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(57) ABSTRACT 

A spiral coil conductor defining its winding central section as 
a conductor opening section is formed on a flexible Substrate. 
The flexible substrate has a U shaped bend along a line pass 
ing through the conductor opening section so as to envelop a 
magnetic material core. The magnetic material core is 
arranged in a state where its end face faces the bend of the 
flexible Substrate, and the magnetic material core includes cut 
shapes provided at a portion of the end face. The portion at the 
end face faces coil conductor sections at the bend of the 
flexible substrate, and the cut shapes separate the portion 
apart from the coil conductor sections. 
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MAGNETIC MATERAL ANTENNA AND 
ANTENNA DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of Interna 
tional Application No. PCT/JP2008/068452 filed on Oct. 10, 
2008, which claims priority to Japanese Patent Application 
No. 2007-326604 filed on Dec. 18, 2007, the entire contents 
of each of these applications being incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a magnetic material 
antenna and an antenna device for use in a radio frequency 
identification (RFID) system that communicates with an 
external apparatus through an electromagnetic signal or other 
systems. 

BACKGROUND 

0003. In RFID systems widely employed in recent years, 
both a mobile electronic apparatus and a reader/writer in a 
mobile phone, or other equipment, incorporate an antenna for 
information communication in which data is exchanged 
between them. In particular, it is strongly desired that an 
antenna incorporated in a mobile electronic apparatus achieve 
high performance, be inexpensive, and be small. Japanese 
Patent No. 3772778 (Patent Document 1) discloses a mag 
netic material antenna including a magnetic material core as 
one example that attempts to meet these requirements. 
0004 FIG. 1 is a perspective view of a magnetic material 
antenna illustrated in Patent Document 1. This antenna 10 
includes a core member (magnetic material core) 12 and a 
single electrical insulating film (flexible substrate) 14 having 
a first principal Surface on which a spiral section 13a is 
formed by a continuous first conductor (coil conductor) 13. A 
second conductor 15 is formed on a second principal Surface 
of the electrical insulating film 14, and an end of this second 
conductor 15 and an end of the first conductors 13 are con 
nected to an IC chip 16. 
0005. However, with the configuration illustrated in FIG. 
1, the coil conductor formed atabend of the flexible substrate 
14 is adjacent to the end face of the magnetic material core 12, 
so the effect of magnetic flux closed in the vicinity of the coil 
conductor tends to cause an excess of self-inductance. 
Because of this, when an antenna is realized under the con 
straint of a constant self-inductance value, the problem arises 
of a reduced number of turns of the coil and a decreased 
sensitivity of the antenna. Additionally, because blocking part 
of a magnetic-flux transmitting Surface of the magnetic mate 
rial with part of the coil conductor reduces the size of an 
opening of the antenna, the problem arises of a reduction in 
the distance in which communications are possible. 

SUMMARY 

0006. In an exemplary embodiment consistent with the 
claimed invention, a magnetic material antenna includes a 
flexible substrate on which a coil conductor is formed and a 
magnetic material core. 
0007. The coil conductor formed on the flexible substrate 
has a spiral shape that winds about a conductor opening 
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section, and the flexible Substrate includes a bend along a line 
passing through the conductor opening section of the coil 
conductor. 

0008. The magnetic material core of the magnetic material 
antenna is arranged in a state where an end face of the mag 
netic material core faces the bend in the flexible substrate, the 
magnetic material core includes a cut shape provided at a 
portion of the end face of the magnetic material core, and the 
portion of the end face faces the coil conductor passing 
through the bend of the flexible substrate. The cut shape 
separates the portion of the end face apart from the coil 
conductor. 

0009. With this configuration, the coil conductor formed 
at the bend of the flexible substrate is spaced apart from the 
end face of the magnetic material core by the cut shape (i.e., 
the cutout portion of the end face of the magnetic material 
core). Thus, the antenna is less Susceptible to magnetic flux 
closed in the vicinity of the coil conductor, and self-induc 
tance is not excessive. Therefore, the coil conductor having a 
necessary number of turns can be formed, and the antenna 
sensitivity can be increased. Additionally, because part of the 
coil conductor does not block part of a magnetic-flux trans 
mitting Surface of the magnetic material, the size of the open 
ing of the antenna can be virtually large, the radiation effi 
ciency of magnetic flux can be enhanced, and the distance in 
which communications are possible can be extended. 
0010. In another embodiment consistent with the claimed 
invention, a magnetic material antenna includes a flexible 
substrate on which a coil conductor is formed and a magnetic 
material core. 

0011. The coil conductor formed on the flexible substrate 
has a spiral shape that winds about a conductor opening 
section, and the flexible Substrate includes a bend along a line 
passing through the conductor opening section of the coil 
conductor. 

0012. The magnetic material core is arranged in a state 
where part of the magnetic material core passes through a 
hole formed in the bend of the flexible substrate, the magnetic 
material core includes a cut shape provided at a portion of the 
magnetic material core facing a portion the coil conductor 
passing through the bend of the flexible substrate. The cut 
shape separates the portion of the magnetic material core 
apart from the portion of coil conductor. 
0013 With this configuration, the coil conductor is spaced 
apart from the magnetic material core by the cut in the portion 
where the magnetic material core passes through the hole 
formed in the bend of the flexible substrate. Thus, the antenna 
is less susceptible to magnetic flux closed in the vicinity of the 
coil conductor, and self-inductance is not excessive. There 
fore, the coil conductor having a necessary number of turns 
can be formed, and the antenna sensitivity can be increased. 
Additionally, because part of the coil conductor does not 
block part of a magnetic-flux transmitting Surface of the mag 
netic material, the size of the opening of the antenna can be 
virtually large, the radiation efficiency of magnetic flux can 
be enhanced, and the distance in which communications are 
possible can be extended. 
0014. According to a more specific exemplary embodi 
ment, the cut shape may taper down toward the conductor 
opening section of the coil conductor. 
0015 With this configuration, magnetic flux concentrates 
on the tapered section and the opening section of the coil 
conductor, and the passage of the magnetic flux is facilitated. 
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That is, the efficiency of collecting flux can be enhanced, and 
the antenna sensitivity can be further increased. 
0016. According to yet another more specific exemplary 
embodiment, the cut shape may be formed so as to extend 
along Substantially the length of a coil conductor section 
extending in a direction perpendicular to the bend of the 
flexible substrate. 
0017. In another more specific exemplary embodiment, 
the magnetic material antenna may further include a low 
permeability member disposed at part or all of the cut shape, 
the low permeability member having a permeability lower 
than that of the magnetic material core. 
0018 With this configuration, when the flexible substrate 

