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(54) INDUCTIVE DEVICE

(57)  Aninductive device (1) comprising at least one
PCB (2) with at least one pair of main portions (11, 12),
each main portion being connected to the other portions
by folding lines (9, 9’) and having a through opening (13).
The PCB comprises at least one track (15) electrically
continuous and extending along the rims of the openings
and passing by each one of the main portions. The PCB
(2) has plate state, and an operational state wherein:

- the PCB is folded such that each main portion is rotated
about folding lines with respect to the adjacent portions,
- each main portion of each pair forming an angle greater
than zero with an adjacent portion of the PCB distinct
from said pair, and

- the openings defining together a casing (20) able to
accommodate a magnetic piece to be inductively coupled
to windings formed by the track.
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Description

[0001] The invention pertains to the technical field of
the energy. More specifically, the invention is related to
an inductive device and an assembly containing such a
device, to convert energy between electric and magnetic
forms. The invention is also related to a process to man-
ufacture such an assembly.

[0002] Usually, inductors or transformers for power
electronics applications, for example to support at least
1 kilowatt, are made of discrete components. Such com-
ponents can be surface-mounted, through-hole, or con-
nected manually with cables. These components have a
low level of integration and are expensive, difficult to cool,
and require manual intervention.

[0003] Alarge partofintegratedinductors or transform-
ers include a planar architecture. The components with
a planar architecture generally have the following limita-
tions:

- apoor copper filling, due to few turn numbers and/or
a small copper section,

- high copper losses, due to direct current (DC), high-
frequency effects and combination of skin effect,
proximity of the components and air gap, and

- apoor copper cooling.

[0004] In addition, the integrated inductors and trans-
formers are difficult to cool.

[0005] Other structures include embedded toroid ar-
chitectures for which one dimension of the magnetic ma-
terial needs to be inferior to the thickness of a printed
circuit board (PCB; i.e. typically less than 2 or 3 millime-
ters). Such architectures are therefore only limited to ap-
plications in the Watt level or less.

[0006] The invention improves the situation.

[0007] The applicant proposes an inductive device
comprising at least one printed circuit board, the printed
circuit board comprising N pairs of main portions, wherein
N is an integer superior or equal to 1, each main portion
being connected to the other portions by folding lines,
each main portion having a through opening forming a
path in a thickness direction of said main portion. The
printed circuit board comprises at least one track electri-
cally continuous and extending along the rims of the
openings and passing by each one of the main portions.
The printed circuit board has an inactive state wherein
the printed circuit board has a plate shape, and an oper-
ational state wherein:

- the printed circuitboard is folded such that each main
portion is rotated about folding lines with respect to
the adjacent portions,

- each main portion of each pair forming an angle with
an adjacent portion of the printed circuit board dis-
tinct from said pair, the angle being strictly greater
than zero, and

- the openings defining together a casing able to ac-
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commodate a magnetic piece to be inductively cou-
pled to windings formed by the track.

[0008] Such a device is adapted to at least kilowatt
levels (current of several amperes) with high efficiency
(few losses), low magnetic section, low mass, small and
adapted size and form, and easy to cool. Such inductive
devices are especially adapted to be embedded into an
electronic assembly.

[0009] Theinductive device can comprise the following
features, separately or in combination one with the oth-
ers:

- The track extends on at least two distinct layers of
the printed circuit board. The printed circuit board
comprises Vertical Interconnect Access intercon-
necting parts of the track between the at least two
distinctlayers. This enables to obtain more windings
on a single portion of PCB and to reduce the volume
of the inductive device.

- The two main portions of each pair are adjacent one
to the other and connected one to the other by a
folding line. The two main portions of each pair are
superimposed one against the other by a complete
folding about said folding line in the operational state.
This enables to obtain lot of pairs with a single PCB
produced.

- The two main portions of each pair are connected
one to the other by an intermediate portion. The in-
termediate portion is connected respectively to each
one of the main portions of said pair by a respective
folding line such that to have an angle between said
two main portions in the operational state of the print-
ed circuit board. The intermediate portion further
comprises a part of the track such that to ensure
continuity of said track from one to the other said
main portions of said pair. This enables to dispose
a material, including air, between the two portions of
a pair to enhance the cooling.

- The main portions are aligned substantially along a
first direction in the inactive state of the printed circuit
board such that said folding line are oriented into a
second direction perpendicular to the first direction.
This facilitates the PCB production. For example, a
plate can comprise a plurality of parallel PCB. Then
the PCB are separated one from the others along
the main direction. Such a production can be easily
automated.

- Each pair of main portions comprises M turns of the
track around the openings, where M is comprised
between 1 and 20. The form and the size of the in-
ductive device can be easily adapted in function of
the application.
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The track comprises a wire embedded inside the
printed circuit board. This enables to have large sec-
tion of conductive elements to support high power
while having small size of the inductive device.

The inductive device includes N pairs of main por-
tions, wherein N is superior or equal to 2. This ena-
bles to adapt properties of the inductive device only
by adapting the number of pairs.

The pairs are similar one to another such that each
pair forms a pattern and the pattern is N-replicated.
This enables to easily adapt the design or the layout
of an inductive device by using an already designed
pattern.

The sizes of the main portions of each pair are dif-
ferent from other pair and mutually adapted such that
the device has a substantially elongated tridimen-
sional form in the operational state. When the induc-
tive device is integrated in an assembily, this enables
to use any available volume to increase the inductive
efficiency.

The printed circuit board further comprises portions
arranged to form legs and/or claws in the operational
state to fix the device to other components. Such
printed circuit board can be connected easily to var-
ious other elements.

At least one of said portions arranged to form legs
and/or claws has a through opening and a part of
the track extending along the rims of said opening,
such that said opening defines in part the casing and
said part of the track forms at least partially a loop
around said casing. Such legs and/or claws can have
both a mechanical function and aninductive function.

The printed circuit board further comprises portions
arranged to conjointly form a housing in the opera-
tional state to receive a thermal conductive material
and/or the magnetic piece. Such a PCB can also
have protection function, for example from dust and
liquid,

The printed circuit board further comprises a thermal
conductive member arranged to be disposed in a
central opening of an annular magnetic piece. This
enable to use a space, which is useless for inductive
properties, to enhance the cooling of the device.

