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(54) INDUCTOR

(57)  The object of the present invention is to provide
an inductor capable of realizing a voltage conversion cir-
cuit which is compact in size and is able to provide a
suitable output. To achieve the above described object,
the inductor according to the invention has a core and a
plurality of windings, and the core comprises a plurality

of arms for windings around which the plurality of wind-
ings are respectively wound; at least one common arm
which forms magnetic loops with the plurality of arms for
windings, respectively; and a pair of base parts. The plu-
rality of arms for windings and the common arm are lo-
cated between the pair of base parts.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates an inductor used
for, for example, a voltage conversion circuit.

BACKGROUND ART

[0002] As a voltage conversion circuit for boosting a
AC voltage or a DC voltage to a desired voltage, a con-
version circuit of an interleave PFC (Power Factor Cor-
rect) type described, for example, in Japanese Patent
Provisional Publication No. 2007-195282 is used. Fig. 11
illustrates an example of a conversion circuit of an inter-
leave PFC type for a two-phase AC power source. In a
conversion circuit S shown in Fig. 11, an AC current from
an AC current source E is branched into inductors L, and
L,. By diodes arranged between the AC power source E
and the inductors L, and L, the directions of the currents
flowing through the inductors L, and L, are kept constant
(i.e., in the direction proceeding from the left to the right
in Fig. 11). In the following explanation, a terminal of each
of the inductors L, and L, on the upstream side is defined
as an input terminal, and a terminal of each of the induc-
tors L, and L, on the downstream side is defined as an
output terminal.

[0003] The output terminal of each of the inductors L,
and L, is branched into two paths. Branched paths on
one side are connected to a first output terminal O4 of
the conversion circuit S. Branched paths of the inductors
L, and L, on the other side are connected to a second
output terminal O, of the conversion circuit S via MOS
transistors M4 and M,. An electrolytic capacitor is pro-
vided between the first and second output terminals O,
and O,. Gates of the MOS transistors My and M, are
connected to a controller C. The controller C intermittent-
ly transmits a pulse signal to each gate so that the output
terminal of each of the inductors L, and L, is intermittently
connected or disconnected to or from the second output
terminal O, of the conversion circuit S. The controller C
supplies the pulse signals to the MOS transistors M, and
M, while shifting the phases of the pulse signals trans-
mitted to the MOS transistors My and M, by 180° with
respect to each other.

[0004] By connecting the AC power source E to the
conversion circuit S configured as described above, it
becomes possible to obtain, at the output terminals O,
and O,, a DC current having a voltage Vg1 which is
higher than a voltage VIN of the AC power source E
[0005] When an AC current is converted by a conver-
sion circuit using a single inductor, the output current or
the output voltage thereof fluctuates in a mountain-like
form. That is, the output current or the output voltage has
many ripples. By contrast, when a conversion circuit of
an interleave PFC type is used, a plurality of currents
whose ripples are shifted with respect to each other are
combined, an suitable current having a small ripples can
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be obtained.
OBJECT OF THE INVENTION

[0006] However, the conversion circuit of the conven-
tional interleave type has a drawback that the size of the
conversion circuit becomes large because a plurality of
inductors are used.

[0007] The presentinvention is made in consideration
of the above described circumstances. That is, the object
of the present invention is to provide an inductor capable
of realizing a voltage conversion circuit which is compact
in size and is able to provide a suitable output.

MEANS FOR SOLVING THE PROBLEM

[0008] To achieve the above described object, the in-
ductor according to the present invention has a core and
a plurality of windings, and the core comprises a plurality
of arms for windings around which the plurality of wind-
ings are respectively wound; at least one common arm
which forms magnetic loops with the plurality of arms for
windings, respectively; and a pair of base parts. The plu-
rality of arms for windings and the common arm are lo-
cated between the pair of base parts.

[0009] In the above described configuration, the com-
mon arm may be integrally formed with one of the pair
of base parts and closely contacts with the other of the
pair of base parts.

[0010] The common arm may have a first divided arm
part formed integrally with one of the pair of base parts,
and a second divided arm part formed integrally with the
other of the pair of base parts, and the first divided arm
part and the second divided arm part may closely contact
with each other.

[0011] Itis preferable that magnetic resistances of the
plurality of arms for windings are larger than a magnetic
resistance of the common arm. For example, the plurality
of arms for windings are separately provided from each
of the pair of base parts, and plate-like gap members are
sandwiched between the pair of base parts and the plu-
rality of arms for windings. In this case, the gap members
are made of resin material. Material forming the plurality
of arms for windings may have a magnetic resistance
larger than a magnetic resistance of material forming the
pair of base parts and the common arm. For example,
the plurality of arms for windings are dust cores, and each
of the pair of base parts and the common arm is a ferrite
core. In place of the configuration where the gap mem-
bers are sandwiched between the base parts and the
plurality of arms for windings, the plurality of arms for
windings may be formed integrally with one of the pair of
base parts and air gaps may be formed between the other
of the pair of base parts and the plurality of arms for wind-
ings.

