal thin £ilm
which has excellent transferability, and a method of
prepariné the same.

A metal thiﬁ film obtained according'to the present
invention is so transferred that the same iS applicable to
a circuit which is provided on é'subétrﬁte, an electrode
for én'gléctronic ccmponent, a display metallic foil or
-the like, for example.

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

" discloses a transfer technique 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 which is effective for forming
thin internal electrodes.

Ih more detail, a thin-film—forming method such as
vapour deposition or spﬁttering is known as a method 6f
form;ng thin internal electrodes, i.é., metal thin £films.

- -While a plurality of unfired ceramic green sheets are



laminated in order to prepare a multilayer ceramic
.capaCitor, internal electrodes, which are“provided between -
adjacént ones of the ceramic green sheets, must be formed
in advance of laminaﬁion. However, it is difficult to
directly form metal thin films on the ceramic green'
sheets, which are mechanically weak and hard té handle, by
the aforementionéd thin—film—forming method. In the iirst
place, therefore, thin films for defining internal
electrodes are formed on handleable films which are
diffe:ent from ceramic green sheets, and then;transferred
onto ceramic green.sheets, so that it is gasy'or possible
to form the metal thin fi;ms on the ceramic. green shéets.

Thus, the internal electrodes gie formed'by metal
‘thin films through a transfer technique, so that it is
possiblé to reduce the dimensions, particularly the
thiékness, of the as-formed multilayer-ceramic capacitoi;
In addition, it is also possible to fﬁrther homogenize the
thickness in the laminated state along the direction of '
extension of the ceramic green sheeté. Due to the latter
property, it is possible fo reduce a possibility of
inconvenience such as delamination after firing of the
laminated ceraﬁic greenISheets.' '

While thé transfer technique enables formation of
internal electrodes'of metal thin films which provide somé

advantages in relation to a multilayer ceramic capacitor,



it is desirable that each metal thin film is completely
transferred onto a target surface with excellent

transferability, in oxrder to carry out the transfer

technique. If the meté; thin film is nét completely
transferred with a desired pattern by the transfer
technique which is employedlfor forming an iﬁternal
electrode for a multilafer ceramic capacitor, for example,
the as-formed multilayer ceramic capacitor is rendefed_
.defective, as a matter of course. o .

SUMMARY OF THE INVENTION

Accordingly, an objeét of the present inventién ;s to
provide a'metél thin £ilm having excellent fransferability_
and a method of prepa;iné the same.

The metal thin film according to the present
invention is provided with at least two layers, including
a first.metal layer which is formed on a film and a second
metal layer which is formed above the first metal layer.
The first metal layer is formed by vapour depﬁsition; while
the second metal layer is formed'by wet pléting such as
electroplating or electroless plating. |

| ﬁetals for forming the first and second metal layersf'
may be different from or identical to each other.

The firsﬁ metal layer is formed of nickel, cépper'or
silver, for;example; The second metal layer is formed of

nickel, copper or palladium, for 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 terephthalate 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,
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
tafget, and then transféerred thereto under a pressure
of 10 to 500 kg/cm? 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 wvapour deposition generally has relatively
weak édhe_sion with respect to the carrier film, i.e.,
it has excellent transferability.

However, easiness of 'vapour deposition for
forming 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 type of metal used. In order to attain the object -
of the present invention , therefore, it 'is necessary
“to -pfepare 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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or the like. 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
high peel strength or cause difficulty 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,
leading to increase in manufacturing cost. o

According to the present invention, 'Eherefore,
the first metal layer is formed of a metal which is
selected in consideration of easiness in wvapour
deposition and transferability, while the second metal
layer is formed above the first metal 1layer to
coﬁpensate for properties which are insufficient in
the metal forming the first metal layer. The second
metal layér can be formed of an optimum metal which is
selected in consideration of
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properties required for an electrode for a target
electronic component or the like, since it is not
necessary to consider easiness.in\ﬁmour;deposition and
‘transferability. Further, the second metal layer also
cdméensates for the thickness of the first metal layer
which ié formed by vapor'deposition in addition to
compensating for insufficient properties of the first
metal layer, to easily attain a thickness reguired for the
overall metal thin film to be ﬁransferred. Thérefdre; the . . .
first and saéond-métal layers mﬁy be formed of either |
different or identical metals. |

According to the.prasent invention, further, the
_second metal layer is formed by wet éléﬁing such as
electroplating or electroless plating. Whetn the second
metal layer is formed above the firét metal layer by wet
plating, adhesion of the first metal layer with respect to
the film is not increased as comparéd with a case of
forming a metal layer only by vapour depositioh aloné its
overall thickness. | '

Thus, according to the present invention, the metal
thin film is ?revided with at least two layers including
first and second metal layers;_so that the first metal
layer is adapted to provide tr;nsfgrability while the
second metal layer is'adapted to provide préperties which

are required for an electrode for a target electronic



~ component or the like. Thetefore,.it is easy to satisfy'
both transferability and other desired properties over
the edtire metal thin film. For exampl;, a metal thin
film having excellent transferability can be formed by a
metal, which has nét been suitable for transfer in
ger_zeral, to widen the range of metals that can be subjected to
trans.fer, while it is also pbssible to widen the range of |
appiication'éf the transferable metél thin film.

