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Description

TECHNICAL FIELD

[0001] The present invention relates to production process of a capacitor for use in electrical apparatus, electronic
equipment, industrial equipment, and the like. It more particularly relates to production process of a metallized film
capacitor using a both-side metallized polypropylene film.

BACKGROUND ART

[0002] Conventionally, a capacitor made of a plastic film having a metal deposited thereon (hereinafter referred to as
a "metallized film capacitor") has widely been used. Such films include a polypropylene film, polyethylene terephthalate
film, polyphenylene terephthalate film, and polyethylene naphthalate film. Particularly, a metallized film capacitor using
a polypropylene (PP) film finds a wide range of applications, from small electronic components represented by portable
devices to large-scale industrial use, e.g. drive motor control of a train and high-voltage power capacitor. This is because
the metallized film capacitor using a PP film has excellent electrical characteristics, e.g. a small dielectric loss, high
withstand voltage, and little fluctuation of the dielectric constant caused by changes in temperature and frequency.
Additionally, the metallized film capacitor using a PP film is relatively inexpensive.
[0003] Fig. 4 is a sectional view of a conventional metallized film capacitor using a PP film. The capacitor comprises
two sheets of PP film 11 and metal-sprayed portions 30. Each of the two sheets of PP film 11 has metal 12 deposited
on one side thereof, and are overlaid and wound or laminated. Metal-sprayed portions 30 are formed by spraying metal
from both edge faces of the capacitor.
[0004] Widely employed structure of deposited metal 12 is a heavy edge structure shown in Fig. 4. Deposited metal
12 in a capacity-forming electrodes portion is thinner to improve self-healing capability and the metal contact portions
with sprayed metal 13 and 14 in contact with metal-sprayed portions 30 are thicker to enhance the contact strength with
respect to metal-sprayed portions 30. The self-healing capability is restoring the capability of the capacitor when local
dielectric breakdown has occurred in a portion of a film. Evaporation and scatter of the deposited metal around of the
portion interrupts the current. Commonly used as deposited metal 12 is aluminum, zinc, or mixtures thereof. When
aluminum is used, its bonding strength with respect to metal-sprayed portions 30 is weak. Additionally, when alternating
voltage is applied to the capacitor for an extended period of time, deterioration of aluminum caused by oxidation thereof
decreases the capacity. Because of these problems, in recent years, deposited metal essentially consisting of zinc is
used in many cases. Deposited metal made of mixtures of zinc and aluminum is also used to improve humidity resistance
of zinc.
[0005] In a structure shown in Fig.4 (hereinafter referred to as a "one-side metallized film capacitor"), two sheets of
PP film each having deposited metal on one side thereof are used. Thus, each sheet requires a vacuum deposition step
and this necessitates a large number of man-hours. If metal can be deposited onto both sides of a PP film (hereinafter
referred to as a "both-side metallized PP film") by one vacuum deposition step and the film can be placed on a non-
metallized polypropylene film having no deposited layer (hereinafter referred to as a "non-metallized PP film "), the
vacuum deposition step can be saved to one half.
[0006] However, a conventional both-side metallized film capacitor has the following problems. Thus, its performance
is inferior to that of a one-side metallized film capacitor.
[0007] First problem: when the conventional both-side metallized film capacitor is charged at low temperature or room
temperature for an extended period of time, partial discharge occurs in an air gap between the films and deterioration
develops. For a one-side metallized film capacitor, voltage is applied to each of the films via one layer of air gap. In
contrast, for the both-side metallized film capacitor, the both-side metallized PP film has no air gap; however, the non-
metallized PP film has air gaps on both sides. Thus, deterioration caused by partial discharge develops on both sides
of the non-metallized PP film. Therefore, the deterioration develops at low temperature or room temperature at which
partial discharge is prone to occur.
[0008] Second problem: the conventional both-side metallized film capacitor has weak contact with metal-sprayed
portions. In general, for metallized film capacitors, heat aging is performed to complete the heat shrinkage of the film
after metal-sprayed portions are formed at both edge faces of the capacitor element. This heat aging process is performed
at high temperature to alleviate the residual stress and strain produced when the film is drawn lengthwise and widthwise
in a two-way drawing step and to stabilize the dimension of the film by heat shrinkage.
[0009] When the film is shrunken widthwise in the heat aging process, stress occurs between metal-sprayed portion
30 and contact portion of deposited electrode 13. However, for the one-side metallized film capacitor of Fig. 4, each of
the films is in contact with the metal-sprayed portion only at one edge and thus the stress is extremely small. In contrast,
for the both-side metallized film capacitor, the both-side metallized film is in contact with the metal-sprayed portions at
both edges. Thus, large stress occurs at both edges and the contact portions are prone to deteriorate. Especially, heat
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shrinkage of polypropylene (PP) film is larger than that of a polyethylene terephthalate film, polyphenylene terephthalate
film, and polyethylene naphthalate film. Thus, a PP film is prone to cause contact failure in metal-sprayed portions.
[0010] Third problem: in the case of a capacitor element impregnated or filled with insulating oil 70, the insulating oil
permeating into a both-side metallized film swells the film. Thus cracks or peels of the deposited metal occur and the
resistance of the deposited layer increases. Especially, a PP film has an adhesive strength with respect to the deposited
layer smaller than that of other films and insulating oil is more permeable into PP films. Therefore, increase in the
resistance of the deposited layer deteriorates tan δ and deterioration of the deposited layers in the vicinity of metal-
sprayed portions deteriorates contact.
[0011] Forth problem: the conventional both-side metallized film capacitor is prone to cause insulation breakdown
when over voltage is applied thereto. In order to improve adhesion of a PP film to a deposited layer, it is widely performed
that wettability of the surface of the PP film is improved by corona treatment in production of the PP film. In general, in
the corona treatment, a drawn film runs in corona discharge generated at high voltages ranging from several thousands
to several dozens of thousands volts so that the surface of the film is activated. However, a PP film having a small
thickness of approx. several micrometers for use in a capacitor is damaged by the corona treatment and thus dielectric
strength thereof decreases. The PP film for use in a capacitor has a large number of projections and depressions. When
both sides of such a film are metallized, the thickness distribution of the film has direct influence on the dielectric strength
of the capacitor. Therefore, because a portion of the film having depressions on both sides is thin, the dielectric strength
of the capacitor decreases. On the other hand, for a one-side metallized film capacitor, even if the film has depressions,
always existing air gaps alleviate the voltage applied to the films. For this reason, the dielectric strength of the one-side
metallized film capacitor is higher than that of the both-side metallized film capacitor.
[0012] Fifth problem: in production of a both-side metallized film, the deposited layers are peeled by blocking. After
deposited layers are formed on both sides of the film in vacuum deposition step, the both-side metallized film is wound
once in a vacuum evaporator. At this time, the deposited layers on both sides are in contact with each other. A PP film
has low adhesive strength with respect to a deposited metal. Additionally, the roll formed after vacuum deposition is
tightly contracted (i.e. the stress accumulating inside of the roll of the both-side metallized PP film is large). Thus,
deposited metal layers on both sides adhere to and peel each other. This phenomenon is called blocking. It is known
that the blocking is remarkable with a deposited metal of zinc.
[0013] To address this problem, trials of decreasing blocking when zinc is deposited on both sides of a PP film have
conventionally been made. For example, the U.S. Patent Publication No. 3,895,129 discloses a method of depositing
zinc on both sides of a PP film. In this invention, after the deposited surface on one side is air-sprayed to oxidize the
deposited metal surface, the film is wound into a product roll. The Japanese Patent Examined Publication No. H07-24251
discloses a both-side metallized polyolefin film capacitor having a both-side metallized polyolefin film and a film for
combination. For the both-side metallized polyolefin film, zinc is deposited on both sides of a polyolefin film that contains
oxidation inhibitor having a melting point of at least 156°C and an aluminum layer is formed on the deposited metal.
[0014] However, even in the case using the method disclosed in the U.S. Patent Publication No. 3,895,129, blocking
is not completely eliminated. It is known that observations with an optical microscope and the like show the existence
of a small peeled area of deposited layer in some cases.
[0015] In other words, because blocking is caused by the contraction of a roll of both-side metallized PP film as
described above, the deposited layer may peel in the inner circumference of the roll where the stress caused by the
contraction accumulates even when no blocking is seen in the outer circumference of the roll. Especially increasing the
tension on the PP film at vacuum deposition increases the contraction. Thus, blocking in the inner circumference is
prone to increase.
[0016] Further, because blocking is a phenomenon in which deposited layers adhere to and peel each other during
unwinding, it is known that the adhesion of the deposited layers develops and the peeled area increases when the film
is kept for an extended period of time in the state of the roll.
[0017] When a capacitor is produced using a both-side metallized PP film in which blocking occurs, peeling of the
deposited electrodes not only decreases the effective area but also affects the electrical characteristics as a capacitor
in some cases. Especially in the heavy edge structure having thicker electrodes in the metal contact portions with sprayed
metal, the deposited electrodes in the capacity-forming electrodes portion are thin. For this reason, even when a small
area of the electrodes peels, the resistance of the deposited electrodes significantly increases and the capability of the
electrodes is lost. Therefore, tan δ (dielectric loss) increases and the characteristics inherent to a metallized PP capacitor,
i.e. a small loss, cannot be obtained.
[0018] Further, when zinc is deposited on both sides of a PP film and an aluminum layer is formed on the deposited
metal as described in the Japanese Patent Unexamined Publication No. H07-24251, zinc-deposited layers are not in
contact with each other and thus blocking is prevented. However, because the aluminum layer extenders to cover the
electrode leads, the feature of zinc vacuum deposition, i.e. excellent contact with the metal-sprayed portions, is affected.
[0019] DE 2802769 discloses a metallized film capacitor with a PP foil metallized on both sides and a PP dielectric
foil. JP 1151 221 A discloses a production process of a metallized film capacitor.
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DISCLOSURE OF THE INVENTION