[0012] The number of the plurality of arms for windings
may be two, and the plurality of arms for windings and
the common arm may be arranged in a line such that,
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between the pair of base parts, the common arm is po-
sitioned between the two arms for windings. Alternatively,
the number of the at least one common arm may be two,
and the plurality of arms for windings and the two com-
mon arms may be arranged in a line such that, between
the pair of base parts, the plurality of arms for windings
are positioned between the two common arms. The pair
of base parts may have polygonal shapes, and the plu-
rality of arms for windings may be provided at positions
connecting corners of the pair of base parts with each
other. In this case, the plurality of arms for windings may
be respectively provided at all the corners of the pair of
base parts, and the common arm may be located at a
position connecting central portions of the pair of base
parts with each other. The common arm may be provided
at a position connecting outer edge parts of the pair of
base parts with each other, and the plurality of arms for
windings are not located at the outer edge parts of the
pair of baser parts. In the above described configuration,
the plurality of arms for windings may be provided at op-
posing corner parts of the pair of base parts.

[0013] The inductor may further include a plurality of
auxiliary windings, and the plurality of auxiliary windings
may be respectively wound around the plurality of arms
for windings.

[0014] Itis preferable that magnetic fluxes respectively
generated in the common arm by the plurality of arms for
windings cancel with each other.

ADVANTAGES OF THE INVENTION

[0015] When the above explained inductor according
to the invention is used in a voltage conversion circuit of
an interleave PFC type, it becomes possible to cancel
the magnetic fluxes of the windings by the common arm.
Therefore, the magnitude of the magnetic flux penetrat-
ing the common arm can be set to be small. As a result,
the cross sectional area of the common arm can be set
sufficiently smaller than the cross sectional areas of the
arms for windings. When such an inductor is used in a
voltage conversion circuit of an interleave PFC type, the
volume and the installation area of an inductor can be
suppressed as compared to the conventional configura-
tion in which ha plurality of inductors are used. Thus, a
compact voltage conversion circuit can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a perspective view of an inductor according
to a first embodiment of the present invention.

Fig. 2 is a side view generally illustrating the inductor
according to the first embodiment of the invention.

Fig. 3 is a side view generally illustrating another
example of the inductor according to the first embod-
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iment of the invention.

Fig. 4 is a perspective view of an inductor according
to a second embodiment of the invention.

Fig. 5 is a side view generally illustrating an inductor
according to a third embodiment of the invention.

Fig. 6 is a perspective view of an inductor according
to a fourth embodiment of the invention.

Fig. 7 is a perspective view of an inductor according
to a fifth embodiment of the invention.

Fig. 8 is a perspective view of an inductor according
to a sixth embodiment of the invention.

Fig. 9 is a perspective view of a core of the inductor
according to the sixth embodiment of the invention.

Fig. 10 is an exploded perspective view of the induc-
tor according to the sixth embodiment of the inven-
tion.

Fig. 11 is a circuit diagram illustrating an example of
a voltage conversion circuit of an interleave PFC

type.
EMBODIMENTS

[0017] In the following, embodiments of the present
invention are explained in detail with reference to the
accompanying drawings. Fig. 1 is a perspective view of
an inductor according to a first embodiment of the inven-
tion. Fig. 2 is a side view generally illustrating the inductor
according to the embodiment. As shown in Fig. 1, the
inductor 1 according to the embodiment includes a core
10, a first winding 21 and a second winding 22.

[0018] The core 10 is formed by combining a first block
11 and a second block 12. The first block 11 is an E-
shaped type in which three arms including a first arm
11b, a second arm 11c and a third arm 11d extend, ap-
proximately in parallel with each other, from a first core
part 11a which is a rod-like proximal portion. A second
block 12 is a rod-like member, i.e., an I-shaped type, and
serves as a second core part making a pair with the first
core part 11a. That is, the core 10 is a so-called El type
core. The first winding 21 and the second winding 22 are
wound around the first arm 11b and the third arm 11d of
the first block 11, respectively. Lower terminals of the
firstand second windings 21 and 22 are respectively con-
nected to lead wires 21a and 22a, and upper terminals
of the first and second windings 21 and 22 are connected
to a common lead wire 23.

[0019] As the core 10, a dust core formed by press-
molding ferromagnetic powders such asiron, alaminated
core formed by laminating steel plates such as Silicon
steel, or a ferrite core is used. The first block 11 and the
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second block 12 may be of the same type or of different
types. The types of the first and third arms 11b and 11d
around which the windings 21 and 22 are respectively
wound may be different from the type of the central sec-
ond arm 11c.

