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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an antenna coil
in which coils are wound at least in the X-axis and Y-axis
directions crossing each other.

Description of the Prior Art

[0002] As an example of the antenna coil, a type is
known which is mounted in a remote controller for un-
locking and locking a keyless entry system used in an
automobile or a house. In recent years, it has been de-
manded to improve the sensitivity of the antenna coil in
order to enable the information to be more surely ex-
changed between the controller and the control unit on
the side of the automobile or the house. On the other
hand, the demand for miniaturization of the antenna coil
has also been increased in order to improve portability
for the user.
[0003] As for this kind of technique, antenna coils de-
scribed in Japanese Laid-Open Patent Publication No.
2003-92509 and International Publication No. WO
2007/116797 are known. In Japanese Laid-Open Patent
Publication No. 2003-92509, a two-axis antenna coil and
a three-axis antenna coil are disclosed. For example,
FIG. 1 to FIG. 3 show an antenna coil in which a Y-axis
winding wire is superposed and wound around the outer
periphery of an X-axis winding wire so as to make the
axis lines of the windings orthogonal to each other. Also,
FIG. 4 to FIG. 6 show an antenna coil in which an X-axis
winding wire and a Y-axis winding wire are wound around
a cross-shaped core.
[0004] Further, in International Publication No. WO
2007/116797, FIG. 12 shows an antenna coil in which
an X-axis winding wire and a Y-axis winding wire are
wound around a cross-shaped core in such an inclined
manner that the number of turns of each of the winding
wires is increased toward the outer periphery of the cross-
shaped core.
[0005] However, the antenna coil, which is disclosed
in Japanese Laid-Open Patent Publication No.
2003-92509, and in which the Y-axis winding wire is su-
perposed and wound around the outer periphery of the
X-axis winding wire so as to make the axis lines of the
windings orthogonal to each other, has a problem that
the tension at the time of winding may be intensively ap-
plied between the coil wires so as to damage the insu-
lating coating on the coil surface, and that, when the core
wire of the coil wire is exposed, a short circuit is caused
in the coil so as to deteriorate the antenna characteristics.
Further, since the X-axis winding wire and the Y-axis
winding wire overlap each other, the height of the antenna
coil in the Z-axis direction, that is, the thickness dimen-
sion of the antenna coil is increased, which becomes an

obstacle when the antenna coil as a whole is miniaturized
into a flat shape.
[0006] On the other hand, in the antenna coil which is
disclosed in Japanese Laid-Open Patent Publication No.
2003-92509 , and in which the X-axis winding wire and
the Y-axis winding wire are respectively wound around
the cross-shaped core, the space between the X-axis
and Y-axis winding wires adjacent to each other is in-
creased from the intersection toward the outer side of
the cross core, so that the spaces of the corner portions
between the X-axis and Y-axis winding wires are useless.
[0007] In order to improve the reception characteris-
tics, such as the sensitivity, of the antenna coil, it is nec-
essary to increase the length of the legs protruding in the
X-axis and Y-axis directions of the cross core. However,
as the length of the legs is increased, the useless space
is increased, which becomes an obstacle to the minia-
turization of the whole shape of the antenna coil.
[0008] Further, in the antenna coil which is disclosed
in International Publication No. WO 2007/116797 and in
which, around the legs respectively protruding in the X-
axis and Y-axis directions of the cross core, the X-axis
winding wire and the Y-axis winding wire are respectively
wound in such an inclined manner that the number of
turns of each of the windings is increased toward the
outer side of the cross core, the winding work for suc-
cessively increasing the number of turns is complicated
and difficult, and collapse of winding wire may occur.
[0009] Document EP 1 727 236 A1 discloses the pre-
amble of the independent claims.
[0010] The present invention has been made in view
of the above described circumstances. An object of the
present invention is to provide an antenna coil which is
capable of attaining both the improvement of antenna
characteristics and the miniaturization of the antenna coil
and to provide a method for manufacturing such a coil.
[0011] This object is solved according to the invention
by the antenna coil according to claim 1 and by a method
for manufacturing an antenna coil according to claim 17.
Preferred embodiments of the invention are described in
the dependent claims.

SUMMARY OF THE INVENTION

[0012] To this end, an antenna coil according to the
present invention includes a core member having an X-
axis leg section and a Y axis leg section which respec-
tively protrude in the X-axis and the Y-axis directions from
the intersection of the core member, and an X-axis wind-
ing wire and a Y-axis winding wire which are respectively
wound around the outer periphery of the X-axis leg sec-
tion and the Y-axis leg section, and is featured in that at
least one of an X-axis winding frame section for the X-
axis winding wire, which frame section is provided at the
X-axis leg section, and a Y-axis winding frame section
for the Y-axis winding wire, which frame section is pro-
vided at the Y-axis leg section, includes an intermediate
flange section for separating the winding frame section
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into at least two winding frame sections for different wind-
ing shapes.
[0013] In the present invention, the core member is
configured so that the X-axis leg section and the Y-axis
leg section are formed into a cross shape in which the
X-axis and Y-axis leg sections intersect each other at the
midpoint thereof.
[0014] In this case, the X-axis leg section has the X-
axis winding frame sections on both sides of the midpoint
of the X-axis leg section, and the Y-axis leg section has
the Y-axis winding frame sections on both sides of the
midpoint of the Y-axis leg section, and that each of the
X-axis winding frame section and the Y-axis winding
frame section is provided with the intermediate flange
section, and each of the winding flange sections is formed
into the plurality of winding frame sections separated
from each other by the intermediate flange section.
[0015] Further, it is preferred that the core member is
formed into a T-shape in which the X-axis leg section and
the Y-axis leg section are made to cross each other at
the end of one of the X-axis leg section and the Y-axis
leg section.
[0016] In addition, in the antenna in accordance with
an embodiment of the present invention, the intermediate
flange section may be formed into a plate-shaped inter-
mediate flange section made of the core member.
[0017] Still further, in the antenna coil in accordance
with an embodiment of the present invention, an outer
flange section made of the core member is provided at
the outer end of the X-axis leg section and the Y-axis leg
section so as to be in parallel with the intermediate flange
section.
[0018] Moreover, according to an embodiment of the
invention, the inner winding wire wound around the inner
winding frame section provided on the inner side of the
intermediate flange section is wound with a smaller
number of turns, and the outer winding wire wound
around the outer winding frame section provided on the
outer side of the intermediate flange section is wound
with a larger number of turns.
[0019] Further, according to an embodiment of the in-
vention, the width of the X-axis leg section and the Y-
axis leg section is made smaller in the inner winding sec-
tion corresponding to the inner winding frame section pro-
vided on the inner side of the intermediate flange section,
and is made larger in the outer winding section corre-
sponding to the outer winding frame section provided on
the outer side of the intermediate flange section.
[0020] It is also preferred that a Z-axis winding wire is
wound around the peripheral portion of the antenna coil
in the peripheral direction.
[0021] It is preferred that the winding frame sections
separated by the intermediate flange section are config-
ured such that at least either the number of turns of the
winding or the cross-sectional area of the core member
is different between the winding frame sections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a sectional front view of a three-dimensional
antenna unit provided with an antenna coil according
to a first embodiment of the present invention, the
view being taken along the line V-V in FIG. 2 ;
FIG. 2 is a sectional side view taken along the line
W-W in FIG. 1 ;
FIG. 3A is a longitudinal sectional front view sche-
matically showing the configuration of a three-di-
mensional antenna unit having an antenna coil ac-
cording to a second embodiment of the present in-
vention;
FIG. 3B is a central sectional plan view of FIG. 3A;
FIG. 4A is a longitudinal sectional front view sche-
matically showing the configuration of a three-di-
mensional antenna unit having an antenna coil ac-
cording to a third embodiment of the present inven-
tion;
FIG. 4B is a central sectional plan view of FIG. 4A;
FIG. 5A is a longitudinal sectional front view sche-
matically showing the configuration of a three-di-
mensional antenna unit having an antenna coil ac-
cording to a fourth embodiment of the present
invention ;
FIG. 5B is a central sectional plan view of FIG. 5A;
FIG. 6 is a front view schematically showing the con-
figuration of an antenna coil according to a fifth em-
bodiment of the present invention ;
FIG. 7 is a front view schematically showing the con-
figuration of an antenna coil according to a sixth em-
bodiment;
FIG. 8 is a partially sectional front view schematically
showing the configuration of an example of an an-
tenna coil useful for understanding the present in-
vention; and
FIG. 9 is a partially sectional front view schematically
showing the configuration of an another example of
an antenna coil useful for understanding the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] In the following, embodiments of an antenna
coil according to the present invention and embodiments
of a three-dimensional antenna unit having the antenna
coil will be described with reference to the accompanying
drawings. Note that, in all the drawings, even when some
of the components having the same name have different
shapes and configurations in the different embodiments,
they are denoted by the same reference numerals or
characters, and the explanation thereof is suitably omit-
ted.
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<First embodiment>

[0024] FIG. 1 and FIG. 2 show a three-dimensional an-
tenna unit 1A having an antenna coil 10 according to a
first embodiment of the present invention. Note that the
left and right direction in FIG. 1 is the X-axis direction,
the vertical direction in FIG. 1 is the Y-axis direction, and
the left and right direction (front and rear direction) in FIG.
2 is the Z-axis direction.
[0025] The antenna coil 10 includes: a cross-shaped
core member 2 which has an X-axis leg section 21 pro-
truding in the X-axis direction from an intersection 2s lo-
cated at the center portion (midpoint) of the core member
2, and a Y-axis leg section 22 protruding in the Y-axis
direction from the intersection 2s; four X-axis base mem-
bers 30 which are made of an insulating material
and respectively attached to both side ends of the X-axis
leg sections 21 of the core member 2; four Y-axis base
members 40 which are made of the insulating material
and respectively attached to both side ends of the Y-axis
leg sections 22 of the core member 2; X-axis winding
frame sections 3 which are formed around the outer pe-
riphery of the X-axis leg section 21 by the core member
2 and the X-axis base member 30; Y-axis winding frame
sections 4 which are formed around the outer periphery
of the Y-axis leg section 22 by the core member 2 and
the Y-axis base member 40; two X-axis winding wires 5a
and 5b which are wound around the X-axis winding frame
section 3; and two Y-axis winding wires 6a and 6b which
are wound around the Y-axis winding frame section 4.
[0026] Further, a Z-axis winding wire 7 is wound
around the peripheral portion of the antenna coil 10 in
the peripheral direction, and terminal sections 9 (see FIG.
2) are respectively provided at the X-axis base member
30 and the Y-axis base member 40. Further, as required,
the outer periphery is covered with a resin molding or
housed in a case, so that the three-dimensional antenna
unit 1A is formed.
[0027] Each of the members will be described in detail.
First, the core member 2 is formed into the cross shape
in such a manner that the X-axis leg section 21 having
an I-shape (rod shape) and the Y-axis leg section 22 (see
FIG. 2) having the same I-shape (rod shape) are com-
bined together in the front and rear direction at the inter-
section 2s located at the midpoint of the leg sections.
The X-axis leg section 21 and the Y-axis leg section 22
have the same shape, and hence the configuration of the
Y-axis leg section 22 will be described with reference to
FIG. 2.
[0028] An intersection 22s located at the midpoint of
the Y-axis leg section 22 is deviated to the front surface
side so as to be formed in a plate shape for connecting
the upper and lower Y-axis winding frame sections 4.
Inner flange sections 22t and 22t extending in the front
and rear direction are successively provided on both
sides (upper and lower sides in FIG. 2) of the intersection
22s. A recessed section 22f is formed behind the inter-
section 22s by the inner flange sections 22t and 22t pro-

