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(57) ABSTRACT 

In a method for manufacturing electronic parts by laminat 
ing metal thin ?lms and insulating thin ?lms on a support, 
a mold releasing agent is applied to the support before the 
start of lamination. Alternatively, the mold releasing agent is 
applied to the surface of the laminate during the lamination 
step, and then lamination is resumed. Therefore, the lami 
nate can be prevented from cracking When the laminate is 
separated from the support or divided into plural pieces in 
the lamination direction. Thus, the reliability and produc 
tivity of electronic parts improve. 
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METHOD FOR MANUFACTURING ELECTRONIC 
PARTS AND APPARATUS FOR MANUFACTURING 

THIN FILMS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
manufacturing electronic parts and an apparatus for manu 
facturing thin ?lms. 

BACKGROUND OF THE INVENTION 

[0002] Presently, thin ?lms are used in a very Wide range 
of products, for example, Wrapping materials, magnetic 
tapes, capacitors, and semiconductors. Without these thin 
?lms, recent technologies for achieving a high performance 
and a small siZe cannot be explained. At the same time, 
various methods for forming a thin ?lm have been devel 
oped to satisfy the industrial demands. For eXample, con 
tinuous taking-up vacuum evaporation, Which is advanta 
geous for high-speed mass production, is performed to 
manufacture thin ?lms for use in Wrapping paper, magnetic 
tapes, capacitors and the like. 

[0003] In this case, a thin ?lm having the desired proper 
ties can be formed by selecting an evaporation material and 
a substrate material according to the purpose of the thin ?lm 
to be formed and, if necessary, introducing a reactive gas 
into a vacuum vessel and forming the thin ?lm With an 
electric potential provided on the substrate. For eXample, in 
the manufacture of a magnetic recording medium, a long 
magnetic recording medium can be obtained by using an 
evaporation material comprising a magnetic element, such 
as Co, Ni, or Fe, and performing a reactive evaporation 
While introducing an oXygen-contianing gas into the vacuum 
vessel. 

[0004] In a semiconductor, a thin ?lm is formed mainly by 
sputtering. Sputtering is effective especially for forming a 
thin ?lm using a ceramic-based material. Aceramic thin ?lm 
having a thickness of several pm or more is often formed by 
coating and ?ring. A ceramic thin ?lm having a thickness of 
1 pm or less is often formed by sputtering. 

[0005] On the other hand, a coating method is used for 
forming a thin ?lm using a resin material. Reverse coating 
or die coating is commercially used. In general, the coating 
of a material that is diluted With a solvent is performed, and 
then the material is dried for hardening. The loWer limit of 
the thickness of the resin thin ?lm formed by these methods 
is often around 1 pm though it depends on the material. A 
resin thin ?lm having a smaller thickness is often dif?cult to 
obtain With these methods. Since the thickness of the coating 
?lm immediately after coating is several pm or more With a 
general coating process, diluting With a solvent is necessary 
for forming a very thin resin ?lm, and a resin thin ?lm 
having a thickness of 1 pm or less often cannot be obtained 
With such a process. Furthermore, diluting With a solvent is 
not preferable from the vieWpoint of environmental protec 
tion in addition to the fact that defects easily occur in the 
coating ?lm after drying. Accordingly, a method for forming 
a resin thin ?lm Without diluting With a solvent and a method 
for obtaining a very thin resin ?lm stably are desired. As 
these methods, a method for forming a resin thin ?lm under 
vacuum is proposed. With this method, a resin material is 
evaporated under vacuum and attached to a support. Accord 
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ing to this method, a resin thin ?lm Without void defects can 
be formed, and diluting With a solvent is not necessary. 

[0006] Various composite thin ?lms, Which cannot con 
ventionally be obtained, can be obtained by laminating a 
ceramic or resin thin ?lm and a different type of thin ?lm. 
The industrial use ?eld of the composite thin ?lms is very 
diversi?ed. Among them, chip-shaped electronic parts are 
very promising. Capacitors, coils, resistors, capacitive elec 
tric cells, or composite parts thereof, or the like can be 
formed With a very small siZe and a high performance by 
laminating thin ?lms. The merchandiZing and market eXpan 
sion of these products have started already. 

[0007] It is needless to say that electrodes are indispens 
able for obtaining electronic parts. In electronic parts using 
a metal thin ?lm, a metal thin ?lm having a different electric 
potential can be formed by patterning a metal thin ?lm. That 
is, complicated electronic parts can be formed by dividing a 
metal thin ?lm into plural portions With patterning portions 
(portions Where the metal thin ?lm is not formed) de?ned as 
insulation regions and laminating the metal thin ?lm and an 
insulating thin ?lm. 

