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(57) ABSTRACT

A coil component includes: a core part including: a winding
shaft; and a flange part provided on an axial-direction end of
the winding shaft, which has an exterior face on the opposite
side of the winding shaft, first and second side faces, and
first and second groove parts provided on the exterior face
and having a cut-out part on each the first and second side
faces; a coil part including: a winding part of a conductor
wound around the winding shaft; and two lead parts of the
conductor led out from the winding part; and two terminal
parts formed on the exterior face of the flange part; wherein
the two lead parts are led 1n from the cut-out parts on the first
and second side faces and fitted inside the groove parts,
respectively, on the exterior face, and included 1n the pair of
terminal parts, respectively.
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COIL COMPONENT AND ELECTRONIC
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Patent Application No. 2018-204288, filed Oct. 30, 2018,
the disclosure of which 1s incorporated herein by reference
in 1ts entirety including any and all particular combinations
of the features disclosed therein.

BACKGROUND

Field of the Invention

[0002] The present invention relates to a coil component
and an electronic device.

Description of the Related Art

[0003] Coil components, comprising a conductor wound
around the winding shaft of a drum core, with the end
portions of the conductor led out to the exterior face of a
flange part of the drum core on the opposite side of the
winding shaft, are known. For example, known as a way to
connect the end portions of the conductor that have been led
out to the exterior face of the flange part, to a metal film
provided on the exterior face of the flange part, 1s to flatten
the end portions of the conductor (refer to Patent Literature
1, for example). For example, an art of leading out the end
portions of the conductor into a groove part provided on the
exterior face of the flange part and then solder-connecting
the end portions of the conductor to a metal film provided in
the groove, 1s known (refer to Patent Literature 2, for
example).

BACKGROUND ART LITERATURES

[0004] [Patent Literature 1] Japanese Patent Laid-open
No. 2007-165539

[0005] [Patent Literature 2] Japanese Patent Laid-open
No. 2007-214521

SUMMARY

[0006] The present invention 1s a coil component com-
prising: a core part, including: a winding shaft; and a tflange
part provided on an axial-direction end of the winding shaft,
which has an exterior face on the opposite side of the
winding shaft, a pair of a first side face and a second side
face that are adjoining the exterior face and facing each
other, and a single or multiple groove parts provided on the
exterior face and having a cut-out part on at least one of the
first side face and second side face; a coil part, including: a
winding part constituted by a conductor with an insulating
film, which 1s wound around the winding shaft; and a pair of
lead parts that are portions of the conductor led out from the
winding part; and a pair of terminal parts formed on the
exterior face of the flange part; wherein: one of the pair of
lead parts 1s led 1n from the cut-out part on the first side face
side of the flange part and fitted inside one of the single or
multiple groove parts provided on the exterior face, and
included in one of the pair of terminal parts; and the other
of the pair of lead parts 1s led in from the cut-out part on the
second side face side of the flange part and fitted inside one
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of the single or multiple groove parts provided on the
exterior face, and included in the other of the pair of terminal
parts.

[0007] The present invention 1s an electronic device com-
prising: the atorementioned coil component; and a circuit
board on which the coil component has been mounted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A 1s a perspective view of the coi1l compo-
nent pertaining to Example 1, while FIG. 1B 1s a side view

of FIG. 1A from the direction of A, and FIG. 1C 1s a bottom
view of FIG. 1A from the direction of B.

[0009] FIG. 2A 1s a side view showing through the resin
film and solder 1n FIG. 1B, while FIG. 2B 1s a bottom view
showing through the solder in FIG. 1C.

[0010] FIG. 3A 1s a side view, while FIG. 3B 1s a bottom
view, showing the drum core in Example 1.

[0011] FIGS. 4A to 4D are drawings (part 1) showing how
the coil component pertaining to Example 1 1s manufac-
tured.

[0012] FIGS. SAto 5D are drawings (part 2) showing how
the coil component pertaining to Example 1 1s manufac-
tured.

[0013] FIGS. 6A and 6B are drawings (part 3) showing
how the coil component pertaining to Example 1 1s manu-
factured.

[0014] FIG. 7 1s a bottom view of the coil component
pertaining to the Comparative Example.

[0015] FIG. 8A 1s a drawing showing the position rela-
tionship between the winding shait and the groove part in
Example 1, while FIG. 8B 1s a drawing showing the position
relationship between the winding shait and the groove part
in Variation Example 1 of Example 1.

[0016] FIG. 9A 1s a side view, while FIG. 9B 1s a bottom
view, showing the drum core in Example 2.

[0017] FIGS. 10A and 10B are drawings explaining the
relationship between the drum core and the coil part in
Variation Example 1 of Example 2.

[0018] FIG. 11 1s a bottom view showing the drum core 1n
Example 3.
[0019] FIG. 12A 1s a drawing showing the position rela-

tionship between the winding shaft and the groove parts in
Example 3, while FIG. 12B 1s a drawing showing the
position relationship between the winding shaft and the
groove parts 1n Variation Example 1 of Example 3.

[0020] FIG. 13 1s a drawing showing another example of
layout of two groove parts.

[0021] FIG. 14 1s a cross-sectional view of the electronic
device pertaining to Example 4.

