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Film capacitor with balancing path

Field of the disclosure

The present disclosure relates to film capacitors with internal series connections.

Technical background:

Film capacitors with an internal series connection of capacitors have at least one electrically
floating electrode. It is beneficial if the electric potential of the electrically floating electrode

lies in the middle between the potentials of the two neighboring electrodes.

However, even in the case of a symmetric design, the potential of the floating electrode may
drift to a value different from the average value of the neighboring electrodes. A drift of the
potential of the electrically floating electrode can lead to an asymmetric internal field
distribution. Faster aging, higher losses, and potentially dangerous thermal runaway may

occur. In general, a reliability problem may result.

It is therefore an object of the present disclosure to overcome at least some of the above-

mentioned problems in the prior art at least partially.

Summary of the disclosure

In view of the above, a film capacitor with a balancing path, particularly acting as resistive

voltage divider, is provided.

According to an aspect of the present disclosure, a film capacitor is provided, the film
capacitor including a first film, a second film, a first electrode connected to a first terminal, a

second electrode connected to a second terminal, a floating electrode, and a balancing path.

A part of the electrically floating electrode is in contact with a front side of the first film. The
balancing path provides a first balancing connection between the electrically floating
electrode and the first terminal and a second balancing connection between the electrically

floating electrode and the second terminal.
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The first balancing connection and the second balancing connection each have an electrical
resistance lower than any leakage resistance and higher than 10° ohms. A leakage resistance is
an electrical resistance through any of the first film and the second film between the

electrically floating electrode and an electrode devoid of contact with the front side of the first

film.

According to an aspect of the present disclosure, a film capacitor as described herein is

provided, wherein, in particular, the first film and the second film are dielectric.

According to an aspect of the present disclosure, a film capacitor as described herein is
provided, wherein the balancing path is at least partly provided by a weakly conductive strip
and wherein the weakly conductive strip is in contact with the electrically floating electrode
and any of: the first terminal and the second terminal. In particular, the electrical conductivity
of the weakly conductive strip is such that an electrical resistance between the electrically
floating electrode and any terminal in contact with the weakly conductive strip is higher than

10? ohms.

Further advantages, features, aspects and details that can be combined with embodiments
described herein are evident from the dependent claims, claim combinations, the description

and the drawings.

Brief description of the Figures:

The details will be described in the following with reference to the figures, wherein

Fig. 1 is a schematic representation of a film capacitor according to an embodiment of the

disclosure;

Fig. 2 is a schematic cross-sectional view of a film capacitor according to an embodiment of

the disclosure;

Fig. 3 is a schematic representation of a winding bobbin of a film capacitor according to an
embodiment of the disclosure, the representation including a part of the first film and a part of

the second film;

Fig. 4 is a schematic representation of a film capacitor according to an embodiment of the

disclosure;
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Fig. 5 is a schematic representation of a film capacitor according to an embodiment of the

disclosure;
Fig. 6 is another schematic representation of the film capacitor shown in Fig. 5;

Fig. 7 is a schematic cross-sectional view of a film capacitor according to an embodiment of

the disclosure; and

Fig. 8 is a schematic cross-sectional view of a film capacitor according to an embodiment of

the disclosure.

Detailed description of the Figures and of embodiments:

Reference will now be made in detail to the various embodiments, one or more examples of
which are illustrated in each figure. Each example is provided by way of explanation and is
not meant as a limitation. For example, features illustrated or described as part of one
embodiment can be used on or in conjunction with any other embodiment to yield yet a
further embodiment. It is intended that the present disclosure includes such modifications and

variations.

Within the following description of the drawings, the same reference numbers refer to the
same or to similar components. Generally, only the differences with respect to the individual
embodiments are described. Unless specified otherwise, the description of a part or aspect in
one embodiment can be applied to a corresponding part or aspect in another embodiment as

well.

Fig. 1 is a schematic representation of a film capacitor according to an embodiment of the
disclosure. The film capacitor 1 includes a first film 2a, a second film 2b, a first electrode 3a

and a second electrode 3b.

The film capacitor 1 is shown in a partially unrolled state. In an assembled state, the first film
and the second film may be completely laid on top of each other. The first film and the second
film may be wound around an axis to form a cylindrically shaped film capacitor. The first

film and the second film may each be a dielectric film, particularly a plastic film.