The printed circuit board further comprises portions
including a combination of metallic tracks able to
conduct heat toward a predefined area arranged to
be in contact with a heat sink. Said tracks and the
electrical track can be produce in a common process
step.
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[0010] In a second aspect of the invention, the appli-
cant proposes an inductive assembly comprising:

- atleastone inductive device as defined above in the
operational state, and

- a magnetic piece. The magnetic piece is disposed
orformed in a casing of the inductive devices defined
by openings of the inductive devices such that the
inductive devices and the magnetic piece are induc-
tively coupled.

[0011] In a third aspect of the invention, the applicant
proposes a method of manufacturing an inductive as-
sembly comprising:

a) provide at least one printed circuit board having
a plate shape and comprising main portions, the
main portions having through openings,

b) fold main portions relative to each other such that
the printed circuitboards are rolled up around amold-
ing core,

c) mold a fluid magnetic material at least partially
through the openings of the folded printed circuit
boards.

[0012] Other features, details and advantages will be
shown in the following detailed description and on the
figures, on which:

- Figure 1 is a partial side view of a device according
to the invention in a planar state;

- Figure 2 is a partial top view of the top-layer of the
device of Figure 1;

- Figure 3 is a partial bottom view of the bottom-layer
of the device of Figure 1;

- Figure 4 is a partial side view of the device of Figure
1 in an operational state;

- Figure 5is a perspective view of a device according
to the invention;

- Figure 6 is a side view of the device of Figure 5;

- Figure 7 is an enlarged view of a detail of Figure 6;

- Figure 8 is a top view of a device according to the
invention in a planar state;

- Figure 9is a view of a part of the device of Figure 8;

- Figure 10 is a view of a step of assembling of the
part of Figure 9;

- Figure 11 is a top view of the top-layer of a device
according to the invention;

- Figure 12 is a bottom view of the bottom-layer of the
device of Figure 11;

- Figure 13 is a side view of the device of Figure 11 in
an operational state;

- Figure 14 is a top view of the top-layer of a device
according to the invention;

- Figure 15is a bottom view of the bottom-layer of the
device of Figure 14;

- Figure 16 is a side view of the device of Figure 14 in
an operational state;
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- Figure 17 is a schematic side view of a device ac-
cording to the invention in an operational state;

- Figure 18 is a schematic side view of a device ac-
cording to the invention in an operational state;

- Figure 19 is a schematic side view of a device ac-
cording to the invention in an operational state; and

- Figure 20 is a schematic side view of a device ac-
cording to the invention in an operational state.

[0013] Figures and the following detailed description
contain, essentially, some exact elements. They can be
used to enhance understanding the invention and, also,
to define the invention if necessary. It should be under-
stood that some details of the three dimension structure
of the device are difficult to describe exhaustively other
than by figures.

[0014] In the following, the word "annular" is used to
geometrically define a form (3D) or a shape (2D) with a
through opening (or a closed-loop, a close circle), what-
ever the outline forms. In other words, the word "annular"
has not to be strictly interpreted as a circular/cylindrical
meaning.

[0015] Figures 1, 2 and 3 show a part of an inductive
device 1inaplanar state. The planar state of the inductive
device 1 corresponds to an inactive state of the inductive
device 1. The planar state can be considered as transi-
tional state ofthe inductive device 1 duringan assembling
process of an inductive assembly including the inductive
device 1. The inductive device 1 in the planar state has
a general plate shape. In the planar state, the inductive
device 1 has:

- afirstdirection, which can be seen as a longitudinal
direction (x on the figures);

- asecond direction, perpendicular to the first direc-
tion, which can be seen as a width direction (y on
the figures);

- athird direction, perpendicular to the firstand second
directions, which can be seen as a thickness direc-
tion (z on the figures); and

- two opposite main faces substantially perpendicular
to the third direction.

[0016] The inductive device 1 comprises a printed cir-
cuitboard 2 (PCB). The PCB 2 includes atleast a support
layer 3 and at least one electrical conductive layer. In the
examples, the PCB 2 comprises two electrical conductive
layers: a top layer 4 and a bottom layer 6. The top layer
4 and the bottom layer 6 cover respectively each one of
the main faces of the single supportlayer 3. In the context
of a tridimensional structure described hereinafter, the
words "top" and "bottom" are used to distinguish the two
layers 4, 6 and according to figures 1, 2 and 3. In some
situations, a part of the bottom layer 6 can be placed at
a higher altitude than the top layer 4. In various embod-
iments, the PCB can comprise multilayers, including
more than two electrical conductive layers.

[0017] The PCB 2 comprises a plurality of main por-
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tions 11, 12. Here, the main portions 11, 12 are adjacent
one to the other and aligned substantially along the first
direction x. The main portions 11, 12 are delimited by
folding lines 9, 9. The folding lines 9, 9’ extends in the
second direction y perpendicular to the first direction x.
[0018] The main portions 11, 12 include N pairs 11,,
12, of adjacent portions (114, 125, 115, 125, ..., 11\,
12y), wherein N is an integer. In the example of figures
1to 4, N =1. In the example of figures 5t0 7, N = 7. In
the example of figure 8, N = 3. On figures, each pair is
framed by a discontinuous line and referenced 8.
[0019] In the embodiment of the figures, each main
portion 11, 12 has a substantially square outline, asquare
external rim. In various embodiments, the main portions
11, 12 can have other outline shapes, for example rec-
tangular, circular or oblong. In the embodiments of the
figures, each one of two opposite sides of the square
shape corresponds to a folding line 9, 9'.

[0020] Eachmain portion 11,12 has a through opening
13 forming a free path along the third direction z. In the
embodiment of the figures, the openings 13 have a
square outline, corresponding to a square internal rim of
each main portion 11, 12. The openings 13 are substan-
tially centered on each main portion 11, 12. In various
embodiments, openings 13 can have another shape. The
internal edge shape and the external edge shape of the
main portions 11, 12 can be similar or different. The open-
ings can be off-centered. Each main portion 11, 12 has
an annular shape.

[0021] The two main portions 11,, 12, of each pair are
planned to be folded substantially one on the other with
respect to the common folding line 9 between them. The
shape and size of the both main portions of each pair
11,, 12, is selected so that the two openings 13 are at
least partially facing each other in said folded state to
keep a free passageway in the folded state. In the em-
bodiment of the figures, the two main portions of each
pair 11,, 12, are shaped to match in the folded state.
[0022] Each folding line 9, 9’ is physically obtained by
forming a gap between the support layer 3 of a main
portion 11; 12 and the support layer 3 of the adjacent
main portion 12; 11. In other words, adjacent main por-
tions 11, 12 are mechanically connected one to the other
only by the electrical conductive layers 4 or 6. In such
embodiments, the support layer 3 is made of a plurality
of distant pieces and is discontinuous. In various embod-
iments, the folding lines 9, 9’ can be obtained by forming
grooves. The support layer 3 includes thin stripes be-
tween the main portions 11, 12. Such grooves can be
obtained by machining, for example by shrinking mate-
rial. In such embodiments, the support layer 3 is made
in an integral piece, at least in the planar state of the
inductive device 1.