Since it is eésy to pattern a metal thin film which
is formed on a2 film by photoetching, for example; a metal
thin film according to the present-iﬁvention can be
- advantageously applied as an electrode for'an electronic
compenent, an interﬂal or exterﬁal conduc;or for a
ﬁultilayer substrate, a conductor which is provided on a
circuit board, a display metallic foil} or the like.

The foregoing and cther'objeétg( féatures, aspects
and advantages of thé'bresent invention will become more
apparent from the following detailed description 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 embodiment of

the present invention; and:

Fig. 2 is a sectional view showing another embodiment

of the present invention.



DESCRLPTION OF THE EMBODIMENTS

The following Experimental Examples were made
according to the present invenfion:
Experimental Example 1 was adapted to prepare a
transier metailic foil. |
A f£film 1 was first érepared_as shown in Fig. 1. This
film 1 was p:epare& from polyethylene terephthalate, whieh
is not deformed even undér a'temperature of';bout 100°c, o
and coated with silicon in order to further improve the
transferability of a metal thin film to be formed.
| Then, a nickel deposition f£ilm 2 was formed on the
film 1, as shown in Fig. 1. This nickél deposition £ilm 2 .
was formed by electron beam heating with ag accelerétion
_ vbltage of 10.kV undgr aﬁ'étmosphere pressure of not more -
than 5 x 10~ Torr. The as-formed nickel deéposition film 2
was 0.1 pm in thickness (comparative sample 1). |
' Then, a nickel plating film 3 was formed on another
nickel deposition f£ilm 2 by electroplating, és shown in
Fig. 1. The électroplating step was éarried out with a
current density of 1 A/dm® in a plating bath of
| sulfonamino acid, while settiﬁg the nickel depdsition film
2 and a nickel plate on minus and plus sides respectively.

Such plating waé performed for 3 minutes, to obtain the

nickel plating £ilm 3 of 1 um in thickness (inventive
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sample 1).

Then, a nickel plating film 3 was fq;med on still
another nickel deposition film 2 by.electroleés plating,_
in place of the aforementioned electropldting, as shown in
Fig. 1. The electroless élating step was carried out in
an alkaline hydrazine bath at a liquid temperature of
g80°C. Such plating was perforﬁed for 4 minutes, to géiain
the niékel plating film 3 of 1 um in thickneés (inventive
sample 2).

The arorementloned comparatlve 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
the nickel plating films 3 in the inventi?e samples .l and
2, were coated with adhesive agents. Then, the metal thin
films were transferred to the ?aper and plastic surfaces
by hbt stamping, with application of a pressure‘of lgél
kg/cm? fox 10 seconds. |

Accoxding to.the comparative sample 1, the metal thin
film, i.e., the nickel deposition film 2, was transferred
onto the paper and plastic surfaces when the hot stamping
temperatﬁre was 100°C. Iﬁ the in§entivé samples 1 and 2,
on the other .hand, it was possible to transfer 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 afbrementioned Experimental Exampie 1, similar-
results were obtained also when gold, silver and copper
‘were employed in place.cf nickel. Further, similar
 results were obtained also when at least two_laYers were
prepared from such metals. -

As shown in Fig. 2, a film 4 was first prepared from )
ihe same material as the.film 1 empldyéd in Experimental
Example 1. ' |

Then, a copper deposition .film 5 of 0.1 um in
thickness was formed on the film 4 by vapour deposition
under the same condifioné as Experimenta1 Ex;;ple 1
(compafative saméle 2).

 Then, a nickel plating £ilm 6 of 1 um in thickness
was formed on another.copper dépdsitiqn film 5 by
electroplating under the same.QOndit;ons as Experimental
Example 1 (inventive sample 3). _

;n addition; a nickel plating film 6 of 1 pm in
 thickness was_formed'dﬁ stiil another copper deposition
film 5 by eléctfoless plating, in place of the
aforementioned electioplating, under the same conditions
as.Experimentﬁl Example 1 (inventive sample-@).