The second film 2b may have a first edge region and a second edge region extending along a
length direction of the second film 2b. The first electrode 3a may be in contact with a front

side of the second film 2b, particularly in the first edge region. The second electrode 3b may
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be in contact with a front side of the second film 2b, particularly in the second edge region.

The second film 2b may have a central margin which may also be called a center margin.

In the context of the present application, a central margin is particularly to be understood as a
part of the first or second film located between first and second edge regions of respectively
the first film 2a or the second film 2b and extending along a length direction of the first film
2a or the second film 2b, the front side of the central margin being devoid of contact with any
of the first electrode 3a and the second electrode 3b. In embodiments, the central margin may
be located between the first electrode 3a and the second electrode 3b and may particularly

extend along a length direction of the second film 2b.

The film capacitor 1 may have a first contact layer 6a in contact with the first edge region of
the second film 2b. The first contact layer 6a is particularly in contact with the first electrode
3a. The contact layer 6a may be in contact with a first terminal. The first terminal is not
shown. The first electrode 3a may be connected to the first terminal, particularly via the first

contact layer 6a. Herein, “connected” typically means “electrically connected”.

In the context of the present disclosure, a terminal may be understood as an end region of a
conductor of an electrical component. In particular, a terminal provides a connection point
for another electrical component or generally a connection point for an electrical network,

particularly an electrical circuit.

The film capacitor 1 may have a second contact layer 6b in contact with the second edge
region of the second film 2b. The second contact layer 6b is particularly in contact with the
second electrode 3b. The second contact layer 6b may be in contact with a second terminal.
The second terminal is not shown. The second electrode 3b may be connected to the second

terminal, particularly via the second contact layer 6b.

The film capacitor 1 further includes an electrically floating electrode 4. The electrically
floating electrode 4 may be in contact with a front side of the first film 2a. Generally, at least
a part of the electrically floating electrode may be in contact with a front side of the first film.
In embodiments, the whole electrically floating electrode may be in contact with a front side

of the first film.

In the context of the present disclosure, an electrode may be understood as being electrically
floating if it has no strongly conductive connection to a terminal, but instead is surrounded
only by a dielectric or weakly conductive material or electrical connection (so that the floating

electrode has a resistance higher than 10° Ohm with respect to any terminal).
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According to an aspect of the present disclosure, the first film 2a may have an edge margin,
wherein a front side of the edge margin is devoid of contact with the electrically floating
electrode 4. The first film 2a may have two borders extending along a length direction of the
film. An edge margin particularly includes a part of the first film 2a adjoining one of the two
borders. The first film 2a may have a first edge margin and a second edge margin, both
extending along a length direction of the second film 2a. The front side of both the first and
the second edge margin of the first film 2a may each be devoid of contact with the electrically
floating electrode 4. The electrically floating electrode 4 is particularly devoid of contact with
any of the first contact layer 6a, the first electrode, the second contact layer 6b, and the second

electrode.

According to an aspect of the present disclosure, any electrode of the film capacitor may be an
electrically conductive layer deposited on any of the first film and the second film. The
electrically conductive layer may be a metallization, particularly a pure aluminum, pure zinc
or a zinc aluminum alloy metallization. Particularly in this regard, “being devoid of contact
with an electrode” may be understood as “not having a metallization”. In embodiments, any
electrode of the film capacitor may be an electrically conductive foil, particularly a metal foil,

positioned between the first film and the second film.

The film capacitor 1 further includes a balancing path providing a first balancing connection
between the electrically floating electrode 4 and the first terminal. The balancing path may
further provide a second balancing connection between the electrically floating electrode 4

and the second terminal.

The first balancing connection and the second balancing connection may each be a weakly
conductive electrical connection. The first balancing connection and the second balancing
connection each have an electrical resistance lower than any leakage resistance. In particular,
the first balancing connection and the second balancing connection each have an electrical
resistance at least 25%, 50% or 75% lower than any leakage resistance. In embodiments, the
first balancing connection and the second balancing connection each may have an electrical

resistance lower than 10'° ohm, 10° ohm or 10® ohm.