[0008] FIG. 4 is a schematic vieW of an eXample of an 
apparatus for manufacturing electronic parts by laminating 
thin ?lms. As shoWn in FIG. 4, a device 8 for manufacturing 
a metal thin ?lm, a device 9 for manufacturing an insulating 
thin ?lm made of a resin material or the like, a patterning 
material-applying device 11 for patterning the metal thin 
?lm, and the like are located around a cylindrical cooling 
can 7. These devices are housed in a vacuum vessel 5 and 
maintained at a predetermined degree of vacuum by an 
evacuation system 6 comprising a suction pump or the like. 
Then, a thin ?lm laminate in Which insulating thin ?lms and 
patterned metal thin ?lms are alternately laminated is 
formed on the outer periphery of the cooling can 7 by 
rotating the cooling can 7 in the arroW direction. In FIG. 4, 
the reference numeral 10 denotes a hardening device for 
hardening the insulating thin ?lm to a predetermined hard 
ness, and the reference numeral 12 denotes a patterning 
material-removing device for removing the eXtra patterning 
material after forming the metal thin ?lm. 

[0009] The thus formed thin ?lm laminate is separated 
from the cooling can 7. Then, the laminate is cut to a 
required siZe for each electronic part and provided With 
external electrodes to form many electronic parts. 

[0010] In addition, a method called oil margin or the like 
can be used to obtain the patterned metal thin ?lm. This 
method utiliZes the fact that the metal thin ?lm is not formed 
on the patterning material When the metal thin ?lm is formed 
by evaporation or the like after previously forming the 
patterning material thinly. In the thus formed metal thin ?lm, 
the patterning portions are removed. Therefore, a metal thin 
?lm having the desired pattern can be formed. For eXample, 
many capacitors having a cross-sectional structure as shoWn 
in FIG. 3 can be obtained by sWitching the patterning 
position When repeating the alternate lamination of the metal 
thin ?lm and the resin thin ?lm With the apparatus as shoWn 
in FIG. 4, and cutting the laminate later. 

[0011] HoWever, the yield of electronic parts obtained by 
the above methods decreases because of defects such as 
cracking that occurs When the thin ?lm laminate is separated 
from the support such as a can. In addition, such cracking 
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deteriorates the reliability of the electronic parts signi? 
cantly. Furthermore, the operation of the apparatus should be 
stopped and the vacuum atmosphere lost every time the thin 
?lm laminate is separated from the support. Therefore, the 
rate of ?lm-forming operation of the apparatus decreases. 

SUMMARY OF THE INVENTION 

[0012] In order to solve the above problems in the con 
ventional methods for manufacturing a thin ?lm laminate for 
electronic parts, it is an object of the present invention to 
provide a method for manufacturing electronic parts that 
provide a high productivity and a high reliability. It is 
another object of the present invention to provide a manu 
facturing apparatus that can manufacture a highly reliable 
thin ?lm laminate With a good productivity. 

[0013] In order to achieve the above objects, a method for 
manufacturing electronic parts according to a ?rst aspect of 
the present invention includes the steps of forming a lami 
nated thin ?lm on a support to Which a mold releasing agent 
is previously applied and separating the laminated thin ?lm 
from the support. According to the ?rst aspect, since the 
mold releasing agent is applied to the support before form 
ing the laminated thin ?lm on the support, damage such as 
cracking is avoided in the laminated thin ?lm When sepa 
rating the laminated thin ?lm from the support after forming 
the laminated thin ?lm. Thus, electronic parts can be pro 
vided in a high yield and With high reliability. Accordingly, 
the manufacturing method of the present invention is suit 
able for the mass production of high-performance electronic 
parts including high-performance capacitors. 

[0014] In the ?rst aspect, When a plurality of the laminated 
thin ?lms are laminated, a mold releasing agent may be 
applied to the surface of the laminated thin ?lm during the 
lamination. According to this aspect, more laminated thin 
?lms for electronic parts can be obtained in a continuous 
lamination step by laminating a predetermined number of 
the laminated thin ?lms and separating the laminated thin 
?lms at the surface to Which the mold releasing agent is 
applied. In addition, damage such as cracking is avoided 
during the separation. Therefore, highly reliable electronic 
parts can be manufactured With a better productivity. 

[0015] A method for manufacturing electronic parts 
according to a second aspect of the present invention is a 
method for manufacturing electronic parts having at least a 
metal thin ?lm and an insulating thin ?lm, including the 
steps of laminating tWo or more of the metal thin ?lms and 
tWo or more of the insulating thin ?lms on a support to form 
a laminate and separating the laminate in the thickness 
direction. According to the second aspect, since a plurality 
of laminates for electronic parts can be laminated in the 
thickness direction, the productivity of electronic parts 
improves. Thus, the present invention is suitable for the 
mass production of high-performance electronic parts 
including high-performance capacitors. 