[0020] When the currentflows through the first winding
21 and the second winding 22 of the inductor 1 configured
as described above, a magnetic flux B1 by the first wind-
ing 21 and a magnetic flux B2 by the second winding 22
are formed in the core 1 as shown in Fig. 2. The magnetic
flux By is formed in the first arm 11b and the second 11c,
and the magnetic flux B2 is formed in the third arm 11d
and the second arm 11c. That is, the second arm 11c is
penetrated by both of the magnetic fluxes B1 and B2.
[0021] Since the winding direction in which the first
winding 21 is wound is the inverse of the winding direction
in which the second winding 22 is wound, in the second
arm 11c the directions of the magnetic fluxes B1 and B2
become opposite to each other when the current is sup-
plied from the lead wire 23 to the lead wires 21a and 22a.
For this reason, in the second arm 11c the magnetic flux-
es B1 and B2 cancel with each other, and therefore the
magnitude of the magnetic flux penetrating through the
second arm 11cbecomes small. As a result, the sectional
area of the second arm 11c may be sufficiently small
relative to the sum of the sectional areas of the first arm
11b and third arm 11d.

[0022] As described above, the first winding 21 and
the second winding 22 share a part of the core 10 (i.e.,
the second arm 11c). Therefore, as compared to a con-
figuration where the first winding 21 and the second wind-
ing 22 are respectively wound around separate cores, it
becomes possible to considerably decrease the volume
and the installation area of an inductor. Therefore, by
employing the inductor 1 according to the embodiment
inaninterleave PFC circuit, itbecomes possible to realize
a voltage converter which is compact is size and whose
ripple is small. Furthermore, since, in this embodiment,
two windings of the inductor are attached to the outer
arms, it becomes possible to effectively release heat to
the outside without letting heat generated by the windings
stay in the central part.

[0023] Since the inductor 1 according to the embodi-
ment is configured such that the length of the central
second arm 11c is slightly larger than the length of each
ofthefirstarm 11b and the third arm 11d arranged outside
of the second arm 11c. Therefore, by forming the core
10 by combining the first lock 11 and the second block
12, an air gap G, is formed between the second block
12 and the first and third arms 11b and 11d. The air gap
G, prevents occurrence of magnetic saturation in the first
arm 11b and the third arm 11d.

[0024] Furthermore, no gap is formed between the
second block 12 and the central second arm 11c (i.e.,
the second arm 11c closely contacts with the second
block 12). Therefore, the magnetic resistance of a path
proceeding from the first arm 11b or the third arm 11d to
the second arm 11c becomes sufficiently smaller than
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the magnetic resistance of a path between the first arm
11b and the third arm 11d. As a result, almost all the
magnetic flux generated by the first winding 21 pene-
trates the second arm 11c and does not penetrate the
third arm 11d. Similarly, almost all the magnetic flux gen-
erated by the second winding 22 penetrates the second
arm 11c and does not penetrate the firstarm 11b. There-
fore, it becomes possible to avoid occurrence of a prob-
lem that one of the windings causes electromagnetic in-
duction in the other of the windings and thereby a noise
is caused on the output.

[0025] As described above, the inductor 1 according
to the embodiment has the pair of windings 21 and 22.
However, the invention is not limited to the above de-
scribed configuration. For example, as shown in Fig. 3,
afirstauxiliary winding 21’ and a second auxiliary winding
22’ may be respectively provided on the firstarm 11b and
the third arm 11d, in addition to the first winding 21 and
the second winding 22. An inductor 1’ having such a con-
figuration is used in a conversion circuit of an interleave
PFC type which operates in a so-called critical mode in
which switching of a MOS transistor is executed when it
is detected that the current flowing through a winding
used for boosting becomes zero (i.e. when a zero-cross
is detected). That is, the first auxiliary winding 21’ and
the second auxiliary winding 22’ are connected to a PFC
controller which controls the MOS transistor, and the PFC
controller detects the amplitude of the current flowing
through the first winging 21 and the second winding 22
and controls the switching operation of the MOS transis-
tor based on detection results.

[0026] In addition, the above described configuration
is advantageous when two conversion circuit systems of
the interleave type are used. That is, according to the
above described configuration, the conversion circuit by
the windings 21 and 22 and the conversion circuit by the
auxiliary windings 21’ and 22’ can be formed by a single
inductor. When the inductor 1’ is used in the two conver-
sion circuits of the interleave type, it is preferable that the
directions of the currents flowing through the auxiliary
windings 21’ and 22’ are determined so that the magnetic
flux caused by the current flowing through the auxiliary
winding 21’ and the magnetic flux caused by the current
flowing through the auxiliary winding 22’ cancel with each
other in the second arm 11c.