The first balancing connection and the second balancing connection may each have an
electrical resistance such that a power loss associated with the balancing path is lower than for
example 20 W, 10 W or 5 W. In particular, the first balancing connection and the second
balancing connection may each have an electrical resistance higher than 10 ohm, 10? ohm or

10°> ohm. Conduction losses may be mitigated. Potentially harmful hot spots, particularly
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reaching temperatures close to or above the melting temperature of the film or other
physically, chemically or mechanically harmful temperatures for insulation properties, on

elements providing the balancing path may be avoided.

Any of the first balancing connection and the second balancing connection may comprise a
plurality of different electrical conductors connected electrically. Particularly, any of the first
balancing connection and the second balancing connection may be partly provided by at least

one further electrically floating electrode.

A leakage resistance may be understood as an electrical resistance through any of the first
film 2a and the second film 2b between the electrically floating electrode 4 and an electrode
devoid of contact with the front side of the first film 2a.In the context of the present
application, an electrically floating electrode may be understood as an electrode devoid of
connections to any voltage source besides weakly conductive connections provided by a
balancing path. In particular, an electrically floating electrode may be an electrode where the
only electrical connection between the electrode and any of the first terminal and the second

terminal is a weakly conductive connection provided by a balancing path.

The balancing path may ensure that the electric potential of the electrically floating electrode
has a value in the middle between the respective electric potentials of the first electrode and
the second electrode. In absence of the balancing path, the electric potential of the electrically

floating electrode may drift to other values.

The drift of the electric potential may be due to unipolar space charge injection of positive
charge carriers from the first electrode or the second electrode into the first film or the second
film. The unipolar space charge injection may charge the electrically floating electrode up to a
higher potential. The shifted electric potential of the electrically floating electrode may lead to
a change of the electric field in a region between the electrically floating electrode and the
first electrode and in a region between the electrically floating electrode and the second

electrode.

The electric potential of the electrically floating electrode having a value in the middle
between the respective electric potentials of the first electrode and the second electrode may
have the advantage that an asymmetric distribution of self-healing partial breakdown
locations can be avoided. Aging of the film capacitor may be slowed down. A film capacitor

having a higher lifetime may be provided. An increase of losses may be avoided. Potentially
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dangerous thermal runaway may be prevented. A fire risk may be mitigated. The reliability

and the quality of the film capacitor may be increased.

The balancing path may be at least partly provided by a weakly conductive strip 5a, 5b,
particularly by at least one weakly conductive strip 5a, 5b. The weakly conductive strip 5a, 5b
may be connected, particularly electrically connected, to the electrically floating electrode 4,
the first terminal and the second terminal. In particular, the weakly conductive strip is in
contact with the electrically floating electrode 4 and any of: the first contact layer, the first

terminal, the second contact layer and the second terminal.

The weakly conductive strips 5a, 5b may be arranged on a front surface of the first film. In
particular, the weakly conductive strip 5a, 5b is arranged partly on a front surface of the first

film 2a and partly on a surface of the electrically floating electrode 4.

In the example shown in Fig. 1, each of the weakly conductive strips 5a, 5b is a contiguous
strip extending from a first edge margin to a second edge margin of the first film 2a. In
embodiments, at least one of the weakly conductive strips may extend from the electrically
floating electrode to only one of the first edge margin or the second edge margin of the first

film 2a.

In general, the weakly conductive strip may be arranged partly on the front surface of the first
film and partly on a surface of at least one electrode. The electrode is particularly in contact
with the front side of the first film. A weakly conductive strip may be understood as for

example a strip, band or tape comprising an electrically weakly conductive material.

The resistivity of the weakly conductive strip may have a specific value determined so as to
achieve a balancing connection having a predetermined electrical resistance. In particular, the
electrical resistance of a balancing connection provided by the weakly conductive strip is

lower than any leakage resistance.

The weakly conductive strip may have a sheet resistance higher than for example 10* ohms
per square, 10® ohms per square or 10® ohms per square. The weakly conductive strip may
have a sheet resistance lower than for example 10'! ohms per square, 10'° ohms per square or
10® ohms per square. In embodiments, the weakly conductive strip may be a static dissipative
or antistatic plastic film. The weakly conductive strip may for example be a NORFILM™

static dissipative plastic film.

