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Description

[Technical Field]

[0001] The present invention relates to a contactless
information medium.

[Background Art]

[0002] Patent Document 1 discloses an example of an
RFID medium (a contactless information medium) such
as a contactless IC card which performs wireless com-
munication using signals in an HF band (for example,
13.56 MHz). An antenna pattern of an antenna coil of
such an RFID medium can be designed in any shape as
long as functional requirements for performing wireless
communications with external devices are met.
[0003] Certain restrictions may be imposed on the an-
tenna pattern in order to meet the requirements of a
shape or a specific standard of an object to which the
RFID medium is to be installed. For example, in the stand-
ard specified as ISO/IEC 14443-1, Class 1, an area
where an antenna pattern can be arranged is set in order
to provide an opening (a region having no wiring pattern)
formed inside an antenna coil. Specifically, in the above
standard, the area where the antenna pattern can be
arranged is set to be an annular area obtained by remov-
ing, from a rectangular region having a length of 49 mm
and a width of 81 mm, a substantially rectangular region
having a length of 34 mm and a width of 64 mm (this
rectangular region having corners rounded with R3 mm)
and centered in the rectangular region.
[0004] Patent Document 2 describes a resonance cir-
cuit including a front-side coil-shaped conductor and a
back-side coil-shaped conductor in cuboid shapes, which
are arranged on the front and back surfaces of a dielectric
sheet so as to be opposed to each other. Coil-shaped
conductors are respectively wound from first ends to sec-
ond ends and coupled with capacitance interposed ther-
ebetween so as to be opposed to each other. In the coil-
shaped conductors, the opposed section is equal or sub-
stantially equal in conductor width, and the outermost
windings and the innermost windings are preferably con-
figured in a line shape, and each arranged so that two
sides are thicker in conductor width than any other wind-
ing.
[0005] Patent Document 3 describes an integrated cir-
cuit device including a contactless integrated circuit inlay.
The inlay includes a substrate. A passive integrated cir-
cuit chip is adhesively attached to a first surface of sub-
strate.

[Citation List]

[Patent Literature]

[0006]

Patent Document 1: JP 2004-355442 A
Patent Document 2: US 2013/135172 A1
Patent Document 3: US 2009/108974 A1

[Summary of the Invention]

[Technical Problem]

[0007] In such an RFID medium, a capacitance portion
capable of propagating high-frequency signals using par-
allel plate electrodes may be provided in a circuit. In that
case, a wiring pattern to connect the parallel plate elec-
trodes to an antenna coil is necessary, and therefore it
may be difficult to meet the requirements of the above
standard. For example, when parallel plate electrodes
are disposed substantially centrally in an opening formed
inside an antenna coil as with the examples disclosed in
Patent Document 1, the requirements of the above stand-
ard cannot be met. Further, when the requirements of
the above standard are not met and the area of the open-
ing of the antenna coil is insufficient, the radiation effi-
ciency of the antenna may decrease, and therefore it is
recommended that the wiring pattern be preferably ac-
commodated within the annular area as set according to
the above standard to provide the opening of the antenna
coil.
[0008] To solve the problem above, an object of the
present invention is to provide a contactless information
medium having parallel plate electrodes and designed
to have an opening of an antenna coil.

[Solution to Problem]

[0009] This object is accomplished by the contactless
information medium defined in claim 1. The dependent
claims concern particular embodiments.
[0010] According to an aspect of the present invention,
the contactless information medium includes a film base,
an antenna coil, an IC chip, a first plate electrode, and a
second plate electrode. The antenna coil is disposed on
a first surface of the film base, and formed in a spiral
shape to perform wireless communication with an exter-
nal device. The IC chip is disposed on the first surface
of the film base, connected to the antenna coil via an IC
chip-mounted portion, and performs wireless communi-
cation processing via the antenna coil. The first plate
electrode is disposed on the first surface of the film base,
and connected to at least one of an inner end and an
outer end of the antenna coil. The second plate electrode
is disposed on a second surface of the film base so as
to be opposite to the first plate electrode in the thickness
direction of the film base. Further, in the contactless in-
formation medium, each of the first plate electrode and
the second plate electrode has a first electrode portion
and a second electrode portion. The first electrode por-
tion and the second electrode portion respectively extend
along a first side direction of the antenna coil and a sec-
ond side direction intersecting with the first side direction
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so that the first and second electrode portions are adja-
cent to an inner periphery or an outer periphery of the
antenna coil when viewed perpendicular to the film base.
Alternatively, the first and second plate electrodes are
disposed along greater than or equal to one-third of the
entire length of the inner periphery or the outer periphery
of the antenna coil so as to be adjacent to the inner pe-
riphery or the outer periphery of the antenna coil when
viewed perpendicular to the film base.
[0011] In the contactless information medium, the first
plate electrode has a first inner plate electrode connected
to the inner end of the antenna coil, and a first outer plate
electrode connected to the outer end of the antenna coil.
The second plate electrode has a second inner plate elec-
trode opposite to the first inner plate electrode in the thick-
ness direction of the film base, and a second outer plate
electrode opposite to the first outer plate electrode in the
thickness direction of the film base. The first outer plate
electrode is disposed on the opposite side of the first
inner plate electrode with respect to a center point or
center line on the plane of the film base. In that case, the
first plate electrode and the like are arranged well-bal-
anced on the surface of the film base, enabling the con-
tactless information medium to have parallel plate elec-
trodes and an opening of the antenna coil under the con-
straints imposed by the limited outer dimensions of the
contactless information medium.
[0012] The contactless information medium further in-
cludes a jumper portion connecting the second inner
plate electrode to the second outer plate electrode on
the second surface of the film base. With the second
inner plate electrode connected to the second outer plate
electrode with the jumper portion, the second inner plate
electrode and the second outer plate electrode are dis-
posed on opposite sides of the film base without the plate
electrodes directly connecting to each other, and a ca-
pacitance portion capable of propagating high-frequency
signals can be provided in a circuit. This enables an elec-
trical connection between electrodes to be made with
greater reliability because propagation of signals by the
capacitance portion will not be disturbed even if the film
base expands when heated.
[0013] In the contactless information medium, the first
plate electrode may have a first inner plate electrode con-
nected to the inner end of the antenna coil, and a first
outer plate electrode connected to the outer end of the
antenna coil. The second plate electrode may have a
second inner plate electrode opposite to the first inner
plate electrode in the thickness direction of the film base,
and a second outer plate electrode opposite to the first
outer plate electrode in the thickness direction of the film
base. Each of the first inner plate electrode and the first
outer plate electrode may have the first electrode portion
and the second electrode portion. In this case, the first
plate electrode and the like are arranged well-balanced
on the surface of the film base, thus enabling the con-
tactless information medium to have parallel plate elec-
trodes and an opening of the antenna coil, under the con-

straints imposed by the limited outer dimensions of the
contactless information medium.
[0014] In the contactless information medium, the pair
of inner plate electrodes consisting of the first inner plate
electrode and the second inner plate electrode, and the
pair of outer plate electrodes consisting of the first outer
plate electrode and the second outer plate electrode may
be arranged such that, when viewed perpendicular to the
film base, a portion of the antenna coil along which the
pair of the inner plate electrodes are disposed is different
from a portion of the antenna coil along which the pair of
the outer plate electrodes are disposed. In that case, the
pair of the inner plate electrodes inside the antenna coil,
and the pair of the outer plate electrodes outside the an-
tenna coil are arranged such that they do not share the
same portions of the antenna coil. In other words, the
pair of the inner plate electrodes and the pair of the inner
plate electrodes are arranged so that the two pairs do
not adjoin each other and do not sandwich the same por-
tion of the antenna coil therebetween. Thus, the antenna
coil, the pair of the inner plate electrodes, and the pair of
the outer plate electrodes are disposed on the film base
in a balanced manner. Specifically, the antenna coil and
the plate electrodes can be adequately arranged in an
equally spaced and annular antenna pattern arranging
area defined in a standard (for example, ISO/IEC
14443-1, class 1) and the like.
[0015] In the contactless information medium, at least
one of the pair of inner plate electrodes consisting of the
first inner plate electrode and the second inner plate elec-
trode, and the pair of outer plate electrodes consisting of
the first outer plate electrode and the second outer plate
electrode may be arranged such that an electric current
flows in the same direction as an electric current passing
through the antenna coil. The number of coil turns can
be effectively increased by enabling at least one of the
pair of inner plate electrodes and the pair of outer plate
electrodes to function as a radiating element that passes
an electric current in the same direction as an electric
current passing through the antenna coil. Thus, it is pos-
sible to reduce the number of turns (that is, the area of
the antenna pattern) required of the antenna coil due to
the number of coil turns effectively increased, thereby
increasing the area of the opening of the antenna coil.
[0016] In the contactless information medium, the an-
tenna coil has any one of a circular shape, an elliptic
shape, and a polygonal shape including a rectangular
shape.
[0017] In the contactless information medium, the IC
chip mounting portion may be disposed outside the an-
tenna coil when viewed perpendicular to the film base.
When relatively large parts such as the IC chip mounting
portion and the IC chip mounted on the IC chip mounting
portion are disposed outside the antenna coil, the area
of the opening of the antenna coil can be increased.
[0018] In the contactless information medium, the IC
chip mounting portion may be disposed outside the an-
tenna coil when viewed perpendicular to the film base,
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and the pair of outer plate electrodes consisting of the
first outer plate electrode and the second outer plate elec-
trode may be disposed, when viewed perpendicular to
the film base, along the outer periphery of the antenna
coil and the IC chip mounting portion. In that case, the
plate electrodes can be disposed by effectively using an
empty space outside the antenna coil on the film base.
[0019] In the contactless information medium, the first
and second plate electrodes may be disposed on the film
base such that one of the plate electrodes entirely covers
the other plate electrode when viewed perpendicular to
the film base. Further, in the contactless information me-
dium, the first and second plate electrodes may be dis-
posed on the film base such that, when viewed perpen-
dicular to the film base, one of the plate electrodes en-
tirely covers the other plate electrode in the first direction
parallel to the surface of the film base, and the latter plate
electrode entirely covers the former plate electrode in the
second direction parallel to the surface of the film base
and perpendicular to the first direction. With this arrange-
ment of the plate electrodes, even if the second plate
electrode is misaligned from the first plate electrode due
to manufacturing tolerances and the like, capacitance of
the parallel plates formed by the electrodes will not
change, which reduces variations in electric characteris-
tics of products.
[0020] In the contactless information medium, an an-
tenna arranging region having a frame shape, where the
antenna coil is disposed, is defined on the periphery of
the first surface of the film base. The antenna arranging
region may be located between the outer periphery of
the film base and an antenna non-arranging region that
covers about more than half of the entire area of the first
surface and that is defined in the center of the first sur-
face. Defining such an antenna arranging region enables
the contactless information medium to have parallel plate
electrodes and a required opening of the antenna coil
(an antenna non-arranging region), under the constraints
imposed by the limited outer dimensions of the contact-
less information medium.
[0021] In the contactless information medium, the first
plate electrode may be disposed adjacent to the closest
antenna coil such that the space between the first plate
electrode and the inner periphery or the outer periphery
of the antenna coil is 0.5 mm or less. This allows the first
plate electrode and the antenna coil to be arranged with
greater efficiency.
[0022] In the contactless information medium, the film
base may include an intermediate base formed of a die-
lectric, a first dielectric layer for adjustment formed of a
dielectric and formed on a first surface of the intermediate
base, and a second dielectric layer for adjustment formed
of a dielectric and formed on a second surface of the
intermediate base. With such a three-layer structure, the
thickness of the film base formed of dielectric material,
namely the distance between the first and second plate
electrodes, can be easily adjusted, for example, by
changing the thickness of the first or second dielectric

layer. This allows easy adjustment of the capacitance of
a capacitor formed by the first and second plate elec-
trodes without changing the shape and the like of an elec-
trode pattern of the plate electrodes constituting the ca-
pacitor. Further, in the contactless information medium,
an electrical connection is made by a capacitor formed
by the first plate electrode connected to the antenna coil
and the second plate electrode disposed on the rear sur-
face. This configuration enables simpler production and
inspection processes than if the start end and the finish
end of the antenna coil were directly connected to the
conductor pattern on the rear surface, and a more reliable
electrical connection.
[0023] In the contactless information medium, the di-
electric constants of the dielectrics constituting the first
and second dielectric layers may be greater than or equal
to the dielectric constant of the dielectric constituting the
intermediate base. This configuration enables easy ad-
justment of the capacitance of the capacitor formed by
the first and second plate electrodes even if the first and
second dielectric layers are thin.
[0024] In the contactless information medium, the first
and second dielectric layers may be thinner than the in-
termediate base. In that case, the dielectric layers for
adjusting the capacitance of the capacitor made of the
first and second plate electrodes are thin, which minimiz-
es variations in total thickness of the film base in products.
[0025] In the contactless information medium, a die-
lectric material constituting the first and second dielectric
layers may be the same as or different from a dielectric
material constituting the intermediate base.
[0026] In the contactless information medium, the first
and second dielectric layers may be formed by applying
the dielectric material to the intermediate base followed
by curing. This configuration enables easy adjustment of
the thickness and the like of the first and second dielectric
layers, thus allowing the capacitance of the capacitor
made of the first and second plate electrodes to be easily
adjusted.
[0027] In the contactless information medium, the met-
al foil constituting the antenna coil may be thicker than
the metal foil constituting the second plate electrode. In
that case, the electrical resistance of the antenna coil is
reduced, increasing the radiation efficiency of the anten-
na of the contactless information medium.

[Advantageous Effects of the Invention]

[0028] The present invention provides a contactless
information medium designed to have an opening of an
antenna coil and parallel plate electrodes.