[0020] To address these problems, a production process of a metallized film capacitor of the present invention uses
a non-metallized polypropylene (PP) film having a lengthwise heat shrinkage factor at 120 °C of at least 4%.
[0021] As another means of addressing these problems, in the production process of a metallized film capacitor of
the present invention, a both-side metallized film having a deposited metal formed on both sides of a first polypropylene
(PP) film and a second PP film are wound or laminated so as to be opposed to each other. The first PP film has a
widthwise heat shrinkage factor at 120 °C of at most 1.0%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a schematic section of an exemplary embodiment of the present invention, illustrating how films thereof
are opposed to each other.
Fig. 2 is a schematic section of another exemplary embodiment of the present invention, illustrating how films thereof
are opposed to each other.
Fig. 3 is a schematic section of still another exemplary embodiment of the present invention, illustrating how films
thereof are opposed to each other.
Fig. 4 is a schematic section of a conventional art, illustrating how films thereof are opposed to each other.
Fig. 5 is a schematic section of another conventional art, illustrating how films thereof are opposed to each other.
Fig. 6 is a graph showing a relation between a rate of a peeled area of a deposited metal layer and a resistance.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0023] The present invention is specifically described with reference to the accompanying drawings.
[0024] As shown in Fig. 1, a metallized film capacitor of the present invention includes first polypropylene (PP) film
10, second PP film 20, metal-sprayed portions 30, deposited electrodes 41 and 42, insulating margins 51 and 52, and
metal contact portions with sprayed metal 61 and 62.
[0025] In the metallized film capacitor of the present invention, second PP film 20 shown in Fig. 1 has a lengthwise
heat shrinkage factor at 120 °C of at least 4%. Thus, the lengthwise shrinkage of the second PP film, i.e. a combination
film, is sufficiently large in a heat aging step after metal-sprayed portions 30 are provided. This can decrease air gaps
existing on both sides of second PP film 20 and damages thereto caused by corona discharge at low temperature. As
a result, deterioration of the capacitor when it is charged at low temperature or room temperature for an extended period
of time can be prevented.
[0026] As shown in Fig. 1, the metallized film capacitor of the present invention has deposited electrodes 41 and 42
on both sides of first PP film 10. First PP film 10 has a widthwise heat shrinkage factor at 120 °C of at most 1.0%. This
can reduce the widthwise stress on the both-side metallized film in the heat aging step after metal-sprayed portions 30
are provided. As a result, occurrence of contact failure between the deposited electrodes and metal-sprayed portions
30 can be inhibited.
[0027] Further, in the metallized film capacitor of the present invention, first PP film 10 is thicker than second PP film
20. This structure can prevent a decrease in the withstand voltage of the capacitor caused by projections and depressions
on the both-side metallized film even when a film thinner than conventional one is used. Additionally, it is preferable that
maximum surface roughness Rmax of first PP film 10 and second PP film 20 ranges from 1 to 2 Pm and average surface
roughness Ra is at least 0.1 Pm (Rmax and Ra being measured according to JISB0601). It is also preferable that first
PP film 10 is 0.5 to 2 Pm thicker than second PP film 20.
[0028] In the metallized film capacitor of the present invention, the rate of the peeled area of the deposited layer in
the capacity-forming electrodes portion is up to 4%, on each side of both-side metallized PP film 10. This can realize
an excellent metallized film capacitor free from deterioration of tan δ or thermal runaway caused by blocking, which is
one of the problems. The methods of reducing the rate of the peeled area of the deposited layer in the capacity-forming
electrodes portion to 4% or smaller include spraying oxygen onto the deposited layer. However, this embodiment is not
limited to this method and any other method can be used for this purpose.
[0029] In the metallized film capacitor of the present invention, the membrane resistance of the capacity-forming
electrodes portion (deposited electrodes 41 and 42) is higher than that of the electrode lead (metal contact portions with
sprayed metal 61 and 62) on each of deposited electrodes 41 and 42 of both-side metallized film 10 This can provide
excellent contact of metal-sprayed portions 30 with the deposited electrodes.
[0030] In the metallized film capacitor of the present invention, each of deposited electrodes 41 and 42 contains one
of copper, silver, and aluminum as a seed metal thereof, and zinc is deposited on the seed metal. This structure can
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realize a preferable metallized film capacitor free from decrease in capacity even in application of alternating voltage for
an extended period of time.
[0031] In the metallized film capacitor of the present invention, each of deposited electrodes 41 and 42 has aluminum
as a lower layer and zinc as an upper layer. This structure can realize a metallized film capacitor having excellent humidity
resistance.
[0032] With reference to Fig. 1, in each of deposited electrodes 41 and 42, the capacity-forming electrodes portion is
thinner than the electrode lead, and the rate of the peeled area of the deposited metal is up to 4%. This structure can
reduce the vacuum deposition step to only one time and realize a metallized film capacitor providing a small loss and
excellent contact of metal-sprayed portions 30.
[0033] Next, another embodiment of the present invention is described with reference to Fig. 2.
[0034] The metallized film capacitor shown in Fig. 2 includes first polypropylene (PP) film 10, second PP film 20, metal-
sprayed portions 30, deposited electrodes 41, 42, 43, and 44, insulating margins 51 and 52, and metal contact portions
with sprayed metal 61 and 62.
[0035] In the metallized film capacitor of the present invention, deposited electrodes 41 and 42 are formed on PP film
10,and deposited electrode 43 is formed at one edge of first PP film 10 where insulating margin 52 is formed on deposited
electrode 42. Because of this structure, metal-sprayed portions 30 connect to deposited metal 41 and 43 at one edge
and to deposited metal 42 and 44 at the other edge. In other words, mechanical connection is provided on both sides
of the film. This structure increases the mechanical strength of metal-sprayed portions 30 and can maintain stable contact
of the metal-sprayed portions even in heat cycles, e.g. heat generation in operation and cooling at rest, during use of
the capacitor.
[0036] In the case of a capacitor impregnated or filled with insulating oil 70 in the entire part thereof, the deposited
metal is effective in inhibiting entry of insulating oil 70 into first PP film 10 in the vicinity of metal-sprayed portions 30.
This can prevent deterioration of tan δ and contact in use of insulating oil, which is one of the problems.
[0037] Further, still another exemplary embodiment of the present invention is described with reference to Fig. 3.
[0038] Fig. 3 shows that a metallized film capacitor includes first polypropylene (PP) film 10, second PP film 20, metal-
sprayed portions 30, deposited electrodes 41, 42, 43, and 44, insulating margins 51 and 52, and metal contact portions
with sprayed metal 61 and 62. In the metallized film capacitor of the third exemplary embodiment, second PP film 20 is
disposed in contact with deposited electrode 43 at the edge on the side of insulating margin 52. This arrangement
prevents direct contact of PP film 10 i.e. the base of the both-side metallized film, with insulating oil 70. Thus, preventing
entry of the insulating oil is more effective.
[0039] In Fig. 3, a gap is shown between second PP film 20 and deposited electrode 43 at the edge on the side of
insulating margin 52 for a better understanding. However, in fact, second PP film 20 is in intimate contact with deposited
electrode 43 and the entire surface of insulating margin 52 and a part of deposited electrode 43 are covered with PP film 20.
[0040] For the metallized film capacitor of the present invention, with reference to Fig. 3, one side of second PP film
20 is not subjected to corona treatment and the other side is subjected to corona treatment. This can prevent damage
to second PP film 20 caused by corona treatment and decrease in dielectric strength while excellent adherence between
the second PP film and the deposited layers is maintained.