is bent into a U shape, variations in the gap between the 
portions of the coil conductor facing each other can be made 
Small and variations in the inductance value and capacitance 
between the portions of the coil conductor can be made small. 
Thus, stable characteristics are obtainable. 
0019. In another more specific exemplary embodiment, 
the low permeability member may be made of resin or a 
mixture of resin and magnetic material powder, and the low 
permeability member and the magnetic material core are 
integrally molded. 
0020. With this, the number of man-hours needed to 
assemble the magnetic material core and the flexible substrate 
can be reduced, and the cost of manufacturing can be reduced. 
0021. According to yet another more specific exemplary 
embodiment, the magnetic material may further include a 
dielectric member arranged at a location where portions of 
the coil conductor are made to face each other by the bend of 
the flexible substrate. 
0022. With this, the capacitance occurring between the 
portions of the coil conductor in a surface direction of the 
flexible substrate or the capacitance between the portions of 
the coil conductor facing each other within a surface of the 
flexible substrate can be set by the dielectric member, and 
each of the impedance and resonant frequency of the antenna 
can be set at a predetermined value. 
0023. In another more specific exemplary embodiment, 
the bend in flexible substrate may have a Z shape when 
viewed from a side of the flexible substrate. 
0024. With this, when the magnetic material core can 
become thinner, conductors above and below a non-magnetic 
material portion do not face each other, so there are no varia 
tions in characteristics caused by variations in the gap 
between facing portions. 
0025. According to another more specific embodiment, 
the coil conductor may include two divided coil conductor 
segments formed at two locations of the single flexible sub 
strate, and the two coil conductor segments may be connected 
to each other in a direction in which currents produced by 
magnetic flux passing through opening sections of the two 
coil conductor segments by the magnetic material core with a 
shortest distance are in phase. 
0026. With this configuration, electromagnetic induction 
of the two coil conductor segments is added, and the effective 
number of turns of the coil can be increased without having to 
reduce the size of the opening section of each of the coil 
conductor segments. Thus, the antenna sensitivity can be 
improved. 
0027. According to another more specific exemplary 
embodiment, the coil conductor may include two divided coil 
conductor segments formed at two locations of the single 
flexible Substrate, and the two coil conductor segments may 
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be connected to each other in a direction in which currents 
produced by magnetic flux passing through opening sections 
of the two coil conductor segments by the magnetic material 
core inwardly and/or outwardly are in phase. 
0028. With this configuration, in the state where the 
antenna is mounted on an electrical apparatus, electromag 
netic induction of the two coil conductor segments is added 
while magnetic flux passes inwardly and/or outwardly in the 
antenna, and the effective number of turns of the coil of the 
whole of the antenna can be increased without having to 
reduce the size of the opening of each of the coil conductor 
segments. Thus, the antenna sensitivity can be improved. 
0029. According to yet another more specific embodi 
ment, an antenna device includes a magnetic material antenna 
according to any one of the above exemplary configurations, 
and a plate (for example, a board or a liquid crystal display 
(LCD) shield plate) can be provided adjacent to the magnetic 
material antenna and include a conductor spreading in a Sur 
face direction. 
0030. With this, the density of magnetic flux passing 
through the magnetic material core section and the opening 
section of the coil conductor is increased, and the antenna 
device having a high sensitivity can be configured. 
0031. Other features, elements, characteristics and advan 
tages of embodiments consistent with the claimed inventions 
will become more apparent from the following detailed 
description with reference to the attached drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0032 FIG. 1 is a perspective view of a magnetic material 
antenna illustrated in Patent Document 1. 
0033 FIGS. 2A to 2C are illustrations of a configuration of 
a magnetic material antenna according to a first exemplary 
embodiment. 
0034 FIGS. 3A to 3D are conceptual diagrams that illus 
trate a distribution of magnetic flux of the magnetic material 
antenna according to the first exemplary embodiment and that 
of a magnetic material antenna according to a comparative 
example. 
0035 FIGS. 4A and 4B are respectively aperspective view 
and a three-view drawing of a magnetic material antenna 
according to a second exemplary embodiment. 
0036 FIGS.5A and 5B are respectively aperspective view 
ofa magnetic material antenna according to a third exemplary 
embodiment and a developed plan view of a flexible substrate 
for use therein. 

0037 FIGS. 6A to 6D are perspective views of four mag 
netic material antennas according to a fourth exemplary 
embodiment. 
0038 FIGS. 7A and 7B respectively show a conceptual 
diagram that illustrates a distribution of one of the magnetic 
material antennas according to the fourth exemplary embodi 
ment and that of a magnetic material antenna according to a 
comparative example. 
0039 FIGS. 8A to 8D are perspective views of four mag 
netic material antennas according to a fifth exemplary 
embodiment. 

0040 FIGS. 9A and 9B are perspective views of two mag 
netic material antennas according to a sixth exemplary 
embodiment. 

