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Antenna device

Provided is a dipole or monopole antenna device

capable of realizing great miniaturization. In a dipole an-
tenna device 1, a plurality of flat coils 3a and 3b, and 4a
and 4b are connected in which conductors forms closed
areas in the plan view in a magnetic field area in the
vicinity of a power supply portion 2. Capacitors 5 and 6

4a

\-—C)

as radiation conductors are connected to both ends of
the antenna device 1, respectively. Resonant current ra-
diation is performed from the capacitors 5 and 6 at the
antenna ends, and magnetic field radiation is performed
from flat foils 3a and 3b, and 4a and 4b in the vicinity of
the power supply portion 2.

FIG. 1A
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Description
Cross Reference to Related Applications

[0001] The present application contains subject matter
relatedto Japanese Patent Application No. 2007-261074
filed in the Japanese Patent Office on October 4, 2007,
the entire contents of which being incorporated herein
by reference.

BACKGROUND
1. Technical Field

[0002] The invention relates to a dipole or monopole
antenna device which is usable for a small size radio
communication apparatus or the like.

2. Related Art

[0003] Generally, an antenna having a length larger
than a wavelength has high reception sensitivity. How-
ever, when the antenna device is used as an antenna
device for a cellular phone, the antenna device having
the same length as the wavelength is too large in size.
Accordingly, portability thereof is not good. Therefore, it
is preferable to reduce the length of the antenna.
[0004] Fig. 10(A) is a schematic view illustrating a 1/2
wavelength dipole antenna. When high frequency cur-
rent is supplied to the antenna, current and voltage are
distributed on the line of the antenna. When the length
of the antenna is integer times of the 1/2 wavelength, the
antenna resonates to efficiently radiate radio wave (res-
onant current radiation). In the 1/2 wavelength dipole an-
tenna, the antenna needs to have a length near the 1/2
wavelength.

[0005] To reduce the size of the antenna without
changing electric field of the dipole or monopole antenna,
an equivalent capacitance C or an equivalentinductance
L may be raised and a resonant frequency may be low-
ered. However, it is not preferable that the area of the
antenna is increased to raise the equivalent capacitance
C. Although the inductance L may be raised without in-
creasing the size by inserting a chip inductor, the chip
inductor does not radiate. Accordingly, the total efficiency
of the antenna deteriorates.

[0006] Fig. 10(B) is a schematic view illustrating a di-
pole antenna having a meandering antenna line. The
length of the antenna can be reduced by about 1/8 wave-
length without changing the electric field of the antenna
by changing the line of the antenna to the meandering
line. As the intervals of the meandering line get smaller,
the length of the antenna gets smaller. However, when
the intervals of the meandering line get small up to some
extent, there is a limit in reducing the size by the mean-
dering line due to the effect of the coupling capacitance
between the stages.

[0007] Inthe dipole antenna formed of the meandering
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line, there has been proposed an antenna device having
a length smaller than 1/8 wavelength (see Patent Docu-
ment 1). The antenna device disclosed in Patent docu-
ment 1 is provided with radiating elements separately
from a printed circuit board, and conductor patterns of
the radiating elements are formed on a dielectric member
having a larger dielectric constant than that of the printed
circuitboard. Accordingly, since a reception signal wave-
length is more shortened by the relative dielectric con-
stant of the dielectric member, it is possible to reduce the
size of the antenna.

[0008] [Patent Document 1] Japanese Patent Applica-
tion Laid-Open No. 2006-319437.

[0009] Thereisalimitinthe shortening of the reception
signal wavelength by the relative dielectric constant of
the dielectric member in the antenna device disclosed in
Patent Document 1, and thus it is preferable to further
reduce the size of the antenna device.

SUMMARY

[0010] The invention has been made in consideration
of such a limit, and is to provide a dipole or monopole
antennadevice capable of realizing great miniaturization.
[0011] Amonopole ordipole antennadevice according
to the invention includes a flat coil connected to a power
supply point and formed of a conductor forming a closed
area in a plan view in a magnetic field area in the vicinity
of the power supply point, wherein magnetic field radia-
tion is performed by the flat coil as a radiation source.
[0012] With such a configuration, the magnetic field
radiation is performed by the flat coil as the radiation
source in the monopole or dipole antenna device. In ad-
dition, since an inductor (flat coil) in the magnetic file area
has a high inductance, an antenna resonant frequency
is lowered and thus it is possible to reduce the size of
the antenna device.

[0013] In the monopole or dipole antenna device, a
plurality of flat coils may be connected. Accordingly, it is
possible to lower the antenna resonant frequency by rais-
ing the inductance of the inductor (flat coil).