First Exemplary Embodiment

[0041] Examples and conventional examples are produced for each of these exemplary embodiments and the exper-
imental results thereof are detailed hereinafter.
[0042] In Example 1, after aluminum is formed, as a seed metal, on both sides of first polypropylene (PP) film 10
having a thickness of 6 Pm and a widthwise heat shrinkage factor at 120 °C of at most 1.0%, deposited layers are formed
so that a high resistance portion corresponding to the capacity-forming electrodes portion has a resistance of 15�3Ω/
K and metal contact portions with sprayed metal 61 and 62 have a resistance of 5�2Ω/K. Insulating margins 51 and
52 are 1.5 mm wide. Deposited electrodes 43 and 44 are provided at the edges on the side of the insulating margins.
The first film is 81 mm wide. Used as second PP film 20 is a PP film having the same thickness of 6 Pm and a lengthwise
heat shrinkage factor at 120 °C of at least 4% and subjected to no corona treatment. The second film is 79mm wide.
The both-side metallized film and the non-metallized film, i.e. second PP film 20, prepared in this manner are wound so
that the second film 20 is placed in the center of the both-side metallized film 10. This makes the amount of displacement
between both edges of first PP film 10 and both edges of second PP film 20 (hereinafter referred to as "displacement")
1mm at each edge face. Insulating margins 51 and 52 are covered with PP film 20. After winding, Zn is sprayed onto
both edge faces.
[0043] Example 2 is produced by using a PP film having a widthwise heat shrinkage factor at 120 °C of 1.5%, as a
first PP film. The other structure is the same as that of Example 1.
[0044] Example 3 is produced by using a PP film having a lengthwise heat shrinkage factor at 120 °C of 3%, as second
PP film 20. The other structure is the same as that of Example 1.
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[0045] In Example 4-1, deposited electrodes 43 and 44 are not provided at the edges on the side of insulating margins
on both sides of a first PP film, and insulating margins 51 and 52 are 3.0 mm wide. A second PP film is 77 mm wide and
placed in the center of the first PP film. The other structure is the same as that of Example 1. This arrangement provides
a displacement of 2 mm at each edge face. Covered with second PP film 20 is only a part of each of insulating margins
51 and 52.
[0046] In Example 4-2, deposited electrode 43 at the edge on the side of an insulating margin is provided only on one
side of first PP film 10 and the opposite side of the PP film does not have a deposited electrode at the edge. The other
structure is the same as that of Example 4-1.
[0047] In Example 5-1, second PP film 20 is 77 mm wide and placed in the center of a both-side metallized film and
wound together. The other structure is the same as that of Example 1. Thus, the displacement is 2 mm and only a part
of each of insulating margins 51 and 52 is covered with second PP film 20.
[0048] In Example 5-2, second PP film 20 is 78 mm wide and placed in a position 1 mm displaced from the center of
a both-side metallized film and wound together. The other structure is the same as that of Example 1. In this case, the
displacement is 2 mm at one edge and 1mm at the other edge. Thus, one insulating margin is completely covered with
the second PP film; however, only a part of the other insulating margin is covered with the film.
[0049] In Example 6-1, both sides of second PP film 20 are subjected to corona treatment. The other structure is the
same as that of Example 1.
[0050] In Example 6-2, only one side of second PP film 20 is subjected to corona treatment. The other structure is the
same as that of Example 1.
[0051] For Conventional Example 1, a conventional one-side metallized capacitor is produced. After aluminum is
formed, as a seed metal, on one side of 6-Pm-thick PP film 11 subjected to corona treatment on one side, a deposited
layer is formed so that a high resistance portion has a resistance of 15�3Ω/K and metal contact portions with sprayed
metal have a resistance of 5�2Ω/K. Insulating margins are 3 mm wide and the film is 80 mm wide. After the one-side
metallized films prepared in this manner are wound together so that the two films are displaced by 1 mm, Zn is sprayed
onto both edge faces. The other structure is the same as that of Example 1.
[0052] All of these examples and conventional examples are wound capacitors in which two films are overlaid and
wound together. The electrostatic capacity of each capacitor is 30 PF.
[0053] Evaluation is performed by comparing the measurement of tan δ at 1 kHz in the initial state with the measurement
of tan δ at 1 kHz after 50 cycles. One cycle is made with no voltage applied at 0 °C for two hours and with 400VAC
applied at 80 °C for two hours. For comparison of withstand voltage, step-up tests are performed at temperature of 25
°C and 70 °C. In each of the step-up tests, alternating voltage is increased from 800 V by 50 V within 10 minutes and
break-down voltage is measured.
[0054] The obtained results are shown in Table 1.
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Table 1