DESCRIPTION OF THE SYMBOLS

[0022] 1 Center axis

[0023] 2 Center

[0024] 10 Drum core
[0025] 12 Axis of winding
[0026] 14a, 146 Flange part
[0027] 16 Projected area
[0028] 20, 24, 26 Side face
[0029] 28 Interior face
[0030] 30 Exterior face
[0031] 40, 42, 44, 46 Side face
[0032] 41 Cut-out part
[0033] 43 Cut-out part
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[0034] 48 Interior face

[0035] 50 Exterior face

[0036] 52, 52a, 52b Groove part
[0037] 54 Bottom face

[0038] 56 Beveled face

[0039] 38a, 586 Tip portion
[0040] 60 Coil part

[0041] 62 Conductive wire
[0042] 64 Winding part

[0043] 664, 665 Lead part
[0044] 7T0a, 705 Terminal part
[0045] 72a, 726 Metal film
[0046] 74 Solder

[0047] 76 Resin film

[0048] 80 Circuit board

[0049] 82 Land pattern electrode
[0050] 100 Coil component
[0051] 400 Electronic device

DETAILED DESCRIPTION OF EMBODIMENTS

[0052] Examples of the present invention are explained
below by referring to the drawings.

Example 1

[0053] FIG. 1A 1s a perspective view of the coil compo-
nent pertaining to Example 1, while FIG. 1B 1s a side view
of FIG. 1A from the direction of A, and FIG. 1C i1s a bottom
view of FIG. 1A from the direction of B. FIG. 2A 1s a side
view showing through the resin film and solder in FIG. 1B,
while FIG. 2B 1s a bottom view showing through the solder
in FIG. 1C. It should be noted that, for the purpose of
illustrative clarity, the coil part 60 1s hatched in FIGS. 1A to
1C, 2A, and 2B, while the metal films 72a, 726 and solder
74 are hatched 1n FIGS. 1C and 2B. As shown 1n FIGS. 1A
to 1C, 2A, and 2B, the coil component 100 1n Example 1
comprises a drum core (core part) 10, a coil part 60, and
terminal parts 70a, 705.

[0054] FIG. 3A 1s a side view, while FIG. 3B 1s a bottom
view, showing the drum core 1n Example 1. As shown in
FIGS. 3A and 3B, the drum core 10 includes a winding shaft
12 and plate-shaped flange parts 14a, 145 provided at both
axial-direction ends of the winding shaft 12. The thickness
dimension of the flange part 14a 1s 0.15 mm to 0.3 mm, for
example. The thickness dimension of the flange part 145 1s
0.175 mm to 0.35 mm, for example. The thickness dimen-
sion of the flange part 145 1s greater than the thickness
dimension of the flange part 14a. The winding shaft 12 has
a columnar shape whose bottom face profile 1s formed by
straight lines connecting two arcs, for example. The flange
parts 14a, 14b have a rectangular solid shape, for example.
[0055] The flange part 14a has four side faces, including
a side face 20, a side face (not illustrated 1n the figure) on the
opposite side of the side face 20 across the winding shaft 12,
a side face 24 adjoiming the side face 20 and side face not
illustrated 1n the figure, and a side face 26 on the opposite
side of the side face 24 across the winding shait 12. Also, the
flange part 14a has an interior face 28 to which the winding
shaft 12 1s connected, and an exterior face 30 on the opposite
side of the interior face 28. All of the side faces of the flange
part 14a are adjoining the interior face 28 and exterior face
30.

[0056] The flange part 145 has four side faces, including
a side face 40, a side face 42 on the opposite side of the side
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face 40 across the winding shaft 12, a side face 44 adjoining
the side faces 40, 42, and a side face 46 on the opposite side
of the side face 44 across the winding shaft 12. Also, the
flange part 145 has an interior face 48 to which the winding
shaft 12 1s connected, and an exterior face 50 on the opposite
side of the iterior face 48. All of the side faces 40 to 46 of
the flange part 145 are adjoining the interior face 48 and
exterior face 50. The exterior face 50 may be rectangular, or
it may have long sides and short sides.

[0057] The side face 20 of the flange part 14a 1s roughly
flush with the side face 40 of the tlange part 14b. The side
face of the flange part 14a not illustrated 1n the figure 1s
roughly flush with the side face 42 of the flange part 145b.
The side face 24 of the flange part 14a 1s roughly flush with
the side face 44 of the flange part 145. The side face 26 of
the flange part 14a 1s roughly flush with the side face 46 of
the flange part 14b.

[0058] The winding shaft 12 1s connected to the interior
faces 28, 48 of the flange parts 14a, 145 1n such a way that
its center axis roughly corresponds to the centers of the
interior faces 28, 48, to which the winding shaft 12 1is
connected, of the flange parts 14a, 145b.