[Brief Description of the Drawings]

[0029]

Fig. 1(a) is a top view of a contactless communication
medium, showing its internal structure, while Fig.
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1(b) is a rear view thereof, according to a first em-
bodiment of the present invention.
Fig. 2(a) is a cross-sectional view of the contactless
communication medium shown in Fig. 1, taken along
the line IIa-IIa, while Fig. 2(b) is a cross-sectional
view of the contactless communication medium
shown in Fig. 1, taken along the line IIb-IIb.
Fig. 3 is a circuit diagram showing an equivalent cir-
cuit of the contactless communication medium
shown in Fig. 1.
Fig. 4(a) is a top view of a contactless communication
medium, showing its internal structure, while Fig.
4(b) is a rear view thereof, according to a second
embodiment of the present invention.
Fig. 5(a) is a top view of a contactless communication
medium, showing its internal structure, while Fig.
5(b) is a rear view thereof, according to a third em-
bodiment of the present invention.
Fig. 6(a) is a top view of a contactless communication
medium, showing its internal structure, while Fig.
6(b) is a rear view thereof, according to a fourth em-
bodiment of the present invention.
Fig. 7(a) is a top view of a contactless communication
medium, showing its internal structure, while Fig.
7(b) is a rear view thereof, according to a fifth em-
bodiment of the present invention.
Fig. 8(a) is a top view of a contactless communication
medium, showing its internal structure, while Fig.
8(b) is a rear view thereof, according to a sixth em-
bodiment of the present invention.
Fig. 9(a) is a top view of a contactless communication
medium, showing its internal structure, while Fig.
8(b) is a rear view thereof, according to a seventh
embodiment of the present invention.
Fig. 10(a) is a top view of a contactless communica-
tion medium, showing its internal structure, while Fig.
8(b) is a rear view thereof, according to an eighth
embodiment of the present invention.
Fig. 11(a) is a top view of a contactless communica-
tion medium, showing its internal structure, while Fig.
8(b) is a rear view thereof, according to a ninth em-
bodiment of the present invention.
Fig. 12(a) is a plan view of a contactless communi-
cation medium, showing an opening thereof, while
Fig. 12(b) is an enlarged partial plan view of the con-
tactless communication medium.
Fig. 13(a) is a top view of a contactless communica-
tion medium, showing its internal structure, while Fig.
13(b) is a rear view thereof, according to a first mod-
ification of the present invention.
Fig. 14(a) is a cross-sectional view of the contactless
communication medium shown in Fig. 13, taken
along the line XIV(a)-XIV(a), while Fig. 14(b) is a
cross-sectional view of the contactless communica-
tion medium shown in Fig. 13, taken along the line
XIV(b)-XIV(b).
Fig. 15 is a circuit diagram showing an equivalent
circuit of the contactless communication medium

shown in Fig. 13.
Fig. 16(a) is a cross-sectional view of the contactless
communication medium, showing another configu-
ration thereof, while Fig. 16(b) is a diagram sche-
matically showing the relationship between sizes of
each plate electrode, according to the first modifica-
tion.
Fig. 17(a) is a cross-sectional view of the contactless
communication medium, showing still another con-
figuration thereof, while Fig. 17(b) is a diagram sche-
matically showing the relationship between sizes of
each plate electrode, according to the first modifica-
tion.
Fig. 18(a) is a top view of a contactless communica-
tion medium, showing its internal structure, while Fig.
18(b) is a rear view thereof, according to a second
modification.
Fig. 19 is a cross-sectional view of the contactless
communication medium shown in Fig. 18, schemat-
ically showing the flow of an electric current between
plate electrodes.
Fig. 20 is a circuit diagram showing an equivalent
circuit of the contactless communication medium
shown in Fig. 18.
Fig. 21(a) to (c) are diagrams showing another con-
figuration of the contactless communication medium
of the second modification. Fig. 21(a) shows a plate
electrode on the top surface, Fig. 21(b) shows a plate
electrode on the rear surface, and Fig. 21(c) shows
the plate electrodes opposite to each other.
Fig. 22(a) to (c) are diagrams showing still another
configuration of the contactless communication me-
dium of the second modification. Fig. 22(a) shows a
plate electrode on the top surface side, Fig. 22(b)
shows a plate electrode on the rear surface side, and
Fig. 22(c) shows the plate electrodes opposite to
each other.

[Description of the Embodiment]

[0030] Embodiments of the present invention will be
hereinafter described in detail with reference to the ac-
companying drawings. In the description of the drawings,
like or equivalent elements are designated by like refer-
ence characters and will not be redundantly described.

[First Embodiment]

[0031] With reference to Figs. 1 to 3, a contactless
communication medium of a first embodiment of the
present invention will be described. Fig. 1(a) is a top view
of the contactless communication medium, showing its
internal structure, while Fig. 1(b) is a rear view thereof,
according to the first embodiment of the present inven-
tion. Fig. 2(a) is a cross-sectional view of the contactless
communication medium shown in Fig. 1, taken along the
line IIa-IIa, while Fig. 2(b) is a cross-sectional view of the
contactless communication medium shown in Fig. 1, tak-
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en along the line IIb-IIb. Fig. 3 is a circuit diagram showing
an equivalent circuit of the contactless communication
medium shown in Fig. 1. Fig. 1(b) shows a rear side view
of the contactless communication medium reversed with
respect to its central longitudinal axis in the top view
shown in Fig. 1(a). The contactless communication me-
dium is a contactless information medium capable of per-
forming contactless communication with an external
read/write device, such as a reader/writer, using signals
primarily in the HF band, by applying RFID technology.
[0032] As shown in Figs. 1 and 2, a contactless com-
munication medium 10 has a rectangular film base 11.
On a top surface (a first surface) 11a of the film base 11
are an IC chip 12, an IC chip mounting portion 13, an
antenna coil 14, a first inner plate electrode 15, and a
first outer plate electrode 16. On a rear surface (a second
surface) 11b of the film base 11 are a second inner plate
electrode 17, a second outer plate electrode 18, and a
jumper wire (a jumper portion) 19.
[0033] The film base 11 is formed of materials having
insulating properties and durability, for example, polyeth-
ylene naphthalate (PEN), polyethylene terephthalate co-
polymer (PET-G) and the like. Before machining, such
as etching, a metal foil is laminated to both the front and
rear surfaces 11a and 11b of the film base 11. These
metal foils are etched, for example, to form the IC chip
mounting portion 13, the antenna coil 14, the first plate
electrodes 15 and 16, the second plate electrodes 17
and 18, and the jumper wire 19.
[0034] For example, the IC chip 12 may be an IC chip
for an IC tag storing ID information. Further, the IC chip
12 may be a module where an IC is mounted on a sub-
strate and the like having terminals 12a and 12b. The IC
chip 12 is mounted on the IC chip mounting portion 13
disposed at any location along a length of the antenna
coil 14 on the top surface 11a of the film base 11. In the
present embodiment, the IC chip mounting portion 13
has a pair of supporting portions 13a and 13b spaced
from each other. The supporting portion 13a is connected
to an inner end 14a of the antenna coil 14. The supporting
portion 13b is connected to the first inner plate electrode
15. Further, the terminals 12a and 12b disposed at the
periphery of the IC chip 12 are joined to the pair of sup-
porting portions 13a and 13b by ultrasonic welding and
the like. Consequently, the IC chip 12 is connected to the
antenna coil 14 via the IC chip mounting portion 13. The
IC chip 12 may be mounted on the IC chip mounting
portion 13 using other methods (for example, thermo-
compression bonding, adhesion by conductive adhesive,
laser beam welding and the like). The IC chip 12 performs
wireless communication processing via the conducted
antenna coil 14, and sends and receives predetermined
signals to and from an external read/write device
[0035] The antenna coil 14 is a planar spiral antenna
and is electromagnetically coupled to an antenna of an
external read/write device such as a reader/writer in order
to perform wireless communication. The number of turns
of the antenna coil 14 is, for example, about 2 to 6. Fig.

1 shows an example with 4 turns, but the present inven-
tion is not limited to this. The width of each antenna wire
constituting the antenna coil 14 is, for example, about
0.01 mm to 0.7 mm, more preferably about 0.02 mm to
0.6 mm. Further, the distance between the antenna wires
constituting the antenna coil 14 is about 0.01 mm to 0.4
mm, more preferably about 0.02 mm to 0.3 mm. With this
configuration, the antenna coil 14 sends and receives
signals and receives power via wireless communication
in a contactless manner. The antenna coil 14 is formed
from a conductor disposed on the top surface 11a of the
film base 11. Specifically, the antenna coil 14 is formed
into a rectangular pattern by etching a copper foil or an
aluminum foil having a thickness of 5 mm to 50 mm lam-
inated on the top surface 11a side of the film base 11
having insulating properties which is made of, for exam-
ple, polyethylene terephthalate (PET) or polyethylene
naphthalate (PEN) having a thickness of 15 mm to 50
mm. This antenna coil 14 is connected to the first outer
plate electrode 16 at the outer end 14b. The antenna coil
14 is connected to the first inner plate electrode 15 at the
inner end 14a via the IC chip mounting portion 13 and
the IC chip 12.
[0036] A first inner plate electrode 15 is a planar elec-
trode formed inside the antenna coil 14 on the top surface
11 a of the film base 11. The first inner plate electrode
15 has a first electrode portion 15a extending along a
long side direction (a first side direction) of the antenna
coil 14, and a second electrode portion 15b extending
along a short side direction (a second side direction) per-
pendicular to (intersecting) the long side direction of the
antenna coil 14. The first electrode portion 15a and the
second electrode portion 15b are each disposed adjacent
to the inner periphery of the antenna coil 14 when viewed
perpendicular to the film base 11.
[0037] A first outer plate electrode 16 is a planar elec-
trode formed outside the antenna coil 14 on the top sur-
face 11a of the film base 11. The first outer plate electrode
16 has a first electrode portion 16a extending along the
long side direction of the antenna coil 14, and a second
electrode portion 16b extending along the short side di-
rection of the antenna coil 14, thus forming an L-shape
as a whole. The first electrode portion 16a and the second
electrode portion 16b are each disposed adjacent to the
outer periphery of the antenna coil 14 when viewed per-
pendicular to the film base 11. It is preferred that the first
electrode portion 16a and the second electrode portion
16b be disposed adjacent to the antenna coil 14 such
that a spacing S defined by the outer periphery of the
antenna coil 14 is 0.5 mm or less as shown in Fig. 12(b).
Similarly, It is preferred that other plate electrodes 15,
17, 18 and the like be disposed such that the spacing S
defined by the inner periphery or the outer periphery of
the antenna coil 14 is 0.5 mm or less. This close arrange-
ment provides the required number of turns of the anten-
na coil 14 and realizes suitable arrangements of the plate
electrodes 15 to 18 while providing the opening located
at the center of the contactless communication medium
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10.
[0038] As shown in Fig. 1(a), the portion of the antenna
coil 14 along which the first inner plate electrode 15 is
disposed (i.e., in the example of Fig. 1(a), the upper edge
and the right edge of the antenna coil 14) is different from
the portion of the antenna coil 14 along which the first
outer plate electrode 16 is disposed (i.e., in the example
of Fig. 1(a), the left edge and the lower edge of the an-
tenna coil 14). That is, the first inner plate electrode 15
and the first outer plate electrode 16 are disposed such
that they do not share the same portions (edges) of the
antenna coil 14. In other words, the first outer plate elec-
trode 16 is disposed on the opposite side (i.e., point sym-
metrically) of the first inner plate electrode 15 with respect
to a center point or a center line on the plane (surface
11a) of the film base 11. Such a symmetric arrangement
also applies to the arrangement of a second inner elec-
trode 17 and a second outer electrode 18 described later.
[0039] The distance between the first inner plate elec-
trode 15 and the inner periphery of the antenna coil 14,
and the distance between the first outer plate electrode
16 and the outer periphery of the antenna coil 14, are,
for example, substantially the same as the separation
width at the same circumferential position within the an-
tenna coil 14, and as described above, it is, for example,
preferably 0.5 mm or less. However, the distance men-
tioned above may be greater than the separation width
within the antenna coil 14, or may be less than the sep-
aration width. Further, the first plate electrodes 15 and
16 are formed into a pattern by etching the metal foil
laminated on the top surface 11a of the film base 11 sim-
ilarly to the antenna coil 14. Second plate electrodes 17
and 18 and a jumper wire 19 described later are also
similarly patterned by etching the metal foil laminated on
the rear surface 11b of the film base 11.
[0040] The second inner plate electrode 17 is a planar
electrode paired with the first inner plate electrode 15,
and is disposed on the rear surface 11b of the film base
11 so that it is opposite to the first inner plate electrode
15 in the thickness direction of the film base 11. Similarly
to the first inner plate electrode 15, the second inner plate
electrode 17 has a first electrode portion 17a extending
along the long side direction of the antenna coil 14, and
a second electrode portion 17b extending along the short
side direction of the antenna coil 14, thus forming an L-
shape as a whole. As shown in Fig. 2 (a) and (b), the first
and second electrode portions 17a and 17b are disposed
opposite to the first and second electrode portions 15a
and 15b of the first inner plate electrode 15 in the thick-
ness direction of the film base 11. The first and second
electrode portions 17a and 17b are disposed adjacent to
the inner periphery of the antenna coil 14 when viewed
perpendicular to the film base 11, similarly to the first and
second electrode portions 15a and 15b of the first inner
plate electrode 15.
[0041] The second outer plate electrode 18 is a planar
electrode paired with the first outer plate electrode 16,
and is disposed on the rear surface 11b of the film base

11 so that it is opposite to the first outer plate electrode
16 in the thickness direction of the film base 11. Similarly
to the first outer plate electrode 16, the second outer plate
electrode 18 has a first electrode portion 18a extending
along the long side direction of the antenna coil 14, and
a second electrode portion 18b extending along the short
side direction of the antenna coil 14, to form an L-shape
as a whole. As shown in Fig. 2 (a) and (b), the first and
second electrode portions 18a and 18b are disposed op-
posite to the first and second electrode portions 16a and
16b of the first outer plate electrode 16 in the thickness
direction of the film base 11. Therefore, the first and sec-
ond electrode portions 18a and 18b are each disposed
adjacent to the outer periphery of the antenna coil 14
when viewed perpendicular to the film base 11, similarly
to the first and second electrode portions 16a and 16b
of the first outer plate electrode 16.
[0042] As described above, with the first plate elec-
trodes 15 and 16 and the second plate electrodes 17 and
18 disposed opposite to each other, the first plate elec-
trodes 15 and 16 and the second plate electrodes 17 and
18 each form a capacitance portion (see Fig. 3). As
shown in Fig. 2, in the present embodiment, the first plate
electrodes 15 and 16 and the second plate electrodes
17 and 18 are disposed on the film base 11 such that the
first plate electrodes 15 and 16 entirely cover the second
plate electrodes 17 and 18 when viewed perpendicular
to the film base 11. With this arrangement of the plate
electrodes, even if the second plate electrodes 17 and
18 are slightly misaligned from the first plate electrodes
15 and 16 due to manufacturing tolerances and the like,
electrostatic capacitance of the parallel plates formed by
both electrodes will not change, which reduces variations
in electric characteristics of products.
[0043] The jumper wire 19 is a wire that connects the
second inner plate electrode 17 to the second outer plate
electrode 18 on the rear surface 11b of the film base 11.
The jumper wire 19 connects a tip portion of the second
electrode portion 17b of the second inner plate electrode
17 to a side portion at the tip portion side of the first elec-
trode portion 18a of the second outer plate electrode 18.
It is preferred that the electrostatic capacitance between
the jumper wire 19 and a portion of the antenna coil 14
opposite to the jumper wire 18 is low, and therefore it is
preferred that the width is as small as possible (for ex-
ample, about 1 to 3 mm). Further, the jumper wire 19,
disposed opposite to a portion of the antenna coil 14 in
the thickness direction of the film base 11, is preferably
formed perpendicular to the antenna coil 14. This further
reduces the electrostatic capacitance generated. As
used herein, the term "perpendicular" does not only in-
clude the case where the antenna coil 14 and the jumper
wire 19 intersect each other at right angles when viewed
perpendicular to the film base 11 (or when viewed
through the antenna forming surface of the film base 11),
but also includes the case where they intersect each oth-
er at 90° plus or minus 10° (from 80° to 100°), which is
a range permissible from a design perspective of. Fur-