[0023] In embodiments with a single conductive layer
on a single face of the support layer, the PCB 2 is pref-
erably arranged to be folded such that the conductive
layer is on the inner face of the folding angle. The risk of
deterioration of the conductive layer during folding oper-
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ations is reduced. Thereby, the electrical continuity from
one portion to another portion is preserved after folding
operations. Preferably, there is a single continuous and
conductive layer between two adjacent portions, through
folding lines 9, 9'.

[0024] The PCB 2 comprises a track 15. The track 15
is electrically continuous and extends from an end portion
to an opposite end portion of the main portions 11, 12 in
the first direction x. The track 15 includes parts of elec-
trical conductive layer(s) of the PCB 2, corresponding to
the top layer 4 and the bottom layer 6 in the example of
figures 1 to 4. The track 15 extends along the rims of the
openings 13 on the first main face and/or the second
main face of the PCB 2. An example of a track 15 is
shown on figures 2 and 3. In the embodiments with a
plurality of electrical conductive layers, the PCB 2 further
comprises electrical connections between layers to en-
sure continuity of the track 15, for example vertical inter-
connect access 16 (VIA). In the example of figures 1 to
4, there is a single track 15. In various embodiments, the
PCB 2 comprises a plurality of tracks 15 in order to obtain
a multi-filar inductive device.

[0025] Inthe example offigures 1to 4, each pair of two
main portions 11, 12 includes substantially M loop(s), or
turn(s), of the track 15, M being preferably an integer.
For example, M is comprised between 1 and 20. In the
embodiment of figures 1 to 4, the main portion 11 includes
a half-loop on the top main face, included into the top
layer 4 (figure 2), and one loop on the bottom face, in-
cluded into the bottom layer 6 (figure 3), totaling 1,5 loop.
The main portion 12 includes one loop on the top main
face, included into the top layer 4 (figure 2), and a half-
loop on the bottom face, included into the bottom layer
6 (figure 3), totaling 1.5 loop. In the folded state, the main
portions 11, 12 of a pair form together an arm (see figure
4), the arm totaling, here, M=3 loops, or windings. In var-
ious embodiments, M is not an integer because the po-
sitions of the electrical connections of the track between
two portions are not analogous in the PCB.

[0026] The layout of the track 15 is selected in order
to form windings around the openings 13 when the in-
ductive device 1 is in an operational state. The track 15
extends in a constant rotational direction around the
openings 13. When the inductive device 1 is in an oper-
ational state and when a current circulates in the track
15, the induced magnetic fields of two coplanar loops of
said track 15 are superimposed without being cancelling
itself, such that the windings of the arm is electrically and
magnetically efficient.

[0027] According to figures 1, 2 and 3, the portions of
the track 15 between two adjacent portions 11, 12 of the
PCB 2 can be the single mechanical link between said
adjacent portions 11, 12. In such a case, the track 15,
and especially the said portions, can be arranged in order
to ensure mechanical link in function of the intended con-
ditions of use. The track 15 is arranged to support at least
one folding movement from the planar state to an oper-
ational state. The said portions of the track 15 can be
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formed, for example, of a flexible wire or a flexible ribbon
cable. Optionally, additional element can be added to
reinforce the strength of the folding lines 9, 9'. The rein-
forcements can be structurally similar to portions of track
15.

[0028] In the example of figures 1 to 4, the PCB 2 fur-
ther comprises secondary portions 17, 18. Here, each
secondary portion 17, 18 has a shape and a size similar
to the shape and size of a main portion 11, 12. The sec-
ondary portions 17, 18 are disposed respectively to an
end and to an opposite end of the main portions 11, 12
in the first direction x. Each secondary portion 17, 18 is
connected to a main portion 11, respectively to a main
portion 12 by a folding line 9. The track 15 extends in
the first direction x beyond the main portions 11, 12, up
to the secondary portions 17, 18.

[0029] In the example of figures 1 to 4, the PCB 2 fur-
ther comprises base portions 30, 40. Here, the base por-
tion 30, respectively the base portion 40, is adjacent to
the secondary portion 17, respectively to the secondary
portion 18. The base portion 30, respectively the base
portion 40, is connected to the secondary portion 17, re-
spectively to the secondary portion 18, by a folding line
9'. The base portions 30, 40 are disposed respectively
to an end and to an opposite end of the other portions
11, 12, 17, 18 in the first direction x. Here, the track 15
extends in the first direction x beyond the secondary por-
tions 17, 18 and up to the base portions 30, 40. The base
portions 30, 40 are arranged to be fixed on a common
support in a coplanar arrangement in the operational
state (see figure 4) and to form claws of the inductive
device 1.

[0030] In the example of figures 1 to 4, the track 15
forms a half loop on a single face of each secondary
portion 17, 18. The track 15 on the secondary portions
17, 18 is only formed of the top layer 6 on the top main
face of the PCB 2. The secondary portions 17, 18 are
arranged to be put face to face in operational state (see
figure 4) and to form a leg of the inductive device 1. Due
to the openings 13 and the parts of the track 15 on the
secondary portions 17, 18, such a leg forms a supple-
mentary winding, with a single loop, in the embodiments
of figures 1 to 4. Such features are optional. In various
embodiments, such secondary portions 17, 18 can have
only a structural function. For example, the secondary
portions 17, 18 can have a shape and/or a size different
from the main portions 11, 12. The openings can be ab-
sent. The layout of the track 15 can be different from a
loop (or a half-loop). Electrical connections with other
devices can be provided.

[0031] The secondary portions 17, 18 and/or the base
portions 30, 40 can be used as a support and/or a con-
nection for other electronical elements. In other words,
the secondary portions 17, 18 and/or the base portions
30,40 can be used as a classical PCB to plug electronical
elements. Other electrical conductive tracks can be pro-
vided in function of the application, said tracks can be
connected to the track 15.
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[0032] Inthe operational state, corresponding to figure
4, the PCB 2 is folded such that each portion 11, 12, 17,
18 is rotated about folding lines 9, 9’ with respect to the
adjacent portions. The two main portions 11, 12 are su-
perimposed one against the other by a complete folding.
[0033] The electrical isolation between the parts of the
track 15 placed face to face is preserved. In the example
of figures 1 to 4, it corresponds to the main faces visible
on figure 3 of the main portions 11, 12. For example, an
electrical insulating sheet is inserted between the two
main portions 11, 12 or an insulating layer is preliminary
deposited on the electrical layers 4, 6, or an air-gap is
kept.