[0059] Provided on the exterior face 50 of the flange part
14H 1s a groove part 52 representing a portion of the face
concaved like a groove. The groove part 52 is provided 1n
contact with the side faces 40, 42, has cut-out parts 41, 43
on the side faces 40, 42 and extends linearly between the
side faces 40, 42. It should be noted that the side faces 40,
42 may have concaved parts, and the groove part 52 may
have cut-out parts 41, 43 1in these concaved parts. The
groove part 52 extends linearly in a direction roughly
orthogonal to the side faces 40, 42. It should be noted that
“direction roughly orthogonal™ 1s not limited to the pertfectly
orthogonal direction, and includes tilting by manufacturing
error or so. The groove part 52 extends along one side of the
exterior face 50. Based on the shapes of general surface
mounting components, desirably the groove part 52 extends
along a long side of the exterior face 50; depending on the
terminal structure, however, the groove part 52 may also
extend along a short side of the exterior face 50. The groove
part 52 has a tapered shape whose width decreases toward its
bottom face 54. In other words, the groove part 52 has a
bottom face 54 and two beveled faces 56 adjoining the
bottom face 54 and causing the width of the groove part 52
to decrease toward the bottom face 354. It should be noted
that, regarding the shape of the groove part 52, any shape
may be used so long as 1t forms a groove, such as one
constituted by a bottom face 54 and side faces orthogonally
adjoining the bottom face 54, where the bottom face 54
and/or side faces are not limited to flat surfaces but they may
also be curved surfaces.

[0060] The depth dimension of the groove part 52 1s 0.05
mm to 0.25 mm, for example, and no greater than one-half
the thickness dimension of the flange part 145. The deeper
the groove part 52, the thinner the flange part 145 becomes
and the mechanical strength drops as a result; accordingly,
the depth dimension of the groove part 52 1s preferably no
greater than one third, or more preferably no greater than
one fourth, the thickness dimension of the flange part 145.
The width dimensions of the groove part 52 on the cut-out
part side and bottom face side are roughly constant, from
one end to the other end, over the length direction of the
groove part 52, such as 0.15 mm to 0.75 mm on the cut-out
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part side, for example, and 0.05 mm to 0.25 mm on the
bottom face side, for example.

[0061] The drum core 10 1s formed 1n a manner containing
a magnetic material. For example, the drum core 10 1is
formed 1n a manner containing Ni—Z7n, Mn—~7n, or other
ferrite matenial, Fe—S1—Cr, Fe—S1—Al, Fe—S1—Cr—Al,
or other soft magnetic alloy matenal, Fe, Ni, or other
magnetic metal material, amorphous magnetic metal mate-
rial, or nanocrystal magnetic metal material. If 1t 1s to be
formed using a ferrite material, the drum core 10 may be
formed by sintering the ferrite material. In this case, the
drum core 10 has become denser due to the sintering
reaction. If 1t 1s to be formed using metal magnetic grains,
the drum core 10 may be formed by solidifying the metal
magnetic grains with a resin, or by causing the insulating
films formed on the surfaces of the metal magnetic grains to
bond together. In this case, the magnetic grains of the drum
core 10 are bonded by the resin or insulating films, which
means that the shapes of the magnetic grains are roughly
maintained.

[0062] As shown in FIGS. 2A and 2B, the coil component

60 includes a winding part 64 constituted by winding a
conductive wire 62 comprising a metal covered with an
insulating film, and lead parts 66a, 666 which are portions
of the conductive wire 62 led out from the winding part 64.
The conductive wire 62 has a diameter of 0.04 mm or more,
for example. The metal covered with the insulating film 1s
copper, silver, palladium, silver-palladium alloy, etc., for
example. The insulating film 1s polyester imide, polyamide,
etc., for example.

[0063] The lead part 66a 1s bent along the side face 40 of
the flange part 145, after which 1t 1s bent further along the
exterior face 50 of the tlange part 145 and led into the groove
part 52 provided on the exterior face 50 of the flange part
145 from the cut-out part 41 of the groove part 52 on the side
tace 40 si1de. The lead part 665 1s bent along the side face 42
of the flange part 145, after which it 1s bent further along the
exterior face 50 of the flange part 145 and led into the groove
part 52 provided on the exterior face 50 of the flange part
145 trom the cut-out part 43 of the groove part 52 on the side
face 42 side. Preferably the depth dimension of the groove
part 52 1s greater than the diameter of the conductive wire 62
so that the conductive wire 62 fits 1n the groove part 52. The
width dimension of the groove part 52 on the bottom face
side 1s preferably greater than 1.0 time, or more preferably
greater than 1.2 times, or yet more preferably greater than
1.4 times, the diameter of the conductive wire 62.

[0064] On the exterior face 50 of the flange part 14b, a
metal film 72a 1s provided 1n a manner aligned to the side
tace 40 side, while a metal film 725 1s provided 1n a manner
aligned to the side face 42 side. The metal films 72a, 725 are
away from each other. The metal films 72a, 726 are also
provided in the groove part 52 on the side face 40 side and
side face 42 side. The metal films 72a, 725 are each formed
by laminated metal layers that include, for example, a base
layer of copper, silver, palladium, silver-palladium alloy,
etc., and a plating layer consisting of nickel and tin layers
provided on top.

