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(54) Magnetic core, magnetic component and design method of magnetic core

(57) A magnetic core including a winding core por-
tion; and a flange portion (12) provided on the axial end
side of at least one of the winding core portion, wherein
the flange portion is formed such that contour line OL1
of cross-section P, of the flange portion, which becomes
perpendicular with respect to the axis line of the winding
core portion forms a shape of a first irregular convex pol-
ygon which is substantially a non-regular polygon and

also a convex polygon, and the contour line OL1 contacts
with respect to all of sides Sb1, Sb2, Sb3 and Sb4 which
are the four sides of a first circumscribed rectangle (RC1)
which becomes minimum within imaginary rectangles cir-
cumscribed with the contour line OL1 and also, the con-
tour line OL1 includes side Sa1 and side Sa2 which re-
spectively overlap with portions of respective ones of the
side Sb1 and the side Sb2.



EP 2 709 119 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a magnetic core
having a winding core portion and a flange portion, a
magnetic component using such a magnetic core, and a
design method of a magnetic core. Description of the
Related Art:

In the past, there have been known a magnetic core
provided with flange portions at both end portions of
a winding core portion around which a conductive
wire is wound, and a magnetic component using
such a magnetic core. For example, in Patent Doc-
ument 1 (Japanese unexamined patent publication
No. 2007-173573), there is disclosed a magnetic
component (inductor) using a magnetic core provid-
ed with disk-like flange portions at both end portions
of a cylindrical winding core portion.

[0002] With regard to this kind of magnetic component,
there are many cases in which the magnetic component
is mounted on a circuit board of electronic equipment
such as a mobile-phone, portable music media equip-
ment, a portable game machine, a small-sized video
camera or the like in which miniaturization request there-
of is high. At that time, a region given for mounting the
magnetic component (hereinafter, referred to arbitrarily
as "mounting region") on the circuit board is restricted,
so that miniaturization of the magnetic component is re-
quired such that it is possible to accommodate the com-
ponent within the given mounting region.
[0003] The magnetic component described in the Pat-
ent Document 1 achieves miniaturization by employing
a constitution in which a portion of a terminal placed on
the flange portion bottom surface, which extends outward
from the flange portion contour line, is to be accommo-
dated within a space (hereinafter, referred to arbitrarily
as "excess space") which occurs between a contour line
of a flange portion when orthographically-projecting this
magnetic component toward the axis line direction of the
winding core portion and a square shape circumscribed
with this contour line (hereinafter, referred to arbitrarily
as "circumscribed square shape").

SUMMARY OF THE INVENTION

[0004] As the mounting region on the circuit board is
more narrowed and decreased, it becomes difficult to
secure a useful excess space in which it is possible, with-
in the mounting region, to arrange the extended portion
of the terminal such as described above or the like while
securing a necessary space for placing the flange portion
(hereinafter, referred to arbitrarily as "space for placing
the flange portion").

[0005] In order to secure a necessary space for placing
the flange portion and a useful excess space within a
narrow mounting region, it becomes necessary to utilize
the space inside the mounting region efficiently. Specif-
ically, it becomes important to employ a configuration in
which a wasted space will not occur within the mounting
region while heightening the area ratio of the space for
placing the flange portion, which is occupied within the
mounting region (hereinafter, referred to arbitrarily as
"flange portion occupation-area ratio").
[0006] With regard to the magnetic component de-
scribed in the abovementioned Patent Document 1, in
case of setting the inside of the aforementioned circum-
scribed square shape to be the mounting region, it be-
comes a situation in which excess spaces having mutu-
ally equal sizes & shapes will be formed respectively at
the four corners of the mounting region thereof. However,
when the mounting region is narrowed and decreased,
the areas of the respective excess spaces become small
in response thereto and therefore, there is a fear that it
becomes impossible to effectively utilize these excess
spaces as the spaces for arranging extended portions of
the terminals or the like. Also, since the flange portion is
formed to be disk-like, it is also difficult to heighten the
flange portion occupation-area ratio with respect to the
mounting region.
[0007] The present invention was invented in view of
such a situation and is addressed to provide a magnetic
core, a magnetic component and a design method of
such a magnetic core in which it is possible to secure a
necessary space for placing the flange portion and a use-
ful excess space even within a narrow mounting region.
[0008] The magnetic core, the magnetic component
and the design method of magnetic core relating to the
present invention are provided with the following fea-
tures.
[0009] The magnetic core relating to the present inven-
tion is a magnetic core including a winding core portion;
and a flange portion provided on the axial end side of at
least one of the winding core portion, wherein
the flange portion is formed such that contour line OL1
of cross-section P, of the flange portion, which becomes
perpendicular with respect to the axis line of the winding
core portion forms a shape of a first irregular convex pol-
ygon which is substantially a non-regular polygon and
also a convex polygon, and
the contour line OL1 contacts with respect to all of side
Sb1, side Sb2, side Sb3 and side Sb4 which are the four
sides of a first circumscribed rectangle which becomes
minimum within imaginary rectangles circumscribed with
the contour line OL1 and also, the contour line OL1 in-
cludes side Sa1 and side Sa2 which respectively overlap
with portions of respective ones of the side Sb1 and the
side Sb2 which are mutually parallel within the four sides.
[0010] According to a magnetic core having such a
characterized structure, it becomes possible, by adjust-
ing the shape of the contour line OL1 of the cross-section
P of the flange portion corresponding to the shape of the
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abovementioned first circumscribed rectangle, to secure
a useful excess space within the mounting region, in
which a terminal or the like is arranged while heightening
the flange portion occupation-area ratio in case of setting
the inside of the first circumscribed rectangle to be the
mounting region.
[0011] It should be noted that the word "substantially"
in the wording "substantially a non-regular polygon and
also a convex polygon" means that even such a drawing
which does not become a polygon in a strict sense for
the reason that a chamfering process by Radius (R)
-chamfering or the like is applied to the corner portions
of a polygon is to be treated as a polygon in the present
invention.
[0012] It is possible for the magnetic core relating to
the present invention to be constituted such that for one
end portion and the other end portion of one diagonal
line Db1 of the first circumscribed rectangle, the cross-
section P includes corner cutting portion Ca1 and corner
cutting portion Ca2 respectively which are formed such
that corner portion Cb1 and corner portion Cb2 posi-
tioned on the diagonal line Db1 of the first circumscribed
rectangle are removed obliquely.
[0013] According to the magnetic core having this as-
pect, it becomes possible to secure the regions in which
the corner portion Cb1 and the corner portion Cb2 are
removed as excess spaces for terminals or the like to be
arranged therein.
[0014] In addition, it is possible for the magnetic core
relating to the present invention to be constituted such
that for one end portion and the other end portion of the
other diagonal line Db2 of the first circumscribed rectan-
gle, the cross-section P includes corner cutting portion
Ca3 and corner cutting portion Ca4 respectively which
are formed such that corner portion Cb3 and corner por-
tion Cb4 positioned on the diagonal line Db2 of the first
circumscribed rectangle are removed obliquely, and
which have 1/2 or less sizes of the corner cutting portion
Ca1 and the corner cutting portion Ca2.
[0015] According to the magnetic core having this as-
pect, it becomes possible to heighten the flange portion
occupation-area ratio with respect to the mounting region
efficiently by setting the sizes of the corner cutting portion
Ca3 and the corner cutting portion Ca4 to be sizes of 1/2
or less of the corner cutting portion Ca1 and the corner
cutting portion Ca2.
[0016] In addition, in the magnetic core relating to the
present invention, it is possible for the contour line OL1
to be formed to have a shape which becomes point-sym-
metric with regard to the gravity center of the first circum-
scribed rectangle.
[0017] According to the magnetic core having this as-
pect, it is possible for the flange portion to be made as a
point-symmetrical shape, so that it becomes possible to
carry out the manufacture of the flange portion easily
compared with a case in which the flange portion is made
to have a non-point-symmetrical shape.
[0018] In addition, in the magnetic core relating to the