Widthwise 
heat 

shrinkage 
factor of at 
most 1.0%

Length wise 
heat 

shrinkage 
factor of at 
least 4%

Deposited 
electrode at 

end of margin 
*1

Contact with 
deposited 

electrode *1

Corona 
Treatment *2

Tan at 1 δ kHz voltage in step-
up

Break-down 
test

Initial state After heat 
cycles

Room 
Temperatur

70°C

Examples 1 Yes Yes B B B 0.40% 0.40% 1200 V 1100 V

Example 2 No Yes B B B 0.4% ~0.6% 0.4% ~1.2 % 1100 V 1100 V

Example 3 Yes No B B B 0.40% 0.40% 1000 V 1100 V

Example 4-1 Yes Yes � � B 0.40% 1.20% 1200 V 1100 V

Example 4-2 Yes Yes A � B 0.40% 0.80% 1200 V 1100 V

Example 5-1 Yes Yes B � B 0.40% 0.65% 1200 V 1100 V

Example 5-2 Yes Yes B A B 0.40% 0.50% 1200 V 1100 V

Example 6-1 Yes Yes B B � 0.40% 0.40% 1050 V 950V

Example 6-2 Yes Yes B B A 0.40% 0.40% 1100 V 1000 V

Conventional 
Example 1

0.40% 1.20% 1200 V 1100 V

*1: B: at both ends, A: at one end, �: at no end
*2: B: both sides, A: one side, �: no corona treatment
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[0055] Comparison of Example 1, Example 2, and Conventional Example 1 shows that use of a first PP film having
a widthwise heat shrinkage factor at 120°C of at most 1.0% can reduce the widthwise stress on the both-side metallized
film in a heat aging step after metal-sprayed portions are provided, and thus inhibit occurrence of contact failure of the
metal-sprayed portions.
[0056] Comparison of Example 1, Example 3, and Conventional Example 1 shows that use of a second PP film having
a lengthwise heat shrinkage factor at 120°C of at least 4% can reduce air gaps existing on both sides of second PP film
20 and damages caused by corona discharge at low temperature, and thus improve withstand voltage at low temperature.
[0057] Comparison of Example 1, Example 4-1, Example 4-2, and Conventional Example 1 shows that formation of
a deposited electrode at the edge on the side of the insulating margin of at least one of deposited electrodes 41 and 42
formed on both sides of first PP film 10 improves characteristics of the both-side metallized film capacitor in comparison
with those of the conventional one-side metallized film capacitor. This is because formation of the deposited electrode
at the edge provides mechanical connection between the sprayed metal and the deposited metal on both sides of the
film and thus increases the mechanical strength of the metal-sprayed portion. Additionally, the deposited metal inhibits
entry of insulting oil 70 into the PP film in the vicinity of metal-sprayed portion and thus stabilizes contact of the metal-
sprayed portion even in heat cycles, e.g. heat generation in operation and cooling at rest, during use of the capacitor.
[0058] Next, Example 1, Example 5-1, Example 5-2, and Conventional Example 1 are compared with each other.
Disposing the second PP film in contact with the deposited electrode at the edge on the side of the insulating margin
prevents direct contact of the PP film, a base of the both-side metallized film, with insulating oil 70. Stability of contact
of the metal-sprayed portions in heat cycles is drastically improved in comparison with that of the conventional one-side
metallized film capacitor.
[0059] Comparison of Example 1, Example 6-1, Example 6-2, and Conventional Example 1 shows that the withstand
voltage is substantially equal to that of the conventional one-side metallized film capacitor when at least one side of
second PP film 20 is not subjected to corona treatment.

Second Exemplary Embodiment

[0060] The following other examples and conventional examples are produced in accordance with the exemplary
embodiment of the present invention and the experimental results thereof are detailed.
[0061] For Example 7, a metallized film capacitor structured as shown in Fig. 1 is produced by winding first PP film
10 having a thickness of 7 Pm and second PP film 20 having a thickness of 6.5 Pm together. For both films, maximum
surface roughness Rmax is 1.5 Pm and average surface roughness Ra is 0.1 Pm. Rmax and Ra are measured according
to JISB0601.
[0062] For Example 8, a metallized film capacitor structured as shown in Fig. 1 is produced by using second PP film
20 having a thickness of 5 Pm. The other structure is the same as that of Example 7.
[0063] For Example 9, a metallized film capacitor as shown in Fig. 1 is produced by using first PP film 10 having a
thickness of 7.5 Pm. The other structure is the same as that of Example 7.
[0064] For Conventional Example 2, a metallized film capacitor as shown in Fig. 5 is produced by winding first PP film
100 and second PP film 200 each having a thickness of 7 Pm and a maximum surface roughness Rmax of 2.5 Pm in a
manner similar to that of Example 7.
[0065] For Conventional Example 3, a metallized film capacitor structured as shown in Fig. 4 is produced by winding
two sheets of one-side metallized PP film 7 Pm thick in pairs.
[0066] Table 2 shows the withstand voltage of the capacitors, i.e. Examples 7 through 9, and Conventional Examples
2 and 3. Measured as the withstand voltage is break-down voltage in a test in which alternating voltage is incremented
by 50V and each voltage is maintained for five minutes.
[0067] The results are shown in Table 2.