0041 FIG. 10 is a perspective view of a magnetic material 
antenna according to a seventh exemplary embodiment. 
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0042 FIGS. 11A and 11B are illustrations of a configura 
tion of a magnetic material antenna according to an eighth 
exemplary embodiment. 
0043 FIG. 12A is a partial perspective view of a magnetic 
material antenna according to a ninth exemplary embodi 
ment, and FIGS. 12B and 12C are developed plan views of a 
flexible substrate for use therein. 
0044 FIGS. 13A and 13B are perspective views of the 
magnetic material antenna. 
0045 FIGS. 14A to 14D are illustrations of a configura 
tion of a magnetic material antenna according to a tenth 
exemplary embodiment. 
0046 FIG. 15 is an illustration of another configuration of 
the magnetic material antenna. 
0047 FIGS. 16A and 16B are perspective views of two 
magnetic material antennas according to an eleventh exem 
plary embodiment. 
0048 FIGS. 17A and 17B are perspective views of a con 
figuration of a magnetic material antenna according to a 
twelfth exemplary embodiment. 
0049 FIGS. 18A and 18B are perspective views of a con 
figuration of a magnetic material antenna according to a thir 
teenth exemplary embodiment. 

DETAILED DESCRIPTION 

0050 FIGS. 2A to 2C are illustrations of a configuration of 
a magnetic material antenna 101 according to a first exem 
plary embodiment. FIG. 2A is a perspective view of the 
magnetic material antenna 101, FIG. 2B is a side view 
thereof, and FIG. 2C is a developed plan view of a flexible 
Substrate for use in the magnetic material antenna 101. 
0051. As illustrated in FIGS. 2A and 2B, the magnetic 
material antenna101 includes a flexible substrate 23 on which 
a coil conductor 24 is formed and a magnetic material core 22. 
The spiral coil conductor (electrode) 24 is formed on the 
flexible substrate 23. The winding central section of the coil 
conductor 24 is formed as a conductor opening section CW. 
That is, the spiral coil conductor 24 is formed so as to Sur 
round the conductor opening section CW. 
0.052. In FIG. 2C, the chain double-dashed lines indicate a 
location to be bent in the flexible substrate 23. As illustrated 
in FIGS. 2A and 2B, with respect to the magnetic material 
core 22, the flexible substrate 23 is bent along the chain 
double-dashed lines, and the flexible substrate 23 is arranged 
So as to envelop three surfaces of the magnetic material core 
22. 
0053. The magnetic material core 22 includes cut shapes 
22a and 22b disposed at portions of the magnetic material 
core 22 facing coil conductor sections CC at the bend of the 
flexible substrate 23. Therefore, the coil conductor sections 
CC at the bend of the flexible substrate 23 are separated apart 
from the portions of the magnetic material core 22 facing 
them. Therefore, the density of magnetic flux closed in the 
vicinity of the coil conductoris Small, and the self-inductance 
is not excessive. Therefore, the coil conductor 24 having a 
necessary number of turns can be formed, and the antenna 
sensitivity can be increased. Additionally, because part of the 
coil conductor 24 does not block part of a magnetic-flux 
transmitting Surface of the magnetic material core 22, the size 
of the opening of the antenna is virtually large, the radiation 
efficiency of magnetic flux is enhanced, and the distance in 
which communications are possible is extended. 
0054. It is to be noted that the cut shapes, or cutout por 
tions 22a and 22b may beformed at part of the portions facing 
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the coil conductor sections CC at the bend of the flexible 
substrate 23, as illustrated in FIG. 2A, without being formed 
along the whole of the coil conductor sections CC at the bend. 
Even in this case, although operational advantages are Small, 
the advantage of virtually increasing the size of the opening of 
the antenna is offered. 

0055. The coil conductor 24 illustrated in this FIG. 2C has 
coil conductor connections 24a and 24b formed at the oppo 
site ends thereof. The magnetic material antenna 101 is 
mounted Such that these coil conductor connections 24a and 
24b are electrically connected to electrodes on a target circuit 
board. The conductor (ground pattern) formed on the above 
circuit board and the magnetic material antenna 101 can 
comprise an antenna device. With this configuration, the mag 
netic material antenna is present at a position where the den 
sity of magnetic flux passing along the conductor on the 
circuit board is high, so antenna gain higher than that in the 
case of a single magnetic material antenna is obtainable. 
0056. Instead of the use of a circuit board, for example, a 
shield plate arranged at the back side of a liquid crystal 
display panel and a magnetic material antenna arranged on 
the shield plate can comprise an antenna device. 
0057. In FIGS. 3A to 3D,3A is a top view of the magnetic 
material antenna 101 illustrated in FIG. 2A to 2C, 3B is a right 
side view thereof; 3C is a top view of a magnetic material 
antenna in the case where the cut shapes 22a and 22b of the 
magnetic material core 22 are not formed, and 3D is a right 
side view thereof. In FIGS. 3A to 3D, the broken lines indi 
cate magnetic lines of force. 
0058. In such a manner, for the magnetic material antenna 
configured such that the coil is bent so as to envelop the 
magnetic material core, during actual use, magnetic flux goes 
in and out of the conductor opening section Substantially 
perpendicularly thereto and also goes in and out of an elec 
trode in the portion indicated by CA in the drawing substan 
tially perpendicularly thereto. The quantity of linkage with 
magnetic flux of a counterpart antenna coil on the other side 
that communicates with the above antenna (the counterpart 
antenna coil is at a reader/writer side when the above antenna 
is at a card side; it is at a card side when the above antenna is 
at a reader/writer side) is relatively small, and contribution by 
the coil conductor on a Surface Substantially perpendicular to 
the conductor opening section (the coil conductor indicated 
by CA in the drawing) to the function of producing an elec 
tromotive voltage is relatively small. 
0059. As illustrated in FIGS. 3C and 3D, if the cut shapes 
22a and 22b do not exist, a magnetic circuittends to be closed 
in the vicinity of the coil conductor sections CC at the bend of 
the flexible substrate 23 and in the portion indicated by CA, 
and as a result, self-inductance tends to be excessive. In 
addition, because the coil conductor sections CC at the bend 
are adjacent to the end face of the magnetic material core 22, 
the effective opening of the antenna is narrowed. 
0060. In contrast to this, for the magnetic material antenna 
according to the first exemplary embodiment, as illustrated in 
FIGS. 3A and 3B, the presence of the cut shapes 22a and 22b 
increases the proportion of magnetic flux perpendicularly 
passing through the conductor opening section CW to mag 
netic flux passing through the magnetic material core 22. 
Therefore, magnetic flux forming a closed magnetic circuit in 
the vicinity of the coil conductor sections CC at the bend of 
the flexible substrate 23 and in the portion indicated by CA is 
relatively reduced, so self-inductance is not excessive. There 
fore, a necessary number of turns can be ensured, and antenna 
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sensitivity can be increased. In addition, the density of mag 
netic flux passing through the conductor opening section CW 
in a horizontal direction in the drawing is increased corre 
spondingly. In addition, because part of the coil conductor 
does not block part of the magnetic-flux transmitting Surface 
of the magnetic material, the opening of the antenna is virtu 
ally increased, the radiation efficiency of magnetic flux is 
enhanced, and the distance in which communications are 
possible is extended. 
0061. In the first exemplary embodiment, as illustrated in 
FIG. 2C, the pitch of the coil conductor in the bend is smaller 
than the pitch of the coil conductor in Surfaces perpendicular 
to the surface of the bend (upper and lower surfaces). Owing 
to this, the area of the magnetic-flux transmitting Surface 
blocked by the coil conductoris Small. Thus, antennagain can 
be improved. 
0062. It is to be noted that, although in to the example 
illustrated in FIG. 2 the flexible substrate is bent 90 degrees at 
two locations so as to envelop three surfaces of the magnetic 
material core, it is not necessarily required that the flexible 
substrate be bend 90 degrees, and the flexible substrate may 
be curved so as to be wrapped around the magnetic material 
core. The same applies to the exemplary embodiments shown 
below. 