present invention, it is possible for the winding core por-
tion to be formed such that contour line OL2 of cross-
section Q of the winding core portion, which becomes
perpendicular with respect to the axis line, forms a shape
of a second irregular convex polygon which is substan-
tially a non-regular polygon and also a convex polygon.
[0019] According to the magnetic core having this as-
pect, it becomes possible, by adjusting the shape of the
contour line OL2 of the cross-section Q of the winding
core portion, to adjust the space between the contour
line OL1 and the contour line OL2, which is utilized as a
region in which a conductive wire is wound, properly if
required.
[0020] In addition, in the magnetic core relating to the
present invention, it is possible for the cross-section Q
to include, at a position corresponding to the corner cut-
ting portion Ca1 of the cross-section P, corner cutting
portion Cc1 constituted by corner cutting line Lc1 which
becomes parallel with respect to corner cutting line La1
constituting the corner cutting portion Ca1; and for the
cross-section Q to include, at a position corresponding
to the corner cutting portion Ca2 of the cross-section P,
corner cutting portion Cc2 constituted by corner cutting
line Lc2 which becomes parallel with respect to corner
cutting line La2 constituting the corner cutting portion
Ca2.
[0021] According to the magnetic core of this aspect,
it becomes possible to properly secure the region in which
the conductive wire is wound even between the corner
cutting line La1 constituting the corner cutting portion Ca1
and the corner cutting line Lc1 constituting the corner
cutting portion Cc1 and between the corner cutting line
La2 constituting the corner cutting portion Ca2 and the
corner cutting line Lc2 constituting the corner cutting por-
tion Cc2.
[0022] In addition, in the magnetic core relating to the
present invention, it is possible for the winding core por-
tion to be applied, for a predetermined convex corner
portion within all convex corner portions in the cross-sec-
tion Q, with chamfering of 1/2 or less size with respect
to the corner cutting portion Cc1 and the corner cutting
portion Cc2.
[0023] According to the magnetic core of this aspect,
it becomes possible to reduce the possibility in which the
conductive wire wound around the winding core portion
will be broken by being damaged at a predetermined con-
vex corner portion. Also, by making the chamfering sizes
be 1/2 or less of the sizes of the corner cutting portion
Cc1 and the corner cutting portion Cc2, it becomes pos-
sible also to prevent the area of the cross-section Q of
the winding core portion from decreasing considerably
caused by the chamfering.
[0024] The magnetic component relating to the present
invention is a magnetic component including a magnetic
core relating to the present inventions mentioned above
and includes:

a winding portion formed by a configuration in which
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a conductive wire covered by insulation coating is
wound around the winding core portion; and
a first terminal and a second terminal which are re-
spectively connected to the respective end portions
of the winding portion and which are formed by plate-
like metals.

[0025] In the magnetic component relating to the
present invention, it is possible for each of the first ter-
minal and the second terminal to be provided with a
mount portion abutted to the mounting face of the mag-
netic core with respect to the substrate and provided with
a coupling portion formed integrally with the mount por-
tion, and
for the coupling portion of the first terminal and the cou-
pling portion of the second terminal to be connected to
one end portion and the other end portion of the winding
portion respectively and also, are arranged at the corner
cutting portion Ca1 and the corner cutting portion Ca2 of
the flange portion respectively.
[0026] In addition, in the magnetic component relating
to the present invention, it is possible for the coupling
portion of the first terminal and the coupling portion of
the second terminal to be provided with rising portions
formed so as to go respectively along the side surface
of the corner cutting portion Ca1 and the side surface of
the corner cutting portion Ca2 at the flange portion posi-
tioned on the mounting face side of the magnetic core,
and provided with extended portions extended in parallel
with respect to the mounting face from one end sides of
the rising portions respectively; and
for the extended portion for the first terminal and the ex-
tended portion for the second terminal to be formed so
as to be accommodated within a space between the cor-
ner cutting portion Ca1 and the first circumscribed rec-
tangle and within a space between the corner cutting
portion Ca2 and the first circumscribed rectangle respec-
tively.
[0027] The manufacturing method of the magnetic
core relating to the present invention is a design method
of a magnetic core which includes a winding core portion
and a flange portion provided on at least one of the axial
end sides of the winding core portion, including the steps
of:

setting, on the same design-plane, a first circum-
scribed rectangle circumscribed to contour line OL1
of cross-section P, of the flange portion, which be-
comes perpendicular with respect to the axis line of
the winding core portion and a second circumscribed
rectangle circumscribed to contour line OL2 of cross-
section Q which becomes perpendicular with respect
to the axis line of the winding core portion;
setting, on the design-plane, an initial shape of the
cross-section P and an initial shape of the cross-
section Q;
setting, on the design-plane, corner cutting line La1
and corner cutting line La2 which respectively and

obliquely remove corner portion Cb1 and corner por-
tion Cb2, of the first circumscribed rectangle, which
are positioned on one diagonal line Db1 of the first
circumscribed rectangle, to be portions of the con-
tour line OL1;
reducing, on the design-plane, the shape of the
cross-section Q at the corner portion Cd1 and the
corner portion Cd2, of the second circumscribed rec-
tangle, which correspond to the corner portion Cb1
and the corner portion Cb2 of the first circumscribed
rectangle such that a predetermined width of the
winding frame is to be secured between the corner
cutting line La1 & the corner cutting line La2 and the
contour line OL2; and
increasing, on the design-plane, the shape of the
cross-section Q at other corner portion Cd3 and cor-
ner portion Cd4 of the second circumscribed rectan-
gle as much as the reduced degree of the shape of
the cross-section Q at the corner portion Cd1 and
the corner portion Cd2.

[0028] According to a magnetic core and a magnetic
component relating to the present invention, it becomes
possible, by being provided with the aforementioned
characterized structure, to secure a necessary space for
placing the flange portion and a useful excess space even
within a narrow mounting region.
[0029] In addition, according to a design method of a
magnetic core relating to the present invention, it be-
comes possible to design a magnetic core in which there
can be secured a necessary space for placing the flange
portion and a useful excess space even within a narrow
mounting region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a perspective view showing a whole con-
stitution of a magnetic core relating to one exempli-
fied embodiment of the present invention;
FIG. 2 is a plan view of the magnetic core shown in
FIG. 1;
FIG. 3 is a side view of the magnetic core seen from
an arrow A direction shown in FIG. 2;
FIG. 4 is a schematic diagram showing features of
contour shapes in the respective cross-sections of
the flange portion and the winding core portion of the
magnetic core shown in FIGS. 1 to 3;
FIG. 5 is a plan view of a magnetic component re-
lating to one exemplified embodiment of the present
invention;
FIG. 6 is a side view of the magnetic component
seen from an arrow B direction shown in FIG. 5;
FIG. 7 is a schematic diagram showing a circum-
scribed-rectangle setting step in a design method of
a magnetic core relating to one exemplified embod-
iment of the present invention;
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FIG. 8 is a schematic diagram showing a cross-sec-
tion initial-shape setting step in the abovementioned
design method;
FIG. 9 is a schematic diagram showing a flange-por-
tion corner cutting line setting step in the abovemen-
tioned design method;
FIG. 10 is a schematic diagram showing a winding
core-portion reducing step in the abovementioned
design method;
FIG. 11 is a schematic diagram showing a winding
core-portion increasing step in the abovementioned
design method;
FIG. 12 is a schematic diagram showing a flange-
portion increasing step in the abovementioned de-
sign method;
FIG. 13 is a view showing a modified aspect in a
case in which the shape of the circumscribed rec-
tangle becomes a square shape;
FIG. 14 is a view of a modified aspect in which re-
spective contour-line shapes of the flange portion
and the winding core portion become convex penta-
gon-shapes; and
FIG. 15 is a view showing a modified aspect in which
respective contour-line shapes of the flange portion
and the winding core portion become convex hepta-
gons.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] Hereinafter, there will be explained exemplified
embodiments of a magnetic core, a magnetic component
and a design method of the magnetic core relating to the
present invention in detail while referring to the above-
mentioned drawings.

<Constitution of Magnetic Core>

[0032] As shown in FIGS. 1 to 3, a magnetic core 10
relating to one exemplified embodiment of the present
invention is constituted such that a winding core portion
11, a first flange portion 12 arranged on one axial end
side (one end side in axis line C direction) of this winding
core portion 11 and a second flange portion 13 arranged
on the other axial end side (the other terminal side in axis
line C direction) of the winding core portion 11 are formed
integrally with one another. The first flange portion 12
and the second flange portion 13 are formed to be in
rectangular-cylinder shapes having same sizes and
same shapes as each other, and also the winding shaft
portion 11 is formed to be in a rectangular-cylinder shape
(details of the cross-section shape will be described lat-
er).
[0033] Also, the magnetic core 10 is formed, for exam-
ple, by a ferrite of a soft magnetic material (other than
"ferrite", it is also possible to use a material such as per-
malloy, sendust, iron carbonyl and the like or to use a
dust core formed by compression-molding the fine pow-
ders thereof). It should be noted that in case of forming

the magnetic core 10 by an Ni-Zn-based ferrite or by an
Mn-Zn-based ferrite, it becomes possible to miniaturize
the magnetic core 10 compared with a case in which the
magnetic core 10 is formed by an Fe-Si-based alloy or
by an Fe-Ni-based alloy.