11 12 



EP 3 306 533 B1

8

5

10

15

20

25

30

35

40

45

50

55

ther, "disposed perpendicular to" mentioned above
means that the antenna coil 14 and the jumper wire 19
are "perpendicular to each other" at least at a portion
where they are intersecting each other, but it is not nec-
essarily required that the entire jumper wire 19 be "per-
pendicular" to the antenna coil 14. Further, with the per-
pendicular arrangement, the jumper wire 19 connects
the second plate electrodes 17 and 18 so that the dis-
tance therebetween is the shortest. This in turn reduces
resistance losses of the jumper wire 19. Such a jumper
wire 19 allows an electrical connection between the sec-
ond inner plate electrode 17 and the second outer plate
electrode 18.
[0044] The contactless communication medium 10
having such a configuration can be expressed as an
equivalent circuit shown in Fig. 3. As shown in Fig. 3, the
contactless communication medium 10 constitutes a cir-
cuit having the IC chip 12, the antenna coil 14, the first
capacitance portion 16 and 18, the jumper wire 19, and
the second capacitance portion 15 and 17 connected in
series in that order.
[0045] The pair of inner plate electrodes 15 and 17
consisting of the first inner plate electrode 15 and the
second inner plate electrode 17 (namely, the pair of plate
electrodes forming the second capacitance portion 15
and 17), and the pair of the outer plate electrodes 16 and
18 consisting of the first outer plate electrode 16 and the
second outer plate electrode 18 (namely, the pair of plate
electrodes forming the first capacitance portion 16 and
18) are arranged such that an electric current flows in
the same direction as an electric current passing through
the antenna coil 14. Such an arrangement is realized by
providing the jumper wire 19 such that the electric current
passing through the pair of outer plate electrodes 16 and
18, the jumper wire 19, and the pair of inner plate elec-
trodes 15 and 17 flows in the same direction as the elec-
tric current passing through the antenna coil 14 when
viewed perpendicular to the film base 11 (for example,
clockwise or counterclockwise when viewed in the top
surface 11a side of the film base 11).
[0046] The flow of an electric current passing through
the antenna coil 14 at a given instant will now be de-
scribed by providing an example case where the electric
current passing through the antenna coil 14 flows from
its outer end 14b toward its inner end 14a. As shown in
Fig. 1(a), the electric current passing through the antenna
coil 14 flows from its outer end 14b in a clockwise direc-
tion, circles along the antenna coil 14 in a rectangular
shape several times, (for example, 4 times in the present
embodiment), and flows into the electrode portion 15a of
the first inner plate electrode 15 via the inner end 14a,
the IC chip mounting portion 13, and the IC chip 12. Fur-
ther, the electric current having flowed into the electrode
portion 15a returns to the outer end 14b of the antenna
coil 14 via the pair of inner plate electrodes 15 and 17,
the jumper wire 19, and the pair of outer plate electrodes
16 and 18. The direction of the electric current flowing in
that order is a clockwise direction as shown in the figure

of Fig. 1(a), and therefore conforms to the direction of
the electric current passing through the antenna coil 14.
[0047] As described above, in the contactless commu-
nication medium 10 of the present embodiment, capac-
itance portions capable of propagating high-frequency
signals are formed by the first plate electrodes 15 and
16, and the second plate electrodes 17 and 18, which
are respectively disposed on the surfaces 11a and 11b
of the film base 11 so that they are opposite to each
other . Further, the first plate electrodes 15 and 16, and
the second plate electrodes 17 and 18 have the first elec-
trode portions 15a, 16a, 17a, and 18a extending along
the long side direction of the antenna coil 14, and the
second electrode portions 15b, 16b, 17b, and 18b ex-
tending along the short side direction of the antenna coil
14 so that they are adjacent to the inner periphery or the
outer periphery of the antenna coil 14 formed in a rec-
tangular spiral shape when viewed perpendicular to the
film base 11. This arrangement of the plate electrodes
enables the contactless communication medium to have
parallel plate electrodes and an opening of the antenna
coil 14 (a region having no wiring pattern) under the con-
straints imposed by the limited outer dimensions of the
contactless communication medium. More specifically,
for example, as shown in Fig. 12(a), an opening 11c hav-
ing no antenna coil 14 (an antenna non-arranging region)
is disposed in a central portion of the top surface 11a of
the film base 11, and on the periphery, an antenna ar-
ranging region 11d, where the antenna coil 14 is to be
arranged, is defined. In the contactless communication
medium 10 of the present embodiment, the antenna coil
14 and the first plate electrodes 15 and 16 (the second
plate electrodes 17 and 18) are disposed in the antenna
arranging region 11d, and the region of the opening 11c
covers about more than half of the entire area of the top
surface 11a, which provides a sufficiently large opening.
In the contactless communication medium 10, the IC chip
mounting portion 13 and the IC chip 12 may be disposed
in the opening 11c; however, unlike the antenna coil 14,
these members are unlikely to pose problems when dis-
posed in this position.
[0048] Further, in the contactless communication me-
dium 10 of the present embodiment, the pair of inner
plate electrodes 15 and 17, and the pair of outer plate
electrodes 16 and 18 are arranged such that, when
viewed perpendicular to the film base 11, the portion
(edge) of the antenna coil 14 along which the pair of the
inner plate electrodes 15 and 17 are disposed is different
from the portion (edge) of the antenna coil 14 along which
the pair of the outer plate electrodes 16 and 18 are dis-
posed. In this case, the pair of inner plate electrodes 15
and 17 inside the antenna coil 14 and the pair of outer
plate electrodes 16 and 18 outside the antenna coil 14
are arranged such that they do not share the same por-
tions of the antenna coil 14. That is, the pair of inner plate
electrodes 15 and 17 and the pair of outer plate elec-
trodes 16 and 18 are arranged such that they are not
adjacent to each other and do not sandwich the same
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portion of the antenna coil 14 therebetween. With this
arrangement, the antenna coil 14, the pair of inner plate
electrodes 15 and 17, and the pair of outer plate elec-
trodes 16 and 18 are disposed on the film base 11 in a
balanced manner. Specifically, the antenna coil 14, and
the plate electrodes 15, 16, 17, and 18 are appropriately
arranged in an equally spaced and annular antenna pat-
tern arrangement area as set according to a standard
(for example, ISO/IEC 14443-1, Class 1) and the like.
[0049] In the contactless communication medium 10
of the present embodiment, the pair of inner plate elec-
trodes 15 and 17, and the pair of outer plate electrodes
16 and 18 are arranged so that an electric current flows
in the same direction as an electric current passing
through the antenna coil 14 as described above. The
number of coil turns can be effectively increased by en-
abling the pair of inner plate electrodes 15 and 17, and
the pair of outer plate electrodes 16 and 18 to function
as a radiating element that passes an electric current in
the same direction as an electric current passing through
the antenna coil 14. In the example of Fig. 1, the number
of turns of the antenna coil 14 is 4. However, the effective
number of coil turns has been increased by 1 due to the
plate electrodes 15, 16, 17, and 18, and the jumper wire
19, and thus, the antenna coil 14 has an antenna function
equivalent to that of the antenna coil 14 with 5 turns.
Consequently, the number of turns (i.e., a region of an
antenna pattern) required of the antenna coil 14 is re-
duced due to the effectively increased number of coil
turns, thus increasing the area of the opening of the an-
tenna coil 14.
[0050] Further, in the present embodiment, both the
pair of inner plate electrodes 15 and 17, and the pair of
outer plate electrodes 16 and 18 are disposed along two
sides of the rectangular antenna coil 14. However, for
example, the pair of inner plate electrodes may be dis-
posed along one side of the antenna coil 14 and the pair
of outer plate electrodes may be disposed along the re-
maining three sides in a U-shape. Conversely, the pair
of outer plate electrodes may be disposed along one side
of the antenna coil 14 and the pair of inner plate elec-
trodes may be disposed along the remaining three sides
of the antenna coil 14. These arrangements also produc-
es the effects mentioned above.

[Second Embodiment]

[0051] With reference to Fig. 4, a contactless commu-
nication medium of a second embodiment of the present
invention will now be described. Fig. 4(a) is a top view of
a contactless communication medium, showing its inter-
nal structure, according to the second embodiment of the
present invention, while Fig. 4(b) is a rear view thereof.
Fig. 4(b) is a rear view thereof, where the top view shown
in Fig. 4(a) is reversed about its central longitudinal axis.
A contactless communication medium 20 of the present
embodiment differs from the contactless communication
medium 10 of the first embodiment in that a jumper wire

21, connecting the second inner plate electrode 17 to the
second outer plate electrode 18, connects a tip portion
of the first electrode portion 17a of the second inner plate
electrode 17 to a side portion near a tip portion of the
second electrode portion 18b of the second outer plate
electrode 18. Thus, in the contactless communication
medium 20, the pair of inner plate electrodes 15 and 17,
and the pair of outer plate electrodes 16 and 18 do not
pass an electric current in the same direction as an elec-
tric current passing through the antenna coil 14.
[0052] The flow of an electric current passing through
the antenna coil 14 of the contactless communication
medium 20 at a given instant will be described by pro-
viding an example case where the electric current pass-
ing through the antenna coil 14 flows from its outer end
14b toward its inner end 14a. As shown in Fig. 1(a), the
electric current passing through the antenna coil 14 flows
from its outer end 14b in a clockwise direction, circles
around several times (for example, 4 times in the present
embodiment) along the antenna coil 14 in a rectangular
shape, and flows into the electrode portion 15a of the
first inner plate electrode 15 via the inner end 14a, the
IC chip mounting portion 13, and the IC chip 12. The
electric current flowing into the electrode portion 15a re-
turns to the outer end 14b of the antenna coil 14 via the
pair of inner plate electrodes 15 and 17, the jumper wire
19, and the pair of outer plate electrodes 16 and 18. The
direction of the electric current flowing in this order is a
counterclockwise direction as shown in Fig. 4(a), and
therefore does not conform to the direction of the electric
current passing through the antenna coil 14.
[0053] Thus, in the contactless communication medi-
um 20 of the second embodiment, the pair of inner plate
electrodes 15 and 17 and the pair of outer plate elec-
trodes 16 and 18 do not function as radiating elements,
but as capacitance portions. The contactless communi-
cation medium 20 has a structure similar to the contact-
less communication medium 10 of the first embodiment
regarding points other than the above, and therefore pro-
duces effects similar to those of the contactless commu-
nication medium 10.

[Third Embodiment]

[0054] With reference to Fig. 5, a contactless commu-
nication medium of a third embodiment of the present
invention will now be described. Fig. 5(a) is a top view of
a contactless communication medium, showing its inter-
nal structure, according to the third embodiment of the
present invention, while Fig. 5(b) is a rear view thereof.
Fig. 5(b) is a rear view thereof, where the top view shown
in Fig. 5(a) is reversed about its central longitudinal axis.
A contactless communication medium 30 of the present
embodiment differs from the contactless communication
medium 10 of the first embodiment in that, instead of not
having the pair of outer plate electrodes 16 and 18, and
the jumper wire 19, it has a conduction portion 31 for
electrically connecting the outer end 14b of the antenna
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coil 14 and the second inner plate electrode 17.
[0055] The conduction portion 31 is a wire extending
from the tip portion of the first electrode portion 17a of
the second inner plate electrode 17 to the position over-
lapping the outer end 14b of the antenna coil 14 in the
thickness direction of the film base 11. The tip of the
conduction portion 31 and the outer end 14b are con-
nected to each other by caulking, welding and the like
via a through hole disposed in the film base 11. With the
outer end 14b of the antenna coil 14 connected to the
second inner plate electrode 17 via the conduction por-
tion 31, the contactless communication medium 30 con-
stitutes an equivalent circuit of a structure where the first
capacitance portion 16 and 18, and the jumper wire 19
are replaced by the conduction portion 31 in the equiva-
lent circuit shown in Fig. 3.
[0056] In the contactless communication medium 30
of the present embodiment, a capacitance portion capa-
ble of propagating high-frequency signals is formed of
the first inner plate electrode 15 and the second inner
plate electrode 17 respectively disposed on surfaces 11a
and 11b of the film base 11 so as to be opposite to each
other. Further, the first inner plate electrode 15 and the
second inner plate electrode 17 respectively have the
first electrode portions 15a and 17a extending along the
long side direction of the antenna coil 14, and the second
electrode portions 16b and 18b extending along the short
side direction of the antenna coil 14 so as to be adjacent
to the inner periphery of the antenna coil 14 formed in a
rectangular spiral shape when viewed perpendicular to
the film base 11. This arrangement of the plate electrodes
enables the contactless communication medium to have
parallel plate electrodes and an opening of the antenna
coil 14 under the constraints imposed by the limited outer
dimensions of the contactless communication medium.
[0057] In the present embodiment, the pair of outer
plate electrodes 16 and 18, which are formed outside the
antenna coil 14, are omitted among the plate electrodes
constituting the contactless communication medium 10
of the first embodiment. Alternatively, the pair of inner
plate electrodes 15 and 17 may be omitted instead of the
pair of outer plate electrodes 16 and 18. In that case, for
example, the IC chip mounting portion 13 is disposed
anywhere between the inner end 14a and the outer end
14b of the antenna coil 14, and a conduction portion is
provided for electrically connecting the inner end 14a of
the antenna coil 14 and the second outer plate electrode
18. Such a configuration enables the contactless com-
munication medium to have parallel plate electrodes and
an opening of the antenna coil 14 under the constraints
imposed by the limited outer dimensions of the contact-
less communication medium, similarly to the above-de-
scribed contactless communication medium 30.

[Fourth Embodiment]

[0058] With reference to Fig. 6, a contactless commu-
nication medium of a fourth embodiment of the present

invention will now be described. Fig. 6(a) is a top view of
a contactless communication medium, showing its inner
structure, according to the fourth embodiment of the
present invention, while Fig. 6(b) is a rear view thereof.
Further, Fig. 6(b) is a rear view thereof, where the top
view shown in Fig. 6(a) is reversed about its central lon-
gitudinal axis. Regarding a contactless communication
medium 40 of the present embodiment, a configuration
that is primarily different from that of the contactless com-
munication medium 10 of the first embodiment is here-
inafter described.
[0059] The contactless communication medium 40 has
a first inner plate electrode 41 and a first outer plate elec-
trode 42 formed inside and outside the rectangular an-
tenna coil 14 on the top surface 11a of the film base 11.
The first inner plate electrode 41 is disposed along the
four sides of the antenna coil 14 so as to be adjacent to
the inner periphery of the antenna coil 14. That is, the
first inner plate electrode 41 is formed such that portions
along each of the four sides of the antenna coil 14 are
coupled to one another, and almost make a circle around
the inner periphery of the antenna coil 14. Thus, the first
inner plate electrode 41 has an electrode portion extend-
ing along each of the long side direction and the short
side direction of the antenna coil 14 when viewed per-
pendicular to the film base 11. The first outer plate elec-
trode 42 is disposed along the short side portion of the
antenna coil 14 outside the antenna coil 14. The first outer
plate electrode 42 consists of a rectangular first portion
42a covering more than half of the entire area, and 14
rectangular second portions 42b connected to a wiring
pattern branched off from the central portion of the short
side portion of the first portion 42a. The second portion
42b is smaller than the first portion 42a, and the portions
are arranged in 2 rows, 7 pieces each.
[0060] Further, the contactless communication medi-
um 40 has a second inner plate electrode 43 and a sec-
ond outer plate electrode 44 formed on the inside and
the outside of a rectangular shaped region (i.e., a region
showing the antenna coil 14 by dashed lines in Fig. 6(b)
corresponding to the antenna coil 14 on the rear surface
11b of the film base 11. The second inner plate electrode
43 is formed so as to be opposite to the first inner plate
electrode 41 in the thickness direction of the film base
11. The second inner plate electrode 43 is arranged along
the 4 sides of the rectangular shaped region so as to be
adjacent to the inner periphery of the rectangular shaped
region corresponding to the antenna coil 14, similarly to
the first inner plate electrode 41. Namely, the second
inner plate electrode 43 has an electrode portion extend-
ing along each of the long side direction and the short
side direction of the antenna coil 14 when viewed per-
pendicular to the film base 11. On the other hand, the
second outer plate electrode 44 is formed so as to be
opposite to the first outer plate electrode 42 in the thick-
ness direction of the film base 11. The second outer plate
electrode 44 consists of a rectangular shaped first portion
44a covering half or more of the entire area, and 2 rec-