[0065] As shown in FIGS. 1A to 1C, the lead parts 66a,
660 are such that, at their end portion led into the groove part
52, the 1nsulating film 1s stripped and the metal constituting
the conductive wire 62 1s exposed, and this exposed metal 1s
joined to the metal films 72a or 7256 by a solder 74. This way,
terminal parts 70a, 706 are formed. In other words, the
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terminal parts 70a, 706 are formed by the end portions of the
lead parts 66a, 665, the metal films 72a, 725, and the solder

74, respectively. The solder 74 1s provided in a manner
covering a part or all of the surfaces of the metal films 72a,
72b, but 1t does not bleed out of the metal films 72a, 726.
Desirably the groove part 52 extends along a long side of the
exterior face 50, in which case shorting between the terminal
parts 70a, 7056 can be prevented by increasing the distance
between them. It should be noted further that, in this case,
the dimensions of the lead parts 66a, 665 that are joined to
the terminal parts 70a, 705, respectively, can be made longer
so as to 1icrease the joining strength. It should also be noted
further that, in this case, detachment of either of the lead
parts 66a, 660 from the terminal part 70a or 706 during
mounting does not easily cause shorting because they are
positioned 1n a manner opposing each other, and conse-
quently a failure can be prevented. Shorting between the
terminal parts 70a, 7056 can also be prevented by applying or
filling a solder resist agent, or applying or filling glass,
heat-resistant resin, heat-resistant paint, etc., on or in those
portions 1nside the groove part 52 where the terminals 70a,
706 are not formed. Similar effects can also be obtained by
applying or filling a solder resist agent, or applying or filling
glass, heat-resistant resin, heat-resistant paint, etc., on or 1n
those portions where the terminal parts 70a, 706 are not
formed on the exterior face 50, not just in the groove part 52.

[0066] A resinfilm 76 1s provided between the flange parts
14a, 14b 1n a manner covering the winding part 64 of the coil
part 60. To make the component smaller, preferably the resin
film 76 fits between the flange parts 14a, 145 and does not
project out of the flange parts 14a, 14b. The resin film 76 1s
formed by a resin containing ferrite grains or metal magnetic
grains (such as an epoxy resin or other insulating resin). It
should be noted that the resin film 76 may not be provided.

[0067] When the axial direction of the core 1s defined as
the H direction, the long-side direction of the exterior face
of the flange 1s defined as the L direction, and the short-side
direction of the exterior face of the flange 1s defined as the
W direction, the external dimensions of the coil component
can be expressed by H-direction dimension Hc, L-direction
dimension Lc and W-direction dimension Wc. Also, the
external dimensions of the drum core 10 can be expressed by
H-direction dimension Hd, L-direction dimension [.d and
W-direction dimension Wd (refer to FIGS. 4A and 4B). The
height Hc of the coil component 100 1s 0.8 mm or less, for
example, while its length Lc 1s approx. 1.2 mm to 2.5 mm,
for example, and i1ts width Wc 1s approx. 0.8 mm to 2.0 mm,
for example. The height Hc, length Lc, and width Wc¢ have
the relationship of Lc=We>Hc. Also, the percentage of the
thickness of the conductive wire 62 to the height He of the
coil component 100 may be set to 10% or greater.

[0068] FIGS. 4A to 6B are drawings showing how the coil
component pertaining to Example 1 1s manufactured. As
shown 1n FIGS. 4A and 4B, a drum core 10 having a winding
shaft 12 and flange parts 14a, 145 provided at both ends of
the winding shaft 12 1s formed by, for example, filling 1n a
die a composite magnetic material prepared by mixing
magnetic grains and a resin and then compression-molding
the material. A groove part 52 1s formed on the exterior face
50 of the flange part 145. It should be noted that the groove
part 52 may be formed by a grinding process after the
molding. The height Hd, length L.d, and width Wd of the
drum core 10 have the relationship of Ld=Wd>Hd.
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[0069] As shown 1n FIGS. 4C and 4D, metal films 72a,
72b are each formed on the exterior face 50 of the flange part
1456 by, for example, forming a base layer using the sput-
tering method and then forming a plating layer on top of the
base layer using a plating method. It should be noted that the
base layer may be formed by applying a conductive paste.
The metal film 72a 1s formed on the exterior face 50, 1n a
manner aligned to the side face 40 side, of the flange part
145, while the metal film 726 1s formed on the exterior face
50, 1n a manner aligned to the side face 42 side, of the flange
part 14b. The metal films 72a, 72b are also formed 1n the
groove part 52 on the side face 40 side and side face 42 side.

[0070] As shown 1n FIGS. 5A and 5B, a conductive wire
62 1s wound around the winding shaft 12 of the drum core
10, and also both end portions of the conductive wire 62 are
bent, to form a coil part 60 that includes a winding part 64
being wound around the winding shaft 12, and lead parts
66a, 660 being led out from the winding part 64 into the
groove part 52 of the flange part 14b. The lead part 66a 1s
led 1nto the groove part 52 provided on the exterior face 50,
from the side face 40 side of the flange part 145, through the
cut-out part 41 of the groove part 52 on the side face 40 side.
The lead part 665 1s led into the groove part 52 provided on
the exterior face 50, from the side face 42 side of the flange
part 145, through the cut-out part 43 of the groove part 52
on the side face 42 side. It should be noted that the coil part
60 may be provided separately and assembled with the drum
core 10, prior to the bending process.

[0071] As shown in FIGS. 5C and 5D, a composite
magnetic material prepared by mixing magnetic grains and
a resin 1s applied to the exterior side of the winding part 64
between the flange parts 14a, 145, and then cured, to form
a resin film 76. The resin film 76 may be adjusted to have a
higher percentage of resin than the drum core 10, to lower
the magnetic permeability. In this case, too, magnetic shield
property can be ensured.