truding in the rear direction.
[0029] Inner winding sections 22a and 22a serving as
winding shaft portions are successively provided on the
outer side of the inner flange sections 22t and 22t. The
inner winding sections 22a and 22a are formed to have
a width (X-axis direction length) slightly smaller than the
width of the intersection 22s. Further, on the outer side
of the inner winding sections 22a and 22a, outer winding
sections 22b and 22b, each of which has a larger X-axis
direction width and a smaller Z-axis direction thickness
than the inner winding section 22a, are successively pro-
vided so that step sections are formed on both sides of
each of the outer winding sections 22b and 22b. On both
outer upper and lower ends of the outer winding sections
22b and 22b, outer flanges 22c and 22c are successively
provided so as to have the same X-axis direction width
as and a larger Z-axis direction thickness than the outer
winding section 22b. In the outer end surface of each of
the outer flanges 22c and 22c, a recessed core section
22d extending in the X-axis direction for winding the Z-
axis winding wire 7 is provided.
[0030] The X-axis leg section 21 has the same shape
as the shape of the Y-axis leg section 22. On both sides
of an intersection 21s located at the midpoint of the X-
axis leg section 21, inner flange sections 21t and 21t,
inner winding sections 21a and 21a, outer winding sec-
tions 21 band 21b, and outer flanges 21c and 21c are
successively provided in this order, and a recessed sec-
tion 21d is provided in each of the outer flanges 21c and
21 c.
[0031] In the assembled state, the core member 2 is
configured in such a way that the X-axis leg section 21,
which is inverted front-to-back and rotated by 90 degrees
with respect to the Y-axis leg section 22, is combined
with the Y-axis leg section 22 by inserting the intersection
21s (see FIG. 2) located at the midpoint of the X-axis leg
section 21 into the recessed section 22f provided on the
rear surface side of the intersection 22s of the Y-axis leg
section 22 from the rear surface side of the intersection
22s.
[0032] After the X-axis base member 30 having an in-
termediate flange section 31 is attached to both ends of
the X-axis leg section 21 from the rear surface side, the
X-axis winding wires 5a and 5b are wound, while after
the Y-axis base member 40 having an intermediate
flange section 41 is attached to both ends of both ends
of the Y-axis leg section 22 from the rear surface side,
the Y-axis winding wires 6a and 6b are wound. The X-
axis base member 30 and the Y-axis base member 40
have approximately the same shape, and hence the con-
figuration of the Y-axis base member 40 will be described
with reference to FIG. 1 and FIG. 2.
[0033] The Y-axis base member 40 has, at the outer
side end thereof, a substrate section 42 which is brought
into contact with the rear surface of the outer flange 22c
of the Y-axis leg section 22. Also, outer frame sections
43 located on both sides of the outer flange 22c of the
Y-axis leg section 22 are provided on both X-axis direc-
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tion sides of the substrate section 42. The outer frame
section 43 has a recessed section 43a for winding the Z-
axis winding wire, which recessed section is formed so
as to be connected to the recessed core section 22d of
the outer flanges 22c. The side bottom surface of the
recessed section 43a is formed into a taper surface 43b
which is inclined inward so as to be directed to an adja-
cent taper surface 33b of the X-axis base member 30.
Similarly to the Y-axis base member 40, the X-axis base
member 30 is formed to have a substrate section (not
shown), an outer frame section 33, an outer winding
frame 34 described below, the intermediate flange sec-
tion 31, an inner winding frame 3S, and an inner flange 36.
[0034] Rod-shaped outer winding frames 44 extending
along both sides of the outer winding section 22b of the
Y-axis leg section 22 are successively provided on the
inner side of the outer frame section 43 of the Y-axis base
member 40. The intermediate flange section 41 is suc-
cessively provided on the inner side of the outer winding
frame 44. A rod-shaped inner winding frames 45 extend-
ing along both sides of the inner winding section 22a of
the Y-axis leg section 22 is successively provided on the
inner side of the intermediate flange section 41. Further,
an inner flange 46 is successively provided at the inner
end portion of the inner winding frame 45.
[0035] The intermediate flange section 41 is a member
for separating the inner winding section 22a and the outer
winding section 22b of the Y-axis leg section 22, that is,
a member for separating the Y-axis winding frame sec-
tion 4 into an inner winding frame section 4a and an outer
winding frame section 4b. The intermediate flange sec-
tion 41 has an opening on the central front surface side
thereof, and the inner winding section 22a of the Y-axis
leg section 22 is inserted through the opening. Further,
the inner flange 46 is extended in the front and rear di-
rection along both the side surfaces of the inner flange
section 22t of the Y-axis leg section 22, so as to form a
winding flange on the inner side of the inner winding
frame section 4a.
[0036] As shown in FIG. 1, the outer winding frame 44
and the inner winding frame 45 are respectively extended
in the axial direction of the Y-axis leg section 22 along
the side surfaces of the outer winding section 22b and
the inner winding section 22a of the Y-axis leg section
22. The front and rear surfaces of the outer and inner
winding sections 22b and 22a of the Y-axis leg section
22 are opened by not providing the outer winding frame
44 and the inner winding frame 45, so that the Y-axis
winding wires 6a and 6b described below are respectively
wound around the outer and inner winding sections 22b
and 22a.
[0037] In this way, the Y-axis base members 40 and
40 are provided respectively on both sides of the Y-axis
leg section 22, and the Y-axis winding frame sections 4
and 4 are formed on both sides of the intersection 2s.
Further, the intermediate flange sections 41 and 41 are
provided, and thereby each of the Y-axis winding frame
sections 4 and 4 is formed to be separated into a pair of

the inner winding frame sections 4a and 4a and a pair of
the outer winding frame sections 4b and 4b. The Y-axis
winding wires (inner winding wires) 6a and 6a are re-
spectively wound around the inner winding frame sec-
tions 4a and 4a respectively formed around the inner
winding sections 22a and 22a, on both sides of which
the inner winding frames 45 and 45 are located. Similarly,
the Y-axis winding wire (outer winding wires) 6b and 6b
are respectively wound around the outer winding frame
sections 4b and 4b respectively formed around the outer
winding sections 22b and 22b, on both sides of which
the outer winding frames 44 and 44 are located.
[0038] The inner winding wire 6a is wound around the
inner winding frame section 4a which, in the space
formed by the intermediate flange section 41 and the
inner flange 46 of the Y-axis base member 40, and by
the inner flange section 22t, is formed by the outer pe-
riphery of the exposed front and rear surfaces of the inner
winding section 22a of the Y-axis leg section 22 and the
outer periphery of the inner winding frames 45 formed
on both sides of the inner winding section 22a. Similarly,
the outer winding wire 5b is wound around the outer wind-
ing frame section 4b which, in the space formed by the
outer flange 43 of the Y-axis base member 40, the outer
flange 22c of the Y-axis leg section 22, and the interme-
diate flange section 41, is formed by the outer periphery
of the exposed front and rear surfaces of the outer wind-
ing section 22b of the Y-axis leg section 22 and the outer
periphery of the outer winding frames 44 formed on both
sides of the outer winding section 22b.
[0039] Similarly to the Y-axis leg section 22, the X-axis
base members 30 and 30 are attached respectively on
both sides of the X-axis leg section 21, and then the X-
axis winding frame sections 3 and 3 are similarly formed
on both sides of the intersection 2s. The intermediate
flange sections 31 and 31 are provided so that inner wind-
ing frame sections 3a and 3a and outer winding frame
sections 3b and 3b are respectively formed so as to allow
the inner winding frame section 3a to be separated from
the outer winding frame section 3b. Then, the X-axis
winding wires 5a and 5b (inner winding wire and outer
winding wire) are wound around the inner winding frame
sections 3a and the outer winding frame sections 3b,
respectively.
[0040] The intersection 21s located at the midpoint of
the X-axis leg section 21 around which the X-axis winding
wires 5a and 5b are wound as described above, and the
intersection 22s located at the midpoint of the Y-axis leg
section 22 around which the Y-axis winding wires 6a and
6b are wound, are combined with each other in the front
and rear direction so that a cross shape is formed so as
to allow both the rear surfaces of the X-axis base member
30 and of the Y-axis base member 40 to be located on
the same plane. Thereafter, the Z-axis winding wire 7 is
wound around the recessed (core) sections 21d, 22d,
33a and 43a of the outer flanges 21c, 22c, 33 and 43
formed respectively at the outer periphery of the X-axis
leg section 21, the Y-axis leg section 22, the X-axis base
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member 30, and the Y-axis base member 40. Then, the
outer periphery of the Z-axis winding wire 7 is covered
with a resin molding or housed in a case as required, so
that the three-dimensional antenna unit 1A is formed.
[0041] Note that each of the end portions of the X-axis
winding wires 5a and 5b, the Y-axis winding wires 6a and
6b, and the Z-axis winding wire 7 is connected to each
of the predetermine terminal sections 9.
[0042] In the X-axis winding wires 5a and 5b and the
Y-axis winding wires 6a and 6b which are wound as de-
scribed above, the inner winding wires 5a and 6a and
the outer winding wires 5b and 6b are formed so that any
of the winding dimensions of the inner winding wire 5a
and 6a, which dimensions include the inner peripheral
dimension, the outer peripheral dimension, and the wind-
ing cross-sectional area, is smaller than any of the wind-
ing dimensions of the outer winding wire 5b and 6b. That
is, by the formation of the intermediate flange sections
31 and 41, the X-axis winding wires 5a and 5b and the
Y-axis winding wires 6a and 6b are separated into the
inner winding frame sections 3a and 4a and the outer
winding frame sections 3b and 4b so that the winding
frame shape (inner and outer peripheral dimensions) of
the inner winding frame sections 3a and 4a is different
from the winding frame shape of the outer winding frame
sections 3b and 4b. Thereby, the X-axis winding wire 5a
and 5b and the Y-axis winding wire 6a and 6b are ar-
ranged by effectively utilizing the inner space, so that the
miniaturization of the three-dimensional antenna unit 1A
is realized.
[0043] According to the present embodiment, the an-
tenna characteristics (sensitivity performance, and the
like) is improved by increasing the number of turns of the
X-axis winding wire 5a and 5b and the Y-axis winding
wire 6a and 6b and further by increasing the core cross-
sectional area of the X-axis leg section 21 and the Y-axis
leg section 22.

<Second to fourth embodiments>

[0044] Second to fourth embodiments shown in FIG.
3A, FIG. 3B to FIG. 5A, and FIG. 5B show typical con-
figuration examples in which the antenna characteristics
(sensitivity performance, and the like) of antenna coils
11 to 13 are improved. That is, in order to improve the
antenna characteristics, it is effective means to increase
the number of turns of the winding or to increase the
cross-sectional area of the core, as described above. Ac-
cordingly, the second embodiment shown in FIG. 3A and
FIG. 3B is an example in which the antenna character-
istics are improved by increasing the number of turns of
the winding, and the third embodiment shown in FIG. 4A
and FIG. 4B is an example in which the antenna charac-
teristics are improved by increasing the core cross-sec-
tional area. Further, the fourth embodiment shown in FIG.
5A and FIG. 5B is an example in which the antenna char-
acteristics are improved by increasing the number of
turns of the winding and the core cross-sectional area.