[0014] In the monopole or dipole antenna device, the
flat coil may be formed of a conductor provided on a film
substrate.

[0015] In the monopole or dipole antenna device, the
flat coil may have conductors formed in first and second
areas opposed to each other with a boundary line ther-
ebetween on the same surface of the film substrate, and
the conductors overlap with each other to form a closed
area in the plan view by folding the film substrate along
the boundary line.

[0016] The monopole or dipole antenna device may
further includes a radiation conductor connected to the
flat coil, wherein resonant current radiation is performed
by the radiation conductor and magnetic field radiation
is performed by the flat cail.

[0017] With such a configuration, in the monopole or
dipole antenna device, the resonant current radiation
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may be performed from the radiation conductor, and the
magnetic field radiation may be performed from the flat
coil in the vicinity of the power supply portion

[0018] The monopole or dipole antenna device may
further include a variable capacitance element connect-
ed to the flat coil in series, wherein an antenna resonant
frequency is varied by applying a tuning voltage to the
variable capacitance element.

[0019] With such a configuration, since the antenna
resonant frequency can be varied by applying the tuning
voltage to the variable capacitance element, itis possible
to widen the band of the reception frequency.

[0020] According to the invention, it is possible to re-
alize great miniaturization of the antenna device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1(A) is a schematic view illustrating an antenna
device according to an embodiment and a plan view
illustrating the antenna device as viewed in an open-
ing direction of a high opening flat coil, and Fig. 1(B)
is a side view illustrating the antenna device as
viewed in a side direction of the high opening flat coil.
Fig. 2is a perspective viewillustrating a power supply
portion and a high opening flat coil of the antenna
device according to the embodiment.

Fig. 3 is a view illustrating resonant current radiation
and magnetic field radiation of the antenna device
according to the embodiment.

Fig. 4 is a diagram illustrating a result of resonant
frequency simulation for verifying a small-size effect
of the antenna device according to the embodiment.
Fig. 5 is a schematic view illustrating an antenna
device in which a resonant frequency is variable.
Fig. 6 is a view illustrating a modification example of
the antenna device in which the flat coil has a
changed shape.

Fig. 7(A) is a plan view illustrating a state before fold-
ing in a method for producing a rectangular high
opening flat coil, and Fig. 7(B) is a plan view illus-
trating a state after folding.

Fig. 8(A) is a plan view illustrating a state before fold-
ing in a method for producing a circular high opening
flat coil, and Fig. 8 (B) is a plan view illustrating a
state after folding.

Fig. 9(A) is a plan view illustrating a state before fold-
ing in a method for producing a semi-circular high
opening flat coil, and Fig. 9(B) is a plan view illus-
trating a state after folding.

Fig. 10(A) is a schematic view illustrating a dipole
antenna, and Fig. 10(B) is a meandering dipole an-
tenna.

Description of Reference Numerals and Signs

[0022]

10

15

20

25

30

35

40

45

50

55

1: ANTENNA DEVICE
2: POWER SUPPLY PORTION

3a, 3D, 4a, 4b: HIGH OPENING FLAT COIL

5, 6: CAPACITOR

11: CONNECTION PORTION

12: ONE END OF HIGH OPENING FLAT COIL

13: RECTANGULAR CONDUCTOR (FIRST WIND-
ING)

14: RECTANGULAR CONDUCTOR (SECOND
WINDING)

15: CONNECTION CONDUCTOR

16: RECTANGULAR CONDUCTOR (THIRD WIND-
ING)

17 SEMI-RECTANGULAR
(FOURTH WINDING)

21 a, 22 a: VARACTOR DIODE
31: FILM SUBSTRATE

32: UPPER HALF AREA

33: LOWER HALF AREA

34a to 34d: CONDUCTIVE PATTERN (UPPER)
35a to 35d: CONDUCTIVE PATTERN (LOWER)

CONDUCTOR

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0023] Hereinafter,embodiments of an antenna device
according to the invention will be described in detail with
reference to the drawings.