17 18 



EP 3 306 533 B1

11

5

10

15

20

25

30

35

40

45

50

55

tangular shaped second portions 44b connected to wiring
patterns extending from both edges of a short side portion
of the first portion 44a. The first portion 44a is arranged
so as to be opposite to the first portion 42a of the first
outer plate electrode 42 in the thickness direction of the
film base 11. The second portion 44b is arranged so as
to be opposite to 1 column (i.e., 7 pieces) of the second
portions 42b of the first outer plate electrode 42 in the
thickness direction of the film base 11. On the rear sur-
face 11b of the film base 11, a terminal of the second
inner plate electrode 43 and the first portion 44a of the
second outer plate electrode 44 are connected with a
jumper wire 45.
[0061] A flow of an electric current passing through the
antenna coil 14 of the contactless communication medi-
um 40 at a given instant is hereinafter described by pro-
viding an example of the case where the electric current
passing through the antenna coil 14 flows from its outer
end 14b toward its inner end 14a. As shown in Fig. 6(a),
the electric current passing through the antenna coil 14
flows from its outer end 14b in a clockwise direction as
shown in the figure, circles around the antenna coil 14 in
a rectangular shape several times, (for example, 5 times
in the present embodiment), and flows into the first inner
plate electrode 41 via the inner end 14a, the IC chip
mounting portion 13, and the IC chip 12. Further, the
electric current flowing into the first inner plate electrode
41 returns to the outer end 14b of the antenna coil 14 via
the pair of the inner plate electrodes 41 and 43 consisting
of the first inner plate electrode 41 and the second inner
plate electrode 43, the jumper wire 45, and the pair of
outer plate electrodes 42 and 44 consisting of the first
outer plate electrode 42 and the second outer plate elec-
trode 44. As described above, the pair of inner plate elec-
trodes 41 and 43 are formed in a shape almost making
a circle clockwise as shown in Fig. 6(a) in the inner cir-
cumference side of the antenna coil 14 along the 4 sides
of the antenna coil 14 when viewed perpendicular to the
film base 11. Therefore, the direction of the electric cur-
rent passing through the pair of inner plate electrodes 41
and 43 conforms to the direction of the electric current
passing through the antenna coil 14.
[0062] As such, in the contactless communication me-
dium 40, the pair of inner plate electrodes 41 and 43 are
arranged so as to pass the electric current along the same
direction as the direction of the electric current passing
through the antenna coil 14. The effective number of coil
turns can be increased by having the pair of inner plate
electrodes 41 and 43 function as a radiating element that
passes the electric current in the same direction as the
direction of the electric current passing through the an-
tenna coil 14. Thus, it is possible to reduce the number
of turns required of the antenna coil 14 due to the effec-
tively increased number of coil turns, and the area of the
opening of the antenna coil 14 can be increased. Further,
in this example, the pair of outer plate electrodes 42 and
44 do not function as a radiating element, but purely func-
tion as a capacitance portion.

[0063] Further, as shown in Figs. 6(a) and 6(b), in the
contactless communication medium 40, the first inner
plate electrode 41 and the second inner plate electrode
43 are arranged on the film base 11 such that the first
inner plate electrode 41 entirely covers the second inner
plate electrode 43 when viewed perpendicular to the film
base 11. Further, the first electrode portion 42a of the
first outer plate electrode 42, and the first electrode por-
tion 44a of the second outer plate electrode 44 are ar-
ranged on the film base 11 such that the first electrode
portion 42a entirely covers the first electrode portion 44a
when viewed perpendicular to the film base 11. Further,
the second electrode portion 42b of the first outer plate
electrode 42, and the second electrode portion 44b of
the corresponding second outer plate electrode 44 are
arranged on the film base 11 such that the second elec-
trode portion 42b entirely covers the second electrode
portion 44b in the longitudinal direction of the film base
11 (a first direction parallel to the surface of the film base),
and the second electrode portion 44b entirely covers the
second electrode portion 42b in the transverse direction
of the film base 11 (a second direction parallel to the
surface of the film base and perpendicular to the first
direction), when viewed perpendicular to the film base
11. By arranging the plate electrodes as such, even when
a slight misalignment in formation positions of the second
plate electrodes 43 and 44 develops relative to formation
positions of the first plate electrodes 41 and 42 due to
manufacturing tolerance and the like, electrostatic ca-
pacitance of the parallel plates formed by the electrodes
will not change, and an effect of reducing variance in
electric properties of products can be expected.
[0064] Further, in the contactless communication me-
dium 40, the first inner plate electrode 41 and the second
inner plate electrode 43 are arranged so as to be adjacent
to the antenna coil 14 along the 4 sides of the antenna
coil 14 when viewed perpendicular to the film base 11.
This arrangement of the plate electrodes enables the
contactless communication medium to have parallel
plate electrodes and an opening of the antenna coil 14
under the constraints imposed by the limited outer di-
mensions of the contactless communication medium.

[Fifth Embodiment]

[0065] Next, a contactless communication medium of
a fifth embodiment of the present invention will be de-
scribed with reference to Fig. 7. Fig. 7(a) is a top view
showing an internal structure of a contactless communi-
cation medium of the fifth embodiment of the present
invention, and Fig. 7(b) is a rear view thereof. Further,
Fig. 7(b) shows a rear side view thereof, where the top
view shown in Fig. 7(a) is reversed about its central lon-
gitudinal axis. A contactless communication medium 50
of the present embodiment is primarily different from the
contactless communication medium 10 of the first em-
bodiment in that the IC chip mounting portion 13 is ar-
ranged on the outside of the antenna coil 14 when viewed
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perpendicular to the film base 11, but is similar to the
structure of the contactless communication medium 10
of the first embodiment regarding other aspects. Namely,
although there are a few differences in size and position,
the contactless communication medium 50 has first plate
electrodes 51 and 52, and second plate electrodes 53
and 54 which is a structure similar to the first plate elec-
trodes 15 and 16, and the second plate electrodes 17
and 18 in the contactless communication medium 10.
Further, the contactless communication medium 50 has
a jumper wire 55 connecting a second inner plate elec-
trode 53 and a second outer plate electrode 54, similarly
to the jumper wire 19 in the contactless communication
medium 10.
[0066] In the contactless communication medium 50,
the IC chip mounting portion 13 is arranged along a cor-
ner of the top surface 11a of the film base 11. On the
other hand, the antenna coil 14 and the first plate elec-
trodes 51 and 52 are arranged along a corner facing, in
a diagonal direction, a corner where the IC chip mounting
portion 13 is arranged on the top surface 11a of the film
base 11. In an example of Fig. 7, one supporting portion
13a of the IC chip mounting portion 13 is connected to a
second electrode portion 52b of the first outer plate elec-
trode 52 via a predetermined wiring pattern. Further, the
other supporting portion 13b of the IC chip mounting por-
tion 13 is connected to the outer end 14b of the antenna
coil 14.
[0067] According to the contactless communication
medium 50 of the fifth embodiment, it is possible to obtain
effects similar to those produced by the contactless com-
munication medium 10 of the first embodiment described
above, and concurrently the area of the opening of the
antenna coil 14 can be increased by arranging relatively
large parts such as the IC chip mounting portion 13 and
the IC chip 12 mounted on the IC chip mounting portion
13 not in the inside, but on the outside of the antenna
coil 14.

[Sixth Embodiment]

[0068] Next, a contactless communication medium of
a sixth embodiment of the present invention will be de-
scribed with reference to Fig. 8. Fig. 8(a) is a top view
showing an internal structure of a contactless communi-
cation medium of the sixth embodiment of the present
invention, and Fig. 8(b) is a rear view thereof. Further,
Fig. 8(b) shows a rear side view thereof, where the top
view shown in Fig. 8(a) is reversed about its central lon-
gitudinal axis. A contactless communication medium 60
of the present embodiment is primarily different from the
contactless communication medium 40 of the fourth em-
bodiment in that the IC chip mounting portion 13 is ar-
ranged on the outside of the antenna coil 14 when viewed
perpendicular to the film base 11, but is similar to the
structure of the contactless communication medium 40
of the fourth embodiment regarding other details. Name-
ly, although there are a few differences in size and posi-

tion, the contactless communication medium 60 has first
plate electrodes 61 and 62, and second plate electrodes
63 and 64 which is a structure similar to the first plate
electrodes 41 and 42, and the second plate electrodes
43 and 44 in the contactless communication medium 40.
Further, the contactless communication medium 60 has
a jumper wire 65 connecting a second inner plate elec-
trode 63 and a second outer plate electrode 64, similarly
to the jumper wire 45 in the contactless communication
medium 40.
[0069] In the contactless communication medium 60,
the IC chip mounting portion 13 is arranged along a cor-
ner of the top surface 11a of the film base 11, similarly
to the contactless communication medium 50 of the fifth
embodiment. On the other hand, the antenna coil 14 and
the first inner plate electrode 61 are arranged along a
corner facing, in a diagonal direction, a corner where the
IC chip mounting portion 13 is arranged on the top surface
11a of the film base 11. In the example of Fig. 8, one
supporting portion 13a of the IC chip mounting portion
13 is connected to a first electrode portion 62b of the first
outer plate electrode 62 via a predetermined wiring pat-
tern. Further, the other supporting portion 13b of the IC
chip mounting portion 13 is connected to the outer end
14b of the antenna coil 14.
[0070] According to the contactless communication
medium 60 of the sixth embodiment, it is possible to ob-
tain effects similar to those produced by the contactless
communication medium 40 of the fourth embodiment de-
scribed above, and concurrently the area of the opening
of the antenna coil 14 can be increased by arranging
relatively large parts such as the IC chip mounting portion
13 and the IC chip 12 mounted on the IC chip mounting
portion 13 not in the inside, but on the outside of the
antenna coil 14.
[0071] Further, in the contactless communication me-
dium 60, the pair of outer plate electrodes 62 and 64
consisting of the first outer plate electrode 62 and the
second outer plate electrode 64 are arranged along the
outer periphery and the IC chip mounting portion 13 in
the short side portion of the antenna coil 14 when viewed
perpendicular to the film base 11. A space on the film
base 11 where the first outer plate electrode 62 and the
second outer plate electrode 64 are arranged is a space
necessarily formed when the IC chip mounting portion
13 is arranged on the outside of the antenna coil 14. By
arranging the first outer plate electrode 62 and the second
outer plate electrode 64 on the space necessarily formed
as such, plate electrodes can be arranged by effectively
using an empty space on the outside of the antenna coil
14 on the film base 11. Thereby, the area of plate elec-
trodes functioning as a capacitance portion can be in-
creased, and performance as a capacitance portion can
be stabilized.

[Seventh Embodiment]

[0072] Next, a contactless communication medium of
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a seventh embodiment of the present invention will be
described with reference to Fig. 9. Fig. 9(a) is a top view
showing an internal structure of a contactless communi-
cation medium of the seventh embodiment of the present
invention, and Fig. 9(b) is a rear view thereof. Further,
Fig. 9(b) shows a rear side view thereof, where the top
view shown in Fig. 9(a) is reversed about its central lon-
gitudinal axis. A contactless communication medium 70
of the present embodiment is different from the contact-
less communication medium 60 of the sixth embodiment
in that it further has a first outer plate electrode 71, a
second outer plate electrode 72, and a jumper wire 73,
but is similar to the contactless communication medium
60 regarding other details. The first outer plate electrode
71 and the second outer plate electrode 72 are arranged
along the outer periphery and the IC chip mounting por-
tion 13 in the short side portion of the antenna coil 14
when viewed perpendicular to the film base 11. Further,
the jumper wire 73 is branched off from the jumper wire
65, and connects the second outer plate electrode 72
and the second plate electrodes 63 and 64.
[0073] In the contactless communication medium 70
of the seventh embodiment, in addition to the contactless
communication medium 60 of the sixth embodiment, the
area of plate electrodes functioning as a capacitance por-
tion can be further increased by arranging the plate elec-
trodes (the first outer plate electrode 71 and the second
outer plate electrode 72) while effectively using also a
space necessarily formed on the outside of the long side
portion of the antenna coil 14, and performance as a ca-
pacitance portion can be stabilized. Further. in the con-
tactless communication medium 70, a structure omitting
the first outer plate electrode 62 and the second outer
plate electrode 64, namely, a structure of arranging the
plate electrodes while effectively using only a space nec-
essarily formed in the outside of the long side portion of
the antenna coil 14, may be employed.

[Eighth Embodiment]

[0074] Next, a contactless communication medium of
an eighth embodiment of the present invention will be
described with reference to Fig. 10. Fig. 10(a) is a top
view showing an internal structure of a contactless com-
munication medium of the eighth embodiment of the
present invention, and Fig. 10(b) is a rear view thereof.
Further, Fig. 10(b) shows a rear side view thereof, where
the top view shown in Fig. 10(a) is reversed about its
central longitudinal axis. A contactless communication
medium 80 of the present embodiment is different in
shape from the contactless communication medium 10
of the first embodiment in that first plate electrodes 82
and 83, and second plate electrodes 84 and 85 are
formed not in an "L" shape, but in a crescent shape, but
is equivalent to the contactless communication medium
10 regarding its function as a circuit (which is to be de-
scribed later in detail).
[0075] The first inner plate electrode 82 is a crescent