[0045] First, in FIG. 3A and FIG. 3B showing a three-
dimensional antenna unit 1B of the second embodiment,
a core member 2 is formed into a cross shape having an
intersection 2s, a rectangular plate-shaped X-axis leg
section 21 protruding in the X-axis (right and left) direction
from both sides of the intersection 2s, and a rectangular
plate-shaped Y-axis leg section 22 protruding in the Y-
axis (vertical) direction from both sides of the intersection
2s.
[0046] An X-axis winding frame section 3 formed
around the outer periphery of the X-axis leg section 21
is divided into an inner winding frame section 3a and an
outer winding frame section 3b by a plate-shaped inter-
mediate flange section 31 made of an insulating material
and provided in an intermediate portion of the X-axis leg
section 21, while a Y-axis winding frame section 4 formed
around the outer periphery of the Y-axis leg section 22
is divided into an inner winding frame section 4a and an
outer winding frame section 4b by a plate-shaped inter-
mediate flange section 41 made of an insulating material
and provided in an intermediate portion of the Y-axis
winding frame section 4. The intermediate flange sec-
tions 31 and 41 are provided so as to extend in the Z-
axis direction perpendicular to the respective protruding
directions of the X-axis leg section 21 and the Y-axis leg
section 22. Further, a rectangular-shaped outer flange
23 made of an insulating material is provided to surround
the outer end portions of the X-axis leg section 21 and
the Y-axis leg section 22 so as to connect the outer end
portions with each other.
[0047] X-axis winding wires 5a and 5b are wound
around the X-axis winding frame section 3 formed around
the outer periphery of the X-axis leg section 21. The inner
winding wire 5a and the outer winding wire 5b are re-
spectively wound around the inner winding frame section
3a and the outer winding frame section 3b which are di-
vided from each other by the intermediate flange section
31. Further, Y-axis winding wires 6a and 6b are wound
around the Y-axis winding frame section 4 formed around
the outer periphery of the Y-axis leg section 22. The inner
winding wire 6a and the outer winding wire 6b are re-
spectively wound around the inner winding frame section
4a and the outer winding frame section 4b which are di-
vided from each other by the intermediate flange section
41.
[0048] Further, in the X-axis winding wires 5a and 5b
and the Y-axis winding wires 6a and 6b, the inner winding
wires 5a and 6a respectively wound around the inner
winding frame sections 3a and 4a, each of which is pro-
vided between each of the intermediate flange sections
31 and 41 and the intersection 2s of the core member 2
located on the inner side of the intermediate flange sec-
tions 31 and 41, are wound with a small number of turns
so as not to interfere with each other. Also, the outer
winding wires 5b and 6b respectively wound around the
outer winding frame sections 3b and 4b, each of which
is provided between each of the intermediate flange sec-
tions 31 and 41 and the outer flange 23 located on the
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outer side of the intermediate flange sections 31 and 41,
are wound with a large number of turns in correspond-
ence with the large side space and in the range in which
the outer winding wires 5b and 6b do not interfere with
each other. Further, a Z-axis winding wire 7 is provided
by being wound around the outer periphery of the outer
flange 23 in the peripheral direction, so that the three-
dimensional antenna unit 1B is formed.
[0049] Thus, since the intermediate flange sections 31
and 41 are provided, the number of turns of the outer
winding wires 5b and 6b is increased, and thereby the
antenna characteristics are improved. In the second em-
bodiment, as the number of turns of the outer winding
wires 5b and 6b is increased, the Z-axis direction height
of the antenna coil 11 tends to be increased as shown in
FIG. 3B.
[0050] Next, in FIG. 4A and FIG. 4B showing a three-
dimensional antenna unit 1C of the third embodiment, a
core member 2 is formed into a cross shape having an
intersection 2s, a rectangular plate-shaped X-axis leg
section 21 protruding in the X-axis (right and left) direction
from both sides of the intersection 2s, and a rectangular
plate-shaped Y-axis leg section 22 protruding in the Y-
axis (vertical) direction from both sides of the intersection
2s.
[0051] An X-axis winding frame section 3 formed
around the outer periphery of the X-axis leg section 21
is divided into an inner winding frame section 3a and an
outer winding frame section 3b by a plate-shaped inter-
mediate flange section 31 made of an insulating material
and provided in an intermediate portion of the X-axis leg
section 21, while a Y-axis winding frame section 4 formed
around the outer periphery of the Y-axis leg section 22
is divided into an inner winding frame section 4a and an
outer winding frame section 4b by a plate-shaped inter-
mediate flange section 41 made of the insulating material
and provided in an intermediate portion of the Y-axis
winding frame section 4. The intermediate flange sec-
tions 31 and 41 are provided so as to extend in the Z-
axis direction perpendicular to the directions in which the
X-axis leg section 21 and the Y-axis leg section 22 are
made to protrude respectively. Further, an outer flange
23 made of a rectangular-shaped insulating material is
provided to surround the outer end portions of the X-axis
leg section 21 and the Y-axis leg section 22 so as to
connect the outer end portions with each other.
[0052] X-axis winding wires 5a and 5b are wound
around the X-axis winding frame section 3 formed around
the outer periphery of the X-axis leg section 21. The inner
winding wire 5a and the outer winding wire 5b are re-
spectively wound around the inner winding frame section
3a and the outer winding frame section 3b which are di-
vided from each other by the intermediate flange section
31. Further, Y-axis winding wires 6a and 6b are wound
around the Y-axis winding frame section 4 formed around
the outer periphery of the Y-axis leg section 22. The inner
winding wire 6a and the outer winding wire 6b are re-
spectively wound around the inner winding frame section

4a and the outer winding frame section 4b which are di-
vided from each other by the intermediate flange section
41.
[0053] In this case, in the X-axis winding frame section
3 and the Y-axis winding frame section 4, in the range in
which the X-axis leg section 21 and the Y-axis leg section
22 of the core member 2 do not interfere with each other,
the X-axis leg section 21 and the Y-axis leg section 22
are respectively formed to have a narrow width in the
inner winding sections 21a and 22a corresponding to the
inner winding frame sections 3a and 4a, and are respec-
tively formed to have a wide width in the outer winding
sections 21b and 22b corresponding to the outer winding
frame sections 3b and 4b. Further, the number of turns
(winding thickness) of the inner winding wire 5a and 6a
wound around the inner winding sections 21a and 22a
is set to be equal to the number of turns of the outer
winding wire 5b and 6b wound around the outer winding
sections 21b and 22b. Further, a Z-axis winding wire 7
is provided by being wound around the outer periphery
of the outer flange 23 in the peripheral direction, so that
the three-dimensional antenna unit 1C is formed.
[0054] Thus, since the intermediate flange sections 31
and 41 are provided, the core cross-sectional area of the
outer winding sections 21b and 22b on the outer side of
the intermediate flange sections 31 and 41 is increased
in the X-axis leg section 21 and the Y-axis leg section 22
of the core member 2, and thereby the antenna charac-
teristics are improved. In the third embodiment, since the
number of turns of the outer winding wires 5b and 6b is
equal to the number of turns of the inner winding wires
5a and 6a, it is possible to make short the Z-axis direction
height of the antenna coil 12 as shown in FIG. 4B.
[0055] Next, in FIG. 5A and FIG. 5B showing a three-
dimensional antenna unit 1D of the fourth embodiment,
a core member 2 is formed into a cross shape having an
intersection 2s, a plate-shaped X-axis leg section 21
which is formed to protrude in the X-axis (right and left)
direction from both sides of the intersection 2s and the
thickness of which is changed in the interval on both sides
of the intersection 2s, and a plate-shaped Y-axis leg sec-
tion 22 which is formed to protrude in the Y-axis (vertical)
direction from both sides of the intersection 2s and the
thickness of which is changed in the interval on both sides
of the intersection 2s.
[0056] An X-axis winding frame section 3 formed
around the outer periphery of the X-axis leg section 21
is divided into an inner winding frame section 3a and an
outer winding frame section 3b by a plate-shaped inter-
mediate flange section 31 made of an insulating material
and provided in an intermediate portion of the X-axis leg
section 21, while a Y-axis winding frame section 4 formed
around the outer periphery of the Y-axis leg section 22
is divided into an inner winding frame section 4a and an
outer winding frame section 4b by a plate-shaped inter-
mediate flange section 41 made of the insulating material
and provided in an intermediate portion of the Y-axis
winding frame section 4. The intermediate flange sec-
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tions 31 and 41 are provided so as to extend in the Z-
axis direction perpendicular to the directions in which the
X-axis leg section 21 and the Y-axis leg section 22 are
made to protrude respectively. Further, an outer flange
23 made of a rectangular-shaped insulating material is
provided to surround the outer end portions of the X-axis
leg section 21 and the Y-axis leg section 22 so as to
connect the outer end portions with each other.
[0057] X-axis winding wires 5a and 5b are wound
around the X-axis winding frame section 3 formed around
the outer periphery of the X-axis leg section 21. The inner
winding wire 5a and the outer winding wire 5b are re-
spectively wound around the inner winding frame section
3a and the outer winding frame section 3b which are di-
vided from each other by the intermediate flange section
31. Further, Y-axis winding wires 6a and 6b are wound
around the Y-axis winding frame section 4 formed around
the outer periphery of the Y-axis leg section 22. The inner
winding wire 6a and the outer winding wire 6b are re-
spectively wound around the inner winding frame section
4a and the outer winding frame section 4b which are di-
vided from each other by the intermediate flange section
41.
[0058] In this case, in the X-axis winding frame section
3 and the Y-axis winding frame section 4, the X-axis leg
section 21 and the Y-axis leg section 22 of the core mem-
ber 2 are respectively formed to have a narrow width in
inner winding sections 21a and 22a corresponding to the
inner winding frame sections 3a and 4a, and are respec-
tively formed to have a wide width in outer winding sec-
tions 21b and 22b corresponding to the outer winding
frame sections 3b and 4b. Further, the X-axis leg section
21 and the Y-axis leg section 22 of the core member 2
are respectively formed to have a large thickness in the
inner winding sections 21a and 22a and are respectively
formed to have a small thickness in the outer winding
sections 21b and 22b. Further, in the X-axis winding wires
5a and 5b and the Y-axis winding wires 6a and 6b, the
inner winding wires 5a and 6a respectively wound around
the inner winding frame sections 3a and 4a, each of which
is provided between each of the intermediate flange sec-
tions 31 and 41 and the intersection 2s of the core mem-
ber 2 located on the inner side of the intermediate flange
sections 31 and 41, are wound with a small number of
turns so as not to interfere with each other. The outer
winding wires 5b and 6b respectively wound around the
outer winding frame sections 3b and 4b, each of which
is provided between each of the intermediate flange sec-
tions 31 and 41 and the outer flange 23 provided on the
outer side of the intermediate flange sections 31 and 41,
are wound with a large number of turns in correspond-
ence with the large side space and in the range in which
the outer winding wires 5b and 6b do not interfere with
each other. Further, a Z-axis winding wire 7 is provided
by being wound around the outer periphery of the outer
flange 23 in the peripheral direction, so that the three-
dimensional antenna unit 1D is formed.
[0059] Thus, since the intermediate flange sections 31

and 41 are provided, the number of turns of the outer
winding wires 5b and 6b, and the core cross-sectional
area of the outer winding sections 21b and 22b on the
outer side of the intermediate flange sections 31 and 41
are increased, and thereby the antenna characteristics
are improved. In the fourth embodiment, as shown in
FIG. 5B, although the Z-axis direction height of the an-
tenna coil 13 is lower than the Z-axis direction height of
the antenna coil 11 of the second embodiment, the Z-
axis direction height of the antenna coil 13 tends to be
increased to be higher than the Z-axis direction height of
the antenna coil 12 of the third embodiment, as the
number of turns of the outer winding wires 5b and 6b is
increased.