<Shapes of Flange Portion and Winding Core Portion>

[0034] Next, while referring to FIG. 4, there will be ex-
plained the features of the shapes of the first flange por-
tion 12 (the second flange portion 13) and the winding
shaft portion 11. In FIG. 4, cross-section P of the first
flange portion 12 and cross-section Q of the winding core
portion 11, which become perpendicular respectively
with respect to the axis line C shown in FIGS. 1 and 3,
are indicated in a state in which the mutual relative po-
sitional relations thereof are maintained. It should be not-
ed that the first flange portion 12 and the second flange
portion 13 have the same shapes as each other, and the
feature points of the shape relating to the first flange por-
tion 12, which will be explained hereinafter, are similarly
included also in the second flange portion 13.
[0035] Also, in FIG. 4, a first circumscribed rectangle
RC1 and a second circumscribed rectangle RC2 are in-
dicated by two-dot chain lines respectively. The first cir-
cumscribed rectangle RC1 is a rectangle which becomes
minimum within imaginary rectangles circumscribed with
the contour line OL1 of the cross-section P and the sec-
ond circumscribed rectangle RC2 is a rectangle which
becomes minimum within imaginary rectangles circum-
scribed with the contour line OL2 of the cross-section Q.
It should be noted in FIG. 4 that the first circumscribed
rectangle RC1 is drawn a little bit larger in order to make
it easy to distinguish the first circumscribed rectangle
RC1 and the contour line OL1 of the cross-section P.
Similarly, also the second circumscribed rectangle RC2
is drawn a little bit larger (drawn similarly also in FIGS.
5 and 8 to 15) in order to make the distinction from the
contour line OL2 of the cross-section Q easier.
[0036] As shown in FIG. 4, the contour line OL1 of the
cross-section P of the first flange portion 12 forms a
shape of a first irregular convex polygon (irregular convex
octagon in this exemplified embodiment), which is sub-
stantially an non-regular polygon and also a convex pol-
ygon. Also, this contour line OL1 contacts with respect
to all of side Sb1, side Sb2, side Sb3 and side Sb4 which
are the four sides of the abovementioned first circum-
scribed rectangle RC1. Further, the contour line OL1 in-
cludes side Sa1 and side Sa2 which respectively overlap
with respective ones of portions of the abovementioned
side Sb1 and the abovementioned side Sb2 which are in
parallel with each other within the abovementioned four
sides, and includes side Sa3 and side Sa4 which respec-
tively overlap with respective ones of portions of the
abovementioned side Sb3 and the abovementioned side
Sb4 which are in parallel with each other.
[0037] Also, the abovementioned cross-section P in-
cludes corner cutting portion Ca1 and corner cutting por-
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tion Ca2 at one end portion and the other end portion of
one diagonal line Db1 of the abovementioned first cir-
cumscribed rectangle RC1 respectively. The corner cut-
ting portion Ca1 is constituted by corner cutting line La1
which is formed so as to obliquely remove one corner
portion Cb1 positioned on the diagonal line Db1 of the
first circumscribed rectangle RC1. Similarly, the corner
cutting portion Ca2 is constituted by corner cutting line
La2 which is formed so as to obliquely remove the other
corner portion Cb2 positioned on the diagonal line Db1
of the first circumscribed rectangle RC1. It should be not-
ed in this exemplified embodiment that both of the incli-
nation angle of the corner cutting line La1 with respect
to the sides Sa1, Sa3 of the abovementioned contour
line OL1 and the inclination angle of the corner cutting
line La2 with respect to the abovementioned sides Sa2,
Sa4 are constituted so as to become 45 degrees (it is
possible to employ other inclination angles).
[0038] Further, the abovementioned cross-section P
includes corner cutting portion Ca3 and corner cutting
portion Ca4 at one end portion and the other end portion
of the other diagonal line Db2 of the abovementioned
first circumscribed rectangle RC1 respectively. The cor-
ner cutting portion Ca3 is constituted by corner cutting
line La3 which is formed so as to obliquely remove one
corner portion Cb3 positioned on the diagonal line Db2
of the first circumscribed rectangle RC1. Similarly, the
corner cutting portion Ca4 is constituted by corner cutting
line La4 which is formed so as to obliquely remove the
other corner portion Cb4 positioned on the diagonal line
Db2 of the first circumscribed rectangle RC1. It should
be noted in this exemplified embodiment that both of the
inclination angle of the corner cutting line La3 with respect
to the sides Sa2, Sa3 of the abovementioned contour
line OL1 and the inclination angle of the corner cutting
line La4 with respect to the abovementioned sides Sa1,
Sa4 are constituted so as to become 45 degrees (it is
possible to employ other inclination angles).
[0039] It should be noted that the size of the corner
cutting portion Ca1 (area of the removed region of the
corner portion Cb1) and the size of the corner cutting
portion Ca2 (area of the removed region of the corner
portion Cb2) are constituted to become equal to each
other. Also, the corner cutting line La1 constituting the
corner cutting portion Ca1 and the corner cutting line La2
constituting the corner cutting portion Ca2 are constituted
to be in parallel with each other and also to have the
same isometries.
[0040] Similarly, the size of the corner cutting portion
Ca3 (area of the removed region of corner portion Cb3)
and the size of the corner cutting portion Ca4 (area of
the removed region of corner portion Cb4) are constituted
so as to become equal to each other, and the corner
cutting line La3 constituting the corner cutting portion Ca3
and the corner cutting line La4 constituting the corner
cutting portion Ca4 are constituted to be in parallel with
each other and also to have the same isometries.
[0041] Also, the corner cutting portion Ca3 and the cor-