In 6rder to evaluate transferability of the
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comparative sample 2 and the inventive samples 3 and ¢,

the following experiment was performed:

A slurry was prepered from a nonreducing dielectri
ceramic material which was mainly composed 6% barium
titanate. The surfaces of the metal films, i.e., those of
the copper deoOSltlon film 5 in the comnaratlve sample 2
and the nickel plating films § in ;he inventive samnles 3

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

ceramic grsen sheets 7, which were tnen peeled. n the

com?araﬁive sample 2, the copper’depoSition film 5 waé noe
in the ieast separated from the film ¢, although the |
ceramie green sheet 7 was peeied; In the inventive |
semples 3 and 4, on the other hend; éhe copper deposition
£ilms 5 and the nickel plating films 6 were separated f£rom
the films 4 upon peeliné of the ceramic green sheets 7.

Then, .the nickel plating films 6 of the inventive
samples 3 and 4 were coate d w;;h photores;st fllms, and
thereafter the metal thin films, i.e., the copper
eepos;tion films 5 and the.nickel §lating films 6, were
patterned to form‘internal electrodes for multilayer
ceramic capacitors by photoetching. |

Then, ceramic green sheets 7 of 10 to 15 um in
thlckness were formed on the surfaces of the fllms 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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tée aforementioned slurrv of a_noﬁreducing dielectric
. ceramic material. |
Thén, a plurality of such ceramic green sheets 7 wers
stacked with thermocompression bonding applied to every stack, and
the films 4 were peeled after every thermocompression
In this case,'tﬁe_metal thin-films were
completely separated from the films 4.
Each of the as-formed laminates wers cut in

dimensions fo:ldefining a single multilayer ceramic .
capgcitor, fired and proéided 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
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
addi#ion, no deterioration of electric characteristics,
such as reduction of capacitance, was 6bserved since the
internal electrodes éxhibitéd no defects such as porss.

Experimental Example 3

A film 1 was prepared in a similar manner to
'Experimental Example 1.
Then, a copper deposition film 2 of 1 pm in thickness

was formed on the film 1 by vapour deposition as shown in
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Fig. 1, under the same conditions as Experimental Ex&mple

1 (comparative sample 3).
Also, a copper depositicn .film 2 of 0.1

um in thickness was formed on another film 1 by vapour

deposition as shown in Fig. 1, and a copper plating film 3

of 1 pym in thickness was formed on the copper deposition

film 2.by electrdplating under ‘the same conditions as

Experimental Example 1 (inventive sample 5). - |
.Then, a cbpper’platiné £ilm 3 of 1 pum in thickness

was formed 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 §).

In order to evaluate transfergbility of the
comparative sample 3 and t@e inventive saméles 5 and ‘6,
the following experiment was performed:

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

each of the comparative sample 3 and the inventive samples

5 and 6, and qontact surfages therebetween were fixed to
each other with an adhesive agent. In this case, the
plates were outwardly pulled to exémine strength regquired
for peeling the co?per deposition film 2 from the fiim l.
The comparative sample 3 required.peel Strengih oft3Q06 g,
while‘the f{nventive samples 5 and 6 requifed 2060.g.

respectively.

. e m———p s
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Further, it was dlfficult to pattern the comparative
sample 3 by ph otoetch;na, since the film 1 was extremely
warped and it was difficult to obtain a flat_surface.

A film 1 was éreparéd in a sim;lér manner to
Experimental Exémple 1. |

| Then, a nickel deposition film 2 of 1 um in thickness
was formed on the film 1 by vapour deposition as shown in
Fig. 1, undexr the same conditions as Experimehtal Example
1 (comparative sample 4). “

Alsc, a nickel deposition film 2 of 0.1
um in thickness was formed on another film 1 by vapour
deposition as shown in Fig. l,.and a.nickel plating film
of 1 um in thickness was formed on the ni¢kel deposition
film 2 by electroplating under the ééme conditions as
Experiméntal Example 1 (inventive sample 7).

Then, a mickel plating film 3 of 1 um in thickness
was formed on still another nickel deposition film 2 by
electroless plating, in place of the aforeﬁentioned

electronlatlng, under the same cond;tlons as Experlmental

_Example 1 (lnventlve sample 8)

The comparative sample 4 and the inventive samples 7
and 8 were subjected to evaluation of transferability

éimilarly to Experimental Example 1. In the comparative
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sémple 4, it was impossible to traﬁsfer the metal thin_
film even if hot stamping &as performed at a temperature
of 100°C. Further, it was difficult to pattern the |
comparative sample'4-by Photoetching since the nickel
depositioh fiim 2 was extréﬁely cracked and the film,i was
so warped that iﬁ Was diffi¢ult to obﬁain a flat surface.
In_the inventive samples 7 and é, on the other. - hand, it
was possible to.transfer the metal thin f;lms, i.e., the
nickel deposition films 2" and the nickel plafingffilms 3,. - .
onto papér and plastic surféces at a.temperature of 80°C. |

While the p:ésent invention has been described in
relation to.Experimental Examples 1 to 4, the first and
seéond metal layers may be prepared from arbitrary metals.

| The second metal layer may not hecessarily be brought
into contact with the fiist metal layer. For example, at
least a single third metal layer may be provided betwééﬁ
‘the first and second metal.layers..'In_this case, th;
third metal layer may be formed by a ﬁethod such as
._ sputtering, electroplating, eléctroless'plating or the
like.