<Fifth and sixth embodiments>

[0060] The above described embodiments show con-
figurations in which the intermediate flange sections 31
and 41 formed in the winding frame sections 3 and 4 are
formed of an insulating member separately from the core
member 2. However, each of fifth and sixth embodiments
shown in FIG. 6 and FIG. 7 shows an embodiment in
which the intermediate flange sections 31 and 41 are
formed by the core member 2. Further, the fifth and sixth
embodiments respectively show two typical configuration
examples for improving the antenna characteristics (sen-
sitivity performance, and the like) of antenna coils 14 and
15. That is, in order to improve the antenna characteris-
tics, it is effective means to increase the number of turns
of the winding or to increase the cross-sectional area of
the core, as described above. Accordingly, the fifth em-
bodiment shown in FIG. 6 is an example in which the
antenna characteristics are improved by increasing the
number of turns of the winding, and the sixth embodiment
shown in FIG. 7 is an example in which the antenna char-
acteristics are improved by increasing the core cross-
sectional area.
[0061] First, in FIG. 6 showing the antenna coil 14 of
the fifth embodiment, a core member 2 is formed into a
cross shape having an intersection 2s, a X-axis leg sec-
tion 21 protruding in the X-axis (right and left) direction
from both sides of the intersection 2s, and a Y-axis leg
section 22 protruding in the Y-axis (vertical) direction
from both sides of the intersection 2s.
[0062] An X-axis winding frame section 3 formed
around the outer periphery of the X-axis leg section 21
is divided into an inner winding frame section 3a and an
outer winding frame sections 3b by a plate-shaped inter-
mediate flange section 24 made of the core material and
provided in an intermediate portion of the X-axis leg sec-
tion 21, while a Y-axis winding frame section 4 formed
around the outer periphery of the Y-axis leg section 22
is divided into an inner winding frame section 4a and an
outer winding frame section 4b by a plate-shaped inter-
mediate flange section 25 made of the core material and
provided in an intermediate portion of the Y-axis winding
frame section 4. The intermediate flange sections 24 and
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25 are provided so as to extend in the Z-axis direction
perpendicular to the directions in which the X-axis leg
section 21 and Y-axis leg section 22 are made to protrude
respectively. Further, outer flanges 26 and 27 made of
the core material are respectively provided at the outer
ends of the X-axis leg section 21 and the Y-axis leg sec-
tion 22 so as to be in parallel with the intermediate flange
sections 24 and 25, respectively.
[0063] X-axis winding wires 5a and 5b are wound
around the X-axis winding frame section 3 formed around
the outer periphery of the X-axis leg section 21. The inner
winding wire 5a and the outer winding wire 5b are re-
spectively wound around the inner winding frame section
3a and the outer winding frame section 3b which are di-
vided from each other by the intermediate flange section
24. Further, Y-axis winding wires 6a and 6b are wound
around the Y-axis winding frame section 4 formed around
the outer periphery of the Y-axis leg section 22. The inner
winding wire 6a and the outer winding wire 6b are re-
spectively wound around the inner winding frame section
4a and the outer winding frame section 4b which are di-
vided from each other by the intermediate flange section
25.
[0064] Further, in the X-axis winding wires 5a and 5b
and the Y-axis winding wires 6a and 6b, the inner winding
wires 5a and 6a respectively wound around the inner
winding frame sections 3a and 4a, each of which is pro-
vided between each of the intermediate flange sections
24 and 25 and the intersection 2s of the core member 2
provided on the inner side of the intermediate flange sec-
tions 24 and 25, are wound with a small number of turns
so as not to interfere with each other. Also, the outer
winding wires 5b and 6b respectively wound around the
outer winding frame sections 3b and 4b, each of which
is provided between each of the intermediate flange sec-
tions 24 and 25 and each of the outer flanges 26 and 27
respectively provided on the outer side of the intermedi-
ate flange sections 24 and 25, are wound with a large
number of turns in correspondence with the large side
space and in the range in which the outer winding wires
5b and 6b do not interfere with each other. Thereby, the
antenna coil 14 is formed.
[0065] In the present embodiment, the intermediate
flange sections 24 and 25 and the outer flanges 26 and
27, which are made of the core material, are provided,
so that the base members are unnecessary for the wind-
ing frame sections 3 and 4. Further, the antenna charac-
teristics are improved as the number of turns of the outer
winding wire 5b and 6b is increased. In the fifth embod-
iment, similarly to the second embodiment, as the
number of turns of the outer winding wires 5b and 6b is
increased, the Z-axis direction height of the antenna coil
14 tends to be increased.
[0066] Next, in FIG. 7 showing the antenna coil 15 of
the sixth embodiment, a core member 2 is formed into a
cross shape having an intersection 2s, an X-axis leg sec-
tion 21 protruding in the X-axis (right and left) direction
from both sides of the intersection 2s, and a Y-axis leg

section 22 protruding in the Y-axis (vertical) direction
from both sides of the intersection 2s.
[0067] An X-axis winding frame section 3 formed
around the outer periphery of the X-axis leg section 21
is divided into an inner winding frame section 3a and an
outer winding frame sections 3b by a plate-shaped inter-
mediate flange section 24 made of the core material and
provided in an intermediate portion of the X-axis leg sec-
tion 21, while a Y-axis winding frame sections 4 formed
around the outer periphery of the Y-axis leg section 22
is divided into an inner winding frame section 4a and an
outer winding frame section 4b by a plate-shaped inter-
mediate flange section 25 made of the core material and
provided in an intermediate portion of the Y-axis winding
frame section 4. The intermediate flange sections 24 and
25 are provided so as to extend in the Z-axis direction
perpendicular to the directions in which the X-axis leg
section 21 and Y-axis leg section 22 are made to protrude
respectively. Further, outer flanges 26 and 27 made of
the core material are respectively provided at the outer
ends of the X-axis leg section 21 and the Y-axis leg sec-
tion 22 so as to be in parallel with the intermediate sec-
tions 24 and 25, respectively.
[0068] X-axis winding wires 5a and 5b are wound
around the X-axis winding frame section 3 formed around
the outer periphery of the X-axis leg section 21. The inner
winding wire 5a is wound around the inner winding frame
section 3a which is divided by the intermediate flange
section 24 so as to be provided between the intermediate
flange section 24 and the intersection 2s of the core mem-
ber 2 provided on the inner side of the intermediate flange
section 24, while the outer winding wire 5b is wound
around the outer winding frame section 3b which is di-
vided by the intermediate flange section 24 so as to be
provided between the intermediate flange section 24 and
the outer flange 26. Further, Y-axis winding wires 6a and
6b are wound around the Y-axis winding frame section
4 formed around the outer periphery of the Y-axis leg
section 22. Similarly, the inner winding wire 6a is wound
around the inner winding frame section 4a which is di-
vided by the intermediate flange section 25 so as to be
provided between the intermediate flange section 25 and
the intersection 2s of the core member 2 provided on the
inner side of the intermediate flange section 25, while the
outer winding wire 6b is wound around the outer winding
frame section 4b which is divided by the intermediate
flange section 25 so as to be provided between the in-
termediate flange section 25 and the outer flange 27.
[0069] In this case, in the X-axis winding frame section
3 and the Y-axis winding frame section 4, in the range in
which the X-axis leg section 21 and the Y-axis leg section
22 of the core member 2 do not interfere with each other,
the width of inner winding sections 21a and 22a corre-
sponding to the inner winding frame sections 3a and 4a
is narrowed, and the width of outer winding sections 21b
and 22b corresponding to the outer winding frame sec-
tions 3b and 4b is increased. Further, the number of turns
(winding thickness) of the inner winding wires 5a and 6a
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respectively wound around the inner winding sections
21a and 22a is set to be equal to the number of turns of
the outer winding wires 5b and 6b respectively wound
around the outer winding sections 21b and 22b, so that
the antenna coil 15 is formed.
[0070] In the present embodiment, since the interme-
diate flange sections 24 and 25 and the outer flanges 26
and 27, which are made of the core material, are provid-
ed, the base members are unnecessary for the winding
frame sections 3 and 4. Further, in the X-axis leg section
21 and the Y-axis leg section 22 of the core member 2,
the antenna characteristics are improved as the cross-
sectional area of the outer winding sections 21b and 22b
respectively provided on the outer sides of the interme-
diate flange sections 24 and 25 is increased. In the sixth
embodiment, similarly to the third embodiment, since the
number of turns of the outer winding wires 5b and 6b is
equal to the number of turns of the inner winding wires
5a and 6a, the Z-axis direction height of the antenna coil
15 is made short.