Table 2

Thickness of first 
film (both-side 
metallized film) 

(Pm)

Thickness of second 
film (No deposited 

metal) (Pm)

Thickness of one-
side metallized film 

(Pm)

Withstand voltage (V)

Example 7 7 6.5 - 1050

Example 8 7 5 - 1050

Example 9 7.5 6.5 - 1250
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[0068] Although the capacitor of Example 7 has a second PP film 0.5 Pm thinner than that of Conventional Example
2, these two examples have the same withstand voltage of 1,050V. Because second PP film 20 has air gaps on both
sides, the withstand voltage same as that of Conventional Example 2 can be obtained even with a thickness of 6.5P m.
[0069] Although the capacitor of Example 8 has a second PP film 2 Pm thinner than that of Conventional Example 2,
these two examples has the same withstand voltage of 1,050V.
[0070] This result shows that second PP film 20 2 Pm thinner than first PP film 10 does not affect the withstand voltage.
[0071] As a comparative example, a capacitor including second PP film 20 having a thickness as small as 4.5 Pm is
produced. In this case, the withstand voltage is as small as 800V. This result shows that it is preferable to set the
difference in thickness between the first and second PP films within 2 Pm when surface roughness Rmax ranges 1 to
2 Pm and the average roughness is at least 0.1 Pm.
[0072] In the capacitor of Example 9, first PP film 10 is 0.5 Pm thicker than that of Conventional Example 2. In this
case, although second PP film 20 is 0.5 Pm thinner than that of Conventional Example 2, the withstand voltage of
Example 9 is improved to 1,250V. First PP film 10 of Example 9 has projections and depressions such that maximum
surface roughness Rmax is 1.5 Pm and average surface roughness Rà is 0.1 Pm. This means there can be a portion
3 Pm thinner than the other portions at maximum. Thus, increasing the thickness of first PP film 10 by 0.5 Pm can further
increase the withstand voltage.
[0073] For Example 9, increasing the thickness of first PP film 10 by 0.5 Pm provides withstand voltage higher than
that of Conventional Example 2 using a both-side metallized film 7 Pm thick. This is the effect of thickening the first PP film.

Third Exemplary Embodiment

[0074] Further, examples and conventional examples of a laminated capacitor in accordance with the exemplary
embodiment of the present invention are produced. The experimental results thereof are detailed hereinafter.
[0075] For Example 10, a metallized film capacitor as shown in Fig. 1 is produced in the following manner. First PP
film 7 Pm thick and second PP film 6.5 Pm thick are wound around a large-diameter core and metal-sprayed portions
30 are formed at both edge faces. Then, the wound films are cut by a metal saw to provide laminated capacitors. The
sectional structure is as shown in Fig. 1. Maximum surface roughness Rmax of first PP film 10 and second PP film 20
is 2 Pm and average surface roughness Ra thereof is 0.2 Pm.
[0076] For Example 11, a metallized film capacitor as shown in Fig. 1 is produced so that first PP film 10 is 8 Pm thick
and second PP film 20 is 6 Pm thick. The other production method is the same as that of Example 10.
[0077] In Conventional Example 4, each of first PP film 10 and second PP film 20 is 7 Pm thick and maximum surface
roughness Rmax of these PP films is 2.5 Pm. The other method of producing laminated film capacitors is the same as
that of Example 10.
[0078] For Conventional Example 5, laminated film capacitors are produced using two sheets of one-side metallized
PP film 7 Pm thick in a manner similar to that of Example 10.
[0079] Table 3 shows the withstand voltage of the capacitors, i.e. Examples 10 and 11, and Conventional Examples
4 and 5. Measured as the withstand voltage is break-down voltage in a test in which alternating voltage is incremented
by 50V and each voltage is maintained for five minutes.

(continued)

Thickness of first 
film (both-side 
metallized film) 

(Pm)

Thickness of second 
film (No deposited 

metal) (Pm)

Thickness of one-
side metallized film 

(Pm)

Withstand voltage (V)

Comparative 
Example

7 4.5 800

Conventional 
Example 2

7 7 - 1050

Conventional 
Example 3

- - 7 1250
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[0080] The inventors have found from a large number of experiments that making the first metallized film 0.5 to 2 Pm
thicker than the second metallized film is effective in increasing the withstand voltage when the PP films have maximum
roughness Rmax ranging from 1 to 2 Pm and an average roughness of 0.1 Pm.
[0081] Although the capacitor of Example 10 has a second film 0.5 Pm thinner than that of Conventional Example 4,
these capacitors have the same withstand voltage of 950V. In other words, this result shows that the second film can
be made 0.5 Pm thinner than the first film even in a laminated capacitor.
[0082] In the capacitor of Example 11, the first film is 1 Pm thicker and the second film is 1 Pm thinner than those of
the capacitor of Conventional Example 4. This structure has improved the withstand voltage to 1,050V. Thickening a
both-side metallized film having projections and depression can increase withstand voltage as shown in Example 11.
[0083] In Example 11, making the first film 1 Pm thicker has made the withstand voltage thereof 50V higher than that
of Conventional Example 5.

Fourth Exemplary Embodiment

[0084] Further, the following other examples and conventional examples in accordance with the exemplary embodiment
of the present invention are produced. The characteristics of each of the metallized film capacitors are described in
comparison with those of the conventional examples.
[0085] First, a metallized film capacitor as shown in Fig. 1 is produced in the following manner. Deposited metal 41
and 42 are formed on both sides of first PP film 10 having a thickness of 6Pm so that aluminum is a lower layer and zinc
is upper layer, and the deposited layer in a capacity-forming electrodes portion has a resistance of approx. 10Ω/K and
electrode leads have a resistance of 5Ω/K. Next, by changing the time taken from vacuum deposition to slitting (time
when the film is stored in the state of a roll) within the range of one hour to one week, both-side metallized PP films
having different rates of the area peeled by blocking are produced.
[0086] Next, the both-side metallized PP film is slit. Then, the resistance of the deposited layer and the rate of the
peeled area of the deposited layer are examined in the capacity-forming electrodes portion of each of the slit sheets.
The resistance is measured with a resistance meter "Hiresta" made by the Mitsubishi Chemical Corp., according to
JISK7194. The rate of the peeled area of the deposited layer is obtained by imaging the capacity-forming electrodes
portion in deposited electrodes 41 and 42 via transmitted light using an optical microscope (power: 50X) having a CCD
camera, capturing the obtained images into a computer to digitize into binary data indicating the portion in which deposited
electrodes 41 and 42 peels and the portion in which the deposited electrodes do not peel. When the both-side metallized
PP film is imaged via transmitted light, both deposited layers are observed as an overlapped image. For this reason,
after one deposited electrode (e.g. 41) is removed by dropping 0.1N HCl solution, the deposited electrode on the remaining
side (42) is observed. By repeating this operation on each side, the rate of peeled area can be obtained on each of the
front and back sides.
[0087] The resistance of the deposited layer and the rate of the peeled area of the deposited layer that are obtained
in the aforementioned manner are shown in Table 6. According to the results, when the rate of the peeled area is up to
4%, a resistance substantially equal to the resistance at vacuum deposition is obtained. In contrast, when the rate
exceeds 4%, the resistance rapidly increases and the function as an electrode is affected.
[0088] Next, a metallized film capacitor structured as shown in Fig. 1 is produced using both-side metallized PP film
10 and 6-Pm-thick PP film 20 in the aforementioned manner. Then, the relation between the rate of the peeled area of
deposited metal 41 and 42 and the dielectric loss of the capacitor is examined. The obtained results are shown in Table.
4. Examples 12 through 14 show the cases where the rate of peeled area is up to 4%. Conventional Examples 6 and 7
show the cases where the rate exceeds 4%.