0063 FIGS. 4A and 4B are illustrations of a configuration 
of a magnetic material antenna 102 according to a second 
exemplary embodiment. FIG. 4A is a perspective view 
thereof, and FIG. 4B is a three-view drawing thereof. As 
illustrated in FIG. 4A, magnetic material antenna 102 is 
arranged in the state where an end face of the magnetic 
material core 22 faces the bend of the flexible substrate 23, 
and the magnetic material core 22 includes cut shapes 22c and 
22d tapering down toward the conductor opening section CW 
at portions of the end face of the magnetic material core 22, 
the portions facing the coil conductor sections CC at the bend 
of the flexible Substrate 23. 

0064. In Such a manner, the cut shapes tapering down 
toward the conductor opening section CW causes magnetic 
flux to concentrate on the tapered portion and concentrate on 
the opening section of the coil conductor, and this facilitates 
the passage of the magnetic flux. That is, the efficiency of 
collecting flux is enhanced, and the antenna sensitivity is 
increased. 

0065 FIGS.5A and 5B are illustrations of a configuration 
ofa magnetic material antenna 103 according to a third exem 
plary embodiment. FIG. 5A is a perspective view of magnetic 
material antenna 103, and FIG.5B is a developed plan view of 
the flexible substrate 23 for use in the magnetic material 
antenna 103. 

0066. This magnetic material antenna 103 includes the 
flexible substrate 23 on which the coil conductor 24 is formed 
and the magnetic material core 22. The spiral coil conductor 
24, which defines its winding central section as the conductor 
opening section CW, is formed on the flexible substrate 23, 
and a hole 23W is formed in the center of the conductor 
opening section CW. 
0067. The magnetic material core 22 is arranged in the 
state where a projection 22e thereof passes through the hole 
23W formed in the bend of the flexible Substrate 23. In addi 
tion, the cut shapes 22a and 22b are formed to separate, or set 
portions of the magnetic material core 22 facing the coil 
conductor sections CC at the bend of the flexible substrate 23 
apart from the coil conductor sections CC. 
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0068 For this magnetic material antenna 103, the hole 
23W is disposed, or provided at a portion the flexible sub 
strate 23 that avoids overlapping with the coil conductor 
sections CC at the bend of the flexible substrate 23, and the 
projection 22e of the magnetic material core projects there 
from. Thus, the coil conductor sections CC at the bend do not 
narrow the opening of the antenna, and the projecting of the 
projection 22e of the magnetic material core increases the 
advantage of collecting flux. 
0069 FIGS. 6A to 6D are perspective views of four 
respective magnetic material antennas 111 to 114 having 
different shapes according to a fourth exemplary embodi 
ment. For the magnetic material antenna 111 illustrated in 
FIG. 6A, the projection 22e of the magnetic material core 22 
projects from the hole 23W formed in the flexible substrate 
23, and the tapered cut shapes 22c and 22d are formed at 
portions facing the coil conductor sections CC at the bend of 
the flexible Substrate 23. 