<Seventh and eighth embodiments>

[0071] In the above described embodiments, the core
member 2 is formed into the cross shape in which the X-
axis leg section 21 and the Y-axis leg section 22 are
made to cross at the midpoint thereof. However, seventh
and eighth embodiments shown in FIG. 8 and FIG. 9
respectively show embodiments in which the core mem-
ber 2 is formed into a T-shape. Further, the seventh em-
bodiment shown in FIG. 8 is an example in which only
the Y-axis winding frame section 4 is divided by the in-
termediate flange section 41. The eighth embodiment
shown in FIG. 9 is an example in which the X-axis winding
frame section 3 is also divided by the intermediate flange
section 31.
[0072] First, in FIG. 8 showing an example of an an-
tenna coil 16 useful for understanding the present inven-
tion, a core member 2 is formed into a T-shape having
an intersection 2s, an X-axis leg section 21 protruding in
the X-axis (right and left) direction from both sides of the
intersection 2s, and a Y-axis leg section 22 protruding in
the Y-axis direction (downward) from the intersection 2s.
[0073] Outer flanges 26 and 26 made of the core ma-
terial are formed at both the side end portions of the X-
axis leg sections 21, and X-axis winding wires 5 and 5
are respectively wound around X-axis winding frame sec-
tions 3 and 3 which are respectively formed around the
outer periphery of the X-axis leg sections 21 and between
the outer flange 26 and the side surface of the intersection
2s of the core member 2.
[0074] Further, a Y-axis winding frame section 4
formed around the outer periphery of the Y-axis leg sec-
tion 22 is divided into an inner winding frame section 4a
and an outer winding frame section 4b by the plate-
shaped intermediate flange section 41 made of an insu-
lating material and provided in an intermediate portion of
the Y-axis winding frame section 4. The intermediate

flange section 41 is provided so as to extend in the Z-
axis direction perpendicular to the protruding direction of
the Y-axis leg section 22. Further, an outer flange 27
made of the core material is provided at the outer end of
the Y-axis leg section 22 so as to be in parallel with the
intermediate flange section 41.
[0075] Y-axis winding wires 6a and 6b are wound
around the Y-axis winding frame section 4 formed around
the outer periphery of the Y-axis leg section 22. The inner
winding wire 6a is wound around the inner winding frame
section 4a which is divided by the intermediate flange
section 41 so as to be provided between the intermediate
flange section 41 and the intersection 2s of the core mem-
ber 2 provided on the inner side of the intermediate flange
section 41, while the outer winding wire 6b is wound
around the outer winding frame section 4b which is di-
vided by the intermediate flange section 41 so as to be
provided between the intermediate flange section 41 and
the outer flange 27.
[0076] In this case, in the Y-axis winding frame section
4, the Y-axis leg section 22 of the core member 2 is
formed to have a narrow width in an inner winding section
22a corresponding to the inner winding frame sections
4a and is formed to have a wide width in an outer winding
section 22b corresponding to the outer winding frame
section 4b. Further, the number of turns (winding thick-
ness) of the inner winding wire wound around the inner
winding section 22a is set to be equal to the number of
turns of the outer winding wire of the outer winding section
22b, so that the antenna coil 16 is formed.
[0077] Next, in FIG. 9 showing another example of an
antenna coil 17 useful for understanding the present in-
vention, a core member 2 is formed into a T-shape having
an intersection 2s, an X-axis leg section 21 protruding in
the X-axis (right and left) direction from both sides of the
intersection 2s, and a Y-axis leg section 22 protruding in
the Y-axis direction (downward) from the intersection 2s.
[0078] An X-axis winding frame section 3 formed
around the outer periphery of the X-axis leg section 21
is divided into an inner winding frame section 3a and an
outer winding frame sections 3b by the plate-shaped in-
termediate flange section 31 made of an insulating ma-
terial and provided in an intermediate portion of the X-
axis leg section 21, while a Y-axis winding frame section
4 formed around the outer periphery of the Y-axis leg
section 22 is divided into an inner winding frame section
4a and an outer winding frame section 4b by the plate-
shaped intermediate flange section 41 made of the insu-
lating material and provided in an intermediate portion of
the Y-axis winding frame section 4. The intermediate
flange sections 31 and 41 are provided so as to extend
in the Z-axis direction perpendicular to the directions in
which the X-axis leg section 21 and Y-axis leg section
22 are made to protrude respectively. Further, outer
flanges 26 and 27 made of the core material are respec-
tively provided at the outer ends of the X-axis leg section
21 and the Y-axis leg section 22 so as to be in parallel
with the intermediate flange sections 31 and 41, respec-
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tively.
[0079] X-axis winding wires 5a and 5b are wound
around the X-axis winding frame section 3 formed around
the outer periphery of the X-axis leg section 21. The inner
winding wire 5a is wound around the inner winding frame
section 3a which is divided by the intermediate flange
section 31 so as to be provided between the intermediate
flange section 31 and the intersection 2s of the core mem-
ber 2 provided on the inner side of the intermediate flange
section 31, while the outer winding wire 5b is wound
around the outer winding frame section 3b which is di-
vided by the intermediate flange section 31 so as to be
provided between the intermediate flange section 31 and
the outer flange 26. In this case, in the X-axis winding
frame section 3, the X-axis leg section 21 of the core
member 2 is formed to have a narrow width in an inner
winding section 21a corresponding to the inner winding
frame section 3a and to have a wide width in an outer
winding section 21b corresponding to the outer winding
frame section 3b. Further, the number of turns (winding
thickness) of the inner winding wire 5a wound around the
inner winding section 21a is set to be equal to the number
of turns of the outer winding wire 5b wound around the
outer winding section 21b. Further, the inner winding sec-
tion 21a is formed to be eccentric to the outer winding
section 21b. The intersection 2s, the inner winding wire
5a, the intermediate flange section 31, the outer winding
wire 5b, and the outer flange 26 are configured so that
the upper edge portions thereof in FIG. 9 are arranged
on the same straight line.
[0080] Further, Y-axis winding wires 6a and 6b are
wound around the Y-axis winding frame section 4 formed
around the outer periphery of the Y-axis leg section 22.
Similarly, the inner winding wire 6a is wound around the
inner winding frame section 4a which is divided by the
intermediate flange section 41 so as to be provided be-
tween the intermediate flange section 41 and the inter-
section 2s of the core member 2 provided on the inner
side of the intermediate flange section 41, and the outer
winding wire 6b is wound around the outer winding frame
section 4b which is divided by the intermediate flange
section 41 so as to be provided between the intermediate
flange section 41 and the outer flange 27. In this case,
in the Y-axis winding frame section 4, the Y-axis leg sec-
tion 22 of the core member 2 is formed to have a narrow
width in an inner winding section 22a corresponding to
the inner winding frame sections 4a and is formed to have
a wide width in an outer winding section 22b correspond-
ing to the outer winding frame section 4b. Further, in the
Y-axis winding wires 6a and 6b, the number of turns
(winding thickness) of the inner winding wire 6a wound
around the inner winding section 22a is made small, and
the number of turns of the outer winding wire 6b wound
around the outer winding section 22b is increased in cor-
respondence with the large side space. Thereby, the an-
tenna coil 17 is formed.
[0081] As described above, the embodiments of the
antenna coils 10 to 17, wherein coil 10 to 15 is a coil

according to the present invention, and the three-dimen-
sional antenna units 1A to 1D provided with the antenna
coils are described, but the present invention is not limited
to the above described embodiment. The embodiment
of the present invention may be modified into various
other forms.
[0082] For example, the above described embodi-
ments show the examples in which the X-axis winding
frame section 3 or the Y-axis winding frame section 4 is
divided into the two winding frame sections 3a and 3b or
the two winding frame sections 4a and 4b by providing
the intermediate flange section. However, the X-axis
winding frame section 3 or the Y-axis winding frame sec-
tion 4 may be divided into more than two winding frame
sections.
[0083] Further, a division example in which the.winding
shapes of the X-axis winding wire 5a and 5b and the Y-
axis winding wire 6a and 6b are enlarged toward the outer
side is shown, but the present invention is not limited to
this. However, the winding wires may also be divided and
formed so that the winding shapes of the winding wires
are made small toward the outer side. As an example of
such configuration, in an antenna unit which has a rec-
tangular shape as a whole, and in which an X-axis leg
section 21 and a Y-axis leg section 22 are provided so
as to extend toward the corner portions of the rectangular
shape so that the side space of each of the leg sections
is narrowed at the outer peripheral portion, the inner
space of the antenna unit may be effectively used in such
a manner that the winding frame section on each side of
the midpoint of the leg section is divided into three sec-
tions, and that the winding shape of the intermediate sec-
tion is enlarged and the winding shape of the inner and
outer side sections is made small.
[0084] Further, the position, at which the intermediate
flange section is provided, is not limited to the middle
position of the X-axis winding frame section 3 and the Y-
axis winding frame section 4, and may be a position de-
viated to the inner side or the outer side in correspond-
ence with the required antenna characteristics.
[0085] Further, an antenna coil may also be configured
in such a manner that the intermediate flange section is
formed in a bobbin and the winding wire is wound around
the bobbin beforehand, and that the bobbin is then at-
tached to the outer periphery of the X-axis leg section 21
or the Y-axis leg section 22 of the core member 2.
[0086] The antenna coil according to an aspect of the
present invention includes the core member having the
X-axis and Y-axis leg sections respectively protruding in
the X-axis and Y-axis directions from the intersection of
the core member, and the X-axis and Y-axis winding
wires respectively wound around the outer periphery of
the X-axis and Y-axis leg sections, and is featured in that
at least one of the X-axis winding frame section for the
X-axis winding wire, which frame section is provided at
the X-axis leg section, and the Y-axis winding frame sec-
tion for the Y-axis winding wire, which frame section is
provided at the Y-axis leg section, has the intermediate
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flange section for separating the winding frame section
into at least two winding frame sections for different wind-
ing shapes.
[0087] Therefore, since the intermediate flange section
is provided, the number of turns of the winding wound
around the winding frame section provided at the outer
periphery of the X-axis and Y-axis leg sections or the
cross sectional area of the core member can be in-
creased without collapse of the winding wires. Thereby,
the sensitivity of the antenna can be improved, and the
antenna coil can be compactly configured by effectively
using the outer space between the X-axis and the Y-axis
leg sections.
[0088] Further, when the core member is formed into
a cross shape in which the X-axis leg section and the Y-
axis leg section intersect each other at the midpoint there-
of, and particularly when the X-axis leg section and the
Y-axis leg section are configured to respectively include,
on both sides of the midpoint of thereof, the X-axis and
Y-axis winding frame sections respectively having the
intermediate flange section so that each of the winding
frame sections is separated
into a plurality of winding frame sections by the interme-
diate flange section, the outer space between the X-axis
leg section and the Y-axis leg section can be more ef-
fectively used, and hence an antenna coil having excel-
lent characteristics can be obtained while securing min-
iaturization.
[0089] In an antenna coil which includes a core mem-
ber having an X-axis leg section protruding in the X-axis
direction from an intersection of the core member and
having a Y-axis leg section protruding in the Y-axis di-
rection from the intersection, X-axis winding wires wound
around the outer periphery of the X-axis leg section, and
Y-axis winding wires wound around the outer periphery
of the Y-axis leg section, at least one of an X-axis winding
frame section for the X-axis winding wire, the X-axis wind-
ing frame section being provided at the X-axis leg section,
and a Y-axis winding frame section for the Y-axis winding
wire, the Y-axis winding frame section being provided at
the Y-axis leg section, has one of intermediate flange
sections for respectively separating the X-axis winding
frame section and the Y-axis winding frame section into
a pair of winding frame sections and a pair of winding
frame sections, the winding frame sections of each of the
pairs corresponding to different winding shapes.

Claims

1. An antenna coil (10) including a core member (2)
having an X-axis leg section (21) protruding in the
X-axis direction from an intersection of the core
member (2) and having a Y-axis leg section (22) pro-
truding in the Y-axis direction from the intersection,
and an X-axis winding wire (5a, 5b) wound around
the outer periphery of the X-axis leg section (21),
and a Y-axis winding wire (6a, 6b) wound around the

outer periphery of the Y-axis leg section (22),

wherein the core member (2) is formed into a
cross shape in which the X-axis leg section (21)
and the Y-axis leg section (22) are made to cross
each other at the midpoint of the X-axis leg sec-
tion (21) and the Y-axis leg section (22),
wherein the X-axis leg section (21) forms X-axis
winding frame sections (3) provided on both
sides of the midpoint of the X-axis leg section
(21); and
wherein the Y-axis leg section (22) forms Y-axis
winding frame sections (4) provided on both
sides of the midpoint of the Y-axis leg section
(22);
characterized in that
each of the X-axis winding frame sections (3)
and the Y-axis winding frame sections (4) com-
prises an intermediate flange section (31, 41)
so that each of the winding frame sections is
divided by the intermediate flange section (31,
41) into a plurality of winding frame sections.