[0072] As shown in FIGS. 6A and 6B, a flux 1s applied to
the end portions of the lead parts 66a, 66 that are positioned
in the groove part 52, after which the end portions of the lead
parts 66a, 660 are heated together with a solder. This way,
the 1nsulating film 1s stripped by the action of the flux and
the metal constituting the conductive wire 62 1s exposed, and
the resulting exposed metal portions are joined to the metal
films 72a, 726 with the solder 74. This way, terminal parts
70a, 7056 are formed. It should be noted that the terminal
parts 70a, 706 may be formed by thermally joining, and thus

electrically connecting, the end portions of the lead parts
66a, 666 and the metal films 72a, 726.

[0073] FIG. 7 1s a bottom view of the coil component
pertaining to the Comparative Example. As shown 1n FIG. 7,
the coil component 1000 1n the Comparative Example 1s
such that a flange part 1145 has two groove parts 152a, 1525
on the exterior face 50 1n parallel with the short sides of the
exterior face 50. The lead part 664« 1s led into the groove part
152a provided on the exterior face 50, from the side face 44
side on the long side of the exterior face 50 of the flange part
1145, through a cut-out part 141 of the groove part 152a on
the side face 44 side. The lead part 665 1s led 1nto the groove
part 1525 provided on the exterior face 50, from the side face
44 side on the long side of the exterior face 50 of the flange
part 1145, through a cut-out part 143 of the groove part 1525
on the side face 44 side. The end portions of the lead parts
66a, 660 are joimned by the solder 74 to the metal films
provided in the groove parts 152a, 152b. The remaining
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constitutions are the same as those in Example 1 and
therefore not 1llustrated or explained.

[0074] According to the Comparative Example, both the
lead parts 66a, 660 are led into the groove parts 152a, 1525
provided on the exterior face 50, from the side face 44 side
of the tlange part 1145, through the cut-out parts 141, 143 of
the groove parts 152a, 15256 on the side face 44 side. In this
case, application of impact to the coil component 1000 due
to dropping, etc., of the circuit board on which the coil
component 1000 1s mounted, for example, causes the impact
force to easily concentrate on the side face 44 side of the
flange part 1145 where the lead parts 66a, 665 are led out.
As a result, the flange part 1145 may be damaged due to the
impact force concentrating on the side face 44 side of the
flange part 1145. Also, concentration of the force on the side
face 44 side of the flange part 1145 may cause the terminal

parts 70a, 705 to separate from the circuit board on the side
face 44 side.

[0075] According to Example 1, on the other hand, the
lead part 66aq 1s fitted 1nto the groove part 52 provided on the
exterior face 50, from the side face 40 side of the flange part
145, through the cut-out part 41 of the groove part 52 on the
side face 40 side, while the lead part 6656 1s fitted into the
groove part 52 provided on the exterior face 50, from the
side face 42 side of the flange part 145, through the cut-out
part 43 of the groove part 52 on the side face 42 side, as
shown 1n FIG. 2B. This way, application of impact to the coil
component 100 due to dropping, etc., of the circuit board on
which the coil component 100 1s mounted, for example,
results 1n the 1impact force easily dispersing to the side face
40 si1de of the flange part 145 where the lead part 66a 1s led
out from the winding part 64, and also to the side face 42
side of the flange part 1456 where the lead part 665 1s led out
from the winding part 64. As a result, damage to the flange
part 145 can be prevented. Additionally, separation of the
terminal parts 70a, 706 from the circuit board 1s also
prevented, because the impact force 1s dispersed.

[0076] The groove part to which the lead part 66aq 1s led 1n,
and the groove part to which the lead part 665 1s led 1n, may
represent multiple groove parts as shown in FIG. 11 to be
explained later, or they may represent a single groove part 52
as shown 1n FIG. 3B. By providing a single groove part 52,
the region of the tlange part 145 1n which its thickness would
become thin can be reduced, compared to when the groove
parts 152a, 1526 are provided in parallel as in the Com-
parative Example (FIG. 7). As a result, drop 1n the mechani-
cal strength of the flange part 14b can be prevented, and
consequently damage to the flange part 145 can be pre-
vented. Also, providing a single groove part 52 facilitates the
formation of the drum core 10, while also facilitating the
directional regulation of the drum core 10. From the view-
point of reducing the region of the flange part 145 1n which
its thickness would become thin, preferably the groove part
52 extends linearly 1n a direction roughly vertical to the side
faces 40, 42 of the flange part 145. A case where the groove
part to which the lead part 664 1s led 1n and the groove part
to which the lead part 665 1s led in represent multiple groove
parts, will be explained under Example 3 presented later.

[0077] FIG. 8A 1s a drawing showing the position rela-
tionship between the winding shait and the groove part in
Example 1, while FIG. 8B 1s a drawing showing the position
relationship between the winding shaft and the groove part
in Variation Example 1 of Example 1. In FIGS. 8A and 8B,

the region of the winding shait 12 as projected onto the



US 2020/0135385 Al

exterior face 50 of the flange part 145 1s illustrated as the
projected area 16 encircled by a dotted line. As shown in
FIG. 8A, the groove part 52 extends in a manner fitting
inside the projected area 16 in the width direction of the
groove part 52, in Example 1. In other words, the groove part
52 1s provided 1n a manner fitting inside a position where the
entire groove part 52 in the width direction overlaps with the
winding shait 12 when viewed from the exterior face 50 of
the flange part 145. This means that the winding shaft 12 1s
positioned over the location where the thickness of the
flange part 145 has become thin due to the groove part 52,
and therefore the region of the flange part 145 1n which 1ts
mechanical strength would drop can be reduced. As a result,
damage to the flange part 145 can be prevented.