ner cutting portion Ca4 are constituted so as to have sizes
of 1/10 or more and 1/2 or less (preferably, 1/5 or more
and 1/2 or less) with respect to the sizes of the corner
cutting portion Ca1 and the corner cutting portion Ca2.
[0042] Further, the contour line OL1 of the abovemen-
tioned cross-section P is formed to have a shape which
becomes point-symmetric with regard to the gravity cent-
er of the first circumscribed rectangle RC1 (intersection
point between the two lines of diagonal lines Db1, Db2).
By employing the point-symmetrical shape, the process
when forming the first flange portion 12 (second flange
portion 13) becomes easy.
[0043] On the other hand, the contour line OL2 of the
cross-section Q of the winding core portion 11 forms a
shape of a second irregular convex polygon (this be-
comes irregular convex hexagon in case of counting each
of the after-mentioned convex corner portions Cc3, Cc4
as one corner) which is an non-regular polygon and also
a convex polygon substantially. Also, this contour line
OL2 contacts with respect to all of side Sd1, side Sd2,
side Sd3 and side Sd4 which are four sides of the above-
mentioned second circumscribed rectangle RC2. Fur-
ther, the contour line OL2 includes side Sc1 and side Sc2
which respectively overlap with portions of respective
ones of the abovementioned side Sd1 and the above-
mentioned side Sd2 which are mutually parallel and side
Sc3 and side Sc4 which respectively overlap with por-
tions of respective ones of the abovementioned side Sd3
and the abovementioned side Sd4 within the abovemen-
tioned four sides.
[0044] Also, the abovementioned cross-section Q in-
cludes, at the position corresponding to the corner cutting
portion Ca1 of the abovementioned cross-section P, cor-
ner cutting portion Cc1 constituted by the corner cutting
line Lc1 which becomes parallel with respect to the
abovementioned corner cutting line La1 constituting this
corner cutting portion Ca1. Similarly, the cross-section
Q includes, at the position corresponding to the corner
cutting portion Ca2 of the abovementioned cross-section
P, corner cutting portion Cc2 constituted by the corner
cutting line Lc2 which becomes parallel with respect to
the abovementioned corner cutting line La2 constituting
this corner cutting portion Ca2.
[0045] Also, for the winding core portion 11, Chamfer
(C)-chamfering is applied (Radius (R)-chamfering is also
possible) at the convex corner portion Cc3 formed at the
position corresponding to the corner cutting portion Ca3
of the abovementioned cross-section P and at the convex
corner portion Cc4 formed at the position corresponding
to the corner cutting portion Ca4 of the abovementioned
cross-section P within all the convex corner portions in
the abovementioned cross-section Q. This chamfering
size (size of the region which is cut-out by the chamfering
in the cross-section Q) is made to be 1/2 or less (prefer-
ably, 1/5 or less) of the size of the aforementioned corner
cutting portion Cc1 and the corner cutting portion Cc2.
[0046] By applying such a chamfering, it becomes pos-
sible to prevent the conductive wire from being damaged
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and disconnected at the convex corner portions Cc3, Cc4
when winding the conductive wire around the winding
core portion 11.
[0047] Also, in the magnetic core 10, a space region
which is formed among the circumference surface of the
winding core portion 11, the lower surface of the first
flange portion 12 (surface on the side faced to the second
flange portion 13) and the upper surface of the second
flange portion 13 (surface on the side faced to the first
flange portion 12) is formed as a region in which a con-
ductive wire can be wound around the winding core por-
tion 11 (see FIG. 1). In this exemplified embodiment, the
width of this region in which the winding can be applied
(length in a direction perpendicular to axis line C and
hereinafter, this is referred to arbitrarily as "width of the
winding frame") is constituted to be approximately iso-
metric over the whole circumference of the winding core
portion 11. Specifically, as shown in FIG. 4, when as-
suming that the width of the winding frame between the
side Sa1 and the side Sc1 is D1, the width of the winding
frame between the side Sa2 and the side Sc2 is D2, the
width of the winding frame between the side Sa3 and the
side Sc3 is D3, the width of the winding frame between
the side Sa4 and the side Sc4 is D4, the width of the
winding frame between the corner cutting line La1 and
the corner cutting line Lc1 is D5, the width of the winding
frame between the corner cutting line La2 and the convex
corner portion Cc2 is D6, the width of the winding frame
between the corner cutting line La3 and the convex cor-
ner portion Cc3 is D7, and the width of the winding frame
between the corner cutting line La4 and the convex cor-
ner portion Cc4 is D8 respectively, there is employed a
configuration in which D1 = D2 = D3 = D4 = D5 = D6 =
D7 = D8 is satisfied.
[0048] It should be noted that the aforementioned cor-
ner cutting portions Ca1, Ca2, Ca3, Ca4, Cc1, Cc2 and
convex corner portions Cc3, Cc4 are the portions defined
for the contour line OL1 of the cross-section P and for
the contour line OL2 of the cross-section Q, both of which
are shown in FIG. 4, but in order to easily comprehend
the shape of the magnetic core 10, reference numerals
attached to those positions in FIG. 4 are described also
at the positions corresponding to those positions in other
drawings (FIGS. 1 to 3, FIG. 4, FIG. 5).

<Constitution of Magnetic Component>

[0049] A magnetic component 20 relating to one ex-
emplified embodiment of the present invention is provid-
ed, as shown in FIGS. 5, 6, with the magnetic core 10
mentioned above, a winding portion (coil) 30 composed
of a conductive wire covered by an insulation coating,
which is wound around the abovementioned winding core
portion 11 (indicated by broken lines in FIG. 6) of this
magnetic core 10, and a first terminal 40A and a second
terminal 40B which are formed by plate-like metals. It
should be noted in FIG. 5 that portions of respective con-
tour lines of the first terminal 40A and the second terminal

40B are indicated by broken lines.
[0050] The first terminal 40A is provided with a mount
portion 41A which is abutted on a mounting face (bottom
surface of the second flange portion 13 shown in FIG. 6
(downside surface in the drawing)) of the magnetic core
10 with respect to a circuit board (not-shown) and pro-
vided with a coupling portion 42A which is formed inte-
grally with this mount portion 41A. Similarly, the second
terminal 40B is provided with a mount portion 41B which
is abutted on the abovementioned mounting face of the
magnetic core 10 and provided with a coupling portion
42B which is formed integrally with this mount portion
41B.
[0051] The coupling portion 42A of the abovemen-
tioned first terminal 40A is provided with a rising portion
43A which is formed so as to be along the side surface
of the corner cutting portion Ca1 of the flange portion 13
and an extended portion 44A which is extended in parallel
with respect to the abovementioned mounting face from
one end side of this rising portion 43A. Also, this extended
portion 44A is connected with one end portion 31 of the
abovementioned winding portion 30 by welding or the
like (it is allowed to employ a configuration of connection
by soldering or thermo-compression bonding, or a con-
figuration of connection by soldering after twisting one
end portion 31 of the winding portion 30 around the ex-
tended portion 44A).
[0052] Similarly, the coupling portion 42B of the above-
mentioned second terminal 40B is provided with a rising
portion 43B which is formed so as to be along the side
surface of the corner cutting portion Ca2 of the flange
portion 13 and an extended portion 44B which is extend-
ed in parallel with respect to the abovementioned mount-
ing face from one end side of this rising portion 43B. Also,
this extended portion 44B is connected with the other
end portion 32 of the abovementioned winding portion
30 by welding or the like (it is allowed to employ a con-
figuration of connection by soldering or thermo-compres-
sion bonding, or a configuration of connection by solder-
ing after twisting the other end portion 32 of the winding
portion 30 around the extended portion 44B).
[0053] Also, as shown in FIG. 5, the abovementioned
extended portion 44A for the first terminal 40A is formed
so as to be accommodated within the space between the
corner cutting portion Ca1 of the flange portion 13 and
the aforementioned first circumscribed rectangle RC1.
Similarly, the abovementioned extended portion 44B for
the second terminal 40B is formed so as to be accom-
modated within the space between the corner cutting por-
tion Ca2 of the flange portion 13 and the aforementioned
first circumscribed rectangle RC1. Thus, as shown FIG.
6, it becomes possible for the length ε1 of the extended
portion 44A in the first terminal 40A to be secured suffi-
ciently (this is similar also for the extended portion 44B
in the second terminal 40B).
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<Design Method of Magnetic Core>

[0054] Next, while referring to FIGS. 7 to 12, there will
be explained a design method of a magnetic core relating
to one exemplified embodiment of the present invention
(hereinafter, referred to arbitrarily as "design method of
this exemplified embodiment") by taking a case in which
the magnetic core 10 mentioned above is to be designed
as an example.