[0027] In the above described first embodiment ac-
cording totheinvention, the second arm 11cis configured
to have a shape of a rectangular column as show in Fig.
1. However, the invention is not limited to the above de-
scribed configuration. For example, an inductor 101 ac-
cording to a second embodiment of the invention shown
as a perspective view in Fig. 4 is configured such that
the size D in the depth direction (i.e., the direction per-
pendicular to both of the axis direction and the arranging
direction of a first winding 121 and a second winding 122.
The direction pointing from the lower right side to the
upper left side) of a central second arm 111c on which
the first winding 121 and the second winding 122 are not



7 EP 2 461 334 A1 8

arranged is substantially equal to the outer diameter of
each of the first winding 121 and the second winding 122.
For this reason, the size in depth direction of each of a
first core part 111a of the first block 111 and a second
block 112 becomes smaller at a point closer to both end
part thereof, and becomes larger at a point closer to the
center in the width direction (i.e., the part at which the
second arm 111c is provided), and takes the maximum
value D in the vicinity of the center in the width direction.
More specifically, as shown in Fig. 4, each of the first
core part 111a of the first core 111 and the second block
112 is formed to be a hexagonal plate, and the first arm
111b and the third arm 111d on which the windings 121
and 122 are respectively provided are arranged to con-
nect two pairs of corner parts 111e and 112a and 111f
and 112b defining the opposing corners of the above
described respective hexagons.

[0028] Bothofasideface 115aofthe secondarm111c
on the first arm 111b side and a side face 115b of the
second arm 111c on the third arm 111d side are formed
as concave surfaces formed to be a cylinder extending
in the axis direction of the windings 121 and 122. Fur-
thermore, parts of the first winding 121 and the second
winding 122 are arranged in the concave parts of the side
faces 115aand 115b of the second arm 11c¢, respectively.
[0029] As described above according to the embodi-
ment, it becomes possible to suppress the size of the
inductor 101 in the width direction (i.e., the arranging di-
rection of the first winding 121 and the second winding
122. The direction proceeding from the lower left part to
the upper right part of the drawing). Furthermore, accord-
ing to the embodiment, the size of the second arm 111¢c
in the depth direction is set to be as long as possible
within the condition that the size of the inductor 101 in
the depth directionis notincreased. Therefore, according
to the embodiment, an inductor whose installation area
and the volume are suppressed can be realized while
securing the performance of the inductor by securing a
sufficiently large cross sectional area of the second arm
111c.

[0030] Other portions of the inductor 101 according to
the second embodiment, e.g., the configuration where
the second block 112 itself forms the second core part
which makes a pair with the first core part 111a and the
configuration where the core 110 is formed of the first
block 111 configured such that the first to third arms 111b
to 111d protrude from the first core part 111a and the
second lock 112 configured not to have an arm (i.e., to
have substantially the same shape as the first core part
111a), are the same as those of the first embodiment of
the invention. Air gaps G, are provided for the first arm
111b and the third arm 111d around which the windings
121 and 122 are wound, respectively. On the other hand,
as in the case of the first embodiment, no gap is provided
for the second arm 111c¢ on which the windings 121 and
122 are not provided (i.e., the second block 112 and the
second arm 111c closely contact with each other).
[0031] Asinthe case ofthe firstembodiment, terminals
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of the first winding 121 and the second winding 122 sit-
uated closely to one of the core parts may be connected
to a common lead wire for the first winding 121 and the
second winding 122, the other terminals situated closely
to the other of the core parts may be connected to sep-
arate lead wires, and the direction in which the first wind-
ing 121 is wound may be opposite to the direction in which
the second winding 122 is wound. In such a configuration,
as in the case of the first embodiment, the current flows
between the common lead wire and the separate lead
wires, and the magnetic flux by the first winding 121 and
the magnetic flux by the second winding 122 cancel with
each other in the second arm 111c. Therefore, the induc-
tor 101 is able to achieve the performance equivalent to
two inductors although the inductor 101 is formed as a
compact inductor whose second arm 111¢ has a small
cross sectional area.

[0032] Inthe above described first and second embod-
iments according to the invention, windings are wound
around outer two arms of the three arms of a core ar-
ranged in a line. However, the invention is not limited to
such a configuration. Fig. 5 is a side view generally illus-
trating an inductor according to a third embodiment of
the invention. An inductor 201 shown in Fig. 5 is config-
ured such that a core 210 has a pair of upper and lower
base parts (a first core part 211aincluded in a lower first
block 211 and an upper second block 212 making the
pair with the first core part 211a) and a first arm 211b, a
secondarm211c, athirdarm211cand afourtharm211e
arranged in a line between the base parts, and a first
winding 221 and a second winding 222 are wound around
the second arm 211¢ and the third arm 211d arranged
inside. In this configuration, both of the magnetic fluxes
B11 and B12 generated by the first winding 121 and the
second winding 222 penetrate through the firstarm 211b
and the fourth arm 211e arranged outside. Therefore,
the first arm 211b and the fourth arm 211e arranged out-
side serve as common arms used by both of the first
winding 221 and the second winding 222.