[0034] In the operational state, each main portion 11,
12 of each pair forms an angle a, 34, B, with an adjacent
portion of the PCB 2 distinct from said pair. The angle o
corresponds to an angle between two pairs 11, 12 (see
figure 6). The angles B4, B, correspond to angles between
a pair 11, 12 and another part of the PCB 2 (see figures
4 and 6). In the example of figures 1 to 4, there is a single
pair of main portions 11, 12 (N = 1). Thus, the adjacent
portions distinct from said pair corresponds to the sec-
ondary portions 17, 18. The said angles o, B4, B, are
strictly greater than zero. In other words, the folding is
partial between pairs. The arm formed by the main por-
tions 11, 12 is not superimposed with the leg formed by
the secondary portions 17, 18.

[0035] Inthe operational state, the openings 13 define
together a casing 20 able to accommodate a magnetic
piece to be inductively coupled to windings formed by
the track 15.

[0036] The embodiments with a single pair of main por-
tions 11, 12 is a specific case which is sufficient to obtain
an inductive coupling with a magnetic piece. For exam-
ple, two inductive devices 1, each one with a single pair
of main portions 11, 12, can be combined with a common
magnetic piece. Such an assembly would form an elec-
trical transformer.

[0037] The embodiment of figures 5 to 7 will be now
described by comparison with respect to the embodiment
of figures 1 to 4. The identical numerical references used
in the two embodiments refer to similar objects. On figure
5, the electrical conductive layers 4, 6 are shown but the
layout of the track 15 is not represented. The layout of
the track 15 can be, for example, similar to the layout
described above with respect to figures 2 and 3.

[0038] The embodiment of figures 5 to 7 pertains to
embodiments with at least two pairs of main portions 11,,
12,, where x € [1; N] and N > 2. Here, there are 7 pairs
of main portions 11, 12 (N = 7). Said pairs 11,, 12, are
similar one to another. In the operational state (see figure
5 and 6), the inductive device 1 has substantially a sym-
metry of revolution: geometrically, each arm formed by
a pair of main portions (11,, 12,) results from a rotation
of another pair of main portions (1 1y, 12y) with respect
to an axis YY parallel to the second direction y. As a
consequence, the general tridimensional form of the in-
ductive device 1 in the operational state as it is shown
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on figures 5 and 6 looks like a flower.

[0039] Invarious embodiments, N can be differentfrom
7. The sizes of the main portions (11,; 12,) of each pairs
(11, 12,) can be different from each other (11,, 12,). For
example, the size of the pairs can be mutually adapted
such that the inductive device in the operational state
has a form which is not a symmetry of revolution. The
general tridimensional form of the inductive device 1 can
be elongated, for example, parallelepiped or oblong.
[0040] In the embodiment of figures 5 to 7, the PCB 2
is equivalent to the PCB 2 of figure 4 wherein each pair
11,; 12, forms a pattern corresponding to the frame 8 on
figures 1 to 4. In the inactive state of the embodiment,
the pattern is N-replicated along the first direction x, op-
tionally with differences of the layout of the track 1 be-
tween the pairs 8. The N pairs 11,; 12, are juxtaposed
along the first direction x. The two main portions 11,, 12,
of a common pair are delimited by a folding line 9 (like
on figures 2 and 3). The two main portions 12, 11y of
respective adjacent pairs 11,; 12, and 11y; 12y are de-
limited by a folding line 9’.

[0041] Whenthe PCB 2 isfolded from the inactive and
planar state to the operational and tridimensional state,
the direction of the rotation is alternated from one folding
line 9 to the adjacentfolding line 9’ along the first direction
x. In other words, the main portions 11, 12 and the sec-
ondary portions 17, 18 are folded in manner of an accor-
dion. The PCB 2 is folded such that each portion 11, 12,
17, 18 is rotated about folding lines 9, 9’ with respect to
the adjacent portions. The two main portions 11 11,, 12,
of each pair are superimposed one against the other by
a complete folding. The electrical isolation between the
parts of the track 15 placed face to face is preserved.
[0042] In the operational state, each main portion 11,,
12, of each pair forms:

- anangle a with an adjacent main portion 12, 11, of
an adjacent pair, o being not necessarily constant
between each pair of an inductive device 1, and/or

- anangle B4 or B, with an adjacent secondary portion
17, 18 of the PCB 2.

[0043] The said angles o and B4, B, are strictly greater
than zero. In other words, the folding is partial, resulting
from a rotation of strictly less than 180°, such that the
arms formed by each pair of main portions 11,, 12, are
not superimposed with the other arms or with the leg
formed by the secondary portions 17, 18. In the example
of figures 5 to 7, the said angles o and B4 are equals to
each other and substantially equal to 360° / (N+1) = 45°.
In various embodiments, the angles can be different one
from the others.

[0044] Inthe operational state, the openings 13 define
together a casing 20 able to accommodate a magnetic
piece to be inductively coupled to windings formed by
the track 15. In the example of figures 5 to 7, the casing
20 has an annular form. For example, a magnetic piece
can have a toroidal form. The toroidal form can have a
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circular or a non-circular section (for example a square
section). The magnetic piece is composed at least partly
of a material having ferromagnetic properties, for exam-
ple iron powder or ferrite.

[0045] In the operational state of the embodiment of
figures 5 to 7, due to the thickness of each arm, a free
space 21isformedin a central part of the inductive device
1 (centered on the axis YY). Such a free space 21 and
the space between the arms can be used to enhance the
cooling of the inductive device 1 during operation.
[0046] Figure 7 shows an arm of a pair of main portions
11,, 12,. The superimposition of four electrical conduc-
tive layers 4, 6 connected by VIA 16 and forming a part
of the track 15 can be viewed.

[0047] The PCB 2 can be manufactured in the inactive
and planar state, at least partly by known technics. The
support layer 3 is preferably rigid. The word rigid is de-
fined in the meaning that the support layer 3 can be bro-
ken rather than to be bent. For example, the supportlayer
3 can be made of glass-reinforced epoxy. The rigidity of
the support layer 3 enhances the good mechanical
strength of the tridimensional structure. As explained
above, the support layer 3 can be made of portions de-
limited by thin lines forming the folding lines 9, 9. As long
as the electrical continuity of the track 15 from one portion
to another portion is preserved, two adjacent portions
can be at least partially broken along their common fold-
ing line 9, 9’ during a mounting of the inductive device 1.
[0048] The electrical conductive layers 4, 6 and the
layout of the track 15 can be made by known methods,
for example by selective chemical copper etching or by
electroplating. Preferably, the thickness of the track is
superior or equal to 105 micrometers.