Table 3

Thickness of first 
film (both-side 
metallized film) 

(Pm)

Thickness of second 
film (No deposited 

metal) (Pm)

Thickness of one-
side metallized film 

(Pm)

Withstand voltage (V)

Example 10 7 6.5 - 950

Example 11 8 6 - 1050

Conventional 
Example 4

7 7 - 950

Conventional 
Example 5

-- -- 7 1000



EP 1 400 992 B1

11

5

10

15

20

25

30

35

40

45

50

55

[0089] Table 4 also includes the images of the deposited electrodes in the capacity-forming electrodes portion taken
by an optical microscope in the aforementioned manner, the rate of the peeled area, and the resistance of the deposited
layer. Shown in Table 4 is a picture of the deposited surface on a primary side (the surface on which the deposited layer
is formed first in a vacuum evaporator) of the both-side metallized PP film taken in the aforementioned manner. As for
a secondary side (the surface on which the deposited layer is formed next in the vacuum evaporator), similar pictures
are taken and the values in the table are obtained.
[0090] Table 4 obviously show that a metallized film capacitor having a small loss can be obtained when the rate of
the peeled area of deposited electrode 41 or 42 in the capacity-forming electrodes portion is up to 4% on each side of
a both-side metallized PP film.



EP 1 400 992 B1

12

5

10

15

20

25

30

35

40

45

50

55

[0091] Next, the characteristics of metallized film capacitors are examined by changing the composition of the deposited
metal.
[0092] First, a zinc-deposited layer containing one of copper, silver, and aluminum as a seed metal is formed on both
sides of 4-Pm-thick PP film 10 to provide a roll of the aforementioned both-side metallized PP film. Next, sheets of the
both-side metallized PP film each having different rates of the peeled area of deposited metal 41 and 42 are sampled
from different portions. Using these samples, metallized film capacitors structured as shown in Fig. 1 are produced. The
relation between the rate of the peeled area of the capacity-forming electrodes portion and the dielectric loss of the
capacitor is examined. The results are shown in Table 5. Examples 15 through 19 show the examples in which the rate
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of the peeled area is up to 4%. Conventional Examples 8 through 10 show the examples in which the rate exceeds 4%.

[0093] Table 5 obviously shows that a metallized film capacitor having a small loss can be obtained with any seed
metal when the rate of the peeled area of the capacity-forming electrodes portion is up to 4%.

Fifth Exemplary Embodiment

[0094] Next, cases using two-layer deposited electrodes of aluminum and zinc are examined in detail. As the exemplary
embodiment of the present invention, metallized film capacitors each structured as shown in Fig. 1 or Fig. 2 are produced
using 6-Pm-thick both-side metallized PP film that has deposited electrodes 41 and 42 including an aluminum upper
layer and a zinc lower layer so that the resistance of the deposited layer in the capacity-forming electrodes portion is
approx. 10 Ω/K and the resistance of electrode leads is 5 Ω/K. For comparison, as a conventional example, a metallized
film capacitors structured as shown in Fig. 5 is produced using a both-side metallized PP film that has a rate of the
peeled area exceeding 4%. Additionally, a metallized film capacitor structured as shown in Fig. 4 is produced using two
sheets of one-side metallized PP film placed one on another. Further, as shown in the Japanese Patent Unexamined
Publication No. H07-24251, a metallized film capacitor structured as shown in Fig.5 is produced using a both-side
metallized PP film that has a zinc-deposited layer containing copper as a seed metal and an aluminum layer formed on
the zinc layer on both sides thereof.
[0095] Charge-discharge tests are performed on these capacitors 20 times to measure the dielectric loss thereof. In
the charge-discharge test, the capacitor is charged to 900VDC and forcedly short-circuited using a copper plate. Table
6 shows the results. In this case, Examples 20 through 22 show the cases where the rate of peeled area is up to 4%
and Conventional Examples 11 through 13 show the cases where the rate exceeds 4%.
[0096] Comparison between Examples 20, 21, and 22 and Conventional Example 11 shows that providing deposited
metal 43 and 44 at the edges of the capacity-forming electrodes portion via insulating margins as shown in Fig. 2 in a
metallized film capacitor having a rate of the peeled area in the capacity-forming electrodes portion up to 4% improves
contact of the deposited electrodes with metal-sprayed portions 30 and thus provide a current-resistant capacitor ex-
hibiting less deterioration in charge-discharge tests.
[0097] For Conventional Example 12 (one-side metallized) and Conventional Example 13 (aluminum upper layer),
because no deposited metal peels, the dielectric loss in the initial state is low; however, poor contact of the deposited
metal with the metal- sprayed portions increases the dielectric loss after the charge-discharge tests. In contrast, for
Examples 21 and 22, the dielectric loss does not increase significantly.
[0098] Also, when one of copper, silver, and aluminum is used as a seed metal of the deposited metal, providing
deposited electrodes 43 and 44 at the edges of the capacity-forming electrodes portion via insulating margins can provide
excellent contact.