[0033] As shown in Fig. 5, as in the case of the first
embodiment, in the inductor 201 according to the em-
bodiment, terminals of the first winding 221 and the sec-
ond winding 222 on one side (the upper side in the draw-
ing) are connected to a common lead wire 223, and the
other terminals are connected to separate lead wires
221a and 222a. Furthermore, as in the case of the first
embodiment, the directions in which the first winding 221
and the second winding 222 are wound are opposite to
each other. Therefore, when the current flows between
the common lead wire 223 and the separate lead wires
221aand 222a, the magnetic flux B11 by the first winding
221 and the magnetic flux B12 by the second winding
222 become opposite in direction with respect to each
other and cancel with each other in each of the first arm
211b and the fourth arm 211e. As a result, the magnetic
fluxes penetrating the first arm 211b and the fourth arm
211e become small. Accordingly, the cross sectional ar-
eas of the first arm 211b and the fourth arm 211e may
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be sufficiently smaller than those of the second arm 211c
and the third arm 211d.

[0034] In the inductor 201 according to the embodi-
ment, the firstto fourtharms 211bto 211e are also formed
integrally with the first core part 211a of the first block
211, and the air gaps G, are formed between the second
block 212 and the second and third arms 211c and 211d
around which the windings 221 and 222 are wound. On
the other hand, no gap is formed between the second
block 212 and the first and fourth arms 211b and 211e
around which the windings 221 and 222 are not provided
(i.e., the first arm 211b and the fourth arm 211e closely
contact the second block 212).

[0035] Although, in the above described configuration,
the arms of the core are arranged in a line, the invention
is not limited to such a configuration. Fig. 6 is a perspec-
tive view of an inductor according to a fourth embodiment
of the invention. An inductor 301 shown in Fig. 6 has a
pair of upper and lower base parts (a first core part 311a
included in a lower first block 311 and an upper second
block 312 forming a second core part which makes a pair
with the first core part 311). Furthermore, each of the first
core part 311a and the second block 312 is formed to
have a shape of a triangular plate. At positions defined
by connecting corners of the first core part 311a and the
second block 312, three column-like arms including a
first arm 311b, a second arm 311c and a third arm 311d
are provided. A first winding 321 and a second winding
322 are wound around the first arm 311b and the second
arm 311c, respectively. In this configuration, both of the
magnetic fluxes generated by the first winding 321 and
the second winding 322 penetrate the third arm 311d.
[0036] Asinthe case ofthe firstembodiment, terminals
of the first winding 321 and the second winding 322 sit-
uated closely to one of the cores may be connected to a
common lead wire of the first winding 321 and the second
winding 322, the other terminals of the first winding 321
and the second winding 322 situated closely to the other
of the cores may be connected to separate lead wires,
and the direction in which the first winding 321 is wound
and the direction in which the second winding 322 is
wound may be opposite to each other. As in the case of
the first embodiment, in such a configuration, the current
flows between the common lead wire and the separate
lead wires, and the magnetic flux by the first winding 321
and the magnetic flux by the second winding 322 cancel
with each other in the third arm 311d. Therefore, the in-
ductor 301 is a compact inductor having the third arm
311d whose cross sectional area is small, and is able to
achieve the performance equivalent to two inductors.
[0037] In this embodiment, the first to third arms 311b
to 311d are also integrally formed with the first core part
311a, and the air gaps G, are formed between the sec-
ond block 312 and the first and second arms 311b and
311caround which the windings 321 and 322 are respec-
tively wound. On the other hand, no gap is formed for the
third arm 311d around which the windings 321 and 322
are not wound (i.e., the third arm 311d closely contacts
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with the second block 312).

[0038] Theinductors according to the above explained
first to fourth embodiments of the invention are suitable
for the two-phase type interleave PFC circuit shown in
Fig. 11 in which phases the pulses applied to the gates
of the plurality of MOS transistors are shifted by 180° with
respect to each other. However, the inductor according
to the invention can also be applied to interleave PFC
circuits other than the two-phase type. An inductor ac-
cording to a fifth embodiment described below is config-
ured to be suitable for a four-phase type interleave circuit
in which phases of pulses inputted to MOS transistors
respectively provided for four windings are shifted by 90°
with respect to each other.

[0039] Fig. 7 isaperspective view illustrating an induc-
tor according to the fifth embodiment. A core 410 of an
inductor 401 according to the embodiment has a pair of
upper and lower base parts (a first core part 411a includ-
ed in a lower first block 411 and an upper second block
412 which by itself makes a pair with the first core part
411a). Each of the first core part 411a and the second
block 412 is formed to be a rectangular plate, and, at
positions defined by connecting the corners of the base
parts, four column-like arms including a first arm 411b,
a second arm 411c, a third arm 411d and a fourth arm
411e are provided, and a fifth arm 411f is provided at the
center of the rectangle. The first to fiftharms 411b to 411f
are formed integrally with the first core part 411a. Fur-
thermore, the inductor 401 according to the embodiment
has a first winding 421, a second winding 422, a third
winding 423 and afourth winding 424, and these windings
are wound around the first arm 411b, the second arm
411c, the third arm 411d and the fourth arm 411e, re-
spectively.