0070 The magnetic material antenna 112 illustrated in 
FIG. 6B is one in which a magnetic material core collar 22f is 
formed on the projection in the state illustrated in FIG. 6A. At 
least a portion of this magnetic material core collar 22fthat 
faces the coil conductor sections at the bend of the flexible 
substrate 23 (i.e., the coil conductor sections CC as illustrated 
in FIG. 6A) is separated, or spaced apart from those coil 
conductor sections. Owing to this, a problem caused by an 
increase in self-inductance is solved and the advantage of 
collecting flux is enhanced. 
(0071. For the magnetic material antenna 113 illustrated in 
FIG. 6C, a magnetic material core collar 22g also includes 
tapered cut shapes. 22h and 22i at portions facing the coil 
conductor sections at the bend of the flexible substrate 23 
(i.e., the coil conductor sections CC as illustrated in FIG. 6A). 
0072. In such a manner, the magnetic material core collar 
22g also has a tapered shape down toward the conductor 
opening section, thereby avoiding a problem of an increase in 
self-inductance and Suppressing magnetic resistance by 
reducing the distance of a portion of the magnetic material 
core 22 that causes a bottleneck. This further increases the 
advantage of collecting flux. 
0073. A magnetic material antenna 114 illustrated in FIG. 
6D is an example in which, in forming a hole (hole 23W 
illustrated in FIG. 6A) in the flexible substrate 23, the hole is 
produced by making a slit in only three sides of the hole and 
folding the remaining side back without completely hollow 
ing the flexible substrate out. A folded section 23a in forming 
the hole in the flexible substrate 23 may be folded inward, or 
may also be folded outward. 
0074. It is to be noted that the magnetic material core 
collars 22f and 22g illustrated in FIGS. 6B to 6D can be 
shaped independently from the main body section of the 
magnetic material core 22 and can be bonded to the main 
body section of the magnetic material core 22 in assembling 
together with the flexible substrate 23, or alternatively, the 
magnetic material core collars 22f and 22g can be shaped 
integrally with the main body section of the magnetic material 
core 22 in advance, the magnetic material core collars 22fand 
22g can be made to pass through the hole 23W of the flexible 
substrate 23, and after that, the flexible substrate 23 can be 
bent. 

0075. Here, using the magnetic material antenna 112 illus 
trated in FIG. 6B and, as its comparative example, a magnetic 
material antenna including the magnetic material core 22 not 
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having the cut shapes 22c and 22d, operational advantages of 
the cut shapes 22c and 22d are described based on FIGS. 7A 
and 7B. 
0076 FIG. 7A is a top view of the magnetic material 
antenna 112 illustrated in FIG. 6B, and FIG. 7B is a top view 
of a magnetic material antenna including the magnetic mate 
rial core 22 not having the cut shapes 22c and 22d. 
0077. In FIGS. 7A and 7B, the broken lines indicate lines 
of magnetic force. In the drawing, the contribution by the coil 
conductor in the portion indicated by CA of the coil conductor 
24 is relatively small to an operation of producing electromo 
tive Voltage with respect to a magnetic field passing Substan 
tially straight from left to right. As illustrated in FIG.7B, if the 
cut shapes 22c and 22d are absent, a magnetic circuittends to 
be closed in the vicinity of the coil conductor section at the 
bend of the flexible substrate 23, and as a result, self-induc 
tance tends to be excessive. 
0078. In contrast to this, for the magnetic material antenna 
112 illustrated in FIG. 7A, self-inductance is not excessive 
because the presence of the cut shapes 22c and 22d reduces a 
tendency of a closed magnetic circuit occurring in the vicinity 
of the coil conductor section at the bend of the flexible sub 
strate 23. Therefore, the coil conductor having a necessary 
number of turns can be formed, and the antenna sensitivity 
can be increased. Additionally, the density of magnetic flux 
passing through the conductor opening section in a horizontal 
direction in the drawing is increased correspondingly. 
0079 FIGS. 8A to 8D are perspective views of four 
respective magnetic material antennas 121 to 124 having 
different shapes according to a fifth exemplary embodiment. 
0080. The magnetic material antenna 121 illustrated in 
FIG. 8A is one in which the cut shapes 22a and 22b of the 
magnetic material core 22 are formed so as to extend along 
Substantially the length extending perpendicularly to the bend 
of the flexible substrate 23. Additionally, in this example, the 
magnetic material core collar 22g is disposed, or provided at 
a portion of the magnetic material core 22 that projects from 
the flexible Substrate 23. 
0081 For the magnetic material antenna 122 illustrated in 
FIG. 8B, the cut shapes 22a and 22b of the magnetic material 
core 22 are formed so as to extend along Substantially the 
length extending perpendicularly to the bend of the flexible 
substrate 23, and the basal portions from the cut shapes (rear 
portions in the drawing) are tapered to the magnetic material 
core collar 22i and have a larger width. 
0082. The magnetic material antenna 123 illustrated in 
FIG. 8C is equal to one in which the magnetic material core 
collar 22g is disposed on the projection of the magnetic mate 
rial core 22 in the state illustrated in FIG. 8B. 
0083. The magnetic material antenna 124 illustrated in 
FIG. 8D is similar to the magnetic material antenna 121 
shown in FIG. 8A, but the antenna 124 is provided with a 
magnetic material core collar 22f that does not have a taper 
like the magnetic material core collar 22g. 
0084 Even with this shape, the cut shapes 22k and 22m are 
provided at a portion where the coil conductor section at the 
bend of the flexible substrate 23 and the magnetic material 
face each other. Thus, the above-described problem caused by 
an increase in self-inductance can be avoided. 
I0085 FIGS.9A and 9B are perspective views of respective 
magnetic material antennas 131 and 132 having different 
configurations according to a sixth exemplary embodiment. 
I0086. The magnetic material antenna 131 illustrated in 
FIG. 9A is one in which a low permeability member 25 is 
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arranged in a portion of each of the cut shapes 22a and 22b of 
the magnetic material core in the state illustrated in FIG.8A. 
I0087. The magnetic material antenna 132 illustrated in 
FIG.9B is one in which the low permeability member 25 is 
arranged at a location that contains the cut shapes 22a and 22b 
of the magnetic material core in the state illustrated in FIG. 
8B. 