[0016] In the second aspect, it is preferable that a mold 
releasing agent is applied after laminating a predetermined 
number of the metal thin ?lms and the insulating thin ?lms 
and that a predetermined number of the metal thin ?lms and 
the insulating thin ?lms are further laminated. According to 
the preferable aspect, damage such as cracking is avoided 
during the separation of the laminate by applying the mold 
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releasing agent to the separation surface. Therefore, elec 
tronic parts can be provided in a high yield With high 
reliability. 

[0017] In the second aspect, it is preferable that the 
manufacturing method further includes the step of applying 
a mold releasing agent to the support prior to the step of 
forming the laminate. According to the preferable aspect, 
since the mold releasing agent is applied to the support, 
damage such as cracking does not occur in the laminate 
When separating the laminate from the support. Thus, elec 
tronic parts can be provided in a high yield With high 
reliability. 

[0018] In the second aspect, it is preferable that the metal 
thin ?lms and the insulating thin ?lms are continuously 
formed under vacuum Without destroying a vacuum atmo 

sphere. In addition, it is preferable that the formation of the 
metal thin ?lms and the insulating thin ?lms and the appli 
cation of the mold releasing agent are continuously per 
formed under vacuum Without destroying a vacuum atmo 
sphere. Here, destroying a vacuum atmosphere means that 
the operation of returning to the atmospheric pressure is not 
performed and does not include a permissible decrease 
(?uctuation) in the degree of vacuum. According to the 
preferable aspect, electronic parts can be manufactured With 
a good productivity. In addition, since the oxidation of the 
metal thin ?lms and the contamination of foreign substances 
into the laminate, Which are caused by destroying the 
vacuum atmosphere, can be prevented, the decrease of the 
yield can be prevented, and highly reliable electronic parts 
can be obtained. 

[0019] In the ?rst and the second aspect, it is preferable 
that the application of the mold releasing agent is performed 
by a process selected from the group consisting of evapo 
ration, spraying, sputtering, and a combination thereof. 
According to the preferable aspect, since the application of 
the mold releasing agent can be performed stably and 
reliably, the laminate can be separated easily. Thus, the 
decrease of the yield can be prevented, and highly reliable 
electronic parts can be obtained. 

[0020] An apparatus for manufacturing a thin ?lm accord 
ing to the present invention includes a vacuum vessel, a 
vacuum pump for maintaining a predetermined degree of 
vacuum in the vacuum vessel, a support located in the 
vacuum vessel, a metal thin ?lm-forming device for forming 
a metal thin ?lm directly or indirectly on the support, an 
insulating thin ?lm-forming device for forming an insulating 
thin ?lm directly or indirectly on the support, and a mold 
releasing agent-applying device for applying a mold releas 
ing agent to the surface of at least one of the support, a 
formed metal thin ?lm, and a formed insulating thin ?lm. 
According to this aspect, since the manufacturing apparatus 
includes the mold releasing agent-applying device for apply 
ing a mold releasing agent to the surface of the support, the 
metal thin ?lm, or the insulating thin ?lm, the mold releasing 
agent can be applied before or during lamination. Thus, the 
obtained thin ?lm laminate can be separated easily from the 
support, or the laminate can be divided easily in the thick 
ness direction. Damage such as cracking in the laminate 
during the separation or the division is avoided. Accord 
ingly, a highly reliable thin ?lm laminate can be manufac 
tured ef?ciently. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a schematic cross-sectional vieW of an 
example of an apparatus for manufacturing thin ?lms for 
carrying out a method for manufacturing electronic parts 
according to an embodiment of the present invention; 

[0022] FIG. 2 is a schematic perspective vieW of an 
example of a laminate base element; 

[0023] FIG. 3 is a schematic cross-sectional vieW of an 
example of an electronic part in the embodiment of the 
present invention; and 

[0024] FIG. 4 is a schematic cross-sectional vieW of an 
example of an apparatus for manufacturing thin ?lms 
according to the prior art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] An embodiment of the present invention Will be 
described beloW With reference to the draWings. 

[0026] FIG. 1 shoWs a schematic vieW of an apparatus for 
manufacturing a multilayer laminate for electronic parts 
comprising metal thin ?lms and insulating thin ?lms. 

[0027] As shoWn in FIG. 1, a metal thin ?lm-forming 
source 8, an insulating thin ?lm-forming source 9, a hard 
ening device 10, a patterning material-applying device 11, a 
patterning material-removing device 12, and a mold releas 
ing agent-applying device 13 are located around a laminated 
?lm-supporting can 7 that is cylindrical and is cooled to a 
predetermined temperature. By rotating the can 7 in the 
arroW direction, a thin ?lm laminate in Which metal thin 
?lms and insulating thin ?lms are alternately laminated is 
formed on the outer periphery of the can 7. The number of 
the lamination layers corresponds to the number of rotations 
of the can 7. 