[0040] When the currentflows through the first winding
421, the second winding 422, the third winding 423 and
the fourth winding 424, the magnetic fluxes are caused
by the first to fourth windings 421 to 424 in the core 410.
Each of these magnetic fluxes penetrates through the
fifth arm 411f.

[0041] In the inductor 401 according to the embodi-
ment, the directions in which the first to fourth windings
421 to 424 are wound are set so that the magnetic fluxes
caused by the windings in the fifth arm 411f cancel with
each other. Specifically, terminals of the first to fourth
windings 421 to 424 situated closely to one of the cores
may be connected to a common lead wire of the first to
fourth windings 421 to 424, the other terminals of the first
to fourth windings 421 to 424 situated closely to the other
of the cores may be connected to separate lead wires,
and the direction in which the first winding 421 and the
third winding 423 are wound may be opposite to the di-
rection in which the second winding 422 and the fourth
winding 424 are wound. In such a configuration, as in the
case of the first embodiment, the current flows between
the common lead wire and the separate lead wires, and
the magnetic fluxes caused by the first to fourth windings
421 to 424 cancel with each other in the fifth arm 411f.
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As aresult, the magnitude of the magnetic flux penetrat-
ing the fifth arm 411f becomes small. Accordingly, the
cross sectional area of the fifth arm 411f may be suffi-
ciently smaller than the sum of the cross sectional areas
of the first to fourth arms 411b to 411e.

[0042] As described above, in this embodiment, the
first to fourth windings 421 to 424 share a part of the core
410 (i.e., the fifth arm 411f in this embodiment). There-
fore, as compared to a configuration where windings are
wound around separate cores, it becomes possible to
considerably decrease the volume and the installation
area of the inductor. As a result, by employing the induc-
tor 401 according to the embodiment in the interleave
PFC circuit, a voltage conversion circuit which is compact
in size and whose ripple is small can be realized. Fur-
thermore, in this embodiment, the four windings of the
inductor are attached to the outer arms of the core, it
becomes possible to effectively release heat to the out-
side without letting heat generated by the windings stay
in the central part.

[0043] In the inductor 401 according to the embodi-
ment, the air gaps G, are also formed between the sec-
ond block 412 and the first to fourth arms 411b to 411e.
The air gap G, prevents occurrence of the magnetic sat-
uration in each of the first to fourth arms 411b to 411e.
[0044] No gap G, is formed between the fifth arm 411f
and the second block 412 (i.e., the fifth arm 411f closely
contacts with the second block 412). Therefore, the mag-
netic resistance of the path between the fifth arm 411f
and each of the other arms is sufficiently smaller than
the magnetic resistances of the paths among the first to
fourth arms 411b to 411f. As a result, almost all of the
magnetic fluxes generated by the first to fourth windings
421 to 424 penetrate through the fifth arm 411f. There-
fore, it becomes possible to prevent occurrence of a prob-
lem that, by a magnetic flux caused by one of the endings,
electromagnetic induction is caused in another winding
and thereby a noise is caused on the output.

[0045] Inthis embodiment, the firstto fourtharms 411b
to 411e are arranged at the positions where the corners
of the first core part 411 and the second block 412 both
of which have the rectangular shape are connected.
However, the invention is not limited to such a configu-
ration. For example, arms for windings may be arranged
at positions where corners of cores each having a polyg-
onal shape, such as a rhombic shape or a right-angle
trapezoid, are connected with each other.

[0046] Intheabove described firstto fifthembodiments
according to the invention, arms for which windings are
provided are integrally formed with an arm for which a
winding is not provided (i.e., an arm which shares mag-
netic flux loops with all the arms for which the above
described windings are provided). However, the inven-
tion is not limited to the above described configuration.
An inductor according to a sixth embodiment described
below is configured such that an arm for which a winding
is provided is separate from the other arm.

[0047] Fig. 8 is a perspective view of an inductor ac-
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cording to the embodiment. Fig. 9 is a perspective view
of a core of the inductor according to the embodiment.
Fig. 10 is an exploded perspective view of the inductor
according to the embodiment. As shown in Fig. 8, the
inductor 501 according to the embodiment includes a
core 510, a first winding 521 and a second winding 522.
In Figs. 8 to 10, the first and second windings 521 and
522 are shown by a dashed line.

[0048] As shownin Fig. 9, the core 510 of the inductor
501 according to the embodiment includes a firs block
5111 and a second block 512 respectively having a first
core part 511a and a second core part 512a each having
aform of a hexagonal plate. The core 510 includes a first
arm 513, a second arm 514, a third arm 515 and a fourth
arm 516. The first arm 513 and the fourth arm 516 are
arranged to connect the two opposing corners of the hex-
agonal first core part 511a with the two opposing corners
of the hexagonal second core part 512a, and a first wind-
ing 521 and a second winding 522 are arranged around
the first arm 513 and the fourth arm 516, respectively.
As shown in Figs 8 and 10, the first and the second wind-
ings 521 and 522 are attached around the first and fourth
arms 513 and 516 via bobbins 531 and 532, respectively.
[0049] Each of the firstarm 513 and the fourth arm 516
is a column-like member, and is provided separately from
the first and second blocks 511 and 512. As shown in
Figs. 9 and 10, at the both ends of each of the first arm
513 and the fourth arm 516, gap members Gp each of
which is a resign member formed in a circular plate are
attached, so that the firstarm 513 and the fourth arm 516
do not directly contact with the first block 511 and the
second block 512.