[0049] In some embodiments, the track 15 of the PCB
2 can also comprise a wire or a plurality of wires embed-
ded in the support layer 3. For example, WO
2006/077163, WO 2006/077164 and WO 2006/077167
describe methods to form tracks in or on a PCB that are
planned to support power level of electricity.

[0050] Figure 8 shows an embodiment of an inductive
device 1. A general structure of the PCB 2 is shown in
the inactive and planar state view from the top. Only the
general forms and mutual arrangement of the parts of
the PCB are shown, without details like the openings 13
or the track 15.

[0051] In the center of figure 8, the PCB 2 comprises
three pairs (N = 3) of main portions 11, 12, two secondary
portions 17, 18 and two base portions 30, 40 which are
similar to the embodiments previously described. The
PCB 2 further comprises housing portions 31, 32, 33, 34,
41, 42, 43, 44. The housing portions 31, 32, 33, 34, are
arranged to form a part of a container in combination with
the base portion 30 in the operational state. The housing
portions 41, 42, 43, 44, are arranged to form a part of a
container in combination with the base portion 40 in the
operational state. The two parts of a container are mu-
tually arranged to form together a container, or housing,
in the operational state. Such a container can contain the
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other parts of the inductive device 1, including the arms
and the magnetic piece. The base portion 30 and the
housing portions 31, 32, 33, 34 are mutually connected
by folding lines 9’, 9". The base portion 40 and the hous-
ing portions 41, 42, 43, 44 are mutually connected by
folding lines 9’, 9".

[0052] In the embodiment of figure 8, when the induc-
tive device 1 is in its operational state, the container has
substantially a parallelepiped form. The base portions
30, 40 are coplanar and, here, perpendicular to the third
direction z. The portions 31 and 32 are placed face to
face and perpendicular to the second direction y. The
portions 41 and 42 are placed face to face and perpen-
dicular to the second direction y. The portions 31 and 42
are coplanar. The portions 41 and 32 are coplanar. The
portions 33 and 43 are placed face to face and perpen-
dicular to the first direction x. The portion 34 and 44 are
coplanar and placed facing to respectively the base por-
tion 30 and the base portion 40, and perpendicular to the
third direction z.

[0053] Contrary to what one might think a priori, to en-
close the active parts of the inductive device 1 enhances
the thermal dissipation, the cooling. It seems that the
thermal conductivity of the PCB 2 facilitates the thermal
dissipation. The heat can be evacuated from critical
parts, especially from the arms formed by the main por-
tions 11, 12 toward the base portions 30, 40 and the
housing portions 31, 32, 33, 34, 41, 42, 43, 44. In an
operational state, the housing can, for example, receive
a thermal conductive material in contact with the mag-
netic piece. Afluidic or pasty thermal conductive material
can be kept in contact with hot parts by the base portions
30, 40 and the housing portions 31, 32, 33, 34, 41, 42,
43, 44. In another operational state, the magnetic mate-
rial is formed in the housing produced by portions 31, 32,
33, 34,41, 42, 43, 44, thus the magnetic material is con-
formal with the housing and the thermal interface be-
tween the magnetic piece and the housing is improved.
[0054] Figures 9 and 10 show in details an example of
the base portion 30 and the housing portions 31 and 32.
The neighboring portions exist but are not represented
on the figures 9 and 10.

[0055] The base portion 30 and the housing portions
31 and 32 contain a high portion of thermally conductive
material. In the example, the portions of the PCB 2 sup-
port metallic tracks 50 (here in copper). A main function
of the tracks 50 is, in the context, to enhance the con-
duction of the heat along the PCB portions. In the exam-
ple, the tracks 50 are not used to voluntary carry elec-
tricity. The tracks 50 can also have a magnetic shield
function, for example to limit the magnetic dispersion.
The number, the layout and generally the tracks 50 as
shown on figure 9 are only examples. The tracks 50 can
have different locations, structures or forms in function
of the forms of the inductive device 1 and the intended
application.

[0056] The housing portion 31 supports a thermal con-
ductive member 51. Here, the thermal conductive mem-
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ber 51 is formed of a bar made of a thermal conductive
material, for example copper or aluminum. The form, the
size and the location of the thermal conductive member
51 on the housing portion 31 are especially arranged in
order to be disposed in a central opening of an annular
magnetic piece. The central opening, in the embodiments
described above corresponds to the free space 21 (see
figure 5). In the operational state, the conductive member
51 forms a thermal drain, which evacuates the heat from
the arms toward the housing portion 31. The conductive
member 51 also forms a spacer to dispose the pairs 11,
12 easily with respect to the others when the PCB 2 is
built from a planar state to an operational state. The con-
ductive member 51 could also forms a part of the mold
or a molding core to create the magnetic piece inside the
PCB 2 as it will be described hereinafter.

[0057] The tracks 50 and the thermal conductive mem-
ber 51 are optional and can be used independently. The
combination of the tracks 50 and the thermal conductive
member 51 is particularly efficient to evacuate the heat
from the inductive device 1.

[0058] Athroughhole52isformedintothe base portion
30. As shown on figure 10, the hole 52 is used to fix the
base portion 30, and consequently the inductive device
1, to a support 100. In the example, a couple screw-nut
is used. Forexample, the nuts is glued to the base portion
30 or directly molded into the magnetic paste described
hereinafter. Other fastening means can be used. The
base portion 30 also support a thermal conductive part
53 fixed on the external main face of the base portion 30.
The "external main face" means outside from the housing
in the operational state (see the arrows representing the
folding movements of the housing portions 31, 32 on fig-
ure 10). The thermal conductive part 53 is disposed sub-
stantially around the hole 52 such that to be maintained
in tight contact between the inductive device 1 and the
support 100 and to evacuate the heat from the inductive
device 1 toward the support 100. The thermal conductive
part 53 has a mechanical function: it strengthens the base
portion 30 and provides a planar and rigid surface. The
thermal conductive part 53 has also a thermal function:
it enhances the spreading of the heat so that it is more
efficiently transferred to the support 100. For example,
the thermal conductive part 53 is attached to the base
portion 30 by a lamination process.