[0028] As the metal thin ?lm-forming source 8, a resis 
tance heating evaporation source, an induction heating 
evaporation source, an electron beam evaporation source, a 
sputtering evaporation source, a cluster evaporation source, 
other devices used for forming a thin ?lm, or a combination 
of these can be used according to the metal thin ?lm to be 
formed. 

[0029] As the insulating thin ?lm-forming source 9, a 
device can be selected properly according to the insulating 
thin ?lm to be formed. For example, When a resin-based 
material is used as the insulating thin ?lm, a heater, a 
vaporiZer or atomiZer using ultrasonic Waves or spraying, or 
the like can be used. When a ceramic-based material is used 
as the insulating thin ?lm, a sputtering device or the like can 
be used. When a metal oxide is used as the insulating thin 
?lm, a sputtering device, an evaporation device or the like 
for oxide can be used. 

[0030] The hardening device 10 hardens the insulating 
thin ?lm to a predetermined hardness, and a device can be 
selected properly according to the insulating thin ?lm to be 
formed. For example, When a resin thin ?lm is formed as the 
insulating thin ?lm, an ultraviolet ray hardening device, an 
electron beam hardening device, a thermohardening device, 
or a combination of these can be used. 

[0031] The patterning material-applying device 11 pat 
terns the metal thin ?lm. For example, an oil margin method, 
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in Which oil or the like is applied thinly into a predetermined 
shape before forming the metal thin ?lm, can be employed. 

[0032] As the patterning material, various oils including a 
hydrocarbon-based oil, a mineral oil, and a ?uorine-based 
oil, or other materials suitable for the metal thin ?lm to be 
formed can be used. As the method for applying the pat 
terning material, coating or a method corresponding to the 
coating (a contact method), or a method for con?ning the 
patterning material in a closed noZZle having a minute 
opening corresponding to the pattern, heating the patterning 
material, and spouting the vapor of the material from the 
opening so that the vapor coheres on the surface for forming 
the metal thin ?lm (a non-contact method) can be used. 

[0033] The position Where the patterning material is 
applied in the Width direction (the direction perpendicular to 
the face of the sheet of FIG. 1) is preferably movable 
according to the rotation of the can 7. Thus, a thin ?lm 
laminate, in Which the pattern position of the metal thin ?lm 
is different for each layer, can be obtained. 

[0034] The patterning material-removing device 12 
removes the extra patterning material after forming the 
metal thin ?lm. The removing system can be selected 
according to the type of the patterning material. For 
example, a removing method using heating With light, such 
as far-infrared rays or infrared rays, or heating With an 
electric heater, or a removing method using decomposition 
With plasma irradiation, ion irradiation, electron beam irra 
diation or the like can be used. 

[0035] The mold releasing agent-applying device 13 
applies a mold releasing agent to the outer periphery of the 
can 7 before manufacturing the laminate, and the metal thin 
?lm or the insulating thin ?lm While manufacturing the 
laminate. The mold releasing agent is not particularly lim 
ited and can be selected properly according to the materials 
of the metal thin ?lm and the insulating thin ?lm, and the 
like. In addition, the method for applying the mold releasing 
agent is not particularly limited and can be selected accord 
ing to the mold releasing agent to be used, and the like. 

[0036] These devices are housed in a vacuum vessel 5 and 
maintained at a predetermined degree of vacuum by an 
evacuation system 6 comprising a suction pump or the like. 

[0037] Amultilayer thin ?lm laminate having a cylindrical 
shape, in Which patterned metal thin ?lms and insulating thin 
?lms are alternately laminated, can be formed on the outer 
periphery of the can 7 by the above devices. Then, the 
laminate is removed by radially dividing the laminate, for 
example, into 8 pieces (cutting the laminate for each 45°). 
The laminate pieces are pressed and expanded into a ?at 
sheet under heating. FIG. 2 shoWs a schematic perspective 
vieW of an example of the thus obtained laminate base 
element 20 comprising insulating thin ?lms and metal thin 
?lms. In FIG. 2, an arroW 21 indicates the moving direction 
of the outer periphery of the can 7. As shoWn in FIG. 2, 
many patterned metal thin ?lms 1 and insulating thin ?lms 
2 are laminated in the laminate base element 20. The 
reference numeral 4 denotes the pattern position of the metal 
thin ?lm 1. In FIG. 2, the lamination is simpli?ed for the 
purpose of illustration, and the number of lamination layers 
is much feWer than that of the actual lamination layers. 