The electrically floating electrode 4 may have an electrically shielded portion. The shielded
portion may be shielded from the first electrode 3a and the second electrode 3b by at least one



10

15

20

25

30

WO 2020/115029 PCT/EP2019/083449
8

shielding portion. The shielding portion may be another portion of the electrically floating
electrode 4. Additionally or alternatively, the shielding portion may include at least a part of

any other electrode on a similar potential as the electrically floating electrode.

The shielding portion may be lying between the shielded portion and any of the first electrode
3a and the second electrode 3b. In a direction parallel to a surface normal of the first film 2a,

the shielded portion may be devoid of neighboring electrodes other than the shielding portion.

The film capacitor may have a low-field region. In the context of the present disclosure, a
low-field region may be understood as a region including a shielded portion of an electrically
floating electrode. The low-field region may further include a part of a margin of a first film,
wherein the part of the margin adjoins the shielded portion of the electrically floating
electrode. The electric field may be low, in particular close to zero, in the low-field region,
even when a potential difference is applied between the first electrode and the second

electrode.

At least a part of the balancing path may be provided in the low-field region. In embodiments,
the weakly conductive strip 5a, 5b may be located only in the low-field region. Providing the
balancing path in the low-field region may have the advantage that electric strength issues due
to inhomogeneity can be avoided. Dielectric losses may be avoided. Inhomogeneity may arise
for example due to an uneven thickness of elements providing the balancing path or due to air

enclosures around elements providing the balancing path.

The second film may have an active section and a passive section. In the context of the
present disclosure, an active section of a film may be understood as a section of the film along
a main direction of extension where a front side of the film is in contact with any of the first

electrode and the second electrode.

In the context of a present disclosure, a main direction of extension of a film is particularly to
be understood as a length direction of the film. The length direction is in particular to be
defined with regard to an unrolled and particularly an unfolded and more particularly a flat
state of the film. In an assembled state, particularly a wound state, the main direction of

extension of the film may be curved, particularly spirally curved.

In the context of the present disclosure, a passive section of a film may be understood as a
section of the film along a main direction of extension where a front side of the film is devoid

of contact with the first electrode and the second electrode.
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At least a part of the balancing path may be provided directly adjacent to a back side of the
passive section of the second film 2b. In embodiments, at least a part of an outer turn of the
winding of the second film 2b may be a passive section of the second film 2b. A film

capacitor with a low-field region as described within the present disclosure may be realized.

In the example shown in Fig. 1, the weakly conductive strips 5a, 5b are provided directly
adjacent to a back side of a passive section of the second film 2b. The conductive strips 5a, 5b

are particularly positioned on a surface of an outer turn of the first film 2a.

Fig. 2 is a schematic cross-sectional view of a film capacitor according to an embodiment of
the disclosure. The film capacitor may have a winding bobbin 9. In this cross-sectional view,
only one half of the film capacitor is shown. The film capacitor 1 may have the form of a
cylinder with the cylinder axis 10. The first film 2a and the second film 2b may be wound

around a winding bobbin 9.

In Fig. 1 and in Fig. 2 a film capacitor 1 with an internal series connection equivalent to a
series connection of two capacitors is shown. A film capacitor with a balancing path as
described herein may be analogously also realized in film capacitors having an internal series
connection equivalent to for example 3, 4, 5 or more capacitors. As an example, a film
capacitor having an internal series connection equivalent to a series connection of five

capacitors is shown in Fig. 7 and in Fig. 8.

Fig. 3 is a schematic representation of a winding bobbin of a film capacitor according to an
embodiment of the disclosure, the representation including a part of the first film and a part of
the second film. At least a part of the winding bobbin 9 may include a weakly conductive
material. The balancing path may be at least partly provided by the weakly conductive

material of the winding bobbin 9.

The weakly conductive material of the winding bobbin may be a part of the bulk of the
winding bobbin. In embodiments, the weakly conductive material of the winding bobbin may

be positioned on a surface of a main part of the winding bobbin.

The first film 2a may be wound around the winding bobbin 9. An electrically floating
electrode 4 in contact with a front side of the first film 2a may be in contact with the winding

bobbin 9, particularly with the weakly conductive material of the winding bobbin 9.

A front side of a second film 2b may be in contact with a back side of the first film 2a. At
least the first turn of the winding of the second film 2b around the winding bobbin 9 may be a



10

15

20

25

30

WO 2020/115029 PCT/EP2019/083449
10

passive section of the second film 2b. The balancing path may be provided by the winding
bobbin at least partly in a low-field region of the film capacitor 1.