Table 5

Seed metal Rate of peeled area (%) Dielectric loss of capacitor (%)

Primary side Secondary side

Example 15 Copper 0.7 0.9 0.04

Example 16 Copper 3.0 2.9 0.06

Example 17 Silver 0.5 0.6 0.04

Example 18 Silver 2.3 2.0 0.06

Example 19 Aluminum 1.2 1.4 0.05

Conventional Example 8 Copper 5.3 6.4 0.16

Conventional Example 9 Silver 4.3 4.1 0.14

Conventional Example 10 Aluminum 6.8 7.5 0.20

Table6

Deposited metal 
(upper layer / 
lower layer)

Structure Rate of peeled area (%) Dielectric loss of capacitor (%)

Primary side Secondary side Initial state After tests

Example 20 Al/Zn Fig. 2 0.5 0.3 0.04 0.05
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INDUSTRIAL APPLICABILITY

[0099] As described above, a metallized film capacitor of the present invention uses a non-metallized polypropylene
(PP) film having a lengthwise heat shrinkage factor at 120 °C of at least 4%. Thus, the capacitor element significantly
shrinks in a heat aging step and air gaps decrease. Because this inhibits partial discharge, deterioration caused when
a capacitor is charged for an extended period of time at low temperature or room temperature, which is a first problem,
can significantly be prevented.
[0100] In the present invention, a PP film, i.e. a base of a both-side metallized PP film, has a widthwise heat shrinkage
factor at 120 °C of at most 1.0%. This reduces the widthwise stress on the both-side metallized film in the step of heat-
aging the element. Thus, poor contact with metal-sprayed portions, which is a second problem, can be improved.
[0101] Further in the present invention, a deposited electrode is formed at the edge of an insulating margin of a
deposited electrode at least one side of the both-side metallized PP film. Thus, mechanical connection between a metal-
sprayed portion and a deposited metal is provided on both sides of the film. This further increases the mechanical
strength of the metal-sprayed portion and stabilizes contact with the metal-sprayed portion even in heat cycles, e.g. heat
generation in operation and cooling at rest, during the use of the capacitor.
[0102] Additionally, the second PP film is disposed in contact with the deposited electrode at the edge of the insulating
margin formed on the first PP film that has metal electrodes on both sides. This prevents direct contact of insulating oil
with the first PP film and thus the deposited metal can inhibit entry of the insulating oil into the first PP film. Thus,
deterioration of tan δ and contact, which is a third problem, can be prevented.
[0103] At least one side of the second PP film is not subjected to corona treatment. This decreases damages to the
surface of the film caused by corona treatment. Thus, decrease in dielectric strength, which is a fourth problem, can be
inhibited.
[0104] Further, the both-side metallized PP film is made thicker than the second PP film. This can prevent decrease
in the withstand voltage of the capacitor caused by projections and depressions on the both-side metallized PP film.
[0105] In the present invention, the rate of the peeled area of the deposited layer in the capacity-forming electrodes
portion is up to 4% on each side of the both-side metallized PP film. This can realize an excellent metallized film capacitor
free from deterioration of tan δ and thermal runaway caused by blocking, which is a fifth problem.
[0106] Additionally, the membrane resistance of the deposited electrode in the capacity-forming electrodes portion is
higher than that of the electrode lead on each side of the metallized film capacitor. This improves contact with the metal-
sprayed portions.
[0107] Further, the deposited electrodes are made of zinc containing one of copper, silver, and aluminum, as a seed
metal thereof. This composition can realize a preferable metallized film capacitor free from decrease in capacity even
when alternating voltage is applied for an extended period of time.

Reference marks in the drawings

[0108]

10 First polypropylene film
20 Second polypropylene film
30 Metal-sprayed portion

(continued)

Deposited metal 
(upper layer / 
lower layer)

Structure Rate of peeled area (%) Dielectric loss of capacitor (%)

Primary side Secondary side Initial state After tests

Example 21 Al/Zn Fig. 2 3.0 2.9 0.06 0.07

Example 22 Al/Zn Fig. 1 0.3 0.2 0.04 0.09

Conventional 
Example 11

Al/Zn Fig. 5 5.0 4.8 0.14 0.18

Conventional 
Example 12

Al/Zn (one side) Fig. 4 0.0 0.0 0.03 0.09

Conventional 
Example 13

Cu/Zn/Al Fig. 5 0.0 0.0 0.03 0.24
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11 polypropylene (PP) film
12 Deposited electrode
13,14 Metal contact portion with sprayed metal
41,42,43,44 Deposited electrode
51,52 Insulating margin
61,62 Metal contact portion with sprayed metal
70 Insulating oil
100 First polypropylene film of conventional art
200 Second polypropylene film of conventional art

Claims

1. A production process of a metallized film capacitor comprising a capacitor element, the capacitor element being
made by one of winding and laminating a first polypropylene (PP) film (10) having metal deposited electrodes (41,42)
on both sides thereof, and a second PP film opposed to the first PP film, comprising the steps of:

providing a first polypropylene (PP) film (10) wherein a widthwise heat shrinkage factor at 120°C of the first PP
film (10) is at most 1%;
depositing metal electrodes (41,42) on both sides of the first PP film (10);
providing a second PP film (20) wherein a lengthwise heat shrinkage factor at 120°C of the second PP film (20)
is at least 4%;
winding or laminating the first PP film (10) and the second PP film (20);
forming metal-sprayed portions (30) at both edge faces of the capacitor element;
performing a heat aging step of the capacitor element after the metal-sprayed portions (30) are provided.

2. The production process of claim 1, wherein lead electrodes (61,62) in the deposited electrodes in a vicinity of the
metal-sprayed portions (30) have a membrane resistance smaller than that of the capacity-forming electrodes portion.

3. The production process of claim 1, further comprising a seed metal deposited on the first PP film (10), wherein the
seed metal is one of silver, copper, and aluminum.

4. The production process of anyone of claims 1 through 3, wherein one of the deposited electrodes on at least one
side of the first PP film (10) has an insulating margin (51) at one edge, and another deposited electrode (44) is
provided at an edge on a side of the insulating margin (51).

5. The production process of claim 1, wherein one of the deposited electrodes (41,42) on at least one side of the first
PP film (10) has an insulating margin (52) at one edge, and another deposited electrode (43) is provided at an edge
on a side of the insulating margin (52), and the second PP film (20) is disposed in contact with the deposited electrode
(43) formed at the one edge of the insulating margin (52) on the first PP film (10).

6. The production process of claim 1, wherein the first PP film (10) is thicker than the second PP film (20).

7. The production process of claim 6, wherein both of the first PP film (10) and the second PP film (20) have maximum
surface roughness Rmax ranging from 1 to 2 Pm and average surface roughness Ra of at least 0.1 Pm, and a
difference in thickness between the first PP film (10) and the second PP film (20) ranges from 0.5 to 2 Pm.

8. The production process of anyone of claims 1 through 3, wherein each of the deposited electrodes (41,42) has a
two-layer structure including an aluminum layer deposited as a lower layer and a zinc layer deposited as an upper
layer.