[0038] For example, in manufacturing capacitors, the 
laminate base element 20 is cut at cutting planes 22a, and 
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external electrodes are formed on the cutting planes by 
spraying brass, or the like. Then, the laminate base element 
20 is cut at the positions corresponding to cutting planes 22b 
in FIG. 2, and the outer surface is coated to obtain a chip 
capacitor as shoWn in FIG. 3. 

[0039] In FIG. 3, the reference numeral 1 denotes a metal 
thin ?lm, the reference numeral 2 denotes an insulating thin 
?lm, the reference numeral 3 denotes an external electrode 
electrically connected to the metal thin ?lm 1, and the 
reference numeral 4 denotes the pattern position of the metal 
thin ?lm 1. 

[0040] According to the present invention, the laminate 
can be separated easily from the can 7 Without damaging the 
laminate by previously applying the mold releasing agent to 
the surface of the can 7. 

[0041] In addition, the laminate is easily divided into 
plural pieces at a surface to Which the mold releasing agent 
is applied, by applying the mold releasing agent after the can 
7 is rotated for a predetermined number of rotations after 
starting the lamination and then further continuing the 
lamination. Therefore, laminates for electronic parts can be 
manufactured by laminating a predetermined number of 
laminates in the thickness direction, thereby improving the 
productivity dramatically. Also, since the mold releasing 
agent is applied, the laminate is not damaged When dividing 
the laminate. In addition, the laminate may be separated in 
the thickness direction at any time. HoWever, in the case of 
forming external electrodes, the laminate is preferably sepa 
rated before forming the external electrodes because sepa 
ration is difficult once the external electrodes are formed. 

[0042] In the above description, the laminate is subjected 
to treatments, such as cutting and the formation of the 
external electrodes, after separating the laminate from the 
can 7. HoWever, these steps can be changed properly accord 
ing to the type of electronic parts. Also, it is possible to form 
electronic parts Without these after-treatments depending on 
the type of electronic parts. 

[0043] FIG. 1 shoWs one method for forming a multilayer 
laminate comprising metal thin ?lms and insulating thin 
?lms. The scope of the present invention is not restricted by 
the method of FIG. 1. 

EXAMPLE 1 

[0044] A laminate for capacitors Was manufactured by 
using the apparatus shoWn in FIG. 1. 

[0045] An evaporated aluminum thin ?lm Was formed on 
the can 7 as a metal thin ?lm, and an acrylate resin thin ?lm 
Was formed on the can 7 as a dielectric thin ?lm by heater 
heating and vaporiZation. At this time, the resin thin ?lm Was 
hardened by irradiation With ultraviolet rays, and the metal 
thin ?lm Was patterned into a predetermined shape by an oil 
patterning method. After a predetermined number of lami 
nations, the resulting laminate Was separated from the can 7 
to obtain a laminate base element 20 as shoWn in FIG. 2. 
Then, the laminate base element 20 Was subjected to after 
treatments, such as cutting and the formation of external 
electrodes, to obtain capacitors. FIG. 3 shoWs a schematic 
vieW of a cross section of the obtained capacitor. 

[0046] The thickness of the aluminum thin ?lm Was 50 
nm, and the thickness of the resin thin ?lm Was 1 pm. As the 

Sep. 13, 2001 

resin material, 1.9 nonanediol diacrylate mixed With 5 Wt % 
of a photoinitiator Was used. The number of laminations for 
each of the aluminum thin ?lm and the resin thin ?lm Was 
about 1,000. The Width of an insulation portion formed by 
patterning Was about 0.5 mm. A ?uorine-containing oil Was 
used as the patterning material. The distance betWeen the 
centers of adjacent patterning insulation portions on a lami 
nation surface Was 2.5 mm. A far-infrared ray heater Was 
used to remove the patterning material. Prior to the start of 
lamination, a spray of a ?uorine-based mold releasing agent 
(DAIFREE GA-6010 manufactured by DAIKIN INDUS 
TRIES, LTD.) Was provided on the outer periphery of the 
cylindrical can in the air, and spread thinner using a non 
Woven fabric impregnated With alcohol. After forming about 
1,000 aluminum thin ?lms and about 1,000 resin thin ?lms, 
the laminate Was separated from the cylindrical can, and 
pressed ?at at 100° C. Then, cutting, the formation of 
external electrodes by thermal spraying, and the like Were 
performed to form capacitors. 

COMPARATIVE EXAMPLE 1 

[0047] Lamination and the formation of capacitors Were 
performed in the same method as in Example 1 except that 
the mold releasing agent Was not applied to the outer 
periphery of the can. 