I0088. In either configuration, because of the presence of 
the low permeability member 25, bending of the flexible 
substrate 23 into a U shape regulates the gap between the 
portions facing each other, so inductance and capacitance 
occurring in the coil conductor 24 can be stabilized. 
I0089. It is to be noted that the low permeability member 25 
illustrated in FIGS. 9A and 9B may be made of resin or a 
mixture of resin and magnetic powder. The low permeability 
member 25 can be configured independently from the mag 
netic material core 22. Alternatively, it can also be molded 
integrally with the magnetic material core 22. This can reduce 
the number of man-hours needed to assemble both the mag 
netic material core and the flexible substrate and reduce the 
cost of manufacturing. 
0090 FIG. 10 is a perspective view of a magnetic material 
antenna 141 according to a seventh exemplary embodiment. 
The magnetic material antenna 141 is one in which, in the 
structure illustrated in FIG. 9B, a dielectric member 26 is 
arranged at a location where portions of the coil conductor 24 
are made to face each other by the bending of flexible sub 
strate 23. With such a structure, the capacitance occurring 
between the portions of the coil conductors in a surface direc 
tion of the flexible substrate or between the portions of the 
coil conductors facing each other within a Surface of the 
flexible substrate is set by the dielectric member 26, and the 
impedance and resonant frequency of the antenna can be set at 
a predetermined value. 
0091 FIGS. 11A and 11B are illustrations of a configura 
tion of a magnetic material antenna 151 according to an 
eighth exemplary embodiment. FIG. 11A is a cross-sectional 
view that illustrates a state where the magnetic material 
antenna 151 opposes a board 31 of an electronic apparatus. 
FIG. 11B is a developed plan view of a flexible substrate for 
use in the magnetic material antenna 151. 
0092. The flexible substrate 23 illustrated in each of the 

first to seventh exemplary embodiments includes a single 
spiral coil conductor 24. In contrast, for this eighth exemplary 
embodiment, as illustrated in FIG. 11B, the flexible substrate 
23 includes spiral coil conductors 24-1 and 24-2 having holes 
23W-1 and 23W-2, respectively, in their respective conductor 
opening sections. The two coil conductors 24-1 and 24-2 are 
connected to each other in a direction in which currents pro 
duced by magnetic flux passing through opening sections 
CW-1 and CW-2 of the two coil conductors 24-1 and 24-2 by 
the magnetic material core 22 with the shortest distance are in 
phase, and first ends of the coil conductors are formed as coil 
conductor connections 24-1a and 24-2a. 

0093. In such a manner, as illustrated in FIG. 11A, the 
single flexible substrate 23 is bent at portions indicated by the 
chain double-dashed lines in the drawing such that both ends 
of the magnetic material core 22 pass through the holes 
23W-1 and 23W-2 of the flexible substrate 23. In this way, the 
magnetic material antenna 151 can be configured. 
0094. In mounting the magnetic material antenna 151 on 
the board 31, the coil conductor connections 24-1a and 24-2a 
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are formed on the mounting surface of the flexible substrate 
23 opposing the board 31, and they are connected to conduc 
tors of the board 31. 
0095. This magnetic material antenna 151 is employed 
Such that magnetic flux passes through from one end to the 
other end (for example, from right end to left end in the 
drawing). Accordingly, an antenna device using an additional 
magnetic material antenna 151 mounted on the board 31 and 
employed Such that magnetic flux passes from the center of 
the board 31 in a horizontal direction may be configured. 
0096 FIGS. 12A to 12C and FIGS. 13A and 13B are 
illustrations of configurations of a magnetic material antenna 
161 according to a ninth exemplary embodiment. 
0097. This magnetic material antenna according to the 
ninth exemplary embodiment uses the single flexible sub 
strate 23 and two magnetic material cores 22-1 and 22-2, as 
illustrated in FIGS. 13A and 13B. 
0098 FIG. 12A is a partial perspective view that illustrates 
a relationship between a first end of the flexible substrate 23 
and the magnetic material core 22-1. FIGS. 12B and 12C 
illustrate two examples of coil conductors having different 
patterns formed on the flexible substrate 23. 
0099. In the example of FIG.12B, the coil conductors 24-1 
and 24-3 are formed on the flexible substrate 23, the flexible 
substrate 23 is bent at the chain double-dashed lines, and the 
magnetic material cores 22-1 and 22-2 are inserted into the 
holes 23W-1 and 23W-2, respectively. In this state, these coil 
conductors 24-1 and 24-3 are connected to each other in a 
direction in which currents produced by magnetic flux pass 
ing through the two coil conductors 24-1 and 24-3 inwardly 
and/or outwardly by the above two magnetic material cores 
22-1 and 22-2 are in phase. First ends of the coil conductors 
are formed as coil conductor connections 24-1a and 24-3a. 
0100 Also in the example illustrated in FIG. 12C, the two 
coil conductors 24-1 and 24-4 are connected to each other in 
a direction in which currents produced by magnetic flux pass 
ing through the two coil conductors 24-1 and 24-4 inwardly 
and/or outwardly by the two magnetic material cores 22-1 and 
22-2 are in phase. First ends of the coil conductors are formed 
as coil conductor connections 24-1a and 24-4a. 

0101 FIGS. 14A to 14D and FIG. 15 are illustrations of 
configurations of a magnetic material antenna according to a 
tenth exemplary embodiment. FIG. 14A is a side view of the 
magnetic material antenna in a process of being configured. 
This is the same as the configuration of a magnetic material 
antenna 161 illustrated in FIG. 13B. That is, it includes the 
single flexible substrate 23 and the two magnetic material 
cores 22-1 and 22-2. FIG. 14B illustrates a magnetic material 
antenna 162 in which a tip of each of the magnetic material 
cores 22-1 and 22-2 in the state illustrated in FIG. 14A is 
curved round. This is mounted by being attached along a 
casing 32 of an electronic apparatus. That state is illustrated in 
FIG. 14C. 