[0078] As shown i1n FIG. 8B, the groove part 52 extends
in a manner partially positioned inside the projected area 16,
in Variation Example 1 of Example 1. In other words, the
groove part 32 1s provided at a position where 1t partially
overlaps the winding shait 12 when viewed from the exterior
tace 50 of the flange part 145. In this case, too, the region
of the flange part 145 1n which its mechanical strength would
drop can be reduced, and damage to the tflange part 146 can
be prevented as a result. From the viewpoint of reducing the
region ol the flange part 1456 1n which its mechanical
strength would drop, the groove part 52 1s such that pretf-
erably at least one-half of 1t 1s positioned 1nside the projected
area 16, or more preferably at least two-thirds of 1t 1s
positioned inside the projected area 16, or yet more prefer-
ably at least three-fourths of it 1s positioned inside the
projected area 16, in the width direction of the groove part
52. Most preferably the groove part 52 extends 1n a manner
entirely fitting 1nside the projected area 16 in the width
direction of the groove part 52, as shown 1n FIG. 8A.

Example 2

[0079] FIG. 9A 1s a side view, while FIG. 9B 1s a bottom
view, showing the drum core 1n Example 2. As shown in
FIGS. 9A and 9B, the coil component 1n Example 2 1s such
that the winding shaft 12 1s connected to the interior faces
28, 48 of the flange parts 14a, 14b, with the center axis 1 of
the winding shait 12 oflset toward the side face 24, 44 sides
from the centers 2 of the exterior faces 30, 50 of the flange
parts 14a, 14b. The groove part 52 1s provided on the
exterior face 50 of the flange part 1456, positioned between
the winding shait 12 and the side face 26 of the flange part
14a and the side face 46 of the flange part 14b5. The
remaining constitutions of the coil component in Example 2
are the same as those of the coil component in Example 1
and therefore not illustrated or explained. In Example 2, the
parts in common with Example 1 can achieve eflects similar
to those obtained in Example 1.

[0080] According to Example 2, the groove part 52 1is
provided 1n a manner offset to the direction opposite the one
in which the center axis 1 of the winding shait 12 1s offset
from the centers of the exterior faces 30, 50 of the flange part
14a, 14b. This makes it easy to lead out the lead parts 664,
666 from the winding part 64 over a short distance, as
explained using FIG. 10B later. As a result, the resistance of
the coil part 60 can be lowered and its electrical character-
1stics can be improved. Furthermore, offsetting of the center
axis 1 of the winding shaft 12 and the groove part 52, from
the center of the exterior face 50, allows the areas of the
flange parts 14a, 145 to be decreased and the size of the coil
component to be reduced.
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[0081] From the viewpoint of leading out the lead parts
66a, 666 from the winding part 64 over a short distance,
preferably the winding shaft 12 1s such that 1ts center axis 1s
offset from the centers of the exterior faces 30, 50 of the
flange parts 14a, 14b by an equivalent of the thickness of the
conductive wire 62 forming the coil part 60.

[0082] FIGS. 10A and 10B are drawings explaining the
relationship between the drum core and the coil part in
Variation Example 1 of Example 2. As shown 1n FIGS. 10A
and 10B, the coil component in Vaniation Example 1 of
Example 2 1s such that its lead parts 66a, 666 are led out
linearly toward the side faces 40, 42, respectively, from the
winding part 64 of the coil part 60 being wound around the

winding shaift 12.

[0083] In the coil component pertaining to Variation
Example 1 of Example 2, the groove part 52 1s provided 1n
a manner not overlapping the projected area 16 obtained by
projecting the winding shaft 12 onto the exterior face 50 of
the flange part 145, as shown in FIG. 10A. This means that,
as shown 1n FIG. 10B, the lead parts 66a, 665 are led out
linearly from the winding part 64 toward the side faces 40,
42, respectively, which allows them to be led out to the
exterior face 50 of the tlange part 146 over a short distance.
This decreases the deflections of the lead parts 66a, 665 and
reduces winding slack in the winding part 64, which in turn
allows for reduction 1n the variability of inductance. Also,
the resistance value of the coil can be reduced. While the
example 1llustrated a case where the groove part 52 does not
overlap with the projected area 16, the two may overlap
partially so long as the lead parts 66a, 666 can be led out
from the winding part 64 over a short distance. In this case,
the eflect of preventing damage to the flange part 145 can
also be achieved, as explained in Example 1.