[0048] Among the capacitors formed by the methods of 
Example 1 and Comparative Example 1, the proportion of 
apparently failed capacitors due to cracking during the 
separation from the can and capacitors that have the shape 
of a capacitor but have a capacity error of 30% or more With 
respect to the designed value is shoWn in Table 1 as a failure 
rate With respect to the designed number of capacitors to be 
obtained. 

TABLE 1 

Comparison of Failure Rate 

Example 1 Comparative Example 1 

Cracking during separation 4% 35% 
from the can 

Capacity error of 30% or more 2% 20% 
Total failure rate 6% 55% 

[0049] The result of Table 1 indicates that the apparent 
cracking failure of the laminate and a minute cracking 
failure inside the laminate that appeared as an abnormal 
capacity, both of Which occurred in Comparative Example 1, 
improve signi?cantly in Example 1. This is considered to be 
caused by the fact that an excessive force is not applied to 
the laminate during the separation of the laminate by apply 
ing the mold releasing agent previously. 

EXAMPLE 2 

[0050] A laminate for capacitors Was manufactured by 
using the apparatus shoWn in FIG. 1. 

[0051] An evaporated aluminum thin ?lm Was formed on 
the can 7 as a metal thin ?lm, and an acrylate resin thin ?lm 
Was formed on the can 7 as a dielectric thin ?lm by heater 
heating and vaporiZation. At this time, the resin thin ?lm Was 
hardened by irradiation With ultraviolet rays, and the metal 
thin ?lm Was patterned into a predetermined shape by an oil 
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patterning method. After a predetermined number of lami 
nations, the resulting laminate Was separated from the can 7 
to obtain a laminate base element 20 as shoWn in FIG. 2. 
Then, the laminate base element 20 Was subjected to after 
treatments, such as cutting and the formation of external 
electrodes, to obtain capacitors. FIG. 3 shoWs a schematic 
vieW of a cross section of the obtained capacitor. 

[0052] The thickness of the aluminum thin ?lm Was 50 
nm, and the thickness of the resin thin ?lm Was 1 pm. As the 
resin material, 1.9 nonanediol diacrylate mixed With 5 Wt % 
of a photoinitiator Was used. The number of laminations for 
each of the aluminum thin ?lm and the resin thin ?lm Was 
about 1,000. The Width of an insulation portion formed by 
patterning Was about 0.5 mm. A ?uorine-containing oil Was 
used as the patterning material. The distance betWeen the 
centers of adjacent patterning insulation portions on a lami 
nation surface Was 2.5 mm. A far-infrared ray heater Was 
used to remove the patterning material. Prior to the start of 
lamination, a spray of a ?uorine-based mold releasing agent 
(DAIFREE GA-6010 manufactured by DAIKIN INDUS 
TRIES, LTD.) Was provided on the outer periphery of the 
cylindrical can in the air, and spread thinner using a non 
Woven fabric impregnated With alcohol. After forming about 
1,000 aluminum thin ?lms and about 1,000 resin thin ?lms, 
a mold releasing agent Was applied to the surface of the 
laminate by using a ?uorine-based material as the mold 
releasing agent and RF sputtering the ?uorine-based mate 
rial. The sputtering poWer Was 100 W. The formation of the 
aluminum thin ?lm and the resin thin ?lm Was stopped 
during sputtering. Then, sputtering Was stopped, and about 
1,000 aluminum thin ?lms and about 1,000 resin thin ?lms 
Were alternately laminated again. These steps Were repeated 
to form about 4,000 aluminum thin ?lms and about 4,000 
resin thin ?lms including three sputtered ?uorine-based 
layers. The resulting laminate Was separated from the cylin 
drical can, and pressed ?at at 100° C. Then, the laminate Was 
divided into four laminates by the borders of the sputtered 
?uorine-based layers. The divided laminates Were subjected 
to treatments, such as cutting and the formation of external 
electrodes by thermal spraying, to form capacitors. 

EXAMPLE 3 

[0053] A laminate for capacitors Was manufactured by 
using the apparatus shoWn in FIG. 1. 

[0054] An evaporated copper thin ?lm Was formed on the 
can 7 as a metal thin ?lm, and an acrylate resin thin ?lm Was 
formed on the can 7 as a dielectric thin ?lm by heater heating 
and vaporiZation. At this time, the resin thin ?lm Was 
hardened by irradiation With an electron beam, and the metal 
thin ?lm Was patterned into a predetermined shape by an oil 
patterning method. After a predetermined number of lami 
nations, the resulting laminate Was separated from the can 7 
to obtain a laminate base element 20 as shoWn in FIG. 2. 
Then, the laminate base element 20 Was subjected to after 
treatments, such as cutting and the formation of external 
electrodes, to obtain capacitors. FIG. 3 shoWs a schematic 
diagram of a cross section of the obtained capacitor. 