(1) As shown in FIG. 7, the first circumscribed rec-
tangle RC1 and the second circumscribed rectangle
RC2 are set on a design-plane Z (circumscribed-rec-
tangle setting step). The first circumscribed rectan-
gle RC1 is a rectangle circumscribed to the contour
line OL1 (see FIGS. 8 to 12) of the cross-section P
of the first flange portion 12, which is designed after
the next step and, for example, the size and the
shape thereof are set based on the shape, the area
and the like of the mounting region which is given on
the circuit board. The first circumscribed rectangle
RC2 is a rectangle circumscribed to the contour line
OL2 (see FIGS. 8 to 12) of the cross-section Q of
the winding core portion 11, which is designed after
the next step and, for example, the size and the
shape thereof are set based on the area required in
the cross-section Q, the necessary width of the wind-
ing frame and the like.
(2) As shown in FIG. 8, an initial shape of the cross-
section P and an initial shape of the cross-section Q
are set on the design-plane Z (initial-shape setting
step of cross-section). In the design method of this
exemplified embodiment, the initial shape of the
cross-section P is set such that the contour line OL1
thereof is designed to have a shape of a convex oc-
tagon provided with four corner cutting portions
Ca11, Ca12, Ca13 and Ca14 which have mutually
the same sizes at the positions corresponding to the
respective ones of the four corner portions Cb1, Cb2,
Cb3 and Cb4 of the first circumscribed rectangle
RC1.

[0055] Also, in the design method of this exemplified
embodiment, the initial shape of the cross-section Q is
set such that the contour line OL2 thereof is designed to
have a shape of a convex octagon provided with four
corner cutting portions Cc11, Cc12, Cc13 and Cc14
which have mutually the same sizes at the positions cor-
responding to the respective ones of the four corner cut-
ting portions Ca11, Ca12, Ca13 and Ca14 of the above-
mentioned contour line OL1. It should be noted that the
sizes of the corner cutting portions Cc11, Cc12, Cc13
and Cc14 are set, for example, such that a predetermined
width of the winding frame is to be secured between the
contour line OL1 and the contour line OL2 over the whole
circumference of the contour line OL2 (widths of the wind-
ing frames D1 to D8 shown in FIG. 8 are isometric with
one another). It should be noted that the width of the

winding frame is determined by wire diameter and ma-
terial property of the conductive wire to be wound, the
required number of windings or the like.

(3) As shown in FIG. 9, there will be set, on the de-
sign-plane Z, corner cutting lines La1 and La2 which
remove the corner portions Cb1 and Cb2 of the first
circumscribed rectangle RC1, which are positioned
on the one diagonal line Db1 of the first circum-
scribed rectangle RC1, respectively obliquely as por-
tions of the contour line OL1 (cutting line setting step
of flange-portion corner). In this exemplified embod-
iment, portions of the corner cutting portions Ca11
and Ca12 of the contour line OL1 are cut-out (por-
tions to be cut-out are indicated by shaded portions),
and the corner cutting lines La1 and La2 are to be
set. It should be noted that when portions of the cor-
ner cutting portions Ca11 and Ca12 are cut-out, it
becomes a situation in which the sizes (areas of re-
moved regions of the corner portions Cb1 and Cb2)
of the corner cutting portions Ca11 and Ca12 them-
selves are expanded. Hereinafter, the corner cutting
portion Ca11 expanded by the cut-out is to be re-
ferred to as corner cutting portion Ca1 and similarly,
the corner cutting portion Ca12 expanded by the cut-
out is to be referred to as corner cutting portion Ca2.
By designing the corner cutting portions Ca1, Ca2
in this manner, it becomes possible to expand the
areas of terminal extended portions (extended por-
tion 44A of first terminal 40A and extended portion
44B of second terminal 40B) which are arranged on
the corner cutting portions Ca1, Ca2, so that it be-
comes possible to connect the terminal extended
portions and the winding wire end portions stably.
(4) As shown in FIG. 10, the shape of the cross-
section Q in the corner portions Cd1 and Cd2 of the
second circumscribed rectangle RC2, which corre-
spond to the corner portions Cb1 and Cb2 of the first
circumscribed rectangle RC1, is reduced such that
predetermined widths of the winding frames D5 and
D6 are to be secured between the abovementioned
corner cutting lines La1 and La2 and the abovemen-
tioned contour line OL2 on the design-plane Z (wind-
ing core-portion reducing step). In this exemplified
embodiment, it becomes a situation in which portions
of the corner cutting portions Cc11 and Cc12 of the
contour line OL2 are to be cut-out (portions to be cut-
out is indicated by shaded portions). It should be
noted that similarly as the aforementioned corner
cutting portions Ca11 and Ca12, when portions of
the corner cutting portions Cc11 and Cc12 are cut-
out, it becomes a situation in which the sizes of the
corner cutting portions Cc11 and Cc12 themselves
are expanded. Hereinafter, the corner cutting portion
Cc11 expanded by the cut-out is to be referred to as
corner cutting portion Cc1 and similarly, the corner
cutting portion Cc12 expanded by the cut-out is to
be referred to as corner cutting portion Cc2.
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(5) As shown in FIG. 11, the shapes of the cross-
section Q at the other corner portions Cd3 and Cd4
of the second circumscribed rectangle RC2 are in-
creased on the design-plane Z by a degree as much
as the reduction of the shapes of the cross-section
Q at the aforementioned corner portion Cd1 and cor-
ner portion Cd2 (winding core-portion increasing
step). In this exemplified embodiment, caused by the
increase of this cross-section Q, it becomes a situ-
ation in which the convex corner portion Cc3 is
formed by reducing the corner cutting portion Cc13
of the contour line OL2 and similarly, the convex cor-
ner portion Cc4 is formed by reducing the corner
cutting portion Cc14 of the contour line OL2. It should
be noted that the corner portion areas Cc3 and Ca4
are set so as to be applied with Chamfer (C)-cham-
fering (Radius (R)-chamfering is also possible. De-
pending on such a design, it is possible for the cross-
section area Q of the winding core portion, which
became small in the aforementioned winding core-
portion reducing step, to be enlarged to a size equiv-
alent to or more than the size at the time of the initial
shape, so that it becomes possible to prevent a phe-
nomenon in which the magnetic property of the mag-
netic core is lowered by the fact that the cross-section
area Q of the winding core portion becomes small.
(6) As shown in FIG. 12, the shape of the cross-
section P at the corner portions Cb3 and Cb4 of the
first circumscribed rectangle RC1 is increased such
that predetermined widths of the winding frames D7
and D8 are to be secured between the aforemen-
tioned convex corner portions Cc3 and Cc4 and the
abovementioned contour line OL1 on the design-
plane Z (flange-portion increasing step). In this ex-
emplified embodiment, caused by the increase of
this cross-section P, it becomes a situation in which
the corner cutting portions Ca13 and Ca14 of the
contour line OL1 are to be reduced. Hereinafter, the
reduced corner cutting portion Ca13 will be referred
to as corner cutting portion Ca3 and similarly, the
reduced corner cutting portion Ca14 will be referred
to as corner cutting portion Ca4.