[0059] The thermal conductive part 53 can be a metal
plate, for example made of copper or aluminum. Such a
metal plate can be fixed to the PCB by a thermal con-
ductive pre-preg. Such a combination has preferably a
high thermal conductivity and a low electrical conductiv-
ity, preferably a thermal conductivity superior to 3
W.m-1.K-1 and a breakdown voltage superiorto 2kV. The
support 100 itself can be a heat sink. Thermal grease
can also be added to enhance the thermal conductivity
between elements. In the embodiments comprising a
combination of thermal conductive elements, the heat
can be evacuated from the active parts of the inductive
device 1 toward outside, for example toward the support
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100 and/or a heat sink.

[0060] Inthe examples of figure 9 and 10, only portions
30, 31, 32 comprise tracks 50, a thermal conductive
member 51, a hole 52 and a thermal conductive part 53.
In various embodiments, one of the elements or a com-
bination thereof can be adapted to other parts of the in-
ductive device 1, especially to similar portions 40, 41, 42.
[0061] When the embodiment of figure 8 is combined
with other electronical components, the applicant noted
that the heat dissipation is particularly efficient for the
inductive element itself and also for said electrical com-
ponents such as capacitors and semi-conductors.
[0062] The inductive device 1 can be used for example
to form a transformer or an inductor. The inductive device
1 can be combined with other elements to form an as-
sembly. An inductive assembly can comprise an induc-
tive device 1 in the operational state, and a magnetic
piece disposed in the casing 20 of the inductive device
1. The inductive device 1 and the magnetic piece can be
inductively coupled. The air enables to convey magnetic
field. The inductive device 1 can be deprived from any
magnetic piece and operate with air. The inductive device
1 and the magnetic piece can be provided separately or
into a kit. Such a kit can comprise other article, for ex-
ample electronic component, to be assembled. Before
to be used, the inductive device 1 can be keptin a planar
state, for example during manufacturing, storage and/or
transport.

[0063] Figures 11, 12 and 13, and figures 14, 15 and
16 show two embodiments of the PCB 2. The numerical
references identical to that of previous figures corre-
spond to analogous elements. The operational states are
similar to the operational state of the embodiment of fig-
ures 1 to 4. The planar states are different.

[0064] Inthe embodiment of figures 11, 12 and 13, the
PCB 2 includes an odd number of pair(s) of main portions
11, 12 (here, N=1). The portions 11, 12, 17, 18, 30 and
40 of the PCB 2 are not aligned in a common direction.
The base portion 30, the secondary portion 17 and the
main portion 11 are aligned in the first direction x. The
base portion 40, the secondary portion 18 and the main
portion 12 are also aligned in the first direction x. The
base portion 40, the secondary portion 18 and the main
portion 12 are disposed parallel to the base portion 30,
the secondary portion 17 and the main portion 11. The
main portions 11, 12 are aligned substantially along the
second direction y in the inactive state of the PCB 2. The
folding line 9 between the main portions 11, 12 is oriented
into the first direction x perpendicular to the second di-
rection y.

[0065] In the example, the secondary portion 18 and
the base portion 40 are on the same side as the second-
ary portion 17 and the base portion 30 with respect to
the pair of main portions 11, 12 (on the left side on figure
11). The secondary portions 17, 18 are aligned along the
second direction y and the base portions 30, 40 are
aligned along the second direction y. The PCB 2 further
comprises a cutting line 10, extending in the first direction
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X, in the extension of the folding line 9 of the pair 11, 12,
between the base portion 30 and the base portion 40,
and between the secondary portion 17 and the secondary
portion 18. In various embodiments, the secondary por-
tion 18 and the base portion 40, and the secondary por-
tion 17 and the base portion 30 can be on the opposite
side with respect to the pair of main portions 11, 12. In
such a case, a cutting line 10 is useless.

[0066] The cutting line 10 is, in the example, a weak-
ened part of the PCB 2, arranged to be voluntarily broken
and to separate the base portions 30, 40 from each other
and to separate the secondary portions 17, 18 from each
other when the PCB 2 is built in the operational state. In
various embodiments, the cutting line 10 can be an air
gap in the planar state, avoiding a breaking action during
the building of the inductive device 1.

[0067] Like in the previous embodiments, the track 15
extends continuously and successively from the base
portion 30 to the base portion 40 passing by the second-
ary portion 17, the main portion 11, the main portion 12
and the secondary portion 18. The layout of the track 15
is different from the layout of the previous embodiments.
The main portion 11 includes three quarters of a loop on
the top main face, included into the top layer 4 (figure
11), rather than a half-loop (figure 2). The main portion
12 includes three quarters of a loop on the top main face,
included into the top layer 4 (figure 11), rather than an
almost entire loop (figure 2). In the folded state, the main
portions 11, 12 of the pair form together an arm (see
figure 13), the arm totaling M=3 loops, or windings, like
in the previous embodiments.

[0068] Inthe embodiment of figures 14, 15 and 16, the
PCB 2 includes an even number of pairs of main portions
11, 12 (here, N= 2).The two pairs are referenced 11, ;
124, and 11y ; 12 respectively.

[0069] Themain portions 114,12, are aligned substan-
tially along the second direction y in the inactive state of
the PCB 2. The main portions 11y, 12y are aligned sub-
stantially along the second direction y in the inactive state
of the PCB 2. Each folding line 9 between the main por-
tions 114, 124, respectively between the main portions
11\, 12y, is oriented into the first direction x perpendicular
to the second direction y. The other folding lines 9, 9’ are
oriented into the second direction y.

[0070] The second pair of main portions 11y, 12 are
on the same side as the secondary portion 17 and the
base portion 30 with respect to the first pair of main por-
tions 114, 12, (on the left side on figure 11). The second-
ary portion 17 and the second pair of main portions 11y,
12y are aligned along the second direction y. The first
pair of main portions 114, 124 are on the same side as
the secondary portion 18 and the base portion 40 with
respect to the second pair of main portions 11y, 12, (on
the right side on figure 11). The secondary portion 18
and the first pair of main portions 11,4, 12, are aligned
along the second direction y. The PCB 2 comprises two
cutting lines 10, extending in the first direction x, each in
the extension of one of the folding lines 9 of the pairs

10

15

20

25

30

35

40

45

50

55

114, 124, 11y, 12y, between the secondary portion 17
and the main portion 11y, and respectively between the
secondary portion 18 and the main portion 12,.The cut-
ting lines 10 are similar to the cutting line of figures 11, 12.
[0071] Thelayoutofthetrack 15isalso slightly different
from the layout of the previous embodiments. A man
skilled in the art would understand that the layout of the
track 15 can be arranged in function of the mutual ar-
rangement of the portions of the PCB. In various embod-
iment, the number of pairs can be different, for example
by increasing the number of pairs with respect to the ex-
ample of figures 11, 12 and 13 (where N is an odd
number) and/or the example of figures 14, 15 and 16
(where N is an even number).