[0024] Figs. 1(A) and (B) are schematic views illustrat-
ing an antenna device according to the embodiment. Fig.
1(A) is a plan view illustrating the antenna device as
viewed in an opening direction of a high opening flat coil,
and Fig. 1(B) is a side view illustrating the antenna device
as viewed in a side direction of the high opening flat coil.
[0025] Inanantennadevice 1 according to the embod-
iment, a plurality of high opening flat coils 3a and 3b are
connected in series to one side (right side in the figure)
of a power supply portion 2 disposed at an antenna cent-
er, and a plurality of high opening flat coils 4a and 4b are
connectedin seriesto the other side (left sideinthe figure)
of the power supply portion 2, thereby forming a dipole
antenna. Radiation conductors 5 and 6 for electric field
radiation by resonant current are connected to both an-
tenna ends corresponding to electric field areas in the
antenna device 1. Fig. 1(A) and (B) schematically show
that each two high opening flat coils 3a and 3b, and 4a
and 4b are connected to both sides of the power supply
portion 2, but the connection number of the high opening
flat coils are set to obtain necessary antenna sensitivity.
[0026] The high opening flat coils 3a and 3b, and 4a
and 4b are disposed in the vicinity of the power supply
portion 2 that is the magnetic field area. As shown in Fig.
1(A), the high opening flat coil 3a has an opening 7 where
a coil center thereof is largely opened, and a conductor
forms a closed area (7) as viewed in a coil opening di-
rection in the plan view. As shown in Fig. 1(B), in the high
opening flat coil 3a, a part of the conductor is disposed
to overlap up and down, so that the conductor forms the
closed area (7) in the plan view. The other high opening
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flat coils 3b, and 4a and 4b have the same structure.
[0027] Fig.2isaperspective view illustrating the power
supply portion 2, and the high opening flat coils 3a and
3b, and 4a and 4b of the antenna device 1. In the em-
bodiment, the conductor is wound four times in a rectan-
gular shape so that the conductor forms the closed area
in the plan view. One end 12 of the high opening flat coil
3ais connected to the power supply portion 2 through a
connection portion 11. In the high opening flat coil 3a,
the one end 12 close to the power supply portion 2 is the
highest position in the up and down direction, and the
conductor 13 is wound once (first-winding rectangular
conductor 13) in a rectangular shape at the same height
from the one end 12. The other end of the first-winding
rectangular conductor 13 wound once in the rectangular
shape from the one end 12 as a starting point goes down
one step slightly before the one end 12, and the second-
winding rectangular conductor 14 is wound once in the
rectangular shape substantially at the same position as
the lower side of the first-winding rectangular conductor
13 is viewed in the plan view from that position. The sec-
ond-winding rectangular conductor 14 has a structure in
which a side opposite to the one end 12 passes through
the inside by one line from the first-winding rectangular
conductor 13, and the second-winding rectangular con-
ductor 14 goes up once at the position where the next-
stage high opening flat coil 3b overlaps with the connec-
tion conductor 15 to avoid interference. The returning
side close to the one end 12 wound once in second-
winding rectangular conductor 14 passes through the in-
side by one line from the first-winding rectangular con-
ductor 13. The third-winding conductor 16 returns to the
same height as the first-winding rectangular conductor
13 again, passes through the inside by one line from the
first-winding and second-winding rectangular conductors
13 and 14, and is wound once in the rectangular shape.
The fourth-winding semi-rectangular conductor 17 goes
down from the position where the second-winding rec-
tangular conductor 14 is formed, at the position close to
the next-stage high opening flat coil 3b, and is connected
to the end of the connection conductor 15 extending to
that position.

[0028] As described above, the rectangular conduc-
tors 13, 14, and 16, and the semi-rectangular conductor
17 which are united into one are disposed to partially
overlap up and down with each other, thereby forming a
large opening 7 at the center of the high opening flat coil
3a. Similarly, the other high opening flat coil 3b is formed
in the same structure.

[0029] Intheantennadevice 1 configured asdescribed
above, radiation is performed in different modes such as
resonant current radiation and magnetic field radiation
as shown in Fig. 3. When high-frequency current is sup-
plied to the power supply portion 2, the antenna device
1 serves as a dipole antenna. In this case, current and
voltage are distributed on the antenna line including the
plurality of high opening flat coil 3a and the like and the
high opening flat coil 4a and the like, the current becomes
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the maximum and the voltage becomes the minimum at
the power supply portion 2 disposed at the center, and
the current becomes the minimum and the electric field
becomes the maximum at the antenna end farthest away
from the power supply portion 2. When the high-frequen-
cy current supplied to the power supply portion 2 coin-
cides with the resonant frequency of the antenna device
1, the resonant current radiation (radiation by resonant
current) at the radiation conductors 5 and 6 (and the high
opening flat coil that is away from the power supply por-
tion 2 and is disposed at the area where magnetic field
is weak) of the antenna end becomes strongest, as
shown in Fig. 3. The direction of the resonant current
radiation is a length direction of the antenna device 1.
[0030] A strong magnetic area is formed in the vicinity
of the power supply portion 2 by the high opening flat
coils 3a and 3b and the high opening flat coils 4a and 4b,
and the magnetic field radiation is performed by the mag-
netic field generated by the high opening flat coil 3a and
the like and the high opening flat coil 4a and the like as
shown in Fig. 3. The maximum resonant current flows
when the high-frequency current supplied to the power
supply portion 2 coincides with the resonant frequency
of the antenna device 1. Accordingly, the magnetic field
radiation at that time becomes the maximum.