0102 FIG. 14D illustrates an example in which the mag 
netic material antenna 162 illustrated in FIG. 14B is mounted 
between the board 31 and a casing 32b so as to be along the 
side of the casing of the electronic apparatus. The board 31 
includes a conductor spreading in its surface direction. This 
board 31 and the magnetic material antenna 162 constitute an 
antenna device 201. 
0103 FIG. 15 illustrates a configuration example for 
maintaining the shape of the curved sections of the magnetic 
material cores 22-1 and 22-2 of a magnetic material antenna 
163 having the shape illustrated in FIG. 14B. Here, the tip of 

Dec. 9, 2010 

each of the magnetic material cores 22-1 and 22-2 is main 
tained in a curved shape by a shape maintaining element 33, 
Such as resin or adhesive. 
0104. It is to be noted that the magnetic material core may 
be a composite element in which thermoplastic resin and 
magnetic powder are mixed. The shape maintaining element 
33 may be disposed at an inner portion of the curved surface 
of each of the magnetic material cores 22-1 and 22-2. 
0105. In such a manner, the bending of the end of the 
magnetic material core facilitates the passage of magnetic 
flux in a direction perpendicular to the surface of the conduc 
tor opening section, extends the distance in which communi 
cations are possible, and reduces a region where communi 
cations are impossible. 
0106 FIGS. 16A and 16B are perspective views of respec 
tive magnetic material antennas 171 and 172 according to an 
eleventh exemplary embodiment. In the exemplary embodi 
ments described above, the flexible substrate 23 is bent into a 
U shape so as to envelop the magnetic material core. In this 
eleventh exemplary embodiment, the flexible substrate 23 is 
bent into a Z shape when viewed from its side. 
0107 For the magnetic material antenna 171 illustrated in 
FIG. 16A, the spiral coil conductor 24 defining its winding 
central section as a conductor opening section is formed on 
the flexible substrate 23, a hole is formed in its bend, and the 
magnetic material core 22 passes through the hole. The cut 
shapes 22c, 22d. 22h, and 22i are formed at portions of the 
magnetic material core 22 that face the coil conductor 24 at 
the bend of the flexible substrate 23. The cut shapes 22c. 22d, 
22h, and 22i separate the facing portions of the magnetic 
material core apart from the coil conductor 24 at the bend 
portion. 
0108. With such a structure, magnetic flux passing from 
the front end to the back end of the magnetic material core 22 
in the drawing induces a Voltage in the coil conductor 24. 
0109. It is to be noted that the coil conductor connection is 
formed on the bottom surface of the flexible substrate 23 so as 
to be electrically connected to an electrode on a mounting 
board. 
0110. For a magnetic material antenna 172 illustrated in 
FIG. 16B, a projection 22e of the magnetic material core 22 
projects through the hole in the bend portion of the flexible 
substrate 23. This structure is similar to the magnetic material 
antenna 171 shown in FIG.16A except the cut shapes. 22h and 
22i are formed along the entire length extending perpendicu 
larly from the hole in the bend portion of the flexible substrate 
23. 

0111 FIGS. 17A and 17B are illustrations of a configura 
tion of a magnetic material antenna according to a twelfth 
exemplary embodiment. FIG. 17A illustrates a state in which 
the two magnetic material cores 22-1 and 22-2 are being 
placed on the flexible substrate 23. A coil conductor (not 
shown in FIG. 17A) having substantially the same pattern as 
the one illustrated in FIG. 12B or 12C is formed on the 
flexible substrate 23. In contrast to the example illustrated in 
FIGS. 13A and 13B, both ends of the flexible substrate 23 are 
bent into a Z shape. A magnetic material antenna 181 illus 
trated in FIG. 17B is configured by the insertion of the mag 
netic material cores 22-1 and 22-2 into holes formed in two 
bends of the flexible Substrate 23. 
0112 FIGS. 18A and 18B are illustrations of a configura 
tion of a magnetic material antenna according to a thirteenth 
exemplary embodiment. FIG. 18A illustrates a state in which 
the magnetic material cores 22-1 and 22-2 are being placed on 
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the flexible substrate 23. However, unlike the example illus 
trated in FIGS. 13A and 13B, the flexible substrate 23 is 
formed Such that, in the state in which the magnetic material 
cores 22-1 and 22-2 are placed on the flexible substrate 23, as 
illustrated in FIG. 18B, the two magnetic material cores 22-1 
and 22-2 have different axes. 
0113. Even with such a structure, magnetic flux passes 
through the magnetic material cores 22-1 and 22-2 from 
inward to outward, or in its opposite direction, so it acts as an 
antenna. Such a structure allows for arranging the flexible 
substrate 23 and the magnetic material cores 22-1 and 22-2 
while avoiding overlapping with another electronic compo 
nent or structure of a mounting target. 
0114. It is to be noted that, although a single-layer coil 
conductor is formed on the flexible substrate in the above 
illustrated exemplary embodiments, the coil conductor can be 
multilayered. This can reduce a footprint and increase the Q 
value. 
0115 Additionally, lines of a coil conductor that are con 
nected in series can be arranged in a Substantially alternating 
sequence with respect to a surface of the conductor opening 
section and a surface of the perpendicular thereto. That is, 
lines facing each other with a distance of the order of the 
thickness of a Substrate or a magnetic material may be con 
figured so as to be displaced in the direction of the line width 
such that their overlaps are reduced. With such a configura 
tion, line-to-line capacitance is reduced, and concentration of 
electromagnetic fields is relieved (distributed). Thus, in par 
ticular, even if the thickness is reduced, a rise in impedance 
can be decreased. 
0116. Accordingly, exemplary embodiments consistent 
with the claimed invention can provide a highly sensitive 
magnetic material antenna and antenna device capable of 
ensuring a necessary number of turns, having a widened 
opening of the antenna in the vicinity of a magnetic-flux 
transmitting Surface of a magnetic material core, and thus 
having an enhanced radiation efficiency of magnetic flux. 
0117. Additionally, a coil conductor having a necessary 
number of turns can be formed and antenna sensitivity can be 
enhanced without causing an excess of self-inductance. Also, 
because part of the coil conductor does not block part of a 
magnetic-material transmitting Surface of the magnetic mate 
rial, the opening of the antenna can be virtually large, the 
radiation efficiency of magnetic flux can be enhanced, and the 
distance in which communications are possible can be 
extended. 
0118. Although a limited number of exemplary embodi 
ments are described herein, one of ordinary skill in the art will 
readily recognize that there could be variations to any of these 
exemplary embodiments and those variations would be 
within the scope of the appended claims. Thus, it will be 
apparent to those skilled in the art that various changes and 
modifications can be made to the magnetic material antenna 
and antenna device described herein without departing from 
the scope of the appended claims and their equivalents. 
What is claimed is: 
1. A magnetic material antenna comprising a flexible Sub 