[0072] Inthe embodiments of figures 11 to 16, the PCB
2 is equivalent to the PCB 2 of figure 4 wherein each pair
11,; 12, is referenced 8. The pairs 8 can be N-replicated
with differences of the layout of the track 15.

[0073] Figure 17 shows schematically a various oper-
ational state of a PCB 2. By comparison with respect to
the form of figures 5 and 6, the PCB 2 further comprises
intermediate portions 60. In such an embodiment, the
two main portions 11y, 12 of each pair 8 are connected
one to the other by an intermediate portion 60. An inter-
mediate portion 60 is connected respectively to each one
of the main portions 11y, 12y of the pair by a respective
folding line 9, 9’ such that to have an angle between said
two main portions 11y, 12y in the operational state of the
PCB 2. Each intermediate portion 60 further comprises
a part of the track 15 such that to ensure electrical con-
tinuity of the track 15 from one to the other main portion
11x, 12x. Inthe operational state of such anembodiment,
the main portions 11y, 124 of a pair are not superim-
posed.

[0074] Figure 18 shows schematically a various oper-
ational state of a PCB 2. By comparison with respect to
the form of figures 5 and 6, the sizes of the main portions
of two distinct pairs are different. On figure 18, the main
portions of the vertical and horizontal pairs are shorter
than the main portions of diagonal pairs. This enables to
adapt the general form of the inductive device 1 in the
operational state of the PCB 2. Figure 18 shows an ex-
ample of a device 1 having a parallelepiped form. The
form and size of the openings 13 can also be adapted in
order to adapt the form of the casing 20.

[0075] The embodiments of the inductive device 1 de-
scribed until now are made of a single PCB 2 with a single
track 15. The inductive devices 1 are inductors. In various
embodiments, for example on figures 19 and 20, the in-
ductive device 1 comprises more than one PCB 2, for
example two PCB 2. Each one of the two PCB 2 com-
prises a single track 15 electrically isolated one from the
other in the operational state. The two PCB 2 are ar-
ranged in order to form, in the operational state, a com-
mon casing 20. Each one of the two PCB 2 forms respec-
tively a primary winding and a secondary winding. To-
gether, the two PCB 2 form the inductive device 1, which
can be, here, a transformer.



17 EP 3 364 428 A1 18

[0076] In various embodiments, the single PCB 2, or
at least one among a plurality of PCB 2, can comprise:

- atleast one split track, and/or
- a plurality of independent tracks.

[0077] A split track is a track for which the two ends of
the track are neighboring, for example on the same por-
tion of the PCB 2. The track comprises two successive
parts, the first part passing by each portion of the PCB 2
on afirst side of each opening 13, the second part passing
by each portion of the PCB 2 on the opposite side of each
opening 13, the two parts being connected one to the
other by an U-turn around an opening 13 of a portion of
the PCB 2. For example, a track can starts (having a first
end connection) on the base portion 30 of the PCB 2 of
figures 5 and 6, to extend from the base portion 30 to the
base portion 40 (the first part of the track), to make a U-
turn on the base portion 40, to extend from the base por-
tion 40 to the base portion 30 (the second part of the
track), and ends (having a second end connection) on
the base portion 30. The layout of the track is arranged
to form windings around the openings 13 in the opera-
tional state of the PCB 2. Such a split track can be pro-
vided, forexample, on each one ofthe PCB embodiments
shown on figures 1 to 20.

[0078] In a planar state, a plurality of independent
tracks on the same PCB can have a similar layout, for
example being substantially parallel along their path. In
an operational state, the ends of each track can be con-
nected two by two such as to be electrically equivalent
to a single continuous track.

[0079] In an operational state, the two ends of each
track can be connected to a respective circuitry. Thus,
the tracks are electrically isolated and inductively coupled
by the magnetic piece. For example, two tracks electri-
cally independent and substantially parallel along their
path can form a primary and a secondary winding on the
same PCB. Such a single PCB forms a transformer.
[0080] The known inductive devices, especially thus
designed to at least kilowatt levels (current of several
amperes) have a large magnetic section, a large volume,
a large mass and are also difficult to cool down. The
known inductive devices are generally made by assem-
bling a plurality of discrete pieces. Due to the limited
number of models for each discrete piece and their avail-
ability at each time, each industrial actor has usually to
make a compromise between the best technical features
(theoretic) in function of each application, and the cost
of the unitary pieces (economical reality). The adaptabil-
ity of the inductive devices is very limited. According to
the inductive device 1 with a foldable PCB, the specific
features of each inductive device can be easily and pre-
cisely selected in function of each application. It will be
understood that the precise features are almost unlimited
(especially number, sizes and shapes of main sections
11, 12 ; number of loops by arm, section and layout of
the track, form and size of the magnetic piece, external
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form and size of the optional housing, configuration of
the various cooling options).

[0081] In addition, the manufacturing of such an induc-
tive device 1, or the manufacturing of an assembly in-
cluding the inductive device 1, can be highly or totally
automated. This enables to reduce the manufacturing
cost.

[0082] An assembly comprising the inductive device 1
can be manufactured by a process as follows:

a) provide a PCB 2 having a plate shape and com-
prising the main portions 11, 12 with through open-
ings 13,

b) fold the main portions 11, 12 relative to each other
such that the PCB 2 is rolled up around a molding
core, for example the thermal conductive member
51,

c) mold a fluid magnetic material at least partially
through the openings 13 of the folded PCB 2.

[0083] The stepacancomprisetoform the folding lines
9, 9’ as explained above.

[0084] The step b can comprise to dispose a spacer
or a set of spacers in order to temporary maintain the
folded PCB 2 in its final position during the molding. Re-
ferring to the embodiment of figures 5 and 6, the PCB 2
can be maintained in its "flower" form for example.
[0085] The step c can comprise to fix a mold or a set
of mold parts with respect to the folded PCB 2. The hous-
ing portions described before can also be used to form
a mold. The fluid magnetic material can comprise, for
example, a powder or a combination of powder with resin
and/or glue. In function of the magnetic material, the step
ccan also comprise a curing, preferably at a temperature
less than 200°C.