[0055] The thickness of the copper thin ?lm Was 40 nm, 
and the thickness of the resin thin ?lm Was 0.1 pm. Dim 
ethynoltricyclodecane diacrylate Was used as the resin mate 
rial. The number of laminations for each of the copper thin 
?lm and the resin thin ?lm Was about 4,000. The Width of an 
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insulation portion formed by patterning Was about 0.1 mm. 
Amineral-based oil Was used as the patterning material. The 
distance betWeen the centers of adjacent patterning insula 
tion portions on a lamination surface Was 1.4 mm. In 
addition, an electron beam Was used to remove the pattern 
ing material. Prior to the start of lamination, a spray of a 
?uorine-based mold releasing agent (DAIFREE GA-6010 
manufactured by DAIKIN INDUSTRIES, LTD.) Was pro 
vided on the outer periphery of the cylindrical can in the air, 
and spread thinner using a nonWoven fabric impregnated 
With alcohol. After forming about 4,000 copper thin ?lms 
and about 4,000 resin thin ?lms, the mold releasing agent 
Was applied to the surface of the laminate While stopping the 
formation of the copper thin ?lm and the resin thin ?lm by 
providing a solenoid valve in the path to the spray noZZle for 
the commercial ?uorine-based mold releasing agent 
(DAIFREE GA-6010 manufactured by DAIKIN INDUS 
TRIES, LTD.) and leading the noZZle into the vacuum 
vessel. The degree of vacuum Was degraded temporarily by 
spraying. After the degree of vacuum Was restored, the 
copper thin ?lms and the resin thin ?lms Were laminated in 
the same manner again. Thus, a laminate comprising about 
8,000 copper thin ?lms and about 8,000 resin thin ?lms and 
one mold releasing agent layer Was obtained. The obtained 
laminate Was separated from the cylindrical can and divided 
by the mold releasing agent surface. Then, the divided 
laminates Were pressed ?at at 120° C., and capacitors Were 
formed in the same method as in Example 2. 

[0056] Among the capacitors formed by the method of 
Example 1 Without separation in the lamination direction 
and the capacitors formed by the methods of Examples 2 and 
3 With separation in the lamination direction, the proportion 
of apparently failed capacitors due to cracking during the 
separation from the can or the division of the laminate and 
capacitors that have the shape of a capacitor but have a 
capacity error of 30% or more With respect to the designed 
value is shoWn in Table 2 as a failure rate With respect to the 
designed number of capacitors to be obtained. 

TABLE 2 

Comparison of Failure Rate 

Example 1 Example 2 Example 3 

Cracking during separation 4% 2% 2% 
from the can 

Cracking during separation in no 4% 3% 
lamination direction separation 
Capacity error of 30% or more 2% 3% 3% 
Total failure rate 6% 9% 8% 

[0057] As shoWn in Table 2, the failure is increased 
slightly by separation in the lamination direction. HoWever, 
mostly, such an increase is negligible from the vieWpoint of 
production ef?ciency, considering the time for cleaning and 
preparation in the vacuum vessel, evacuation, cooling, the 
start of the ?lm-forming components (the devices), and the 
like. Also, in Example 3, the increase of failure due to the 
separation in the lamination direction Was small as in 
Example 2. 

[0058] As described in Examples 2 and 3, When the mold 
releasing agent is applied to the surface of the laminate 
during lamination, the laminate can be divided by the 
surface, to Which the mold releasing agent is applied, after 
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all lamination is completed. Therefore, continuous lamina 
tion beyond the lamination unit of the product is possible, 
Which improves the productivity signi?cantly. 

[0059] In the above examples, only the case Where the 
?uorine-based material is used as the mold releasing agent 
is described. HoWever, the present invention is not limited to 
this case. Other materials that provide the mold releasing 
effect can be used. In addition, as the method of applying the 
mold releasing agent, evaporation can be used other than 
sputtering and spraying as described in the examples. The 
applying method can be selected properly according to the 
process conditions including the material to be used. 

[0060] In the above examples, the acrylate-based resin 
material is used as the insulating thin ?lm material. HoW 
ever, other resin materials, such as vinyl-based and epoxy 
based resins, ceramic-based materials, or metal oxide-based 
materials can be used as described above. For example, the 
effect of the present invention Was con?rmed in the case 
Where a titanium oxide thin ?lm that Was formed by electron 
beam evaporation in an oxide atmosphere and has a thick 
ness of 50 to 300 nm Was used as the insulating thin ?lm. 