shaped planar electrode formed in the inside of an an-
tenna coil 81 which is a pattern formed in a circle on the
top surface 11a of the film base 11. The first inner plate
electrode 82 is arranged along substantially half of the
inner periphery of the antenna coil 81 (i.e., at least a third
or more of the entire length of the inner circumference of
the antenna coil 81), so as to be adjacent to the inner
periphery of the antenna coil 81 when viewed perpendic-
ular to the film base 11. The first outer plate electrode 83
is a crescent shaped planar electrode formed on the out-
side of the antenna coil 81 which is a pattern formed in
a circle on the top surface 11a of the film base 11. The
first outer plate electrode 83 is arranged along substan-
tially half of the outer periphery of the antenna coil 81
(i.e., at least a third or more of the entire length of the
outer circumference of the antenna coil 81), so as to be
adjacent to the outer periphery of the antenna coil 81
when viewed perpendicular to the film base 11.
[0076] As shown in Fig. 10(a), a portion of the antenna
coil 81 along which the first inner plate electrode 82 is
arranged (i.e., the left half of an arc portion of the antenna
coil 81) is different from a portion of the antenna coil 81
along which the first inner plate electrode 82 is arranged
(i.e., the right half of the arc portion of the antenna coil
81 in an example of Fig. 10(a)). Namely, the first inner
plate electrode 82 and the first outer plate electrode 83
are arranged such that they do not share the same por-
tions of the antenna coil 81 (the arc portion). In other
words, the first outer plate electrode 83 is arranged on
the opposite side (i.e., point symmetrically) to the first
inner plate electrode 82 with respect to a center point or
a center line on the plane (surface 11a) of the film base
11, similarly to the first embodiment and the like. Further,
this holds true for the arrangement relation between the
second inner plate electrode 84 and the second outer
plate electrode 85 as described later.
[0077] The second inner plate electrode 84 is a cres-
cent-shaped planar electrode forming a pair with the first
inner plate electrode 82, and is arranged on the rear sur-
face 11b of the film base 11 so as to be opposite to the
first inner plate electrode 82 in the thickness direction of
the film base 11. The second inner plate electrode 84
extends along substantially half of the inner periphery of
the antenna coil 81 (i.e., at least a third or more of the
entire length of the inner circumference of the antenna
coil 81) when viewed perpendicular to the film base 11,
similarly to the first inner plate electrode 82. The second
outer plate electrode 85 is a crescent-shaped planar elec-
trode forming a pair with the first outer plate electrode
83, and is arranged on the rear surface 11b of the film
base 11 so as to be opposite to the first outer plate elec-
trode 83 in the thickness direction of the film base 11.
The second outer plate electrode 85 extends along sub-
stantially half of the outer periphery of the antenna coil
81 (i.e., at least a third or more of the entire length of the
outer circumference of the antenna coil 81) when viewed
perpendicular to the film base 11, similarly to the first
outer plate electrode 83. The second inner plate elec-
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trode 84 and the second outer plate electrode 85 are
connected with a jumper wire 86.
[0078] The first plate electrodes 82 and 83 and the sec-
ond plate electrodes 84 and 85 form each of the 2 ca-
pacitance portions by arranging the first plate electrodes
82 and 83 and the second plate electrodes 84 and 85 to
be opposite to each other. In the present embodiment,
as an example, the first plate electrodes 82 and 83, and
the second plate electrodes 84 and 85 are arranged on
the film base 11 such that the first plate electrodes 82
and 83 entirely cover the second plate electrodes 84 and
85 when viewed perpendicular to the film base 11. By
arranging the plate electrodes as such, even when a
slight misalignment in formation positions of the second
plate electrodes 84 and 85 develops relative to formation
positions of the first plate electrodes 82 and 83 due to
manufacturing tolerance and the like, electrostatic ca-
pacitance of the parallel plates formed by both electrodes
will not change, and an effect of reducing variance in
electric properties of products can be expected.
[0079] The contactless communication medium 80
having such a structure constitutes an equivalent circuit
of the contactless communication medium 10 shown in
Fig. 3, where the antenna coil 14 is replaced by the an-
tenna coil 81, the first capacitance portions 15 and 17
are replaced by the capacitance portions 82 and 84
formed by the first inner plate electrode 82 and the sec-
ond inner plate electrode 84, the jumper wire 19 is re-
placed by the jumper wire 86, and the second capaci-
tance portions 16 and 18 is replaced by the capacitance
portions 83 and 85 formed by the first outer plate elec-
trode 83 and the second outer plate electrode 85. As
such, the contactless communication medium 80 is dif-
ferent from the contactless communication medium 10
of the first embodiment regarding the shape of each por-
tion, but is equivalent thereto in the function as a circuit.
[0080] The pair of inner plate electrodes 82 and 84
consisting of the first inner plate electrode 82 and the
second inner plate electrode 84 (namely, the pair of plate
electrodes forming the capacitance portions 82 and 84),
and the pair of outer plate electrodes 83 and 85 consisting
of the first outer plate electrode 83 and the second outer
plate electrodes 85 (namely, the pair of plate electrodes
forming the capacitance portion 83 and 85) are arranged
so as to pass an electric current along the same direction
as the direction of an electric current passing through the
antenna coil 81. Such an arrangement is realized by set-
ting up the jumper wire 86 such that the electric current
passing through the pair of inner plate electrodes 82 and
84, the jumper wire 86, and the pair of outer plate elec-
trodes 83 and 85 passes in the same direction as the
direction of the electric current passing through the an-
tenna coil 81 when viewed perpendicular to the film base
11 (for example, a clockwise or counterclockwise direc-
tion when viewed in the top surface 11a side of the film
base 11).
[0081] A flow of an electric current passing through the
antenna coil 81 at a given instant is hereinafter described

by providing an example of the case where the electric
current passing through the antenna coil 81 flows from
its outer end 81b toward its inner end 81a. As shown in
of Fig. 10(a), the electric current passing through the an-
tenna coil 81 flows from its outer end 81b in a counter-
clockwise direction as shown in the figure, circles around
the antenna coil 81 in a circular shape several times, (for
example, 4 times in the present embodiment), and flows
into the first inner plate electrode 82 via the inner end
81a, the IC chip mounting portion 13, and the IC chip 12.
Further, the electric current flowing into the first inner
plate electrode 82 returns to the outer end 81b of the
antenna coil 81 via the pair of inner plate electrodes 82
and 84, the jumper wire 86, and the pair of outer plate
electrodes 83 and 85. The direction of such electric cur-
rent is a counterclockwise direction as shown in Fig.
10(a), and therefore conforms to the direction of the elec-
tric current passing through the antenna coil 81.
[0082] As such, in the contactless communication me-
dium 80 of the eighth embodiment, capacitance portions
capable of propagating high-frequency signals are
formed on both surfaces 11a and 11b of the film base 11
such that the first plate electrodes 82 and 83 and the
second plate electrodes 84 and 85 are arranged dis-
posed to each other. Further, the first plate electrodes
82 and 83 and the second plate electrodes 84 and 85
are arranged along roughly half or more of the inner pe-
riphery or the outer periphery of the antenna coil 81 so
as to be adjacent to the inner periphery or the outer pe-
riphery of the antenna coil 81 formed in a circular spiral
shape when viewed perpendicular to the film base 11.
This arrangement of the plate electrodes enables the
contactless communication medium to have parallel
plate electrodes and an opening of the antenna coil 81
under the constraints imposed by the limited outer di-
mensions of the contactless communication medium.
[0083] Further, in the contactless communication me-
dium 80 of the eighth embodiment, the pair of inner plate
electrodes 82 and 84 and the pair of outer plate elec-
trodes 83 and 85 are arranged such that, when viewed
perpendicular to the film base 11, the portion (an arc por-
tion) of the antenna coil 81 along which the pair of inner
plate electrodes 82 and 84 are arranged is different from
the portion (an arc portion) of the antenna coil 81 along
which the pair of outer plate electrodes 83 and 85 are
arranged. In this case, the pair of inner plate electrodes
82 and 84 in the inside of the antenna coil 81, and the
pair of outer plate electrodes 83 and 85 of the antenna
coil 81 are arranged such that they do not share the same
portions of the antenna coil 81. Namely, the pair of inner
plate electrodes 82 and 84 and the pair of outer plate
electrodes 83 and 85 are arranged such that they are not
adjacent to each other and do not sandwich the same
portion of the antenna coil 14 therebetween. Thereby,
the antenna coil 81, the pair of inner plate electrodes 82
and 84, and the pair of outer plate electrodes 83 and 85
can be arranged on the film base 11 with balance. Spe-
cifically, the antenna coil 81, and the plate electrodes 82,
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83, 84, and 85 can be appropriately arranged in an equal-
ly spaced and annular antenna pattern arrangement area
as set in a standard (for example, ISO/IEC 14443-1,
Class 1) and the like.
[0084] Further, in the contactless communication me-
dium 80 of the eighth embodiment, the pair of inner plate
electrodes 82 and 84, and the pair of outer plate elec-
trodes 83 and 85 are arranged so as to pass an electric
current along the same direction as the electric current
passing through the antenna coil 81 as described above.
The effective number of coil turns can be increased by
having the pair of inner plate electrodes 82 and 84 and
the pair of outer plate electrodes 83 and 85 function as
radiating elements that pass an electric current along the
same direction as the direction of an electric current pass-
ing through the antenna coil 81. In the example of Fig.
10, the number of turns of the antenna coil 81 is 4. How-
ever, the effective number of coil turns is increased by 1
due to the plate electrodes 82, 83, 84, and 85, and the
jumper wire 86, and an antenna function equivalent to
that of the antenna coil 81 but having 5 turns can be
provided. Thus, it is possible to reduce the number of
turns (namely, the area of an antenna pattern) required
of the antenna coil 81 due to the effectively increased
number of coil turns, and the area of the opening of the
antenna coil 81 can be increased.
[0085] Accordingly, as in the case of the contactless
communication medium 80 of the eighth embodiment,
where the antenna coil 81 is patterned in a circular shape,
and the plate electrodes 82, 83, 84, and 85 are tailored
to the circular shaped antenna coil 81, it is possible to
produce similar effects to those produced in the contact-
less communication medium 10 of the first embodiment.
Further, in the contactless communication medium 80,
by pattern forming the antenna coil 81 in a circular shape,
the film base 11 in the contactless communication me-
dium 80 is closer in shape to a square than the film base
11 in the contactless communication medium 10 where
the antenna coil 14 is formed in a rectangular shape.
Thereby, the contactless communication medium 80 can
be appropriately used as a contactless communication
medium incorporated into a circular object in a planar
view of, for example, of a token (coin) of a casino and
the like.
[0086] Further, present embodiment is illustrated by
an example where the pair of inner plate electrodes 82
and 84 are arranged along substantially half of the inner
periphery of the antenna coil 81 when viewed perpendic-
ular to the film base 11, and the pair of outer plate elec-
trodes 83 and 85 are arranged along substantially half
of the outer periphery of the antenna coil 81 when viewed
perpendicular to the film base 11. However, the pair of
inner plate electrodes may be arranged along about more
than half of the inner periphery of the antenna coil 81
when viewed perpendicular to the film base 11, while the
pair of outer plate electrodes 83 and 85 may not be ar-
ranged along substantially half of the outer periphery of
the antenna coil 81 when viewed perpendicular to the

film base 11. Further, the pair of outer plate electrodes
83 and 85 may be arranged along about more than half
of the outer periphery of the antenna coil 81 when viewed
perpendicular to the film base 11, while the pair of inner
plate electrodes may not be arranged along about more
than half of the inner periphery of the antenna coil 81
when viewed perpendicular to the film base 11. Namely,
it is only necessary that at least one of the pair of inner
plate electrodes and the pair of outer plate electrodes
are arranged along about more than half of the inner pe-
riphery or the outer periphery of the antenna coil 81. Fur-
ther, the shape of the antenna coil 81 may not be a circular
shape, but an elliptic shape, or it may have a polygonal
shape. In the case of using an antenna coil having such
a shape other than a circular shape, a structure of a con-
tactless communication medium based on the idea sim-
ilar to the content described in the present embodiment
may be adopted.

[Ninth Embodiment]

[0087] Next, a contactless communication medium of
a ninth embodiment of the present invention will be de-
scribed with reference to Fig. 11. Fig. 11(a) is a top view
showing an internal structure of a contactless communi-
cation medium of a ninth embodiment of the present in-
vention, and Fig. 11(b) is a rear view thereof. Further,
Fig. 11(b) shows a rear side view thereof, where the top
view shown in Fig. 11(a) is reversed about its central
longitudinal axis. A contactless communication medium
90 of the present embodiment is primarily different from
the contactless communication medium 80 of the eighth
embodiment in that the IC chip mounting portion 13 is
arranged on the outside of the antenna coil 81 when
viewed perpendicular to the film base 11. Further, the
contactless communication medium 90 is primarily dif-
ferent from the contactless communication medium 80
of the eighth embodiment in that the pair of crescent-
shaped inner plate electrodes 82 and 84 are replaced by
a pair of inner plate electrodes 92 and 94 formed along
nearly the entire inner circumference of the antenna coil
81 when viewed perpendicular to the film base 11
[0088] The first inner plate electrode 92 is arranged
along nearly the entire inner periphery of the antenna coil
81 so as to be adjacent to the inner periphery of the an-
tenna coil 81 when viewed perpendicular to the film base
11. On the other hand, the first outer plate electrode 93
is arranged along substantially half of the outer periphery
of the antenna coil 81 so as to be adjacent to the outer
periphery of the antenna coil 81 when viewed perpendic-
ular to the film base 11, similarly to the first outer plate
electrode 83 in the contactless communication medium
80 of the eighth embodiment. The second plate elec-
trodes 94 and 95 are formed on the rear surface 11b of
the film base 11 so as to be opposite to the first plate
electrodes 92 and 93 in the thickness direction of the film
base 11. The second inner plate electrode 94 and the
second outer plate electrode 95 are connected with a
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jumper wire 96.
[0089] A flow of an electric current passing through the
antenna coil 81 of the contactless communication medi-
um 90 at a given instant is hereinafter described by pro-
viding an example of the case where the electric current
passing through the antenna coil 81 flows from its outer
end 81b toward its inner end 81a. As shown in Fig. 11(a),
the electric current passing through the antenna coil 81
flows from its outer end 81b in a counterclockwise direc-
tion as shown in the figure, circles around the antenna
coil 81 in a circular shape several times, (for example, 4
times in the present embodiment), and flows into the first
inner plate electrode 92 from the inner end 81a. Further,
the electric current flowing into the first inner plate elec-
trode 92 returns to the outer end 14b of the antenna coil
14 via the pair of inner plate electrodes 92 and 94, the
jumper wire 96, and the pair of outer plate electrodes 93
and 95. As described above, the pair of inner plate elec-
trodes 92 and 94 are formed in a shape almost making
a circle counterclockwise, as shown in Fig. 11(a), along
the inner periphery of the antenna coil 81 when viewed
perpendicular to the film base 11. Therefore, the direction
of the electric current passing through the pair of inner
plate electrodes 92 and 94 conforms to the direction of
the electric current passing through the antenna coil 81.
[0090] As such, in the contactless communication me-
dium 90, the pair of inner plate electrodes 92 and 94 are
arranged so as to pass the electric current in the same
direction as the direction of the electric current passing
through the antenna coil 81. The effective number of coil
turns can be increased by having the pair of inner plate
electrodes 92 and 94 function as a radiating element that
passes an electric current along the same direction as
the direction of an electric current passing through the
antenna coil 81. Thus, it is possible to reduce the number
of turns required of the antenna coil 81 due to the effec-
tively increased number of coil turns, and the area of the
opening of the antenna coil 81 can be increased. On the
other hand, in this example, the pair of outer plate elec-
trodes 93 and 95 do not function as a radiating element,
but purely function as a capacitance portion.
[0091] According to the contactless communication
medium 90 of the ninth embodiment, it is possible to in-
crease the area of the opening of the antenna coil 81 by
arranging relatively large parts such as the IC chip mount-
ing portion 13 and the IC chip 12 mounted on the IC chip
mounting portion 13 not in the inside, but on the outside
of the antenna coil 81.
[0092] The contactless communication medium of the
present embodiment may be as described above, but the
contactless communication medium of the present inven-
tion is not limited to the embodiment described above,
and various modifications can be applied. For example,
the structure of each portion described in the first to ninth
embodiments described above can be adequately com-
bined in aspects other than the combinations adopted in
the embodiments described above. Further, the contact-
less communication media described above may include

not only a contactless IC card, but also, for example,
contactless communication media such as an electronic
passport and the like, and are not particularly limited. The
same holds true for the following modifications.

[Modifications]

[0093] Contactless communication mediums (contact-
less information mediums) according to further embodi-
ments of the present invention will be described with ref-
erence to the drawings. In the description, the same sign
may be assigned for an element having the same element
or the same function, and repeated description will be
omitted.