Fig. 4 is a schematic representation of a film capacitor according to an embodiment of the
disclosure. At least a part of the surface of the first film 2a may be a weakly conductive
surface 7a, 7b. The balancing path may be provided at least partly by the weakly conductive

surface 7a, 7b.

The weakly conductive surface 7a, 7b may be provided on a modified part of the first film 2a.
A modified part of the first film may be understood as a part of the first film treated so as to
decrease a surface resistivity. The decrease in surface resistivity may be for example a
decrease by a factor of 10, 10° or 10°. In embodiments, a modified part of the first film may
be understood as a part of the first film coated with a weakly conductive material. The
balancing path may be provided at least partly in a weakly conductive layer covering at least a

part of the first film.

The modified part of the first film may have a sheet resistance lower than for example 10
ohms per square, 10'* ohms per square or 10'> ohms per square. The modified part of the first
film may have a sheet resistance higher than for example 10* ohms per square, 10’ ohms per

square or 10'° ohms per square.

Treating the film so as to decrease the surface resistivity may comprise fluorination of the
film. Fluorination of the film is in particular to be understood as treating the film with fluorine
gas. Fluorination may increase the surface conductivity of insulating material. Typically, the

process of fluorination is not reversible and the achieved surface properties remain stable.

As an example, the film may be a biaxially oriented polypropylene film with a sheet
resistance of 2-10'” ohms per square. A fluorinated part of the film may have a sheet

resistance of 2-10'* ohms per square.

The modified part of the first film may include only parts of the first film where the front side
of the first film is devoid of contact with the electrically floating electrode in an assembled
state of the film capacitor. In embodiments, the modified part of the first film may
additionally include a contact part where the front side of the first film is in contact with the
electrically floating electrode in an assembled state of the film capacitor. The contact part may
have an area smaller than for example 30%, 15%, 5% or 3% of an area of the electrically
floating electrode. In particular, an electrical contact between the modified part of the first

film and the electrically floating electrode is provided. In the example shown in Fig. 4, the
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modified part of the first film 2a includes edge margins of the first film, wherein a front side
of the edge margins is devoid of contact with the electrically floating electrode 4. In

embodiments, the whole first film may be treated in order to decrease the surface resistivity.

According to an aspect of the present disclosure, only a section along a main direction of
extension of the first film may include a modified part. A length of the section may have a
specific value determined so as to achieve a balancing connection having a predetermined

electrical resistance.

A front side of the modified part of the first film may be directly adjacent to a passive section
of the second film. The weakly conductive surface may be located at least partly in a low-field
region of the film capacitor. In particular, the weakly conductive surface may be located only
in a low-field region of the film capacitor. In embodiments, the first film may be covered with

a weakly conductive layer only in the low-field region of the film capacitor.

Fig. 5 is a schematic representation of a film capacitor according to an embodiment of the
disclosure. The film capacitor 1 is shown in a partially unrolled state. The film capacitor 1
may include a third terminal 8 connected to the electrically floating electrode 4. The third
terminal 8 may be in contact with a part of the electrically floating electrode 4, the part being
directly adjacent to a passive section of the second film 2b. In particular, the third terminal 8
is in contact with the electrically floating electrode 4 in a low-field region of the film

capacitor 1.

A balancing path may be provided at least partly by an external weakly conductive unit
connected to the third terminal 8. The external weakly conductive unit is not shown. In
particular, the external weakly conductive unit is positioned outside the film capacitor 1. The

third terminal may be for example a metallic strip or a metallic band.

The external weakly conductive unit may be further electrically connected to the first
electrode 3a, particularly via the first terminal, or to the second electrode 3b, particularly via
the second terminal. In embodiments, a first balancing connection is provided via a first
external conductive unit electrically connected to the third terminal 8 and the first electrode 3a.
A second balancing connection may be provided via a second external conductive unit

electrically connected to the third terminal 8 and the first electrode 3a.

The electrical resistance of an external weakly conductive unit may have a specific value

determined so as to achieve a balancing connection having a predetermined electrical
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resistance. According to an aspect of the present disclosure, the external weakly conductive

unit may be a resistor, particularly a balancing resistor.