Example 3

[0084] While Examples 1 and 2 illustrated examples
where the lead parts 66a, 660 were led out into a single
groove part 52, Example 3 explains a case where the lead
parts 66a, 660 are led out 1into two groove parts, each having
a cut-out part only on one of the side faces 40, 42. FIG. 11
1s a bottom view showing the drum core 1n Example 3. It
should be noted that, in FIG. 11, the lead parts 66a, 665 led
out from the winding part 64 are shown by dotted lines. As
shown 1n FIG. 11, the coi1l component 1n Example 3 1s such
that groove parts 52a, 52b, each having a cut-out part 41 or
43 only on one of the side faces 40, 42, are provided on the
exterior face 50 of the tflange part 145. The groove part 52a
1s provided 1n contact with the side face 40, while the groove
part 526 1s provided in contact with the side face 42. It
should be noted that the side faces 40, 42 may have
concaved parts, and the groove parts 52a, 5256 may have
cut-out parts 41, 43 1n these concaved parts. The lead part
66a 1s led 1into the groove part 52a from the side face 40 side,
from the cut-out part 41 of the groove part 52a on the side
face 40 side. The lead part 665 1s led 1nto the groove part 525
from the side face 42 side, from the cut-out part 43 of the
groove part 526 on the side face 42 side.

[0085] The groove parts 52a, 52b are provided in such a
way that they are each positioned as an independent, sepa-
rate groove along a straight line roughly parallel with one
side of the exterior face 50. This means that, as 1llustrated 1n
FIG. 11, the groove part 52a has a cut-out part 41 only on
the side face 40, and has a tip portion 58a on the opposite
side of the cut-out part 41. The groove part 526 has a cut-out
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part 43 only on the side face 42, and has a tip portion 586
on the opposite side of the cut-out part 43. The groove parts
52a, 52b may be formed along a straight line, or they may
be formed 1n a manner offset 1n a direction parallel with the
side faces 40, 42. The groove parts 52a, 526 each extend
along one side of the exterior face 50. Based on the shapes
of general surface mounting components, desirably the
groove parts 52a, 526 extend along the long sides of the
exterior face 50; depending on the terminal structure, how-
ever, the groove parts 52a, 526 may extend along the short
sides of the exterior face 50. The remaining constitutions of
the coil component in Example 3 are the same as those of the
coil component in Example 1 and therefore not illustrated or
explained. In Example 3, the parts in common with Example
1 can achieve effects similar to those obtained 1n Example 1.

[0086] According to Example 3, the groove part 52a mto
which the lead part 66a 1s led out, and the groove part 525
into which the lead part 665 1s led out, are separate groove
parts, each having a cut-out part 41 or 43 only on one of the
side faces 40, 42. In this case, too, the impact force 1s easily
dispersed and therefore damage to the flange part 145 can be
prevented, just like 1n Example 1. Also, separation of the
terminal parts 70a, 7056 from the circuit board can be
prevented. Furthermore, shorting between the terminals 70a,
7056 can be prevented, because the grooves 52a, 52b are
separate groove parts, each having a cut-out part 41 or 43
only on one of the side faces 40, 42. In other words, special
countermeasures to prevent shorting between the terminal
parts 70a, 7056 are no longer necessary.

[0087] Preferably the grooves 52a, 526 are provided at
positions along a straight line. This way, the regions of the
exterior face 50 in which the groove parts 52a, 526 are
formed become smaller, compared to when the groove parts
52a, 52b6 are not formed along a straight line, and conse-
quently drop in the mechanical strength of the flange part
1456 can be prevented. Also, forming the groove parts S2a,
52b 1n closer symmetry over the center line of the exterior
tace 50 of the flange part 145, becomes easy, which 1n turn
makes 1t easy to prevent drop in the mechanical strength of
the flange part 145.

[0088] FIG. 12A 1s a drawing showing the position rela-
tionship between the winding shaft and the groove parts in
Example 3, while FIG. 12B 1s a drawing showing the
position relationship between the winding shaft and the
groove parts 1n Variation Example 1 of Example 3. As shown
in FIG. 12A, the groove parts 52a, 526 1n Example 3 are
provided 1n a manner fitting inside the projected area 16 in
the width direction of the groove parts 52a, 525, just like in
FIG. 8 A pertaining to Example 1. In other words, the groove
parts 52a, 526 are provided 1n a manner fitting inside
positions where the entire groove parts 52a, 5256 1n the width
direction overlap the winding shaft 12 when viewed from
the exterior face 50 of the flange part 14b. As shown 1n FIG.
12B, the groove parts 52a, 526 1n Variation Example 1 of
Example 3 are provided in a manner positioned partially
inside the projected area 16, just like 1n FIG. 8B pertaining
to Variation Example 1 of Example 1. In other words, the
groove parts 52a, 52b are provided at positions where they
partially overlap the winding shaft 12 when viewed from the
exterior face 50 of the flange part 14b. As a result, the
regions of the flange part 146 in which 1ts mechanical
strength would drop can be reduced, and consequently
damage to the flange part 145 can be prevented, as explained
in Example 1.
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[0089] It should be noted that, while FIG. 12A 1llustrated
an example where both of the grooves 52a, 526 were
provided 1n a manner fitting inside the projected area 16 in
the width direction, 1t may be such that at least one of the
groove parts 52a, 52b 1s provided 1n a manner fitting 1nside
a position where the entire groove part 52a or 525 1n the
width direction overlaps with the winding shaft 12 when
viewed from the exterior face 50 of the flange part 145b.
Similarly, while FIG. 12B illustrated an example where both
of the grooves 52a, 52b were provided in a manner posi-
tioned partially 1nside the projected area 16, 1t may be such
that at least one of the groove parts 52a, 525 1s provided at
a position where 1t partially overlaps the winding shaft 12
when viewed from the exterior face 50 of the flange part 145.
Furthermore, the structure in Example 3 may also be
changed to one where the lead parts 66a, 666 are led out
linearly toward the side faces 40, 42, respectively, from the
winding part 64 of the coil part 60 being wound around the
winding shaft 12, just like 1n Example 2. This structure
makes 1t possible to lead out the lead parts 66a, 666 from the
winding part 64 to the exterior face 50 of the flange part 1456
over a short distance. This decreases the deflections of the
lead parts 66a, 666 and reduces winding slack 1n the winding
part 64, which 1n turn allows for reduction in the variability
of inductance. Also, resistance value of the coil can be
reduced.