[First Modification]

[0094] First, a contactless communication medium
(contactless information medium) of a first modification
will be described with reference to Fig. 13 to Fig. 15. Fig.
13(a) is a top view showing an internal structure of a
contactless communication medium of the first modifica-
tion, and Fig. 13(b) is a rear view thereof. Fig. 14(a) is a
cross sectional view of the contactless communication
medium shown in Fig. 13 along the line XIV(a)-XIV(a),
and Fig. 14(b) is a cross sectional view of the contactless
communication medium shown in Fig. 13 along the line
XIV(b)-XIV(b). Fig. 15 is a circuit diagram showing an
equivalent circuit of the contactless communication me-
dium shown in Fig. 13. Further, Fig. 13(b) shows a rear
side view of the view shown in Fig. 13(a) where the view
is reversed about its central longitudinal axis.
[0095] A contactless communication medium 110 is a
wireless communication medium with RFID capable of
performing contactless communication with an external
read/write device such as a reader/writer while applying
RFID technology and using signals primarily in the HF
band. The contactless communication medium 110 has
a rectangular shaped film base 111 as shown in Fig. 13
and Fig. 14. An IC chip 112, an antenna coil 113, and
first plate electrodes 114a and 114b are arranged on a
top surface 111a of the film base 111, and second plate
electrodes 116a and 116b, and a jumper wire 117 are
arranged on a rear surface 111b of the film base 111
[0096] The film base 111 is a base made up of dielectric
and having, for example, a triple-layer structure, and has
a structure having an intermediate base 111c as the main
base having insulating properties and durability such as
polyethylene naphthalate (PEN), polyethylene tereph-
thalate copolymer (PET-G) and the like. On both the front
and rear surfaces of the intermediate base 111c, first and
second dielectric layers 111d and 111 e, having a smaller
thickness than that of the intermediate base 111c, are
provided for adjustment. Further, details of the first and
second dielectric layers 111d and 111e will be described
later.
[0097] A metal foil is laminated on both the front and
rear surfaces 111a and 111b of the film base 111 prior
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to processing by etching and the like, and the antenna
coil 113, the first plate electrodes 114a and 114b, the
second plate electrodes 116a and 116b, and the jumper
wire 117 are formed by processing the metal foil such as
by etching. The metal foil arranged on each of the front
and rear surfaces 111a and 111b of the film base 111
may have the same thickness, or the thickness of the
metal foil on the top surface 111a side where the antenna
coil 113 is arranged may be made larger than the thick-
ness of the metal foil on the rear surface 111b side where
the second plate electrodes 116a and 116b are arranged,
since the antenna coil 113 is arranged with a small pitch
and the electrical resistance of the antenna coil 113
needs to be reduced. Further, such a three-layer struc-
ture may obviously be applied to the contactless com-
munication medium 10 and the like of the first embodi-
ment to the ninth embodiment described above.
[0098] The IC chip 112 is constituted by an IC tag stor-
ing, for example, ID information. The IC chip 112 is ar-
ranged along a length of the antenna coil antenna coil
113 on the top surface 111a of the film base 111, and
both its terminals are connected to the antenna coil 113.
The IC chip 112 performs wireless communication
processing via the conducted antenna coil 113, and
sends and receives predetermined signals to and from
an external read/write device.
[0099] The antenna coil 113 is a plane spiral shaped
antenna for performing contactless wireless communi-
cation by electromagnetically coupling with an antenna
of an external read/write device such as a reader/writer.
The antenna coil 113 sends and receives signals and
receives power by wireless communication in a contact-
less state. The antenna coil 113 is formed from a con-
ductor (metal foil) arranged on the top surface 111a of
the film base 111. Specifically, the antenna coil 113 is
patterned, for example, by etching a copper foil or an
aluminum foil having a thickness of 5 mm to 50 mm lam-
inated on the top surface 111a side of the film base 111
having a thickness of 15 mm to 50 mm. Such an antenna
coil 113 is connected to the plate electrode 114a at its
outer end, and is connected to the plate electrode 114b
at its inner end.
[0100] The first plate electrodes 114a and 114b are
each a rectangular shaped plate electrode, and are ar-
ranged in parallel at one side of the top surface 111a of
the film base 111 sandwiching a portion of the antenna
coil 113 therebetween. The plate electrode 114b is
formed in the inside of the antenna coil 113, and therefore
its electrode area is smaller than that of the plate elec-
trode 114a. However, the electrode areas of plate elec-
trodes 114a and 114b may be the same, or the electrode
area of the plate electrode 114b may be larger than that
of the plate electrode 114a. Further, the plate electrode
114a is connected to the outer end of the antenna coil
113 as described above, and the plate electrode 114b is
connected to the inner end of the antenna coil 113. Fur-
ther, the first plate electrodes 114a and 114b are pat-
terned by etching the metal foil laminated on the top sur-

face 111a side of the film base 111 similarly to the an-
tenna coil 113. The second plate electrodes 116a and
116b, and the jumper wire 117 to be described later are
also similarly formed.
[0101] The second plate electrodes 116a and 116b are
each a rectangular plate electrode, and are arranged in
parallel at one side of the rear surface 111b of the film
base 111, with a portion of the region corresponding to
the antenna coil 113 located therebetween. The plate
electrode 116b is formed in the inside of the region cor-
responding to the antenna coil 113 (region of the antenna
coil 113 shown by dotted lines in Fig. 13(b)), and therefore
its electrode area is smaller than that of the plate elec-
trode 116a, which is, however, not limited, similarly to
the first plate electrodes 114a and 114b. Further, as
shown in Fig. 14(a) and Fig. 14(b), the second plate elec-
trodes 116a and 116b are formed so as to be opposite
to the first plate electrodes 114a and 114b in the thick-
ness direction of the film base 111. More specifically, the
plate electrode 114a and the plate electrode 116a are
opposite to each other, and the plate electrode 114b and
the plate electrode 116b are opposite to each other. With
such an arrangement, the first plate electrodes 114a and
114b, and the second plate electrodes 116a and 116b
each form 2 capacitance portions (see Fig. 15).
[0102] Further, plate electrodes 114a and 116a oppo-
site to each other have the same shape and the same
size (area), and plate electrodes 114b and 116b opposite
to each other similarly have the same shape and the
same size. Further, each plate electrode of these first
plate electrodes 114a and 114b, and the second plate
electrodes 116a and 116b are in conformity when viewed
perpendicular to the film base 111. Further, the second
plate electrodes 116a and 116b, unlike the first plate elec-
trodes 114a and 114b, are not connected to the antenna
coil 113.
[0103] The jumper wire 117 is a wire which connects
the second plate electrodes 116a and 116b on the rear
surface 11b of the film base 111. The jumper wire 117
preferably has a small electrostatic capacitance between
it and a portion of the antenna coil 113 opposite to the
jumper wire 117, and therefore its width is preferably as
small as possible, for example, in the order of 1 to 3 mm.
By such a jumper wire 117, conduction between the plate
electrode 116a and the plate electrode 116b is achieved.
Further, in the example shown in Fig. 13(b), the jumper
wire 117 is connected to the plate electrodes 116a and
116b in the long side direction of the plate electrodes
116a and 116b shown in the upper portion of the figure,
but it may be connected at other portions such as a central
portion.
[0104] The contactless communication medium 110
having such a structure can be expressed as an equiv-
alent circuit as shown in Fig. 15. Namely, as shown in
Fig. 15, the contactless communication medium 110 is
constituted by a circuit having the IC chip 112, the an-
tenna coil 113, the first capacitance portion 114a and
116a, the jumper wire 117, and the second capacitance
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portion 114b and 116b arranged in this order.
[0105] Here, a layer structure of the film base 111 of
the contactless communication medium 110 having such
a structure, and effects and functions produced thereby
will be further described in detail with reference to Fig.
14(a) and Fig. 14(b).
[0106] As shown in Fig. 14(a) and Fig. 14(b), the film
base 111 constituting the contactless communication
medium 110 has a three-layer structure having, in addi-
tion to the intermediate base 111c which is the primary
base, a first dielectric layer for adjustment 111d compris-
ing dielectric and formed on a surface of the intermediate
base 111c shown in the upper portion of the figure, and
a second dielectric layer for adjustment 111e comprising
dielectric and formed on a surface of the intermediate
base 111c shown in the lower portion of the figure. The
reason that the film base 111 has such a three-layer
structure in the contactless communication medium 110
of the present modification is to enable adjustment by
simple means of the electrostatic capacitance values of
the capacitance portion (capacitor) formed by the first
and second plate electrodes 114a and 116a, and the
capacitance portion (capacitor) formed by the first and
second plate electrodes 114b and 116b, by adjusting the
thickness, dielectric constant and the like of the first and
second dielectric layers 111d and 111e. The first and
second dielectric layers 111d and 111e are layers for
adjusting the electrostatic capacitance value, and from
the perspective of making the contactless communica-
tion medium 110 thinner, it is preferable that it is thinner
than the thickness of the intermediate base 111c, which
is not limited.
[0107] In order to enable adjustment of such an elec-
trostatic capacitance value, the dielectric material con-
stituting the first and second dielectric layers 111d and
111e may be constituted by a different material from a
dielectric material of the intermediate base 111c, for ex-
ample, comprising PET and the like, but may be consti-
tuted by the same material. A material constituting the
first and second dielectric layers 111d and 111e includes,
for example, polyester-based resin, polyether-based res-
in, polyethylene, polypropylene, EVA resin and the like.
The first and second dielectric layers 111d and 111e may
be formed by coating such dielectric material on both the
front and rear surfaces of the intermediate base 111 c,
followed by curing. In the case of adopting such a pro-
duction method, the thicknesses and the materials used
(i.e., dielectric constant) of the first and second dielectric
layers 111d and 111e can be adequately adjusted. Fur-
ther, the film base 111 of such a three-layer structure
may obviously be adopted in the structure of the film base
111 used in the first embodiment to the ninth embodiment
described above, and by adopting the structure of the
film base 111 in the film base 11, it is possible to similarly
produce the same functions, effects and the like to be
described later in the contactless communication medi-
um and the like of the first embodiment to the ninth em-
bodiment.

[0108] Thus, in the contactless communication medi-
um 110 of the present embodiment, the film base 111
sandwiched between the first plate electrodes 114a and
114b and the second plate electrodes 116a and 116b
has a three-layer structure having the intermediate base
111c, and the first and second dielectric layers 111d and
111e. Therefore, the thickness of the film base 111 com-
prising the dielectric, namely the separation distances
between the first and second plate electrodes 114a and
116a, and between 114b and 116b can be easily adjust-
ed, for example, by changing the thickness of the first
and second dielectric layers 111d and 111e, and it is
possible to easily adjust the capacitances of the capac-
itors made of the first and second plate electrodes 114a,
114b, 116a, and 116b without changing the shapes (ar-
eas) and the like of the electrode pattern of the plate
electrodes 114a, 114b, 116a, and 116b constituting the
capacitors. Further, in the contactless communication
medium 110, the structure is such that conduction is
achieved with capacitors formed between the first plate
electrodes 114a and 114b connected to the antenna coil
113, and the second plate electrodes 116a and 116b
arranged on the rear surface side, and therefore produc-
tion and inspection processes can be simplified and con-
nection reliability can be improved compared to the case
where the start end and the finish end of the antenna coil
113 are directly connected to a conductor pattern on the
rear surface side.
[0109] Further, in the contactless communication me-
dium 110, the dielectric constants of the dielectrics con-
stituting the first and second dielectric layers 111d and
111e are equivalent to or more than the dielectric con-
stant of the dielectric constituting the intermediate base
111c. Therefore, even when the layer thicknesses of the
first and second dielectric layers for adjustment 111d and
111e are small, the capacitances of the capacitors made
of the first and second plate electrodes 114a, 114b, 116a,
and 116b can be easily adjusted.
[0110] Further, in the contactless communication me-
dium 110, the thicknesses of the first and second dielec-
tric layers 111d and 111e are smaller than the thickness
of the intermediate base 111c. As such, the dielectric
layers for adjustment for adjusting the capacitances of
the capacitors made of the first and second plate elec-
trodes 114a, 114b, 116a, and 116b can be made thin,
and therefore it is possible to control the variance in total
thickness of the film base 111 in each product. Further,
the whole contactless communication medium 110 can
be made thinner.
[0111] Further, in the contactless communication me-
dium 110, for example, the first and second dielectric
layers 111d and 111e are formed by coating a predeter-
mined dielectric material on the intermediate base 111c,
followed by curing. As such, the thicknesses, dielectric
constants and the like of the first and second dielectric
layers 111d and 111e can be easily adjusted, and there-
fore it is possible to easily adjust the capacitances of the
capacitors made of the first and second dielectric layers
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114a, 114b, 116a, and 116b.
[0112] Further, in the contactless communication me-
dium 110, the thickness of the metal foil constituting the
antenna coil 113 is larger than the thickness of the metal
foil constituting the second plate electrode 116a and
116b. As such, electrical resistance in the antenna coil
113 can be reduced, and it is possible to improve the
radiation efficiency of the antenna of the contactless com-
munication medium 110. Further, this structure may be
adopted in the structure of the contactless communica-
tion medium used in the first embodiment to the ninth
embodiment of the present invention described above.
[0113] Further, in the example described above, an ex-
ample where the areas in the plane of the plate electrodes
114a and 116a constituting a capacitor of the contactless
communication medium 110 conform to each other, and
concurrently the areas in the plane of the plate electrodes
114b and 116b constituting another capacitor conform
to each other is shown. However, the present invention
is not limited to this. For example, as shown in Fig. 16(a)
and Fig. 16(b), the area in the plane of the second plate
electrode 116a arranged on the rear surface 111b side
may be larger than the area in the plane of the first plate
electrode 114a, and that, when viewed in a direction per-
pendicular to the plane of the first and second plate elec-
trodes 114a and 116a, the first plate electrode 114a may
be surrounded by the second plate electrode 116a. When
forming each of the first and second plate electrodes
114a and 116a on either surface, a position and the like
of both plate electrodes 114a and 116a may be some-
what misaligned from designed values due to production
errors and the like. By adopting the structure described
above, even in the case where the arrangement positions
of the first and second plate electrodes are somewhat
misaligned from the designed values, it is possible to
have a capacitor with a predetermined capacitance val-
ue.
[0114] Further, to the contrary, as shown in Fig. 17(a)
and Fig. 17(b), the area in the plane of the first plate
electrode 114a may be larger than the area in the plane
of the second plate electrode 116a, and that, when
viewed perpendicular to the plane of the first and second
plate electrodes 114a and 116a, the second plate elec-
trode 116a may be surrounded by the first plate electrode
114a. However, the antenna coil 113 is also formed on
the same side as the first plate electrode 114a, and there-
fore, by making the size of the second plate electrode
116a larger, the contactless information medium 110 as
a whole is likely to be downsized. Further, a relation be-
tween areas of the first and second plate electrodes 114a
and 116a was described above, but the same holds true
for a relation between areas of the first and second plate
electrodes 114b and 116b.