The film for forming the firét metal layer, whiéh is.
prepared froﬁ.resin; for eiample, may not inevitably be
subjected to ﬁreatﬁeﬁt for improving transferability, such
as'the aforementioned.silicon coating. When the film

itself is formed of a material which essentiélly has small
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édhesibn 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 substanée by properly
selecting materials for the fi:st and second metal.layers:

A first metal'laYer which is pfegared from copper and
a second metal layér 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. Thereaiter re-oxidation treatment
ié performed lto. diffuse copper into the ceramic material and
convert grain boundaries of the semiéonducﬁing ceramic.mMEﬂial
into insulator states, thereby obtaining an intergranular-
insulated multilayerICEramic capacitor. |

Alternatively, a first metal layer of aluminium
second metal layer of copper and a third metal layer of
an;ﬁnnmlmay be transferred onté a ceramic green sheet. A
plurality of such ceramic green sheets are 1aminated and-
then fired, so that the éhmﬁnimn layers are converted.to
Al,0; layers, thereby preventing diffusion of copper. Such
a technique is so applied to preparation.of a qultiiayef
Eeramic capacitor as to prevent the ceramic layers from
diffugion:of copper fot-forming intefnal_eleétrodes.

Thus, it is possible to prepare a multilayer ceramic
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capacitor which has small dispefsion of characteristics,
particularly capacitance. In this case,  the second metal
layer may be formed of nickel in place of copper, to”
attain a éimilar efféct._ |

The present invention is advantageously applicable to
forming electrodes for an elect:onic.cémponent,'more
specifically, internal electrodes for a multilayei cerémic'
éapacitor. For example, first, a capacitor can be
obtained by the steps of trénsferring metal thin films -
onto ceramic'sheets, and stacking the ceramic sheets.
-Secondlf, a capacitor can be obtained by.the steps of
transferring metal thin films.dntc é ceramic block of a
plurality of stacked ceramic sheets,'further stacking a
..ceramic sheet on the ceramic blo;k, transferring metal
thin films_onto the ceramic sheet, and repeatiﬁg the last
two steps. Thirdly, a capacitor can be obtained by the
steps of forming.a ﬁetal thin film on a film, forming a
ceramic sheet on the surface of thé'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 metai'
thin film on a film, forming a first ceramic sheet on the
surface of the.fiim, which is provided with the metal thin

film, stacking the first ceramic sheet on a second ceramic
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sheet, and peeling the film from the first ceramic sheet.
Although the preseht inveﬁtion has been deééfibeq.ahd
illustrated in detail, it is clearly understood that-the
same is by way of illustratiqn and.ekample only and is not
to be taken by way of liﬁitation, the scope of the present
invehtion being limited only by the térms of the appended

claims.
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‘CLAIMS:

1. A metal thin f£filmn hav1ng excellent

transferablllty, said fllm comprising:

a first metal layer formed by vapour depositioh;

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 f£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 different 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 havihg
excellent transferability, said method comprising the

steps of:

his Sheet Has Been Re|ilaced
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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.

8. A method of preparirig a metal thin film in
'acc_o_rd_ance with. claim 6, wherein said wet plating is

el_ectrbless plating.

.' 9. A method 'o-f manufacturing a ceramic electronic
component, comprising a cefamic 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 layezl' above said first
: metal layer by. wet platiné'; 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 5, or a metal

thin film manufactured by a method as claimed in any

This Sheet Has Been Reﬂlaced
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of claims's to 8.

11. An electronic component as claimed in claim 10
and comprising a ceramic sheet and one or more said

metal thin films.

12. An electronic component as c¢laimed in claim 11

and comprising a ceramic capacitor.

13. An electronic component as clalmed in claim 12
and comprising a multllayer ceramic capac1tor'
comprising a plurality of ceramic sheets and said thin

metal films.

T
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METAL THIN FILM HAVING EXCELLENT TRANSFERABILITY
AND METHOD OF PREPARING THE SAME

ABSTRACT OF THE DISCI.OSURE

A metal thin' £film having exceilenf
transferabiiity is provided in order to facilitate
formation of an internal electrode for a multilayer
ceramic capacitor, for example, by a technique of

transferring a metal thin film. A first metal layer

REPLACEMENT SHEET
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(2) of nickel or copper is formed on a carrier fill;l ‘

(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 2, 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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10.

11.

12,

13.
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A method according to any preceding claim, where-
in said first and second metal layers are formed of
different metals.

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

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

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

A method according to any preceding claim, where-

in said ceramic green sheets are laminated by ther-
mocompression bonding each sheet to said stack.

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.

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.

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. : '

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