[0086] The assembling process can further comprise
to remove the molding core from a center of the solid
magnetic piece after molding.

[0087] The features of the embodiments of inductive
devices described here can be combined with each other.
An advantage of such an inductive device is the high
adaptability: the forms and sizes of the inductive device,
in the planar state and in the operational state, can be
arranged in function of the needs and the final use. A
man skilled in the art would easily understand that other
embodiments of inductive devices according to the in-
vention can have forms and sizes very different from thus
shown on figures while providing similar electromagnetic
functions.

[0088] The invention is not limited to the devices, as-
semblies, kits and process described here, which are on-
ly examples. The invention encompasses every alterna-
tive that a person skilled in the art would envisage in the
scope of the following claims.



19 EP 3 364 428 A1

Claims

Inductive device (1) comprising at least one printed
circuit board (2), the printed circuit board (2) com-
prising N pairs of main portions (11, 12), wherein N
is an integer superior or equal to 1, each main portion
(11, 12) being connected to the other portions (11,
12, 17, 18, 60) by folding lines (9, 9’), each main
portion (11, 12) having a through opening (13) form-
ing a path in a thickness direction (z) of said main
portion (11, 12),

the printed circuit board (2) comprising at least one
track (15) electrically continuous and extending
along the rims of the openings (13) and passing by
each one of the main portions (114, 124, 11y, 12),
the printed circuit board (2) having an inactive state
wherein the printed circuit board (2) has a plate
shape, and an operational state wherein:

- the printed circuit board (2) is folded such that
each main portion (11, 12) is rotated about fold-
ing lines (9, 9’) with respect to the adjacent por-
tions (11, 12, 17, 18, 60),

- each main portion (11,, 12,) of each pair form-
ing an angle (o, B4, Bo) with an adjacent portion
(11y, 12y, 17, 18) of the printed circuit board (2)
distinct from said pair, the angle (o, B4, B,) being
strictly greater than zero, and

- the openings (13) defining together a casing
(20) able to accommodate a magnetic piece to
be inductively coupled to windings formed by
the track (15).

Inductive device (1) according to claim 1, wherein
the track (15) extends on at least two distinct layers
(4, 6) of the printed circuitboard (2), the printed circuit
board (2) comprising Vertical Interconnect Access
(16) interconnecting parts of the track (15) between
the at least two distinct layers (4, 6).

Inductive device (1) according to one of the preced-
ing claims, wherein the two main portions (11, 12)
of each pair are adjacent one to the other and con-
nected one to the other by a folding line (9, 9’), the
two main portions (11, 12y) of each pair being su-
perimposed one against the other by a complete fold-
ing about said folding line (9, 9’) in the operational
state.

Inductive device (1) according to one of claims 1 and
2, wherein the two main portions (11, 12y) of each
pair are connected one to the other by an interme-
diate portion (60), said intermediate portion (60) be-
ing connected respectively to each one of the main
portions (11, 12x) of said pair by a respective folding
line (9, 9’) such that to have an angle between said
two main portions (11, 12y) in the operational state
of the printed circuit board (2), said intermediate por-
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1.

12.

13.
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tion (60) further comprising a part of the track (15)
such that to ensure continuity of said track (15) from
one to the other said main portions (11,, 12,) of said
pair.

Inductive device (1) according to one of the preced-
ing claims, wherein the main portions (11, 12) are
aligned substantially along a first direction (x) in the
inactive state of the printed circuit board (2) such that
said folding line (9, 9’) are oriented into a second
direction (y) perpendicular to the first direction (x).

Inductive device (1) according to one of the preced-
ing claims, wherein each pair of main portions (11,,
12,) comprises M turns of the track (15) around the
openings (13), where M is comprised between 1 and
20.

Inductive device (1) according to one of the preced-
ing claims, wherein the track (15) comprises a wire
embedded inside the printed circuit board (2).

Inductive device (1) according to one of the preced-
ing claims, including N pairs of main portions (11,
12y), wherein N is superior or equal to 2.

Inductive device (1) according to claim 8, wherein
the pairs are similar one to another such that each
pair forms a pattern (8) and the pattern (8) is N-rep-
licated.

Inductive device (1) according to one of the claims
1 to 8, wherein the sizes of the main portions (11y;
12y) of each pair (11yx, 12y) are different from other
pair (11y, 12y) and mutually adapted such that the
device (1) has a substantially elongated tridimen-
sional form in the operational state.

Inductive device (1) according to one of the preced-
ing claims, wherein the printed circuit board (2) fur-
ther comprises portions (17, 18, 30, 40) arranged to
form legs and/or claws in the operational state to fix
the device (1) to other components.

Inductive device (1) according to claim 11, wherein
atleast one of said portions (17, 18) arranged to form
legs and/or claws has a through opening (13) and a
part of the track (15) extending along the rims of said
opening (13), such that said opening (13) defines in
part the casing (20) and said part of the track (15)
forms atleast partially a loop around said casing (20).

Inductive device (1) according to one of the preced-
ing claims, wherein the printed circuit board (2) fur-
ther comprises portions (30, 31, 32, 33, 34, 40, 41,
42, 43, 44) arranged to conjointly form a housing in
the operational state to receive a thermal conductive
material and/or the magnetic piece.
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Inductive device (1) according to one of the preced-
ing claims, wherein the printed circuit board (2) fur-
ther comprises a thermal conductive member (51)
arranged to be disposed in a central opening (21) of
an annular magnetic piece.

Inductive device (1) according to one of the preced-
ing claims, wherein the printed circuit board (2) fur-
ther comprises portions (30, 31, 32) including a com-
bination of metallic tracks (50) able to conduct heat
toward a predefined area arranged to be in contact
with a heat sink.

Inductive assembly comprising:

- at least one inductive device (1) according to
one of the preceding claims in the operational
state, and

- a magnetic piece,

the magnetic piece being disposed or formed in a
casing (20) of the inductive devices (1) defined by
openings (13) of the inductive devices (1) such that
the inductive devices (1) and the magnetic piece are
inductively coupled.

Method of manufacturing an inductive assembly
comprising:

a) provide at least one printed circuit board (2)
having a plate shape and comprising main por-
tions (11, 12), the main portions (11, 12) having
through openings (13),

b) fold main portions (11, 12) relative to each
other such that the printed circuit boards (2) are
rolled up around a molding core,

c) mold a fluid magnetic material atleast partially
through the openings (13) of the folded printed
circuit boards (2).
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