[0056] According to the procedures described above,
the design of the respective cross-sections P, Q of the
first flange portion 12 and the winding core portion 11 in
the magnetic core 10 mentioned above is completed. It
should be noted that it is unnecessary for the increase
of the cross-section P in the aforementioned flange-por-
tion increasing step to be carried out in a case in which
predetermined widths of the winding frames D7 and D8
are secured beforehand between the convex corner por-
tion Cc3 and the corner cutting portion Ca13 and between
the convex corner portion Cc4 and the corner cutting por-
tion Ca14. It is possible for the magnetic core 10 designed
in this manner to possess a magnetic property equivalent
to or more than the magnetic property in comparison with
the magnetic core having the initial shape shown in FIG.

8 and furthermore, it is possible to enlarge the area of
the terminal extended portion to be placed thereon, so
that it can be expected also to contribute to miniaturiza-
tion of the magnetic component and improvement of yield
rate thereof.

<Modified Aspect>

[0057] As described above, there were explained ex-
emplified embodiments of the present invention, but the
present invention is not to be limited by the aforemen-
tioned exemplified embodiments and it is possible to
change the aspect variously.
[0058] For example, in the aforementioned exemplified
embodiments, the first circumscribed rectangle RC1 and
the second circumscribed rectangle RC2 are respective-
ly designed to be rectangles each of which has a non-
square shape, but it is also possible for one or both there-
of to be made in square shape. FIG. 13 shows one ex-
ample of respective shapes of the contour line OL1 of
the cross-section P and the contour line OL2 of the cross-
section Q in a case in which the first circumscribed rec-
tangle RC1 and the second circumscribed rectangle RC2
are designed to have square shapes respectively.
[0059] Also, in the aforementioned exemplified em-
bodiment, the contour line OL1 of the cross-section P
and the contour line OL2 of the cross-section Q are
formed so as to become irregular convex octagon-
shapes respectively, but it is also possible for those lines
to be formed in shapes of other irregular convex poly-
gons. FIG. 14 shows one example in a case in which the
contour line OL1 of the cross-section P and the contour
line OL2 of the cross-section Q are designed to be shapes
of irregular convex pentagons respectively, and FIG. 15
shows one example of a case in which the contour line
OL1 of the cross-section P and the contour line OL2 of
the cross-section Q are designed to be irregular convex
heptagon-shapes respectively.
[0060] Also, in the aforementioned exemplified em-
bodiments, the width of the winding frame between the
contour line OL1 of the cross-section P and the contour
line OL2 of the cross-section Q is constituted to be iso-
metric over the whole circumference of the winding core
portion 11 (see FIG. 4), but it is also possible for the width
of the winding frame to be changed according to the po-
sition thereof. For example, there can be cited a case,
as one example, in which the widths of the winding frames
D1 to D8 shown in FIG. 4 are set so as to become D5 =
D6 = D7 = D8 < D1 = D2 < D3 = D4 or the like.
[0061] Also, in the exemplified embodiments of the de-
sign method of the aforementioned magnetic core, the
initial shape of the contour line OL1 of the cross-section
P and the initial shape of the contour line OL2 of the
cross-section Q are set to be convex octagons respec-
tively, but it is allowed to employ initial shapes having
other arbitrary shapes. For example, there can be cited
a case, as one example, in which the initial shape of the
contour line OL1 is designed to have the same shape as
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that of the first circumscribed rectangle RC1 or the initial
shape of the contour line OL2 is designed to have the
same shape as that of the second circumscribed rectan-
gle RC2.
[0062] Also, in the aforementioned exemplified em-
bodiments, there is explained the magnetic core (mag-
netic core 10) including two flange portions (first flange
portion 12 and second flange portion 13) in which those
two portions have shapes & sizes identical to each other,
but it is possible for the present invention to be applied
also with respect to a magnetic core including two flange
portions which have shapes different from each other or
a magnetic core including a flange portion only on one
single axial-end side of the winding core portion.
[0063] Also, in the aforementioned exemplified em-
bodiment, the shapes of the contour lines OL1, OL2 are
designed to be irregular convex polygons, but it is also
possible for the shapes of the contour lines OL1, OL2 to
use various irregular convex shapes, for example, con-
vex shapes which resemble ellipses or the like if they do
not depart from the gist of the present invention.
[0064] Having described preferred embodiments of the
invention with reference to the accompanying drawings,
it is to be understood that the invention is not limited to
those precise embodiments and that various changes
and modifications could be effected therein by one skilled
in the art without departing from the spirit or scope of the
invention as defined in the appended claims.