[0090] While Example 3 illustrated an example where the
groove parts 52a, 525 were formed along a straight line, this
1s not the only case. FIG. 13 1s a drawing showing another
example of layout of two groove parts. As shown 1n FIG. 13,
the two groove parts 52a, 526 may be formed 1n a manner
oflset in directions parallel with the side faces 40, 42. The tip
portion 58a of the groove part 52a, and the tip portion 586
of the groove part 525, may not be facing each other or may
be partially facing each other. It should be noted that, while
Examples 1 to 3 illustrated examples where one or two
groove parts were provided on the exterior face 50 of the
flange part 145, multiple groove parts of three or more may
be provided instead.

Example 4

[0091] FIG. 14 1s a cross-sectional view of the electronic
device pertaining to Example 4. As shown in FIG. 14, the
clectronic device 400 1n Example 4 comprises a circuit
board 80 and the coil component 100 1n Example 1 that has
been mounted on the circuit board 80. The coil component
100 1s mounted on the circuit board 80 with the solder 74
joined to land pattern electrodes 82 on the circuit board 80.
[0092] According to the electronic device 400 1n Example
4, the coil component 100 1n Example 1 1s mounted on the
circuit board 80. This way, an electronic device 400 having
a coil component 100 with improved 1mpact durability can
be obtained. Also, a circuit board 80 of lower height can be
obtained by combining 1t with the coil component 100,
which allows for reduction in the dimensions of the elec-
tronic device 400. It should be noted that, while Example 4
illustrated an example where the coil component 100 1n
Example 1 was mounted on a circuit board 80, any of the
coill components 1 Variation Example 1 of Example 1 to
Variation Example 1 of Example 3 may be mounted instead.
[0093] The foregoing described the examples of the pres-
ent invention 1n detail; however, the present invention 1s not
limited to these specific examples and various modifications
and changes may be added so long as doing so does not
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deviate from the key points of the present invention as
described 1n “What Is Claimed Is.”

We/l claim:
1. A coil component comprising;:
a core part including:

a winding shaft; and

a tflange part provided on an axial-direction end of the
winding shaft, wherein the flange part has:
an exterior face on an opposite side of the winding

shaft,

a pair of a first side face and a second side face that
are adjoining the exterior face and located oppo-
site to each other, and

first and second groove parts provided on the exterior
face, which are 1solated from each other or con-
nected to each other on the exterior face, wherein
the first and second groove parts extend to the first
side face and the second side face, respectively,
via a cut-out part provided on each of the first side
face and the second side face;

a coil part including;:

a winding part constituted by a conductor with an
insulating film, which 1s wound around the winding
shaft; and

a pair of lead parts that are portions of the conductor led
out from the winding part; and

a pair of terminal parts formed on the exterior face of the
flange part;

wherein one of the pair of lead parts 1s led 1n from the
cut-out part on the first side face of the flange part and
fitted inside the first groove part provided on the
exterior face, and included in one of the pair of terminal
parts; and

another of the pair of lead parts 1s led in from the cut-out
part on the second side face of the tlange part and fitted
inside the second groove part provided on the exterior
face, and included in another of the pair of terminal
parts.
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2. The coi1l component according to claim 1, wherein the
first and second groove parts are connected to each other on
the exterior face and represent one groove part having the
cut-out parts on the first side face and the second side face,
respectively.

3. The coi1l component according to claim 1, wherein the
first and second groove parts are 1solated from each other on
the exterior face and represent two groove parts, each having
the cut-out part on either the first side face or the second side
face.

4. The coil component according to claim 3, wherein the
two groove parts are aligned along one straight line roughly
parallel with one side of the exterior face as viewed toward
the exterior face 1n the axial direction of the winding shaft.

5. The coi1l component according to claim 1, wherein the
first and second groove parts are provided at positions where
the first and second groove parts partially overlap the
winding shait as viewed toward the exterior face 1n the axial
direction of the winding shatt.

6. The coi1l component according to claim 5, wherein the
first and second groove parts are provided 1n a manner fitting
inside positions entirely overlapping the winding shait 1n a
width direction of the first and second groove parts as
viewed toward the exterior face 1n the axial direction of the
winding shaft.

7. The coil component according to claim 1, wherein:

the winding shaft 1s provided 1in a manner that a center
ax1is of the winding shaft 1s offset from a center of the
exterior face; and

the first and second groove parts are provided 1n a manner
offset 1n a direction opposite to a direction 1n which the
center axis 1s oflset from the center of the exterior face.

8. An electronic device comprising:
the coil component of claim 1; and
a circuit board on which the coil component 1s mounted.
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