[Second Modification]

[0115] Next, a contactless communication medium of
a second modification will be described with reference

to Fig. 18 to Fig. 20. Fig. 19 is a cross sectional view
schematically showing a flow of an electric current be-
tween plate electrodes of the contactless communication
medium shown in Fig. 18(a) and (b). Fig. 20 is a circuit
diagram showing an equivalent circuit of the contactless
communication medium shown in Fig. 18(a) and (b). As
shown in Fig. 18 (a) and (b), the contactless communi-
cation medium 110a has the film base 111, the IC chip
112, the antenna coil 113, the first plate electrodes 114a
and 114b, the second plate electrodes 116a and 116b,
and the jumper wire 117, similarly to the first modification.
[0116] On the other hand, as shown in Fig. 18 (a) and
(b), in the contactless communication medium 110a, un-
like the first modification, plate electrodes 114a, 114b,
116a, and 116b are formed on a flow path of an electric
current passing through the antenna coil 113 and con-
stituting a portion of a coil pattern. The plate electrodes
114a, 114b, 116a, and 116b are included in the coil pat-
tern including the antenna coil 113, and therefore, for
example as shown in Fig. 19, an electric current passes
from the plate electrode 114b to the plate electrode 116b
across the film base 111. As such, the electric current
passes along the travelling direction indicated by arrows
in the figure, and therefore the amount of electric current
passing through the first plate electrode 114b is larger
than the amount of electric current passing through the
second plate electrode 116b in region α, whereas the
amount of electric current passing through the second
plate electrode 116b is larger than the amount of electric
current passing through the first plate electrode 114b in
region β. The relation between the amounts of electric
currents holds true between the planar electrodes 114a
and 116a. Further, an average electric current density in
an electrode cross section of each of the plate electrodes
114a, 114b, 116a, and 116b may be used as an index in
place of the amount of electric current, similarly to the
case of using the amount of electric current. As such, in
the case where the first and second plate electrodes
114a, 114b, 116a, and 116b are formed on a flow path
of an electric current passing through the antenna coil
113 and constituting a portion of the coil pattern, the plate
electrodes 114a, 114b, 116a, and 116b can be used as
a portion of the antenna, and under the limited antenna
forming region, it is possible to increase the number of
coil turns and concurrently enlarge the opening area of
the antenna. Further, an equivalent circuit of such a con-
tactless communication medium 110a is shown in Fig.
20.
[0117] Further, as shown in Fig. 19, the electric current
passing through the plate electrode 114b decreases from
an end A toward the other end B, whereas the electric
current passing through the plate electrode 116b increas-
es from an end A’ toward the other end B’. Therefore, for
example, the plate electrode 114b may be shaped such
that one side is a broad portion 114c and the other side
is a thin portion 114d as shown in Fig. 21(a), and the
plate electrode 116b may be shaped such that one side
is a thin portion 116c and the other side is a broad portion

35 36 



EP 3 306 533 B1

20

5

10

15

20

25

30

35

40

45

50

55

116d as shown in Fig. 21(b). In this case, as shown in
Fig. 21(c), in the region α where the amount of electric
current passing through the first plate electrode 114b is
larger than the amount of electric current passing through
the second plate electrode 116b, the area of the first plate
electrode 114b (114c) is larger than the area of the sec-
ond plate electrode 116b (116c). However in the region
β where the amount of electric current passing through
the second plate electrode 116b is larger than the amount
of electric current passing through the first plate electrode
114b, the area of the second plate electrode 116b (116d)
is larger than the area of the first plate electrode 114b
(114d). As such, by reducing the size of a plate electrode
at a position where the amount of electric current passing
through is small, it is possible to enlarge the forming re-
gion of another member such as the antenna coil 113
while keeping the electrical resistance low.
[0118] Further, shapes of the plate electrodes 114b
and 116b are not limited to the above, and other shapes
can be adequately selected. For example, as shown in
Fig. 22(a) and (b), the plate electrodes 114b and 116b
may have a planar triangular shape. I^n this case, as
shown in Fig. 22(c), in the region α where the amount of
electric current passing through the first plate electrode
114b is larger than the amount of electric current passing
through the second plate electrode 116b, the area of the
first plate electrode 114b is larger than the area of the
second plate electrode 116b. However in the region β
where the amount of electric current passing through the
second plate electrode 116b is larger than the amount
of electric current passing through the first plate electrode
114b, the area of the second plate electrode 116b is larg-
er than the area of the first plate electrode 114b. There-
fore, it is possible to enlarge the forming region of another
member such as the antenna coil 113 and the like simi-
larly as described above. Further, also in the case of the
second modification, this structure may be adequately
applied in the structures of the contactless communica-
tion medium of the first embodiment to the ninth embod-
iment described above similarly to the first modification.
[0119] The contactless communication medium of the
modifications has been described, but the wireless com-
munication medium having RFID of the modifications is
not limited to the examples described above, and various
modifications can be applied. For example, in the modi-
fication described above, the film base 111 is constituted
by a three-layer structure. However, the present inven-
tion is not limited to a three-layer structure, and the film
base 111 may be formed from a structure having 4 or
more layers, each comprising a dielectric. In this case, it
is possible to more finely adjust the capacitances of the
capacitors constituted by the first and second plate elec-
trodes 114a, 114b, 116a, and 116b. Further, in the ex-
ample described above, 2 capacitors were formed with
the first and second plate electrodes 114a, 114b, 116a,
and 116b and both terminals of the antenna coil 113 were
conducted. However, it is only necessary that at least
one of the 2 has a capacitor structure, and the other elec-

trode may be directly conducted.

Industrial Applicability

[0120] The present invention provides a contactless
information medium having parallel plate electrodes and
designed to have an opening of an antenna coil.

[Reference Signs List]

[0121]

10, 20, 30, 40, 50, 60, 70, 80, 90 ... Contactless com-
munication medium (Contactless information medi-
um)
11 ... Film base
12 ... IC chip
13 ... IC chip mounting portion
14, 81 ... Antenna coil
15, 16, 41, 42, 51, 52, 61, 62, 71, 82, 83, 92, 93 ...
First plate electrode
17, 18, 43, 44, 53, 54, 63, 64, 72, 84, 85, 94, 95 ...
Second plate electrode
19, 21, 45, 55, 65, 73, 86, 96 ... Jumper wire

Claims

1. A contactless information medium (10) comprising:

a film base (11);
an antenna coil (14) disposed on a first surface
(11a) of the film base, and formed in a spiral
shape to perform wireless communication with
an external device;
an IC chip (12) connected to the antenna coil
via an IC chip mounting portion (13), and per-
forming wireless communication processing via
the antenna coil;
a first plate electrode (15, 16) disposed on the
first surface of the film base, and connected to
at least one of an inner end and an outer end of
the antenna coil; and
a second plate electrode (17, 18) disposed on
a second surface of the film base so as to be
opposite to the first plate electrode in a thickness
direction of the film base,
wherein each of the first plate electrode and the
second plate electrode
has a first electrode portion (15a, 16a, 17a, 18a)
and a second electrode portion each (15b, 16b,
17b, 18b) extending along a first side direction
of the antenna coil and a second side direction
intersecting the first side direction so as to be
adjacent to an inner periphery or an outer pe-
riphery of the antenna coil when viewed perpen-
dicular to the film base, or
is disposed along greater than or equal to one-
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third of the entire length of the inner periphery
or the outer periphery of the antenna coil so as
to be adjacent to the inner periphery or the outer
periphery of the antenna coil when viewed per-
pendicular to the film base,
wherein the first plate electrode has a first inner
plate electrode (15) connected to the inner end
of the antenna coil, and a first outer plate elec-
trode (16) connected to the outer end of the an-
tenna coil,
the second plate electrode has a second inner
plate electrode (17) opposite to the first inner
plate electrode in the thickness direction of the
film base, and a second outer plate electrode
(18) opposite to the first outer plate electrode in
the thickness direction of the film base, and
the first outer plate electrode (15) is disposed
on the opposite side of the first inner plate elec-
trode (16) with respect to a center point or center
line on a plane of the film base,
characterized in that
the IC chip (12) is disposed on the first surface
of the film base, and
the contactless information medium further
comprises a jumper portion (19) connecting the
second inner plate electrode and second outer
plate electrode on the second surface of the film
base.

2. The contactless information medium according to
claim 1,
wherein the first plate electrode has the first inner
plate electrode (15) connected to the inner end of
the antenna coil, and the first outer plate electrode
(18) connected to the outer end of the antenna coil,
the second plate electrode has the second inner
plate electrode (17) opposite to the first inner plate
electrode in the thickness direction of the film base,
and the second outer plate electrode (18) opposite
to the first outer plate electrode in the thickness di-
rection of the film base, and
each of the first inner plate electrode (15) and the
first outer plate electrode (16) has the first electrode
portion and the second electrode portion.

3. The contactless information medium according to
any one of claims 1 or 2,
wherein a pair of inner plate electrodes comprising
the first inner plate electrode (15) and the second
inner plate electrode (17), and a pair of outer plate
electrodes comprising the first outer plate electrode
(16) and the second outer plate electrode (18) are
arranged such that, when viewed perpendicular to
the film base, a portion of the antenna coil along
which the pair of inner plate electrodes are disposed
is different from a portion of the antenna coil along
which the pair of outer plate electrodes are disposed.

4. The contactless information medium according to
any one of claims 1 to 3,
wherein at least one of the pair of inner plate elec-
trodes comprising the first inner plate electrode (15)
and the second inner plate electrode (17) and the
pair of outer plate electrodes comprising the first out-
er plate electrode (16) and the second outer plate
electrode (18) are arranged such that an electric cur-
rent flows along the same direction as an electric
current passing through the antenna coil.

5. The contactless information medium according to
any one of claims 1 to 4,
wherein the antenna coil (14) is formed in any one
of a polygonal shape including a rectangular shape,
a circular shape, and an elliptical shape, and/or
wherein the IC chip mounting portion (13) is disposed
outside the antenna coil when viewed perpendicular
to the film base.

6. The contactless information medium according to
any one of claims 1 to 5,
wherein the IC chip mounting portion (13) is disposed
outside the antenna coil when viewed perpendicular
to the film base, and
the pair of outer plate electrodes comprising the first
outer plate electrode (16) and the second outer plate
electrode (18) are disposed along the outer periph-
ery of the antenna coil and the IC chip mounting por-
tion when viewed perpendicular to the film base.

7. The contactless information medium according to
any one of claims 1 to 6,
wherein the first plate electrode (15, 16) and the sec-
ond plate electrode (17, 18) are disposed on the film
base (11) such that, when viewed perpendicular to
the film base, either one of the plate electrodes en-
tirely covers the other plate electrode.

8. The contactless information medium according to
any one of claims 1 to 6,
wherein the first plate electrode (15, 16) and the sec-
ond plate electrode (17, 18) are disposed on the film
base (11) such that, when viewed perpendicular to
the film base, either one of the plate electrodes en-
tirely covers the other plate electrode in a first direc-
tion parallel to the surface of the film base, and the
latter plate electrode entirely covers the former plate
electrode in a second direction parallel to the surface
of the film base and perpendicular to the first direc-
tion.

9. The contactless information medium according to
any one of claims 1 to 8,
wherein an antenna arranging region (11d) where
the antenna coil is arranged is defined in a frame
shape on a periphery side of the first surface of the
film base, and

39 40 



EP 3 306 533 B1

22

5

10

15

20

25

30

35

40

45

50

55

the antenna arranging region (11d) is provided be-
tween the outer periphery of the film base and an
antenna non-arranging region (11c) covering about
more than half of the entire area of the first surface
and defined in a central portion of the first surface.

10. The contactless information medium according to
any one of claims 1 to 9,
wherein the first plate electrode (15, 16) is disposed
adjacent to the antenna coil such that a spacing be-
tween the first plate electrode and the closest inner
periphery or the closet outer periphery of the antenna
coil is 0.5 mm or less.

11. The contactless information medium according to
any one of claims 1 to 10,
wherein the film base (11) has an intermediate base
(111c) comprising a dielectric, a first dielectric layer
for adjustment comprising a dielectric and formed on
a first surface of the intermediate base, and a second
dielectric layer for adjustment comprising a dielectric
and formed on a second surface of the intermediate
base.

12. The contactless information medium according to
claim 11, wherein at least one of the following con-
ditions a) to d) is satisfied:

a) dielectric constants of the dielectrics consti-
tuting the first and second dielectric layers are
greater than or equal to a dielectric constant of
a dielectric constituting the intermediate base,
b) a total thickness of the first and second die-
lectric layers is less than a thickness of the in-
termediate base,
c) dielectric materials constituting the first and
second dielectric layers are different from a di-
electric material constituting the intermediate
base,
d) the first and second dielectric layers are
formed by applying a dielectric material to the
intermediate base, followed by curing.

13. The contactless information medium according to
any one of claims 1 to 12,
wherein a thickness of a metal foil constituting the
antenna coil (14) is greater than a thickness of a
metal foil constituting the second plate electrode.

Patentansprüche

1. Kontaktloses Informationsmedium (10), umfassend:

eine Filmbasis (11);
eine Antennenspule (14), die an einer ersten
Oberfläche (11a) der Filmbasis angeordnet ist
und in einer Spiralform gebildet ist, um drahtlose

Kommunikation mit einer externen Vorrichtung
durchzuführen;
einen IC-Chip (12), der mit der Antennenspule
über einen IC-Chipbefestigungsabschnitt (13)
verbunden ist und drahtlose Kommunikations-
verarbeitung über die Antennenspule durch-
führt;
eine erste Plattenelektrode (15, 16), die an der
ersten Oberfläche der Filmbasis angeordnet ist
und mit mindestens einem eines Innenendes
und eines Außenendes der Antennenspule ver-
bunden ist; und
eine zweite Plattenelektrode (17, 18), die an ei-
ner zweiten Oberfläche der Filmbasis angeord-
net ist, um in einer Dickenrichtung der Filmbasis
gegenüber der ersten Plattenelektrode zu lie-
gen,
wobei sowohl die erste Plattenelektrode als
auch die zweite Plattenelektrode
einen ersten Elektrodenabschnitt (15a, 16a,
17a, 18a) als auch einen zweiten Elektrodenab-
schnitt (15b, 16b, 17b, 18b) aufweist, die sich
jeweils entlang einer ersten Seitenrichtung der
Antennenspule und einer zweiten Seitenrich-
tung, die die erste Seitenrichtung kreuzt, erstre-
cken, um an einen Innenumfang oder einen Au-
ßenumfang der Antennenspule anzugrenzen,
wenn senkrecht zu der Filmbasis betrachtet,
oder
entlang mehr als oder gleich eines Drittels der
Gesamtlänge des Innenumfangs oder des Au-
ßenumfangs der Antennenspule angeordnet ist,
um an den Innenumfang oder den Außenum-
fang der Antennenspule anzugrenzen, wenn
senkrecht zu der Filmbasis betrachtet,
wobei die erste Plattenelektrode eine erste In-
nenplattenelektrode (15), die mit dem Innenen-
de der Antennenspule verbunden ist, und eine
erste Außenplattenelektrode (16), die mit dem
Außenende der Antennenspule verbunden ist,
aufweist,
die zweite Plattenelektrode eine zweite Innen-
plattenelektrode (17) gegenüber der ersten In-
nenplattenelektrode in der Dickenrichtung der
Filmbasis und eine zweite Außenplattenelektro-
de (18) gegenüber der ersten Außenplattene-
lektrode in der Dickenrichtung der Filmbasis auf-
weist, und
die erste Außenplattenelektrode (15) an der ge-
genüberliegenden Seite der ersten Innenplat-
tenelektrode (16) in Bezug auf einen Mittelpunkt
oder eine Mittellinie an einer Ebene der Filmba-
sis angeordnet ist, dadurch gekennzeichnet,
dass
der IC-Chip (12) an der ersten Oberfläche der
Filmbasis angeordnet ist, und
das kontaktlose Informationsmedium weiter ei-
nen Brückenabschnitt (19) aufweist, der die
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zweite Innenplattenelektrode und zweite Au-
ßenplattenelektrode an der zweiten Oberfläche
der Filmbasis verbindet.