strate on which a coil conductor is formed and a magnetic 
material core, 

wherein the coil conductor formed on the flexible substrate 
has a spiral shape that winds about a conductor opening 
section, and the flexible substrate includes a bend along 
a line passing through the conductor opening section of 
the coil conductor, and 
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wherein the magnetic material core is arranged in a state 
where an end face of the magnetic material core faces the 
bend in the flexible substrate, the magnetic material core 
includes a cut shape provided at a portion of the end face 
of the magnetic material core, the portion of the end face 
facing a portion of the coil conductor passing through 
the bend of the flexible substrate, and the cut shape 
separating the portion of the end face apart from the 
portion of coil conductor. 

2. A magnetic material antenna comprising a flexible Sub 
strate on which a coil conductor is formed and a magnetic 
material core, 

wherein the coil conductor formed on the flexible substrate 
has a spiral shape that winds about a conductor opening 
section, and the flexible substrate includes a bend along 
a line passing through the conductor opening section of 
the coil conductor, and 

wherein the magnetic material core is arranged in a state 
where part of the magnetic material core passes through 
a hole formed in the bend of the flexible substrate, the 
magnetic material core includes a cut shape provided at 
a portion of the magnetic material core facing a portion 
of the coil conductor passing through the bend of the 
flexible Substrate, and the cut shape separating the por 
tion of the magnetic material core apart from the portion 
of the coil conductor. 

3. The magnetic material antenna according to claim 1, 
wherein the cut shape tapers down toward the conductor 
opening section of the coil conductor. 

4. The magnetic material antenna according to claim 2, 
wherein the cut shape tapers down toward the conductor 
opening section of the coil conductor. 

5. The magnetic material antenna according to claim 1, 
wherein the cut shape is formed so as to extend along Sub 
stantially the length of a coil conductor section extending in a 
direction perpendicular to the bend of the flexible substrate. 

6. The magnetic material antenna according to claim 2, 
wherein the cut shape is formed so as to extend along Sub 
stantially the length of a coil conductor section extending in a 
direction perpendicular to the bend of the flexible substrate. 

7. The magnetic material antenna according to claim 1, 
further comprising a low permeability member disposed at 
part or all of the cut shape, the low permeability member 
having a permeability lower than that of the magnetic mate 
rial core. 

8. The magnetic material antenna according to claim 7. 
wherein the low permeability member is made of resin or a 
mixture of resin and magnetic material powder, and the low 
permeability member and the magnetic material core are 
integrally molded. 

9. The magnetic material antenna according to claim 2, 
further comprising a low permeability member disposed at 
part or all of the cut shape, the low permeability member 
having a permeability lower than that of the magnetic mate 
rial core. 

10. The magnetic material antenna according to claim 9. 
wherein the low permeability member is made of resin or a 
mixture of resin and magnetic material powder, and the low 
permeability member and the magnetic material core are 
integrally molded. 

11. The magnetic material antenna according to claim 1, 
further comprising a dielectric member arranged at a location 
where portions of the coil conductor face each other by form 
ing the bend of the flexible substrate. 
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12. The magnetic material antenna according to claim 2, 
further comprising a dielectric member arranged at a location 
where portions of the coil conductor face each other by form 
ing the bend of the flexible substrate. 

13. The magnetic material antenna according to claim 1, 
wherein the bend of the flexible substrate has a Z shape 
viewed from a side of the flexible substrate. 

14. The magnetic material antenna according to claim 2, 
wherein the bend of the flexible substrate has a Z shape 
viewed from a side of the flexible substrate. 

15. The magnetic material antenna according to claim 1, 
wherein the coil conductor comprises two divided coil con 
ductor segments formed at two locations of the single flexible 
Substrate, and the two coil conductor segments are connected 
to each other in a direction in which currents produced by 
magnetic flux passing through opening sections of the two 
coil conductor segments by the magnetic material core with a 
shortest distance are in phase. 

16. The magnetic material antenna according to claim 2, 
wherein the coil conductor comprises two divided coil con 
ductor segments formed at two locations of the single flexible 
Substrate, and the two coil conductor segments are connected 
to each other in a direction in which currents produced by 
magnetic flux passing through opening sections of the two 
coil conductor segments by the magnetic material core with a 
shortest distance are in phase. 
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17. The magnetic material antenna according to claim 1, 
wherein the coil conductor comprises two divided coil con 
ductor segments formed at two locations of the single flexible 
Substrate, and the two coil conductor segments are connected 
to each other in a direction in which currents produced by 
magnetic flux passing through opening sections of the two 
coil conductor segments by the magnetic material core 
inwardly and/or outwardly are in phase. 

18. The magnetic material antenna according to claim 2, 
wherein the coil conductor comprises two divided coil con 
ductor segments formed at two locations of the single flexible 
Substrate, and the two coil conductor segments are connected 
to each other in a direction in which currents produced by 
magnetic flux passing through opening sections of the two 
coil conductor segments by the magnetic material core 
inwardly and/or outwardly are in phase. 

19. An antenna device comprising: 
a magnetic material antenna according to claim 1; and 
a plate adjacent to the magnetic material antenna and 

including a conductor spreading in a Surface direction. 
20. An antenna device comprising: 
a magnetic material antenna according to claim 2; and 
a plate adjacent to the magnetic material antenna and 

including a conductor spreading in a Surface direction. 
c c c c c 
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