[0031] In the embodiment, an easy-to-radiate induct-
ance (L) having low Q is formed of the high opening flat
coil 3a and the like and the high opening flat coil 4a and
the like. The vicinity of the power supply portion 2 is the
magnetic field area, where a large inductor (L) is dis-
posed. Accordingly, there is an effect that the resonant
frequency of the antenna device 1 is lowered.

[0032] Fig.4isadiagramillustrating aresult of antenna
resonant frequency simulation for verifying the small-size
effect of the antenna device 1 according to the embodi-
ment. The antennalength Lis setto L=150 mm. As shown
in the embodiment, when the antenna line was formed
of the high opening flat coil 3a and the like and the high
opening flat coil 4a and the like, the antenna resonant
frequency was about 200 MHz. As shown in Fig. 10(A),
when the antenna line was formed of the 1/2 wavelength
conductor having a straight shape, the antenna resonant
frequency was about 1000 MHz. As shown in Fig. 10 (B),
when the antenna line was formed of the meandering
line, the antenna resonant frequency was about 500
MHz.

[0033] As described above, since the resonant fre-
quency of the antenna device 1 according to the embod-
iment is 1/2 of the case of the meandering line or less, it
is possible to reduce the antenna length up to 1/2 of the
case of the meandering line or less. Accordingly, it is
possible to obtainthe great small-size effectas compared
with the case using the shortening effect of the reception
signal wavelength by the relative dielectric constant of
the dielectric member as described in Patent Document
1.

[0034] Next, amodification example of the antenna de-
vice in which the antenna resonant frequency is variable
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will be described.

[0035] Fig.5isaschematicviewillustrating an antenna
device in which resonant frequency is variable. The an-
tenna device 20 shown in the same figure has the same
basic configuration as the antenna device 1 shownin Fig.
1(A) and (B). The same reference numerals and signs
are given to the same parts, and the overlapping descrip-
tion thereof is omitted.

[0036] In an antenna device 20, varactor diodes 21a
and 22a as variable capacitance elements are connected
in series between the high opening flat coil 3a (4a) and
the high opening flat coil 3b (4b), respectively. Cathodes
of the varactor diodes 21a and 22a are connected to the
ground through resistors R3 and R4, respectively. Tuning
voltage VT is applied to anodes thereof through resistors
R1 and R2. The other configuration is the same as the
antenna device 1.

[0037] In the antenna device 20 configured as de-
scribed above, a resonant circuit is formed of the high
opening flat coil 3a and the like, the high opening flat coil
4a and the like, and the varactor diodes 21a and 22a. L1
denotes an inductance of the high opening flat coils 3a
and 4a, L2 denotes an inductance of the high opening
flat coils 3b and 4b, and C denotes a capacitance of the
varactor diodes 21a and 22a. A resonant frequency Fo
of the antenna device 20 is represented as follows.

Fo=1/2m{ (Crpy- (L1+L2) ) ) /2

Ct1L is atotal equivalent capacitance of the antenna,
and is connected directly with a value of Cy.

[0038] Accordingly, the resonant frequency Fo is shift-
ed by varying the capacitance C of the varactor diodes
2la and 22a.

[0039] According to such an antenna device 20, it is
possible to reduce the size of the antenna as a radiation
source for the resonant current radiation and the mag-
netic field radiation, and it is possible to vary the resonant
frequency Fo. Therefore, itis possible to widen the band
of the reception frequency and thus it is possible to re-
ceive wide-band signal such as television broadcasting.
[0040] Fig. 6is aview illustrating a modification exam-
ple of the antenna device having a changed shape of the
flat coils and is an enlarged view illustrating a power sup-
ply portion and flat coils connected thereto. The flat coils
3a and 4a, in which a line-shaped conductor 18 having
a predetermined thickness is wound three times in arec-
tangular shape from the outside to the inside on a plane,
are connected to one ends of the next flat coil 3b and 4b
through the lower portions of the conductor wound in the
rectangular shape at the center end of the conductor 18.
The varactor diodes 21a and 22a are connected in series
between the flat coils 3a and 4a, and the next-stage flat
coils 3b and 4b, respectively.