[0050] On the other hand, the second arm 514 is di-
vided into two pieces including divided arm parts 514a
and 514b. One divided arm part 514a is formed integrally
with the first core part 511a, and the other divided arm
part 514b is formed integrally with the second core part
512a. Similarly, the third arm 515 is divided into two piec-
es including divided arm parts 515a and 515b (see Fig.
10). One divided arm part 515a is formed integrally with
the first core part 511a, and the other divided arm part
515b is formed integrally with the second core part 512a.
Thus, the first core part 511a and the divided arm parts
514a and 515a form the first block 511, and the second
core part 512a and the divided arm parts 514b and 515b
form the second block 512. As shown in Figs. 8 and 9,
when the inductor 501 is assembled, the bobbins 531
and 532 are accommodated between the first block 511
and the second block 512, and the divided arm parts
514a and 514b closely contact with each other in a space
between the bobbins 531 and 532. Similarly, when the
inductor 501 is assembled, the divided arm parts 515a
and 515b closely contact with each other in a space be-
tween the bobbins 531 and 532 (not shown).

[0051] As described above, the gap members Gp are
provided between the first and fourth arms 513 and 516
and the first and second blocks 511 and 512, and no gap
is formed for the second and third arms 514 and 515
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connecting the first block 511 with the second block 512.
Therefore, the magnetic resistances of the first arm 513
and the fourth arm 516 are larger than the magnetic re-
sistances of the second arm 514 and the third arm and
515. In particular, in this embodiment, each of the first
arm 513 and the fourth arm 516 is a dust core, and each
of the first block 511 and the second block 512 is formed
of a ferrite core. Such a configuration causes the mag-
netic resistances of the first arm 513 and the fourth arm
516 to be further larger than the magnetic resistances of
the second arm 514 and the third arm 515. As a result,
occurrence of the magnetic saturation in each of the first
arm 513 and the fourth arm 516 is prevented. Further-
more, since the magnetic resistances of the firstarm 513
and the fourth arm 516 are large, the magnet flux gen-
erated by the first winding 521 in the first arm 513 does
not proceed to the fourth arm 516 and the magnetic flux
caused by the second winding 522 in the fourth arm 516
does not proceed to the first arm 513. Almost all of these
magnetic fluxes proceed to the second arm 514 and the
third arm 515.

[0052] As in the case of the other embodiments, ter-
minals of the first winding 521 and the second winding
522 situated closely to one of the cores may be connected
to a common lead wire of the first winding 521 and the
second winding 522, the other terminals of the first wind-
ing 521 and the second winding 522 situated closely to
the other of the cores may be connected to separate lead
sires, and the direction in which the first winding 521 is
wound may be opposite to the direction in which the sec-
ond winding 522 is wound. In such a configuration, the
current flows through the position between the common
lead wire and the separate lead wires, and the magnetic
flux caused by the first winding 521 and the magnetic flux
caused by the second winding 522 cancel with each other
in each of the second arm 514 and the third arm 515.
Therefore, the inductor 501 is able to achieve the per-
formance equivalent to two inductors although the induc-
tor 501 is formed as a compact inductor having the sec-
ond arm 514 and the third arm 515 with small sectional
areas.

[0053] AsshowninFig.9, asinthe case of the second
embodiment (Fig. 4), the inductor 501 according to the
embodiment is configured such that surfaces of the sec-
ond arm 514 and the third arm situated closely to the first
winding 521 and the second winding 522 are formed to
be concave surfaces formed along outer circumferential
surfaces of the windings. As aresult, the second arm 514
and the third arm 515 having sufficient cross sectional
areas can be obtained, and it is also possible to set the
interval between the first winding 521 and the second
winding 522 to be short. Therefore, as in the case of the
second embodiment, it is possible to decrease the size
in the width direction of the inductor 501 (i.e., the arrang-
ing direction of the first winding 521 and the second wind-
ing 522).

[0054] The foregoing is the embodiments according to
the invention. The invention is not limited to the above
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described configurations of the first to sixth embodi-
ments, and inductors formed by appropriately combining
configurations of the first to sixth embodiments are also
be included in the invention. For example, although the
inductors according to the first to fifth embodiments are
configured such that the arms on which the windings are
provided are integrally formed with one of the cores and
the air gaps G, are formed between the arms and the
other of the cores, an inductor in which resin gap mem-
bers Gp are provided between both the cores and arms
on which windings are provided as shown in the sixth
embodiment is also included in the invention. Alterna-
tively, the inductor according to each of the first to fifth
embodiments may be configured such that the common
arm on which the winding is not provided has a pair of
divided arms provided respectively for the first and sec-
ond blocks, and the divided arms closely contact with
each other to form a common arm.