2. The antenna coil according to claim 1, wherein

the antenna coil (10) further includes the X-axis
winding frame sections (3) for the X-axis winding
wire (5a, 5b), the X-axis winding frame section
(3) being provided at the X-axis leg section (21),
the Y-axis winding frame sections (4) for the Y-
axis winding wire (6a, 6b), the Y-axis winding
frame section (4) being provided at the Y-axis
leg section (22),
a substrate section (42) at the outer side end of
the Y-axis leg section (22), and
outer frame sections (43) being provided on both
X-axis direction sides of the substrate section
(42),
the outer frame sections having a recessed sec-
tion (43a) for winding Z-axis winding wire,
wherein
side bottom surface of the recessed section is
formed into a taper surface (43b) which is in-
clined inward so as to be directed to an adjacent
taper surface (33b) of an X-axis winding shaft
portion.

3. The antenna coil (10) according to claim 1 or 2,
wherein at least one of the X-axis winding frame sec-
tions (3) for the X-axis winding wire (5a, 5b), the X-
axis winding frame section (3) being provided at the
X-axis leg section (21), and the Y-axis winding frame
sections (4) for the Y-axis winding wire (6a, 6b), the
Y-axis winding frame section (4) being provided at
the Y-axis leg section (22), comprises the interme-
diate flange section (31, 41) for separating the wind-
ing frame section into at least two winding frame sec-
tions for different winding shapes.
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4. The antenna coil (10) according to claim 1, wherein
the core member (2) is formed into a T-shape in
which the X-axis leg section (21) and the Y-axis leg
section (22) are made to cross each other at the end
of one of the X-axis leg section (21) and the Y-axis
leg section (22).

5. The antenna coil (10) according to any one of claims
3 to 4, wherein the intermediate flange section (31,
41) is formed into a plate-shaped intermediate flange
section (31, 41) made of the core member (2).

6. The antenna coil (10) according to any one of claims
3 to 5, wherein an outer flange section made of the
core member (2) is provided at an outer end of the
X-axis leg section (21) and the Y-axis leg section
(22) so as to be in parallel with the intermediate
flange section (31, 41).

7. The antenna coil (10) according to claim 5 or 6,
wherein an inner winding wire wound around an in-
ner winding frame section (22a, 22a) provided on an
inner side of the intermediate flange section (31, 41)
is wound with a smaller number of turns, and an outer
winding wire wound around an outer winding frame
section (22b, 22b) provided on an outer side of the
intermediate flange section (31, 41) is wound with a
larger number of turns.

8. The antenna coil (10) according to claim 5 or 6,
wherein a width of the X-axis leg section (21) and
the Y-axis leg section (22) is made smaller in an inner
winding section (22a, 22a) corresponding to an inner
winding frame section provided on an inner side of
the intermediate flange section (31, 41), and is made
larger in the outer winding section (22b, 22b) corre-
sponding to an outer winding frame section provided
on an outer side of the intermediate flange section
(31, 41).

9. The antenna coil (10) according to any one of claims
1 to 8, wherein a Z-axis winding wire is wound around
the peripheral portion of the antenna coil (10) in a
peripheral direction.

10. The antenna coil (10) according to any one of claims
3 to 9, wherein the winding frame sections separated
by the intermediate flange section (31, 41) are con-
figured such that at least either the number of turns
of the winding or a cross-sectional area of the core
member (2) is different between the winding frame
sections.

11. The antenna coil (10) according to claim 1, wherein
the core member (2) comprises at least two portions,
each of which being in a rod shape and the intersec-
tion (22s) crossing thereof is deviated to the front
surface side so as to be formed in a plate shape for

connecting the Y-axis winding frame sections (4)
provided on both sides of the midpoint of the Y-axis
leg section (22).

12. The antenna coil (10) according to claim 11, wherein
inner flange sections (22t, 22t) extending in the front
and rear direction are successively provided on both
sides of the intersection, and a recessed section
(22f) is formed behind the intersection so that the
inner flange sections protrude in the rear direction.

13. The antenna coil (10) according to claim 12, wherein
inner winding sections (22a, 22a) serving as winding
shaft portions are successively provided on an outer
side of inner flange sections.

14. The antenna coil (10) according to claim 13, wherein
the inner winding sections are formed to have a width
slightly smaller than the width of the intersection.

15. The antenna coil (10) according to claim 13, wherein
on the outer side of the inner winding sections, outer
winding sections (22b, 22b), each of which has a
larger X-axis direction width and a smaller Z-axis di-
rection thickness than the inner winding section, are
successively provided so that step sections are
formed on both sides of each of the outer winding
sections.

16. The antenna coil (10) according to claim 15, wherein
on both outer ends of the outer winding sections,
outer flanges (22c, 22c) are successively provided
so as to have the same X-axis direction width as and
a larger Z-axis direction thickness than the outer
winding section, and in the outer end surface of each
of the outer flanges, a recessed core section (22d)
extending in the X-axis direction for winding the Z-
axis winding wire is provided.

17. Method for manufacturing an antenna coil (10)in-
cluding a core member (2) forming an X-axis leg sec-
tion (21), with X-axis winding frame sections (3), pro-
truding in the X-axis direction from an intersection of
the core member (2) and a Y-axis leg section (22),
with Y-axis winding frame sections (4), protruding in
the Y-axis direction from the intersection, an X-axis
winding wire (5a, 5b) wound around the outer pe-
riphery of the X-axis leg section (21), and a Y-axis
winding wire (6a, 6b) wound around the outer pe-
riphery of the Y-axis leg section (22) comprises the
steps of:

winding X-axis winding wires (5a, 5b) and Y-axis
winding wires (6a, 6b) around outer peripheries
of the X-axis leg section (21) and the Y-axis leg
section (22) respectively; and
assembling the core member (2) having the X-
axis leg section (21) protruding in the X-axis di-
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rection and the core member (2) having the axis
leg section (22) protruding in the Y-axis direction
at an intersection,
characterized in that
in the winding step of X-axis winding wires (5a,
5b) and Y-axis winding wires (6a, 6b) around
outer peripheries of the X-axis leg section (21)
and the Y-axis leg section (22) respectively, after
an X-axis base member and a Y-axis base mem-
ber having intermediate flange sections (31, 41)
are attached to both ends of the X-axis leg sec-
tion (21) and the Y-axis leg section (22) from the
rear surface side, the X-axis winding wires (5a,
5b) and the Y-axis winding wires (6a, 6b) are
wound.

18. The method for manufacturing the antenna coil ac-
cording to claim 17, wherein in the assembling step
of the core member having the X-axis leg section
protruding in the X-axis direction and the core mem-
ber having the Y-axis leg section protruding in the
Y-axis direction at the intersection, the core member
having the X-axis leg section protruding in the X-axis
direction and the core member having the Y-axis leg
section protruding in the Y-axis direction are com-
bined with each other such that both the rear surfac-
es of the X-axis base member and of the Y-axis base
member are to be located on the same plane.

19. The method for manufacturing the antenna coil ac-
cording to claim 17 or 20, further comprising the step
of winding Z-axis winding wire around the outer pe-
riphery of the X-axis leg section (21), the Y-axis leg
section (22), the X-axis base member, and the Y-
axis base member after the assembling step of the
core member (2) having the X-axis leg section (21)
protruding in the X-axis direction and the core mem-
ber (2) having the Y-axis leg section (22) protruding
in the Y-axis direction at the intersection.

20. The method for manufacturing the antenna coil ac-
cording to any one of claims 17 to 19, further com-
prising the step of covering the outer periphery of
the Z-axis winding wire with a resin mold or a case.

Patentansprüche

1. Antennenspule (10), umfassend ein Spulenkernele-
ment (2), welches einen X-Achse-Beinbereich (21),
welcher in die X-Achse-Richtung aus einer Schnitt-
fläche des Spulenkernelements (2) herausragt, und
einen Y-Achse-Beinbereich (22), welcher in die Y-
Achse-Richtung aus einer Schnittfläche herausragt,
aufweist, und einen X-Achse-Wickeldraht (5a, 5b),
welcher um den Außenumfang des X-Achse-Bein-
bereiches (21) gewickelt ist, und einen Y-Achse-Wi-
ckeldraht (6a, 6b), welcher um den Außenumfang

des Y-Achse-Beinbereiches (22) gewickelt ist,

wobei das Spulenkernelement (2) in einer
Kreuzform ausgebildet ist, in welcher der X-Ach-
se-Beinbereich (21) und der Y-Achse-Beinbe-
reich (22) dazu gebracht sind, einander an dem
Mittelpunkt des X-Achse-Beinbereiches (21)
und des Y-Achse-Beinbereiches (22) zu kreu-
zen,
wobei der X-Achse-Beinbereich (21) X-Achse-
Wickelgestellbereiche (3) bildet, welche an bei-
den Seiten des Mittelpunkts des X-Achse-Bein-
bereiches (21) bereitgestellt sind; und
wobei der Y-Achse-Beinbereich (22) Y-Achse-
Wickelgestellbereiche (4) bildet, welche an bei-
den Seiten des Mittelpunkts des Y-Achse-Bein-
bereiches (22) bereitgestellt sind;
dadurch gekennzeichnet, dass
jeder der X-Achse-Wickelgestellbereiche (3)
und der Y-Achse-Wickelgestellbereiche (4) ei-
nen Zwischenkragenbereich (31, 41) umfasst,
so dass jeder der Wickelgestellbereiche durch
den Zwischenkragenbereich (31, 41) in eine
Mehrzahl von Wickelgestellbereichen unterteilt
ist.

2. Antennenspule (10) nach Anspruch 1, wobei die An-
tennenspule (10) ferner umfasst:

die X-Achse-Wickelgestellbereiche (3) für den
X-Achse-Wickeldraht (5a, 5b), wobei der X-Ach-
se-Wickelgestellbereich (3) an dem X-Achse-
Beinbereich (21) bereitgestellt ist,
die Y-Achse-Wickelgestellbereiche (4) für den
Y-Achse-Wickeldraht (6a, 6b), wobei der Y-Ach-
se-Wickelgestellbereich (4) an dem Y-Achse-
Beinbereich (22) bereitgestellt ist,
einen Substratbereich (42) an dem Außenseite-
nende des Y-Achse-Beinbereiches (22) und
Außengestellbereiche (43), welche an beiden X-
Achse-Richtung-Seiten des Substratbereiches
(42) bereitgestellt sind,
wobei die Außengestellbereiche einen ausge-
sparten Bereich (43a) zum Wickeln eines Z-
Achse-Wickeldrahts aufweisen, wobei
eine seitliche Bodenfläche des ausgesparten
Bereiches zu einer sich verjüngenden Fläche
(43b) ausgebildet ist, welche derart nach innen
geneigt ist, dass sie zu einer benachbarten sich
verjüngenden Fläche (33b) eines X-Achse-Wi-
ckelschaftbereiches gerichtet ist.