[0041] Eveninthe case of configuring the antenna de-
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vice using such aflat coil, the conductor 18 forms a closed
areain the plan view. Accordingly, radiation is performed
in different modes such as resonant current radiation and
magnetic field radiation. Since an easy-to-radiate induct-
ance (L) having low Q is formed of the flat coils, a large
inductance (L) is disposed in the magnetic field area.
Therefore, the resonant frequency of the antenna device
is lowered and thus it is possible to reduce the antenna
length.

[0042] In the antenna device, a method for producing
the high opening flat coil serving as the radiation source
for the magnetic field radiation forming the closed area
in the plan view, and the shape of the coil will be de-
scribed.

[0043] As shown in Fig. 7(A), rectangular conductive
patterns 34a to 34d having opened sides on the folding
line are formed in an upper half area 32 of a film substrate
31 formed of an insulating flexible film in a predetermined
interval. Rectangular conductive patterns 35ato 35d hav-
ing opened centers of sides on the folding line are formed
in a lower half area 33 of the film substrate 31 at a pre-
determined interval to deviate from the upper conductive
patterns 34a to 34d substantially by a half cycle.

[0044] Then, the film substrate 31 is folded along the
folding line to form a plurality of flat coils, so that the
closed areas 36a to 369 of the rectangular conductors
are continuously formed at a predetermined interval as
shown in Fig. 7(B).

[0045] Figs. 8 (A)and (B) show a method for producing
flat coils having circular closed areas formed by conduc-
tors by way of example. As shown in Fig. 8(A), oval con-
ductive patterns 37a to 37c having opened straight line
portions on the folding line are formed in the upper half
area 32 of the film substrate 31 at a predetermined inter-
val. Oval conductive patterns 38aand 38b having opened
straight line portions on the folding line are formed in the
lower half area 33 of the film substrate 31 at a predeter-
mined interval to deviate from the upper conductive pat-
terns 37a to 37c¢ substantially by a half cycle.

[0046] Then, the film substrate 31 is folded along the
folding line to form a plurality of flat coils, so that curved
line portions of the oval conductive patterns 37a to 37¢
and curved line portions of the conductive patterns 38a
and 38b overlap with each other and circular closed areas
39a to 39d are continuously formed at a predetermined
interval as shown in Fig. 8(B).

[0047] Fig. 9 (A) and (B) show a method for producing
flat coils having semi-circular closed areas formed by
conductors by way of example. As shown in Fig. 9(A),
rectangular conductive patterns 34a to 34d having
opened sides on the folding line are formed in the upper
half area 32 of the film substrate 31 at a predetermined
interval. Oval conductive patterns 4l1a to 41d having
opened straight line portions on the folding line are
formed in the lower half area 33 of the film substrate 31
atapredetermined interval to deviate from the upper con-
ductive patterns 34a to 34d substantially by a half cycle.
[0048] Then, the film substrate 31 is folded along the
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folding line to form a plurality of flat coils, so that curved
line portions of the rectangular conductive patterns 34a
to 34d and curved line portions of the oval conductive
patterns 41a to 41d overlap with each other and semi-
circular closed areas 42ato 42g are continuously formed
at a predetermined interval as shown in Fig. 9(B).
[0049] The dipole antenna has been described by way
of example in the above description, but the invention
may be applied to the monopole antenna in the same
manner.

Claims

1. A monopole or dipole antenna device comprising a
flat coil connected to a power supply point and
formed of a conductor forming a closed area in a
plan view in a magnetic field area in the vicinity of
the power supply point, wherein magnetic field radi-
ation is performed by the flat coil as a radiation
source.

2. The monopole or dipole antenna device according
to Claim 1, wherein a plurality of the flat coils are
connected.

3. The monopole or dipole antenna device according
to Claim 1 or 2, wherein the flat coil is formed of a
conductor provided on a film substrate.

4. The monopole or dipole antenna device according
to any one of Claims 1 to 3, wherein the flat coil has
conductors formed in first and second areas op-
posed to each other with a boundary line therebe-
tween on the same surface of the film substrate, and
the conductors overlap with each other to form a
closed area in the plan view by folding the film sub-
strate along the boundary line.

5. The monopole or dipole antenna device according
to any one of Claims 1 to 4, further comprising a
radiation conductor connected to the flat coil, where-
in resonant current radiation is performed by the ra-
diation conductor and magnetic field radiation is per-
formed by the flat coil.

6. The monopole or dipole antenna device according
to any one of Claims 1 to 5, further comprising a
variable capacitance element connected to the flat
coil in series, wherein an antenna resonant frequen-
cy is varied by applying a tuning voltage to the var-
iable capacitance element.
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