[0061] In the above examples, aluminum or copper is used 
for the metal thin ?lm layer. HoWever, other metals, such as 
silver, nickel, and Zinc, or an alloy comprising these can be 
used. It is possible to use more than one type of metal thin 
?lm layer. For example, the metal thin ?lm layers can 
comprise Al and Cu layers. This complements the proper 
ties, thereby achieving a high performance of electronic 
parts depending on the conditions. 

[0062] In the above examples, the far-infrared ray heater 
or the electron beam is used as the means for removing the 
patterning material. HoWever, the same effect can be 
obtained by other removing means, such as irradiation With 
an ultraviolet ray lamp and plasma irradiation. 

[0063] In the above examples, the cylindrical can is used 
as the support. HoWever, the present invention is no limited 
to this support. A support having the shape of a ?at sheet or 
a curved surface can be used. In addition, a metal, an 
insulating material, a glass, a semiconductor or the like can 
be used as the material of the support. Electronic parts can 
be formed on these materials according to the present 
invention. 

[0064] In the above examples, capacitors are illustrated as 
the electronic parts. HoWever, the productivity of other 
electronic parts, such as chip coils and noise ?lters, can be 
improved by using the manufacturing method according to 
the present invention. That is, the present invention can be 
applied Widely to methods for manufacturing electronic 
parts and apparatuses for manufacturing thin ?lms. 

[0065] The invention may be embodied in other forms 
Without departing from the spirit or essential characteristics 
thereof. The embodiments disclosed in this application are to 
be considered in all respects as illustrative and not limitative, 
the scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all 
changes Which come Within the meaning and range of 
equivalency of the claims are intended to be embraced 
therein. 
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What is claimed is: 
1. A method for manufacturing electronic parts, compris 

ing steps of: 

forming a laminated thin ?lm on a support to Which a 
mold releasing agent is previously applied; and 

separating the laminated thin ?lm from the support. 
2. The method for manufacturing electronic parts accord 

ing to claim 1, Wherein the application of the mold releasing 
agent is performed by a process selected from the group 
consisting of evaporation, spraying, sputtering, and a com 
bination thereof. 

3. The method for manufacturing electronic parts accord 
ing to claim 1, Wherein a plurality of the laminated thin ?lms 
are laminated, and a mold releasing agent is applied to a 
surface of the laminated thin ?lm during the lamination. 

4. The method for manufacturing electronic parts accord 
ing to claim 3, Wherein the application of the mold releasing 
agent is performed by a process selected from the group 
consisting of evaporation, spraying, sputtering, and a com 
bination thereof. 

5. A method for manufacturing electronic parts having at 
least a metal thin ?lm and an insulating thin ?lm, comprising 
steps of: 

laminating tWo or more of the metal thin ?lms and tWo or 
more of the insulating thin ?lms on a support to form 
a laminate; and 

separating the laminate in a thickness direction. 
6. The method for manufacturing electronic parts accord 

ing to claim 5, Wherein a mold releasing agent is applied 
after laminating a predetermined number of the metal thin 
?lms and the insulating thin ?lms, and a predetermined 
number of the metal thin ?lms and the insulating thin ?lms 
are further laminated. 

7. The method for manufacturing electronic parts accord 
ing to claim 6, Wherein the application of the mold releasing 
agent is performed by a process selected from the group 
consisting of evaporation, spraying, sputtering, and a com 
bination thereof. 

8. The method for manufacturing electronic parts accord 
ing to claim 5, further comprising a step of applying a mold 
releasing agent to the support prior to the step of forming the 
laminate. 

9. The method for manufacturing electronic parts accord 
ing to claim 8, Wherein the application of the mold releasing 
agent is performed by a process selected from the group 
consisting of evaporation, spraying, sputtering, and a com 
bination thereof. 

10. The method for manufacturing electronic parts 
according to claim 5, Wherein the metal thin ?lms and the 
insulating thin ?lms are continuously formed Without 
destroying a vacuum atmosphere under vacuum. 

11. The method for manufacturing electronic parts 
according to claim 6, Wherein the formation of the metal thin 
?lms and the insulating thin ?lms and the application of the 
mold releasing agent are continuously performed Without 
destroying a vacuum atmosphere under vacuum. 

12. An apparatus for manufacturing a thin ?lm, compris 
ing: 

a vacuum vessel; 

a vacuum pump for maintaining a predetermined degree 
of vacuum in the vacuum vessel; 

a support located in the vacuum vessel; 
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a metal thin ?lm-forming device for forming a metal thin 
?lm directly or indirectly on the support; 

an insulating thin ?lm-forming device for forming an 
insulating thin ?lm directly or indirectly on the support; 
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a mold releasing agent-applying device for applying a 
mold releasing agent to a surface of at least one of the 
support, the metal thin ?lm, and the insulating thin ?lm. 

* * * * * 