Patentansprüche

1. Herstellungsverfahren für einen Metallschichtkondensator mit einem kapazitiven Element, das durch Wickeln oder
Laminieren einer ersten Polypropylenschicht (10), die auf beiden Seiten aufgedampfte Metallelektroden (41, 42)
hat, und einer zweiten Polypropylenschicht (20) hergestellt wird, die der ersten Polypropylenschicht (10) gegen-
überliegt, mit den folgenden Schritten:
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Bereitstellen der ersten Polypropylenschicht (10), wobei der Wärmeschrumpfungsfaktor in Querrichtung der
ersten Polypropylenschicht (10) bei 120 °C höchstens 1 % beträgt;
Aufdampfen der Metallelektroden (41, 42) auf beiden Seiten der ersten Polypropylenschicht (10);
Bereitstellen der zweiten Polypropylenschicht (20), wobei der Wärmeschrumpfungsfaktor in Längsrichtung der
zweiten Polypropylenschicht (20) bei 120 °C mindestens 4 % beträgt;
Wickeln oder Laminieren der ersten Polypropylenschicht (10) und der zweiten Polypropylenschicht (20);
Ausbilden von spritzmetallisierten Teilen (30) an beiden Stirnflächen des kapazitiven Elements und
Durchführen eines Schritts der thermischen Alterung des kapazitiven Elements, nachdem die spritzmetallisierten
Teile (30) bereitgestellt worden sind.

2. Herstellungsverfahren nach Anspruch 1, dadurch gekennzeichnet, dass Führungselektroden (61, 62) in den
aufgedampften Elektroden in der Nähe der spritzmetallisierten Teile (30) einen Membranwiderstand haben, der
kleiner als der Membranwiderstand des die Kapazität erzeugenden Elektrodenteils ist.

3. Herstellungsverfahren nach Anspruch 1, das weiterhin eine Aufdampfung eines Impfmetalls auf die erste Polypro-
pylenschicht (10) aufweist, wobei das Impfmetall Silber, Kupfer oder Aluminium ist.

4. Herstellungsverfahren nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass
eine der aufgedampften Elektroden auf mindestens einer Seite der ersten Polypropylenschicht (10) einen Isolier-
bereich (51) an einem Rand hat und ’
eine andere aufgedampfte Elektrode (44) an einem Rand auf einer Seite des Isolierbereichs (51) vorgesehen ist.

5. Herstellungsverfahren nach Anspruch 1, dadurch gekennzeichnet, dass
eine der aufgedampften Elektroden (41, 42) auf mindestens einer Seite der ersten Polypropylenschicht (10) einen
Isolierbereich (52) an einem Rand hat,
eine andere aufgedampfte Elektrode (43) an einem Rand auf einer Seite des Isolierbereichs (52) vorgesehen ist und
die zweite Polypropylenschicht (20) so angeordnet ist, dass sie in Kontakt mit der aufgedampften Elektrode (43)
ist, die an dem einen Rand des Isolierbereichs (52) auf der ersten Polypropylenschicht (10) ausgebildet ist.

6. Herstellungsverfahren nach Anspruch 1, dadurch gekennzeichnet, dass die erste Polypropylenschicht (10) dicker
als die zweite Polypropylenschicht (20) ist.

7. Herstellungsverfahren nach Anspruch 6, dadurch gekennzeichnet, dass
die erste Polypropylenschicht (10) und die zweite Polypropylenschicht (20) jeweils eine maximale Oberflächenrauheit
Rmax in dem Bereich von 1 bis 2 Pm und eine mittlere Oberflächenrauheit Ra von mindestens 0,1 Pm haben und
die Differenz zwischen der Dicke der ersten Polypropylenschicht (10) und der Dicke der zweiten Polypropylenschicht
(20) in dem Bereich von 0,5 bis 2 Pm liegt.

8. Herstellungsverfahren nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass jede der aufgedampften
Elektroden (41, 42) eine Zweischichtstruktur mit einer Aluminiumschicht, die als eine untere Schicht aufgedampft
wird, und einer Zinkschicht hat, die als eine obere Schicht aufgedampft wird.

Revendications

1. Processus de production d’un condensateur à film métallisé comprenant un élément de condensateur, l’élément
de condensateur étant réalisé par l’un de l’enroulement et de la superposition d’un premier film (10) de polypropylène
(PP) ayant des électrodes déposées (41, 42) de métal sur ses deux côtés, et d’un deuxième film de polypropylène
(PP) opposé au premier film de polypropylène (PP), comprenant les étapes qui consistent :

à fournir un premier film (10) de polypropylène PP dans lequel un coefficient de retrait thermique en largeur à
120°C du premier film (10) de PP est de 1% au plus ;
à déposer des électrodes de métal (41, 42) sur les deux côtés du premier film (10) de PP ;
à fournir un deuxième film (20) de PP dans lequel un coefficient de retrait thermique en longueur à 120°C du
deuxième film (20) de PP est d’au moins 4%;
à enrouler ou superposer le premier film (10) de PP et le deuxième film (20) de PP ;
à former des parties de métal pulvérisé (30) au niveau de deux faces de bord de l’élément de condensateur ;
à réaliser une étape de vieillissement thermique de l’élément de condensateur après que les parties de métal
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pulvérisé (30) sont fournies.

2. Processus de production de la revendication 1, dans lequel des électrodes au plomb (61, 62) dans les électrodes
déposées au voisinage des parties de métal pulvérisé (30) présentent une résistance membranaire plus faible que
celle de la partie d’électrodes de formation de capacité.

3. Processus de production de la revendication 1, comprenant en outre un métal de départ déposé sur le premier film
(10) de PP, dans lequel le métal de départ est l’un de l’argent, le cuivre, et l’aluminium.

4. Processus de production de l’une quelconque des revendications 1 à 3, dans lequel l’une des électrodes déposées
sur au moins un côté du premier film (10) de PP possède une marge isolante (51) au niveau d’un bord, et une autre
électrode déposée (44) est prévue au niveau d’un bord sur un côté de la marge isolante (51).

5. Processus de production de la revendication 1, dans lequel l’une des électrodes déposées (41, 42) sur au moins
un côté du premier film (10) de PP possède une marge isolante (52) au niveau d’un bord, et une autre électrode
déposée (43) est prévue au niveau d’un bord sur un côté de la marge isolante (52), et le deuxième film (20) de PP
est disposé en contact avec l’électrode déposée (43) formée au niveau d’un bord de la marge isolante (52) sur le
premier film (10) de PP.

6. Processus de production de la revendication 1, dans lequel le premier film (10) de PP est plus épais que le deuxième
film (20) de PP.

7. Processus de production de la revendication 6, dans lequel le premier film (10) de PP et le deuxième film (20) de
PP possèdent une rugosité de surface maximale Rmax s’étendant de 1 à 2 Pm et une rugosité de surface moyenne
Ra d’au moins 0.1 Pm, et une différence d’épaisseur entre le premier film (10) de PP et le deuxième film (20) de
PP s’étend de 0.5 à 2 Pm.

8. Processus de production de l’une quelconque des revendications 1 à 3, dans lequel chacune des électrodes dépo-
sées (41, 42) possède une structure à deux couches comportant une couche d’aluminium déposée en tant que
couche inférieure et une couche de zinc déposée en tant que couche supérieure.
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