3. Antennenspule (10) nach Anspruch 1 oder 2, wobei
wenigstens einer der X-Achse-Wickelgestellberei-
che (3) für den X-Achse-Wickeldraht (5a, 5b), wobei
der X-Achse-Wickelgestellbereich (3) an dem X-
Achse-Beinbereich (21) bereitgestellt ist, und der Y-
Achse-Wickelgestellbereiche (4) für den Y-Achse-
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Wickeldraht (6a, 6b), wobei der Y-Achse-Wickelge-
stellbereich (4) an dem Y-Achse-Beinbereich (22)
bereitgestellt ist, den Zwischenkragenbereich (31,
41) umfasst, um den Wickelgestellbereich in wenigs-
tens zwei Wickelgestellbereiche für unterschiedliche
Wickelformen zu teilen.

4. Antennenspule (10) nach Anspruch 1, wobei das
Spulenkernelement (2) in einer T-Form ausgebildet
ist, in welcher der X-Achse-Beinbereich (21) und der
Y-Achse-Beinbereich (22) dazu gebracht sind, ein-
ander an dem Ende eines des X-Achse-Beinberei-
ches (21) und des Y-Achse-Beinbereiches (22) zu
kreuzen.

5. Antennenspule (10) nach einem der Ansprüche 3
bis 4, wobei der Zwischenkragenbereich (31, 41) zu
einem plattenförmigen Zwischenkragenbereich (31,
41) ausgebildet ist, welcher aus dem Spulenkerne-
lement (2) hergestellt ist.

6. Antennenspule (10) nach einem der Ansprüche 3
bis 5, wobei ein aus dem Spulenkernelement (2) her-
gestellter Außenkragenbereich an einem Außenen-
de des X-Achse-Beinbereiches (21) und des Y-Ach-
se-Beinbereiches (22) derart bereitgestellt ist, dass
er parallel zu dem Zwischenkragenbereich (31, 41)
ist.

7. Antennenspule (10) nach Anspruch 5 oder 6, wobei
ein um einen Innenwickelgestellbereich (22a, 22a)
gewickelter Innenwickeldraht, welcher an einer in-
neren Seite des Zwischenkragenbereiches (31, 41)
bereitgestellt ist, mit einer geringeren Windungsan-
zahl gewickelt ist und ein um einen Außenwickelge-
stellbereich (22b, 22b) gewickelter Außenwickel-
draht, welcher an einer äußeren Seite des Zwischen-
kragenbereiches (31, 41) bereitgestellt ist, mit einer
größeren Windungsanzahl gewickelt ist.

8. Antennenspule (10) nach Anspruch 5 oder 6, wobei
eine Breite des X-Achse-Beinbereiches (21) und des
Y-Achse-Beinbereiches (22) in einem Innenwickel-
bereich (22a, 22a) kleiner gemacht wird, welcher ei-
nem Innenwickelgestellbereich entspricht, welcher
an einer inneren Seite des Zwischenkragenberei-
ches (31, 41) bereitgestellt ist, und in dem Außen-
wickelbereich (22b, 22b) größer gemacht wird, wel-
cher einem Außenwickelgestellbereich entspricht,
welcher an einer äußeren Seite des Zwischenkra-
genbereiches (31, 41) bereitgestellt ist.

9. Antennenspule (10) nach einem der Ansprüche 1
bis 8, wobei ein Z-Achse-Wickeldraht in einer Um-
fangsrichtung um den Umfangsbereich der Anten-
nenspule (10) gewickelt ist.

10. Antennenspule (10) nach einem der Ansprüche 3

bis 9, wobei die durch den Zwischenkragenbereich
(31, 41) geteilten Wickelgestellbereiche derart kon-
figuriert sind, dass wenigstens entweder die Win-
dungsanzahl der Wicklung oder eine Querschnitts-
fläche des Spulenkernelements (2) zwischen den
Wickelgestellbereichen unterschiedlich ist.

11. Antennenspule (10) nach Anspruch 1, wobei das
Spulenkernelement (2) wenigstens zwei Abschnitte
umfasst, von welchen jeder eine Stabform aufweist
und deren davon kreuzender Knotenpunkt (22s) zu
der Vorderflächenseite hin derart abweicht, dass er
in einer Plattenform ausgebildet ist, um die Y-Achse-
Wickelgestellbereiche (4) zu verbinden, welche an
beiden Seiten des Mittelpunkts des Y-Achse-Bein-
bereiches (22) bereitgestellt sind.

12. Antennenspule (10) nach Anspruch 11, wobei Innen-
kragenbereiche (22t, 22t), welche sich in der Vorne-
Hinten-Richtung erstrecken, an beiden Seiten des
Knotenpunkts nacheinander bereitgestellt sind und
ein ausgesparter Bereich (22f) hinter dem Knoten-
punkt ausgebildet ist, so dass die Innenkragenbe-
reiche in der Hinten-Richtung vorstehen.

13. Antennenspule (10) nach Anspruch 12, wobei Innen-
wickelbereiche (22a, 22a), welche als Wickelschaft-
bereiche dienen, an einer äußeren Seite von Innen-
kragenbereichen nacheinander bereitgestellt sind.

14. Antennenspule (10) nach Anspruch 13, wobei die
Innenwickelbereiche derart ausgebildet sind, dass
sie eine Breite aufweisen, welche etwas kleiner als
die Breite des Knotenpunkts ist.

15. Antennenspule (10) nach Anspruch 13, wobei an der
äußeren Seite der Innenwickelbereiche Außenwi-
ckelbereiche (22b, 22b), von welchen jeder eine grö-
ßere X-Achse-Richtung-Breite und eine geringere Z-
Achse-Richtung-Dicke als der Innenwickelbereich
aufweist, nacheinander derart bereitgestellt sind,
dass Stufenbereiche an beiden Seiten jedes der Au-
ßenwickelbereiche ausgebildet sind.

16. Antennenspule (10) nach Anspruch 15, wobei an
beiden Außenenden der Außenwickelbereiche Au-
ßenkragen (22c, 22c) nacheinander derart bereitge-
stellt sind, dass sie die gleiche X-Achse-Richtung-
Breite wie und eine größere Z-Achse-Richtung-Di-
cke als der Außenwickelbereich aufweisen, und in
der Außenendfläche jedes der Außenkragen ein sich
in der X-Achse-Richtung erstreckender ausgespar-
ter Spulenkernbereich (22d) zum Wickeln des Z-
Achse-Wickeldrahts bereitgestellt ist.

17. Verfahren zur Herstellung einer Antennenspule (10),
umfassend ein Spulenkernelement (2), welches ei-
nen X-Achse-Beinbereich (21) mit X-Achse-Wickel-
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gestellbereichen (3), welcher in der X-Achse-Rich-
tung von einem Knotenpunkt des Spulenkernele-
ments (2) vorsteht, und einen Y-Achse-Beinbereich
(22) mit Y-Achse-Wickelgestellbereichen (4) ausbil-
det, welcher in der Y-Achse-Richtung von dem Kno-
tenpunkt vorsteht, einen X-Achse-Wickeldraht (5a,
5b), welcher um den Außenumfang des X-Achse-
Beinbereiches (21) gewickelt ist, und einen Y-Ach-
se-Wickeldraht (6a, 6b), welcher um den Außenum-
fang des Y-Achse-Beinbereiches (22) gewickelt ist,
umfassend die folgenden Schritte:

Wickeln von X-Achse-Wickeldrähten (5a, 5b)
und Y-Achse-Wickeldrähten (6a, 6b) um Außen-
umfänge des X-Achse-Beinbereiches (21) bzw.
des Y-Achse-Beinbereiches (22); und
Montieren des Spulenkernelements (2), wel-
ches den in der X-Achse-Richtung vorstehen-
den X-Achse-Beinbereich (21) aufweist, und
des Spulenkernelements (2), welches den an
einem Knotenpunkt in der Y-Achse-Richtung
vorstehenden Y-Achse-Beinbereich (22) auf-
weist,
dadurch gekennzeichnet, dass
in dem Wickelschritt von X-Achse-Wickeldräh-
ten (5a, 5b) und Y-Achse-Wickeldrähten (6a,
6b) um Außenumfänge des X-Achse-Beinberei-
ches (21) bzw. des Y-Achse-Beinbereiches
(22), nachdem ein X-Achse-Basiselement und
ein Y-Achse-Basiselement, welche Zwischen-
kragenbereiche (31, 41) aufweisen, an beiden
Enden des X-Achse-Beinbereiches (21) und
des Y-Achse-Beinbereiches (22) von der Rück-
flächenseite angebracht worden sind, die X-
Achse-Wickeldrähte (5a, 5b) und die Y-Achse-
Wickeldrähte (6a, 6b) gewickelt werden.

18. Verfahren zur Herstellung der Antennenspule nach
Anspruch 17, wobei in dem Montageschritt des Spu-
lenkernelements, welches den in der X-Achse-Rich-
tung vorstehenden X-Achse-Beinbereich aufweist,
und des Spulenkernelements, welches an dem Kno-
tenpunkt den in der Y-Achse-Richtung vorstehenden
Y-Achse-Beinbereich aufweist, das Spulenkernele-
ment, welches den in der X-Achse-Richtung vorste-
henden X-Achse-Beinbereich aufweist, und das
Spulenkernelement, welches den in der Y-Achse-
Richtung vorstehenden Y-Achse-Beinbereich auf-
weist, derart miteinander kombiniert werden, dass
die Rückflächen sowohl des X-Achse-Basisele-
ments als auch des Y-Achse-Basiselements in der
gleichen Ebene anzuordnen sind.

19. Verfahren zur Herstellung der Antennenspule nach
Anspruch 17 oder 18, ferner umfassend den Schritt
eines Wickelns eines Z-Achse-Wickeldrahts um den
Außenumfang des X-Achse-Beinbereiches (21),
des Y-Achse-Beinbereiches (22), des X-Achse-Ba-

siselements und des Y-Achse-Basiselements nach
dem Montageschritt des Spulenkernelements (2),
welches den in der X-Achse-Richtung vorstehenden
X-Achse-Beinbereich (21) aufweist, und des Spu-
lenkernelements (2), welches an dem Knotenpunkt
den in der Y-Achse-Richtung vorstehenden Y-Ach-
se-Beinbereich (22) aufweist.

20. Verfahren zur Herstellung der Antennenspule nach
einem der Ansprüche 17 bis 19, ferner umfassend
den Schritt eines Abdeckens des Außenumfangs
des Z-Achse-Wickeldrahts mit einer Harzform oder
einem Gehäuse.

Revendications

1. Bobine d’antenne (10) comprenant un organe for-
mant noyau (2) ayant une section de jambe d’axe X
(21) faisant saillie dans la direction d’axe X depuis
une intersection de l’organe formant noyau (2) et
ayant une section de jambe d’axe Y (22) faisant
saillie dans la direction d’axe Y depuis l’intersection,
et un fil de bobinage d’axe X (5a, 5b) bobiné autour
de la périphérie externe de la section de jambe d’axe
X (21), et un fil de bobinage d’axe Y (6a, 6b) bobiné
autour de la périphérie externe de la section de jam-
be d’axe Y (22),
dans laquelle l’organe formant noyau (2) est formé
en croix dans laquelle la section de jambe d’axe X
(21) et la section de jambe d’axe Y (22) sont ame-
nées à se croiser l’une l’autre au point milieu de la
section de jambe d’axe X (21) et de la section de
jambe d’axe Y (22),
dans laquelle la section de jambe d’axe X (21) forme
des sections de cadre de bobinage d’axe X (3) dis-
posées des deux côtés du point milieu de la section
de jambe d’axe X (21),
dans laquelle la section de jambe d’axe Y (22) forme
des sections de cadre de bobinage d’axe Y (4) dis-
posées des deux côtés du point milieu de la section
de jambe d’axe Y (22),
caractérisée en ce que
chacune des sections de cadre de bobinage d’axe
X (3) et des sections de cadre de bobinage d’axe Y
(4) comprend une section de bride intermédiaire (31,
41), de sorte que chacune des sections de cadre de
bobinage est divisée par la section de bride intermé-
diaire (31, 41) en une pluralité de sections de cadre
de bobinage.