Fig. 6 is another schematic representation of the film capacitor shown in Fig. 5. The film

capacitor 1 with the third terminal 8 is shown in an assembled state.

Fig. 7 is a schematic cross-sectional view of a film capacitor according to an embodiment of
the disclosure. In this cross-sectional view, only one half of the film capacitor is shown. The
film capacitor 1 has an internal series connection equivalent to a series connection of five

capacitors.

A front side of the first film 2a may be in contact with two electrically floating electrodes 4aa,
4ab and with a second electrode 3b. The second electrode 3b may be in contact with a second
terminal, particularly via a second contact layer 6b. A front side of the second film 2b may be
in contact with two further electrically floating electrodes 4ba, 4bb and with a first electrode
3a. The first electrode 3a may be in contact with a first terminal, particularly via a first contact

layer 6a. The first terminal and the second terminal are not shown.

The electrically floating electrodes 4aa, 4ab, 4ba, 4bb may be connected to the first terminal
and to the second terminal via a balancing path. The balancing path may be provided by three
first weakly conductive strips 5a, three second weakly conductive strips 5b, three third weakly

conductive strips Sc and three fourth weakly conductive strips 5d.

For example, an electrically floating electrode 4aa may be connected to the first contact layer
6a via a first weakly conductive strip 5a and via a second weakly conductive strip 5b. The
electrically floating electrode 4aa may be connected to a further electrically floating electrode
4ab via another first weakly conductive strip 5a and via another second weakly conductive
strip 5b. The further electrically floating electrode 4ab may be connected to the second
electrode 3b via yet another first weakly conductive strip Sa and via yet another second

weakly conductive strip 5b.

The electrically floating electrodes 4ba, 4bb in contact with a front side of the second film 2b
may be analogously connected to the first contact layer 6a and the second contact layer 6b via

the third weakly conductive strips 5S¢ and via the fourth weakly conductive strips 5d.

The value of the electrical resistance may be individually different for each of the first weakly
conductive strips 5a. Analogously, the value of the electrical resistance may be individually
different for each of the second weakly conductive strips 5b, for each of the third weakly

conductive strips Sc and for each of the fourth weakly conductive strips 5d.
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The electrical resistances of the first weakly conductive strips 5a and of the second weakly
conductive strips 5Sb may be chosen so that the respective electrical potential for each of the
electrically floating electrodes 4aa, 4ab in contact with a front side of the first film 2a lies in
the middle between the electric potentials of the respective two adjacent electrodes in contact

with a front side of the second film 2b.

Analogously, the electrical resistances of the third weakly conductive strips Sc and of the
fourth weakly conductive strips 5d may be chosen so that the respective electrical potential
for each of the electrically floating electrodes 4ba, 4bb in contact with a front side of the
second film 2b lies in the middle between the electric potentials of the respective two adjacent

electrodes in contact with a front side of the first film 2a.

The first weakly conductive strips 5a and the second weakly conductive strips 5b may be
provided directly adjacent to a back side of a passive section of the second film 2b. The third
weakly conductive strips 5S¢ and the fourth weakly conductive strips 5d may be provided
directly adjacent to a back side of a passive section of the first film 2a. The first, second, third
and fourth weakly conductive strips 5a, 5b, Sc, 5d may be provided in a low-field region of

the film capacitor 1.

Fig. 8 is a schematic cross-sectional view of a film capacitor according to an embodiment of
the disclosure. The film capacitor 1 has substantially the same structure as the embodiment
shown in Fig. 7. The three first weakly conductive strips from Fig. 7 are replaced with one
contiguous first weakly conductive strip 5a. Analogously, the second, the third and the fourth
weakly conductive strips from Fig. 7 are replaced with respectively one contiguous second
weakly conductive strip 5b, one contiguous third weakly conductive strip 5S¢ and one

contiguous fourth weakly conductive strip 5d.

Each of the weakly conductive strips 5a, 5b, 5c¢, 5d may have a varying electrical resistivity
along a length direction. In embodiments, the variation of the electrical resistivity along the
length direction may be due to a variation of any of a thickness and a width of the weakly

conductive strips 5a, 5b, Sc and 5d along a length direction.