[0055] As in the case of the first to fifth embodiments,
in the inductor according to the sixth embodiment, a con-
figuration where the first arm 513 and the fourth arm 516
are integrally formed with the first block 511 and the air
gaps G, are formed between the second block 512 and
the first and fourth arms 513 and 516 is also included in
the invention. In the inductor 501 according to the sixth
embodiment, the entire second arm 514 and the entire
third arm 515 may be integrally formed with the first block
511, and the second arm 514 and the third arm 515 may
closely contact the second block 512.

[0056] The first auxiliary winding 21’ and the second
auxiliary winding 22’ shown in Fig. 3 may be applied to
the second to sixth embodiments. That is, in the second
to sixth embodiments, a configuration in which auxiliary
windings are respectively provided for arms on which
windings are provided is also included in the invention.
For example, when such a configuration is applied to the
fifth embodiment, auxiliary windings may be provided re-
spectively for the first arm 411b, the second arm 411c,
the third arm 411d and the fourth arm 411e. When such
a configuration is applied to the sixth embodiment, aux-
iliary windings may be provided respectively for the bob-
bins 531 and 532 or bobbins around which auxiliary wind-
ings are wound may be additionally attached around the
first arm 513 and the fourth arm 516.

Claims

1. Aninductor having a core and a plurality of windings,
wherein the core comprises:

a plurality of arms for windings around which the
plurality of windings are respectively wound;

at least one common arm which forms magnetic
loops with the plurality of arms for windings, re-
spectively; and

a pair of base parts,

wherein the plurality of arms for windings and
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the common arm are located between the pair
of base parts.

The inductor according to claim 1, wherein the com-
mon arm is integrally formed with one of the pair of
base parts and closely contacts with the other of the
pair of base parts.

The inductor according to claim 1,
wherein:

the common arm has a first divided arm part
formed integrally with one of the pair of base
parts, and a second divided arm part formed in-
tegrally with the other of the pair of base parts;
and

the first divided arm part and the second divided
arm part closely contact with each other.

The inductor according to claim 1, wherein magnetic
resistances of the plurality of arms for windings are
larger than a magnetic resistance of the common
arm.

The inductor according to claim 4, wherein the plu-
rality of arms for windings are separately provided
from each of the pair of base parts, and plate-like
gap members are sandwiched between the pair of
base parts and the plurality of arms for windings.

The inductor according to claim 5, wherein the gap
members are made of resin material.

The inductor according to claim 4, wherein material
forming the plurality of arms for windings has a mag-
netic resistance larger than a magnetic resistance
of material forming the pair of base parts and the
common arm.

The inductor according to claim 7, wherein the plu-
rality of arms for windings are dust cores, and each
of the pair of base parts and the common arm is a
ferrite core.

The inductor according to claim 4,
wherein:

the plurality of arms for windings are formed in-
tegrally with one of the pair of base parts; and
air gaps are formed between the other of the
pair of base parts and the plurality of arms for
windings.

The inductor according to claim 1,
wherein:

the number of the plurality of arms for windings
is two; and
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1.

12

13.

14.

15.

16.

17.

16

the plurality of arms for windings and the com-
mon arm are arranged in a line such that, be-
tween the pair of base parts, the common arm
is positioned between the two arms for windings.

The inductor according to claim 1,
wherein:

the number of the at least one common arm is
two; and

the plurality of arms for windings and the two
common arms are arranged in a line such that,
between the pair of base parts, the plurality of
arms for windings are positioned between the
two common arms.

The inductor according to claim 1,
wherein:

the pair of base parts have polygonal shapes;
and

the plurality of arms for windings are provided
at positions connecting corners of the pair of
base parts with each other.

The inductor according to claim 12,
wherein:

the plurality of arms for windings are respectively
provided at all the corners of the pair of base
parts; and

the common arm is located at a position con-
necting central portions of the pair of base parts
with each other.

The inductor according to claim 12, wherein the com-
mon arm is provided at a position connecting outer
edge parts of the pair of base parts with each other,
and wherein the plurality of arms for windings are
not located at the outer edge parts of the pair of baser
parts.

The inductor according to claim 12, wherein the plu-
rality of arms for windings are provided at opposing
corner parts of the pair of base parts.

The inductor according to claim 1, further comprising
a plurality of auxiliary windings,

wherein the plurality of auxiliary windings are respec-
tively wound around the plurality of arms for wind-
ings.

The inductor according to any of claims 1 to 16,
wherein magnetic fluxes respectively generated in
the common arm by the plurality of arms for windings
cancel with each other.
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