2. Bobine d’antenne selon la revendication 1, dans la-
quelle
la bobine d’antenne (10) comprend en outre les sec-
tions de cadre de bobinage d’axe X (3) pour le fil de
bobinage d’axe X (5a, 5b), la section de cadre de
bobinage d’axe X (3) étant disposée au niveau de la
section de jambe d’axe X (21), les sections de cadre
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de bobinage d’axe Y (4) pour le fil de bobinage d’axe
Y (6a, 6b), la section de cadre de bobinage d’axe Y
(4) étant disposée au niveau de la section de jambe
d’axe Y (22),
une section de substrat (42) au niveau de l’extrémité
latérale externe de la section de jambe d’axe Y (22),
et
des sections de cadre externes (43) étant disposées
des deux côtés de direction d’axe X de la section de
substrat (42),
les sections de cadre externes ayant une section en
retrait (43a) pour bobiner un fil de bobinage d’axe Z,
dans laquelle
une surface de dessous latérale de la section en
retrait est formée en une surface d’effilement (43b)
qui est inclinée vers l’intérieur de façon à être orien-
tée vers une surface d’effilement adjacente (33b)
d’une portion d’arbre de bobinage d’axe X.

3. Bobine d’antenne (10) selon la revendication 1 ou
2, dans laquelle au moins l’une des sections de cadre
de bobinage d’axe X (3) pour le fil de bobinage d’axe
X (5a, 5b), la section de cadre de bobinage d’axe X
(3) étant disposée au niveau de la section de jambe
d’axe X (21), et des sections de cadre de bobinage
d’axe Y (4) pour le fil de bobinage d’axe Y (6a, 6b),
la section de cadre de bobinage d’axe Y (4) étant
disposée au niveau de la section de jambe d’axe Y
(22), comprend la section de bride intermédiaire (31,
41) pour séparer la section de cadre de bobinage en
au moins deux sections de cadre de bobinage pour
des formes de bobinage différentes.

4. Bobine d’antenne (10) selon la revendication 1, dans
laquelle l’organe formant noyau (2) est formé en T
dans lequel la section de jambe d’axe X (21) et la
section de jambe d’axe Y (22) sont amenées à se
croiser l’une l’autre au niveau de l’extrémité de l’une
de la section de jambe d’axe X (21) et de la section
de jambe d’axe Y (22).

5. Bobine d’antenne (10) selon l’une quelconque des
revendications 3 et 4, dans laquelle la section de
bride intermédiaire (31, 41) est formée en une sec-
tion de bride intermédiaire en forme de plaque (31,
41) constituée de l’organe formant noyau (2).

6. Bobine d’antenne (10) selon l’une quelconque des
revendications 3 à 5, dans laquelle une section de
bride externe constituée de l’organe formant noyau
(2) est disposée au niveau d’une extrémité externe
de la section de jambe d’axe X (21) et de la section
de jambe d’axe Y (22) de façon à être parallèle à la
section de bride intermédiaire (31, 41).

7. Bobine d’antenne (10) selon la revendication 5 ou
6, dans laquelle un fil de bobinage interne bobiné
autour d’une section de cadre de bobinage interne

(22a, 22a) disposée sur un côté interne de la section
de bride intermédiaire (31, 41) est bobiné avec un
plus petit nombre de spires, et un fil de bobinage
externe bobiné autour d’une section de cadre de bo-
binage externe (22b, 22b) disposée sur un côté ex-
terne de la section de bride intermédiaire (31, 41)
est bobiné avec un plus grand nombre de spires.

8. Bobine d’antenne (10) selon la revendication 5 ou
6, dans laquelle une largeur de la section de jambe
d’axe X (21) et de la section de jambe d’axe Y (22)
est rendue plus petite dans une section de bobinage
interne (22a, 22a) correspondant à une section de
cadre de bobinage interne disposée sur un côté in-
terne de la section de bride intermédiaire (31, 41),
et est rendue plus grande dans la section de bobi-
nage externe (22b, 22b) correspondant à une sec-
tion de cadre de bobinage externe disposée sur un
côté externe de la section de bride intermédiaire (31,
41).

9. Bobine d’antenne (10) selon l’une quelconque des
revendications 1 à 8, dans laquelle un fil de bobinage
d’axe Z est bobiné autour de la portion périphérique
de la bobine d’antenne (10) dans une direction pé-
riphérique.

10. Bobine d’antenne (10) selon l’une quelconque des
revendications 3 à 9, dans laquelle les sections de
cadre de bobinage séparées par la section de bride
intermédiaire (31, 41) sont configurées de sorte
qu’au moins le nombre de spires du bobinage ou
une aire en coupe de l’organe formant noyau (2) est
différent entre les sections de cadre de bobinage.

11. Bobine d’antenne (10) selon la revendication 1, dans
laquelle l’organe formant noyau (2) comprend au
moins deux portions, chacune étant en forme de tige
et l’intersection (22s) croisant celles-ci est déviée
vers le côté de surface avant de façon à être formée
en une forme de plaque pour relier les sections de
cadre de bobinage d’axe Y (4) disposées des deux
côtés du point milieu de la section de jambe d’axe Y
(22).

12. Bobine d’antenne (10) selon la revendication 11,
dans laquelle des sections de bride internes (22t,
22t) s’étendant dans la direction avant et arrière sont
disposées successivement des deux côtés de l’in-
tersection, et une section en retrait (22f) est formée
derrière l’intersection de sorte que les sections de
bride internes font saillie dans la direction arrière.

13. Bobine d’antenne (10) selon la revendication 12,
dans laquelle les sections de bobinage internes
(22a, 22a) servant de parties d’arbre de bobinage
sont disposées successivement sur un côté externe
de sections de bride internes.
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14. Bobine d’antenne (10) selon la revendication 13,
dans laquelle les sections de bobinage internes sont
formées pour avoir une largeur légèrement plus pe-
tite que la largeur de l’intersection.

15. Bobine d’antenne (10) selon la revendication 13,
dans laquelle sur le côté externe des sections de
bobinage internes, des sections de bobinage exter-
nes (22b, 22b), dont chacune a une largeur dans la
direction d’axe X plus grande et une épaisseur dans
la direction d’axe Z plus petite que la section de bo-
binage interne, sont disposées successivement de
sorte que des sections de décrochement sont for-
mées des deux côtés de chacune des sections de
bobinage externes.

16. Bobine d’antenne (10) selon la revendication 15,
dans laquelle sur les deux extrémités externes des
sections de bobinage externes, des brides externes
(22c, 22c) sont disposées successivement de façon
à avoir la même largeur dans la direction d’axe X et
une épaisseur dans la direction d’axe Z plus grande
que la section de bobinage externe, et dans la sur-
face d’extrémité externe de chacune des brides ex-
ternes, une section de noyau en retrait (22d) s’éten-
dant dans la direction d’axe X pour bobiner le fil de
bobinage d’axe Z est disposée.

17. Procédé de fabrication d’une bobine d’antenne (10)
comprenant un organe formant noyau (2) formant
une section de jambe d’axe X (21), avec des sections
de cadre de bobinage d’axe X (3), faisant saillie dans
la direction d’axe X depuis une intersection de l’or-
gane formant noyau (2) et une section de jambe
d’axe Y (22), avec des sections de cadre de bobina-
ge d’axe Y (4), faisant saillie dans la direction d’axe
Y depuis l’intersection, un fil de bobinage d’axe X
(5a, 5b) bobiné autour de la périphérie externe de la
section de jambe d’axe X (21), et un fil de bobinage
d’axe Y (6a, 6b) bobiné autour de la périphérie ex-
terne de la section de jambe d’axe Y (22), compre-
nant les étapes de :

bobinage des fils de bobinage d’axe X (5a, 5b)
et des fils de bobinage d’axe Y (6a, 6b) autour
de périphéries externes de la section de jambe
d’axe X (21) et de la section de jambe d’axe Y
(22) respectivement ; et
assemblage de l’organe formant noyau (2)
ayant la section de jambe d’axe X (21) protubé-
rante dans la direction d’axe X et de l’organe
formant noyau (2) ayant la section de jambe
d’axe Y (22) protubérante dans la direction d’axe
Y au niveau d’une intersection,
caractérisé en ce que
dans l’étape de bobinage de fils de bobinage
d’axe X (5a, 5b) et de fils de bobinage d’axe Y
(6a, 6b) autour de périphéries externes de la

section de jambe d’axe X (21) et de la section
de jambe d’axe Y (22) respectivement, après
qu’un organe de base d’axe X et un organe de
base d’axe Y ayant des sections de bride inter-
médiaires (31, 41) sont attachés aux deux ex-
trémités de la section de jambe d’axe X (21) et
de la section de jambe d’axe Y (22) depuis le
côté de surface arrière, les fils de bobinage
d’axe X (5a, 5b) et les fils de bobinage d’axe Y
(6a, 6b) sont bobinés.

18. Procédé de fabrication de la bobine d’antenne selon
la revendication 17,
dans lequel, dans l’étape d’assemblage de l’organe
formant noyau ayant la section de jambe d’axe X
faisant saillie dans la direction d’axe X et de l’organe
formant noyau ayant la section de jambe d’axe Y
faisant saillie dans la direction d’axe Y au niveau de
l’intersection, l’organe formant noyau ayant la sec-
tion de jambe d’axe X faisant saillie dans la direction
d’axe X et l’organe formant noyau ayant la section
de jambe d’axe Y faisant saillie dans la direction
d’axe Y sont combinés l’un à l’autre de sorte qu’à la
fois les surfaces arrière de l’organe de base d’axe X
et de l’organe de base d’axe Y doivent être situées
sur le même plan.

19. Procédé de fabrication de la bobine d’antenne selon
la revendication 17 ou 20, comprenant en outre l’éta-
pe de bobinage du fil de bobinage d’axe autour de
la périphérie externe de la section de jambe d’axe X
(21), de la section de jambe d’axe Y (22), de l’organe
de base d’axe X et de l’organe de base d’axe Y après
l’étape d’assemblage de l’organe formant noyau (2)
ayant la section de jambe d’axe X (21) faisant saillie
dans la direction d’axe X et de l’organe formant
noyau (2) ayant la section de jambe d’axe Y (22)
faisant saillie dans la direction d’axe Y au niveau de
l’intersection.

20. Procédé de fabrication de la bobine d’antenne selon
l’une quelconque des revendications 17 à 19, com-
prenant en outre l’étape de recouvrement de la pé-
riphérie externe du fil de bobinage d’axe Z par un
moule en résine ou un boîtier.
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