The electrical resistivity and the variation of the electrical resistivity of the first weakly
conductive strip Sa and of the second weakly conductive strip 5b may be chosen such that the
respective electrical potential for each of the electrically floating electrodes 4aa, 4ab in
contact with a front side of the first film 2a lies in the middle between the electric potentials

of the respective two adjacent electrodes in contact with a front side of the second film 2b.
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Analogously, the electrical resistivity and the variation of the electrical resistivity of the third
weakly conductive strip Sc and of the fourth weakly conductive strip 5d may be chosen such
that the respective electrical potential for each of the electrically floating electrodes 4ba, 4bb
in contact with a front side of the second film 2b lies in the middle between the electric

potentials of the respective two adjacent electrodes in contact with a front side of the first film

2a.
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Claims

A film capacitor (1) comprising a first film (2a), a second film (2b), a first electrode
(3a) connected to a first terminal, a second electrode (3b) connected to a second
terminal, an electrically floating electrode (4), and a balancing path, wherein

a part of the electrically floating electrode (4) is in contact with a front side of
the first film (2a), wherein

the balancing path provides a first balancing connection between the
electrically floating electrode (4) and the first terminal and a second balancing
connection between the electrically floating electrode (4) and the second terminal,
wherein

the first balancing connection and the second balancing connection each have
an electrical resistance lower than any leakage resistance and higher than 10° Ohm,
and wherein

a leakage resistance is an electrical resistance through any of the first film (2a)
and the second film (2b) between the electrically floating electrode (4) and an
electrode devoid of contact with the front side of the first film (2a).

The film capacitor (1) according to claim 1, wherein the balancing path is at least
partly provided by a weakly conductive strip (5a), wherein the weakly conductive strip
(5a, 5b) is in contact with the electrically floating electrode (4) and any of’ the first

terminal and the second terminal.

The film capacitor (1) according to claim 2, wherein the weakly conductive strip (5a,

5b) is arranged on a surface of the first film (2a).

The film capacitor (1) according to any of the preceding claims, wherein

the electrically floating electrode (4) has a shielded portion, wherein

the shielded portion is electrically shielded from the first electrode (3a) and the
second electrode (3b) by a shielding portion of an electrode, wherein

the film capacitor (1) has a low-field region comprising the shielded portion
and wherein

at least a part of the balancing path is provided in the low-field region.
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The film capacitor (1) according to claim 4, wherein
the first film (2a) has an edge margin, a front side of the edge margin being
devoid of contact with the electrically floating electrode (4), and wherein
the low-field region further comprises a part of the edge margin which adjoins

the shielded portion.

The film capacitor (1) according to any of claims 4 to 5, wherein the weakly

conductive strip (5a, 5b) is located only in the low-field region.

The film capacitor (1) according to any of the preceding claims, wherein the second
film (2b) has a passive section along a main direction of extension, wherein a front
side of the passive section is not in contact with any parts of the first electrode (3a) or
the second electrode (3b), and wherein at least a part of the balancing path is provided

directly adjacent to a back side of the passive section.

The film capacitor (1) according to any of the preceding claims, further comprising a
winding bobbin (9), wherein at least a part of the winding bobbin (9) comprises a
weakly conductive material and wherein the balancing path is provided at least partly

by the weakly conductive material of the winding bobbin (9).

The film capacitor (1) according to any of the preceding claims, wherein at least a part
of the surface of the first film (2a) is a weakly conductive surface and wherein the

balancing path is provided at least partly by the weakly conductive surface.

The film capacitor (1) according to claim 8, wherein the weakly conductive surface is

provided on a part of the first film (2a) modified so as to decrease a surface resistivity

of the first film (2a).

The film capacitor (1) according to any of claims 8 to 9, wherein the weakly

conductive surface is provided on a fluorinated part of the first film (2a).

The film capacitor (1) according to any of claims 4 to 11, wherein the weakly

conductive surface is located only in the low-field region.

The film capacitor (1) according to any of the preceding claims, wherein
the balancing path is provided at least partly by a weakly conductive layer
which covers at least a part of the first film (2a).

The film capacitor (1) according to claim 13, wherein the weakly conductive layer

covers the first film (2a) only in the low-field region of the first film (2a).
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The film capacitor (1) according to any of the preceding claims, further comprising a
third terminal (8) connected to the electrically floating electrode (4), wherein the
balancing path is provided at least partly by an external weakly conductive unit

connected to the third terminal (8).
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