2. Kontaktloses Informationsmedium nach Anspruch
1,
wobei die erste Plattenelektrode die erste Innenplat-
tenelektrode (15) mit dem Innenende der Antennen-
spule verbunden und die erste Außenplattenelekt-
rode (18) mit dem Außenende der Antennenspule
verbunden aufweist,
die zweite Plattenelektrode die zweite Innenplatten-
elektrode (17) gegenüber der ersten Innenplattene-
lektrode in der Dickenrichtung der Filmbasis und die
zweite Außenplattenelektrode (18) gegenüber der
ersten Außenplattenelektrode in der Dickenrichtung
der Filmbasis aufweist, und
sowohl die erste Innenplattenelektrode (15) als auch
die erste Außenplattenelektrode (16) den ersten
Elektrodenabschnitt und den zweiten Elektrodenab-
schnitt aufweist.

3. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 oder 2,
wobei ein Paar von Innenplattenelektroden, das die
erste Innenplattenelektrode (15) und die zweite In-
nenplattenelektrode (17) umfasst, und ein Paar von
Außenplattenelektroden, das die erste Außenplat-
tenelektrode (16) und die zweite Außenplattenelek-
trode (18) umfasst, so angeordnet sind, dass sich,
wenn senkrecht zu der Filmbasis betrachtet, ein Ab-
schnitt der Antennenspule, entlang dem das Paar
von Innenplattenelektroden angeordnet ist, von ei-
nem Abschnitt der Antennenspule, entlang dem das
Paar von Außenplattenelektroden angeordnet ist,
unterscheidet.

4. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 3,
wobei mindestens eines des Paares von Innenplat-
tenelektroden, das die erste Innenplattenelektrode
(15) und die zweite Innenplattenelektrode (17) um-
fasst, und des Paares von Außenplattenelektroden,
das die erste Außenplattenelektrode (16) und die
zweite Außenplattenelektrode (18) umfasst, so ein-
gerichtet ist, dass ein elektrischer Strom entlang der-
selben Richtung fließt, wie ein elektrischer Strom,
der durch die Antennenspule geht.

5. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 4,
wobei die Antennenspule (14) in einer beliebigen po-
lygonalen Form gebildet ist, beinhaltend eine recht-
eckige Form, eine runde Form und eine elliptische
Form, und/oder
wobei der IC-Chip-Befestigungsabschnitt (13) au-
ßerhalb der Antennenspule angeordnet ist, wenn
senkrecht zu der Filmbasis betrachtet.

6. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 5,
wobei der IC-Chip-Befestigungsabschnitt (13) au-
ßerhalb der Antennenspule angeordnet ist, wenn
senkrecht zu der Filmbasis betrachtet, und
das Paar von Außenplattenelektroden, das die erste
Außenplattenelektrode (16) und die zweite Außen-
plattenelektrode (18) umfasst, entlang des Außen-
umfangs der Antennenspule und des IC-Chip-Be-
festigungsabschnitts angeordnet ist, wenn senk-
recht zu der Filmbasis betrachtet.

7. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 6,
wobei die erste Plattenelektrode (15, 16) und die
zweite Plattenelektrode (17, 18) so an der Filmbasis
(11) angeordnet sind, dass eine der beiden Platten-
elektroden, wenn senkrecht zu der Filmbasis be-
trachtet, die andere Plattenelektrode vollständig ab-
deckt.

8. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 6,
wobei die erste Plattenelektrode (15, 16) und die
zweite Plattenelektrode (17, 18) so an der Filmbasis
(11) angeordnet sind, dass eine der beiden Platten-
elektroden, wenn senkrecht zu der Filmbasis be-
trachtet, die andere Plattenelektrode in einer ersten
Richtung, parallel zu der Oberfläche der Filmbasis,
vollständig abdeckt und die letztere Plattenelektrode
die vorige Plattenelektrode in einer zweiten Rich-
tung, parallel zu der Oberfläche der Filmbasis und
senkrecht zu der ersten Richtung, vollständig ab-
deckt.

9. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 8,
wobei ein Antenneneinrichtungsbereich (11d), wo
die Antennenspule eingerichtet ist, in einer Rahmen-
form an einer Umfangsseite der ersten Oberfläche
der Filmbasis definiert ist, und
der Antenneneinrichtungsbereich (11d) zwischen
dem Außenumfang der Filmbasis und einem Anten-
nennichteinrichtungsbereich (11c) bereitgestellt ist,
der etwas mehr als die Hälfte der Gesamtfläche der
ersten Oberfläche abdeckt und in einem Mittelab-
schnitt der ersten Oberfläche definiert ist.

10. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 9,
wobei die erste Plattenelektrode (15, 16) angren-
zend an die Antennenspule angeordnet ist, sodass
ein Abstand zwischen der ersten Plattenelektrode
und dem nächsten Innenumfang oder dem nächsten
Außenumfang der Antennenspule 0,5 mm oder we-
niger ist.

11. Kontaktloses Informationsmedium nach einem der
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Ansprüche 1 bis 10,
wobei die Filmbasis (11) eine Zwischenbasis (111c)
aufweist, die ein Dielektrikum, eine erste Dielektri-
kum-Schicht zur Anpassung, die ein Dielektrikum
umfasst und an einer ersten Oberfläche der Zwi-
schenbasis gebildet ist, und eine zweite Dielektri-
kum-Schicht zur Anpassung umfasst, die ein Dielek-
trikum umfasst und an einer zweiten Oberfläche der
Zwischenbasis gebildet ist.

12. Kontaktloses Informationsmedium nach Anspruch
11, wobei mindestens eine der folgenden Bedingun-
gen a) bis d) erfüllt ist:

a) dielektrische Konstanten der Dielektrika, die
die erste und zweite Dielektrikum-Schicht be-
gründen, sind größer als oder gleich einer die-
lektrischen Konstante eines Dielektrikums, das
die Zwischenbasis begründet,
b) eine Gesamtdicke der ersten und zweiten di-
elektrischen Schicht ist geringer als eine Dicke
der Zwischenbasis,
c) dielektrische Materialien, die die erste und
zweite Dielektrikum-Schicht begründen, unter-
scheiden sich von einem dielektrischen Materi-
al, das die Zwischenbasis begründet,
d) die erste und zweite dielektrische Schicht ge-
bildet sind, indem ein dielektrisches Material auf
die Zwischenbasis aufgebracht wird, gefolgt von
Aushärtung.

13. Kontaktloses Informationsmedium nach einem der
Ansprüche 1 bis 12,
wobei eine Dicke einer Metallfolie, die die Antennen-
spule (14) begründet, größer als eine Dicke einer
Metallfolie ist, die die zweite Plattenelektrode be-
gründet.

Revendications

1. Support d’informations sans contact (10)
comprenant :

un matériau de base de film (11) ;
une bobine d’antenne (14) disposée sur une pre-
mière surface (11a) du matériau de base de film,
et formée dans une forme de spirale pour effec-
tuer une communication sans fil avec un dispo-
sitif externe ;
une puce de circuit intégré (12) raccordée à la
bobine d’antenne par l’intermédiaire d’une par-
tie de montage de puce de circuit intégré (13),
et effectuant un traitement de communication
sans fil par l’intermédiaire de la bobine
d’antenne ;
une première électrode à plaque (15, 16) dispo-
sée sur la première surface du matériau de base

de film, et raccordée à au moins une d’une ex-
trémité intérieure et d’une extrémité extérieure
de la bobine d’antenne ; et
une seconde électrode à plaque (17, 18) dispo-
sée sur une seconde surface du matériau de
base de film de manière à être opposée à la
première électrode à plaque dans une direction
d’épaisseur du matériau de base de film,
dans lequel chacune de la première électrode à
plaque et de la seconde électrode à plaque
présente une première partie d’électrode (15a,
16a, 17a, 18a) et une seconde partie d’électrode
(15b, 16b, 17b, 18b) s’étendant chacune le long
d’une première direction latérale de la bobine
d’antenne et d’une seconde direction latérale
croisant la première direction latérale de maniè-
re à être adjacente à une périphérie intérieure
ou une périphérie extérieure de la bobine d’an-
tenne dans une vue perpendiculaire au matériau
de base de film, ou
est disposée le long d’un tiers ou plus de la lon-
gueur totale de la périphérie intérieure ou de la
périphérie extérieure de la bobine d’antenne de
manière à être adjacente à la périphérie inté-
rieure ou à la périphérie extérieure de la bobine
d’antenne dans une vue perpendiculaire au ma-
tériau de base de film,
dans lequel la première électrode à plaque pré-
sente une première électrode à plaque intérieu-
re (15) raccordée à l’extrémité intérieure de la
bobine d’antenne, et une première électrode à
plaque extérieure (16) raccordée à l’extrémité
extérieure de la bobine d’antenne,
la seconde électrode à plaque présente une se-
conde électrode à plaque intérieure (17) oppo-
sée à la première électrode à plaque intérieure
dans la direction d’épaisseur du matériau de ba-
se de film, et une seconde électrode à plaque
extérieure (18) opposée à la première électrode
à plaque extérieure dans la direction d’épais-
seur du matériau de base de film, et
la première électrode à plaque extérieure (15)
est disposée sur le côté opposé de la première
électrode à plaque intérieure (16) par rapport à
un point central ou à un axe central sur un plan
du matériau de base de film, caractérisé en ce
que
la puce de circuit intégré (12) est disposée sur
la première surface du matériau de base de film,
et
le support d’informations sans contact com-
prend en outre une partie de cavalier (19) rac-
cordant la seconde électrode à plaque intérieure
et la seconde électrode à plaque extérieure sur
la seconde surface du matériau de base de film.

2. Support d’informations sans contact selon la reven-
dication 1,
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dans lequel la première électrode à plaque présente
la première électrode à plaque intérieure (15) rac-
cordée à l’extrémité intérieure de la bobine d’anten-
ne, et la première électrode à plaque extérieure (18)
raccordée à l’extrémité extérieure de la bobine d’an-
tenne,
la seconde électrode à plaque présente la seconde
électrode à plaque intérieure (17) opposée à la pre-
mière électrode à plaque intérieure dans la direction
d’épaisseur du matériau de base de film, et la se-
conde électrode à plaque extérieure (18) opposée à
la première électrode à plaque extérieure dans la
direction d’épaisseur du matériau de base de film, et
chacune de la première électrode à plaque intérieure
(15) et de la première électrode à plaque extérieure
(16) présente la première partie d’électrode et la se-
conde partie d’électrode.

3. Support d’informations sans contact selon l’une
quelconque des revendications 1 ou 2,
dans lequel une paire d’électrodes à plaque intérieu-
res comprenant la première électrode à plaque inté-
rieure (15) et la seconde électrode à plaque intérieu-
re (17), et une paire d’électrodes à plaque extérieu-
res comprenant la première électrode à plaque ex-
térieure (16) et la seconde électrode à plaque exté-
rieure (18) sont agencées de sorte que, dans une
vue perpendiculaire au matériau de base de film,
une partie de la bobine d’antenne le long de laquelle
la paire d’électrodes à plaque intérieures est dispo-
sée soit différente d’une partie de la bobine d’anten-
ne le long de laquelle la paire d’électrodes à plaque
extérieures est disposée.

4. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 3,
dans lequel au moins une de la paire d’électrodes à
plaque intérieures comprenant la première électrode
à plaque intérieure (15) et la seconde électrode à
plaque intérieure (17) et de la paire d’électrodes à
plaque extérieures comprenant la première électro-
de à plaque extérieure (16) et la seconde électrode
à plaque extérieure (18) est agencée de sorte qu’un
courant électrique circule le long de la même direc-
tion qu’un courant électrique traversant la bobine
d’antenne.

5. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 4,
dans lequel la bobine d’antenne (14) est formée dans
l’une quelconque d’une forme polygonale incluant
une forme rectangulaire, d’une forme circulaire et
d’une forme elliptique, et/ou
dans lequel la partie de montage de puce de circuit
intégré (13) est disposée à l’extérieur de la bobine
d’antenne dans une vue perpendiculaire au matériau
de base de film.

6. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 5,
dans lequel la partie de montage de puce de circuit
intégré (13) est disposée à l’extérieur de la bobine
d’antenne lors d’une vue perpendiculaire au maté-
riau de base de film, et
la paire d’électrodes à plaque extérieures compre-
nant la première électrode à plaque extérieure (16)
et la seconde électrode à plaque extérieure (18) est
disposée le long de la périphérie extérieure de la
bobine d’antenne et de la partie de montage de puce
de circuit intégré dans une vue perpendiculaire au
matériau de base de film.

7. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 6,
dans lequel la première électrode à plaque (15, 16)
et la seconde électrode à plaque (17, 18) sont dis-
posées sur le matériau de base de film (11) de sorte
que, dans une vue perpendiculaire au matériau de
base de film, l’une ou l’autre des électrodes à plaque
recouvre entièrement l’autre électrode à plaque.

8. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 6,
dans lequel la première électrode à plaque (15, 16)
et la seconde électrode à plaque (17, 18) sont dis-
posées sur le matériau de base de film (11) de sorte
que, dans une vue perpendiculaire au matériau de
base de film, l’une ou l’autre des électrodes à plaque
recouvre entièrement l’autre électrode à plaque
dans une première direction parallèle à la surface
du matériau de base de film, et la dernière électrode
à plaque recouvre entièrement la première électrode
à plaque dans une seconde direction parallèle à la
surface du matériau de base de film et perpendicu-
laire à la première direction.

9. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 8,
dans lequel une région d’agencement d’antenne
(11d) où la bobine d’antenne est agencée est définie
dans une forme de trame sur un côté périphérique
de la première surface du matériau de base de film,
et
la région d’agencement d’antenne (11d) est fournie
entre la périphérie extérieure du matériau de base
de film et une région de non-agencement d’antenne
(11c) recouvrant environ plus de la moitié de la zone
totale de la première surface et définie dans une par-
tie centrale de la première surface.

10. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 9,
dans lequel la première électrode à plaque (15, 16)
est disposée de manière adjacente à la bobine d’an-
tenne de sorte qu’un espacement entre la première
électrode à plaque et la périphérie intérieure la plus
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proche ou la périphérie extérieure la plus proche de
la bobine d’antenne soit de 0,5 mm ou moins.

11. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 10,
dans lequel le matériau de base de film (11) présente
un matériau de base intermédiaire (111c) compre-
nant un diélectrique, une première couche diélectri-
que pour un ajustement comprenant un diélectrique
et formée sur une première surface du matériau de
base intermédiaire, et une seconde couche diélec-
trique pour un ajustement comprenant un diélectri-
que et formée sur une seconde surface du matériau
de base intermédiaire.

12. Support d’informations sans contact selon la reven-
dication 11, dans lequel au moins une des conditions
a) à d) suivantes est satisfaite :

a) des constantes diélectriques des diélectri-
ques constituant les première et seconde cou-
ches diélectriques sont supérieures ou égales
à une constante diélectrique d’un diélectrique
constituant le matériau de base intermédiaire,
b) une épaisseur totale des première et seconde
couches diélectriques est inférieure à une épais-
seur du matériau de base intermédiaire,
c) des matériaux diélectriques constituant les
première et seconde couches diélectriques sont
différents d’un matériau diélectrique constituant
le matériau de base intermédiaire,
d) les première et seconde couches diélectri-
ques sont formées par l’application d’un maté-
riau diélectrique au matériau de base intermé-
diaire, suivie par un durcissement.

13. Support d’informations sans contact selon l’une
quelconque des revendications 1 à 12,
dans lequel une épaisseur d’une feuille métallique
constituant la bobine d’antenne (14) est supérieure
à une épaisseur d’une feuille métallique constituant
la seconde électrode à plaque.
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