Claims

1. A magnetic core (10) comprising a winding core por-
tion (11);
and a flange portion (12) provided on the axial end
side of at least one of the winding core portion,
wherein
the flange portion is formed such that contour line
OL1 of cross-section P, of the flange portion, which
becomes perpendicular with respect to the axis line
of the winding core portion forms a shape of a first
irregular convex polygon which is substantially a
non-regular polygon and also a convex polygon, and
the contour line OL1 contacts with respect to all of
side Sb1, side Sb2, side Sb3 and side Sb4 which
are the four sides of a first circumscribed rectangle
(RC1) which becomes minimum within imaginary
rectangles circumscribed with the contour line OL1
and also, the contour line OL1 includes side Sa1 and
side Sa2 which respectively overlap with portions of
respective ones of the side Sb1 and the side Sb2
which are mutually parallel within the four sides.

2. The magnetic core according to claim 1, wherein for
one end portion and the other end portion of one
diagonal line Db1 of the first circumscribed rectangle,
the cross-section P includes corner cutting portion
Ca1 and corner cutting portion Ca2 respectively

which are formed such that corner portion Cb1 and
corner portion Cb2 positioned on the diagonal line
Db1 of the first circumscribed rectangle are removed
obliquely.

3. The magnetic core according to claim 2, wherein for
one end portion and the other end portion of the other
diagonal line Db2 of the first circumscribed rectangle,
the cross-section P includes corner cutting portion
Ca3 and corner cutting portion Ca4 respectively
which are formed such that corner portion Cb3 and
corner portion Cb4 positioned on the diagonal line
Db2 of the first circumscribed rectangle are removed
obliquely, and which have 1/2 or less sizes of the
corner cutting portion Ca1 and the corner cutting por-
tion Ca2.

4. The magnetic core according to claim 2 or 3, wherein
the contour line OL1 is formed to have a shape which
becomes point-symmetric with regard to the gravity
center of the first circumscribed rectangle.

5. The magnetic core according to any one of claims 2
to 4, wherein the winding core portion is formed such
that contour line OL2 of cross-section Q of the wind-
ing core portion, which becomes perpendicular with
respect to the axis line, forms a shape of a second
irregular convex polygon which is substantially a
non-regular polygon and also a convex polygon.

6. The magnetic core according to claim 5, wherein the
cross-section Q includes, at a position correspond-
ing to the corner cutting portion Ca1 of the cross-
section P, corner cutting portion Cc1 constituted by
corner cutting line Lc1 which becomes parallel with
respect to corner cutting line La1 constituting the cor-
ner cutting portion Ca1; and the cross-section Q in-
cludes, at a position corresponding to the corner cut-
ting portion Ca2 of the cross-section P, corner cutting
portion Cc2 constituted by corner cutting line Lc2
which becomes parallel with respect to corner cutting
line La2 constituting the corner cutting portion Ca2.

7. The magnetic core according to claim 6, wherein the
winding core portion is applied, for a predetermined
convex corner portion within all convex corner por-
tions in the cross-section Q, with chamfering of 1/2
or less size with respect to the corner cutting portion
Cc1 and the corner cutting portion Cc2.

8. A magnetic component including the magnetic core
according to any one of claims 1 to 7, comprising:

a winding portion formed by a configuration in
which a conductive wire covered by insulation
coating is wound around the winding core por-
tion; and
a first terminal and a second terminal which are
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respectively connected to the respective end
portions of the winding portion and which are
formed by plate-like metals.

9. The magnetic component according to claim 8,
wherein
each of the first terminal and the second terminal is
provided with a mount portion abutted to the mount-
ing face of the magnetic core with respect to the sub-
strate and provided with a coupling portion formed
integrally with the mount portion, and
the coupling portion of the first terminal and the cou-
pling portion of the second terminal are connected
to one end portion and the other end portion of the
winding portion respectively and also, are arranged
at the corner cutting portion Ca1 and the corner cut-
ting portion Ca2 of the flange portion respectively.

10. The magnetic component according to claim 9,
wherein the coupling portion of the first terminal and
the coupling portion of the second terminal are pro-
vided with rising portions formed so as to go respec-
tively along the side surface of the corner cutting
portion Ca1 and the side surface of the corner cutting
portion Ca2 at the flange portion positioned on the
mounting face side of the magnetic core, and pro-
vided with extended portions extended in parallel
with respect to the mounting face from one end sides
of the rising portions respectively; and
the extended portion for the first terminal and the
extended portion for the second terminal are formed
so as to be accommodated within a space between
the corner cutting portion Ca1 and the first circum-
scribed rectangle and within a space between the
corner cutting portion Ca2 and the first circumscribed
rectangle respectively.

11. A design method of a magnetic core which includes
a winding core portion and a flange portion provided
on at least one of the axial end sides of the winding
core portion, comprising the steps of:

setting, on the same design-plane, a first circum-
scribed rectangle circumscribed to contour line
OL1 of cross-section P, of the flange portion,
which becomes perpendicular with respect to
the axis line of the winding core portion and a
second circumscribed rectangle circumscribed
to contour line OL2 of cross-section Q which be-
comes perpendicular with respect to the axis line
of the winding core portion;
setting, on the design-plane, an initial shape of
the cross-section P and an initial shape of the
cross-section Q;
setting, on the design-plane, corner cutting line
La1 and corner cutting line La2 which respec-
tively and obliquely remove corner portion Cb1
and corner portion Cb2, of the first circumscribed

rectangle, which are positioned on one diagonal
line Db1 of the first circumscribed rectangle, to
be portions of the contour line OL1;
reducing, on the design-plane, the shape of the
cross-section Q at the corner portion Cd1 and
the corner portion Cd2, of the second circum-
scribed rectangle, which correspond to the cor-
ner portion Cb1 and the corner portion Cb2 of
the first circumscribed rectangle such that a pre-
determined width of the winding frame is to be
secured between the corner cutting line La1 &
the corner cutting line La2 and the contour line
OL2; and
increasing, on the design-plane, the shape of
the cross-section Q at other corner portion Cd3
and corner portion Cd4 of the second circum-
scribed rectangle as much as the reduced de-
gree of the shape of the cross-section Q at the
corner portion Cd1 and the corner portion Cd2.
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