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(57) A wireless communication device (10) having
anantenna element (18) accommodating a wide frequen-
cy band with a high gain while satisfying the needs for a
smaller size and a smaller thickness is provided. The
wireless communication device (10) includes: a housing
of a rectangular parallelepiped shape that is constituted
by a lower case (12) and an upper case (11) having an

SN

Wireless communication device and method of using the same

elongated top panel (14) and side panels (15, 16) cir-
cumferentially-provided around the top panel (14); and
a substrate (13) having a connector (22) for connecting
with a mobile device and a communication electronic
component provided inside the housing, wherein an an-
tenna element (18) is formed in a sheet shape generally
across an entire surface of the top panel (14) of the upper
case (11).
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Description
Technical Field

[0001] The presentinvention relates to a wireless communication device having an antenna element accommodating
a wide frequency band with a high gain while satisfying the needs for a smaller size and a smaller thickness.

Background Art

[0002] In recent years, the IEEE 802.16e standard, i.e., the WiMAX communication, has been increasingly used as
a standard for performing the Internet communication in a mobile device such as a computer. The WiMAX communication
is performed while a wireless communication device (dongle) having an IC substrate, an antenna, and the like, provided
therein is connected to a mobile device.

[0003] An example of such a wireless communication device is the one described in Patent Document 1. The dongle
described in Patent Document 1 is directed to a dongle used for the access of a guest device to a wireless home network,
and includes a memory and a processing unit that are connected to the guest device using an antenna and a configuration
free interface. The access of the guest device is realized via this dongle.

Summary of Invention

Technical Problem

[0004] A dipole antenna is a type of an antenna for performing a wireless communication in the above-described
wireless communication device (dongle). In the dipole antenna, an antenna element needs to be formed with a total
width of 1/2 wavelength with each element having a 1/4 wavelength width according to the communication frequency.
Therefore, it can be said that this is an antenna requiring a relatively large area.

[0005] In a conventional wireless communication device, however, an antenna element 28 is provided at an end of a
dongle body 27 as shown in FIG. 12, thus reducing the effective area thereof. In order to increase the effective area of
the antenna element 28 provided at the end of the dongle body 27, it is necessary to increase the size of the dongle
body 27, thus failing to satisfy the needs for a smaller size. Such an antenna structure with a small effective area can
be used for making a product dedicated to a particular frequency. However, in order to make a product accommodating
a wide frequency band, the shape of the antenna element needs to be improved, thereby arising a need for some extra
area.

Solution to Problem

[0006] The present invention is made in view of the problems described above, and it is therefore an object of the
present invention to provide a wireless communication device having an antenna element accommodating a wide fre-
quency band with a high gain while satisfying the needs for a smaller size and a smaller thickness.

[0007] A first aspect of the present invention is directed to a wireless communication device, including a housing and
a substrate having a connector for connecting with a mobile device and a communication electronic component provided
inside the housing, wherein an antenna element constituted by an antenna element ground portion and an antenna
element portion is formed in a sheet shape generally across an entire surface of a top panel of the housing.

[0008] A second aspect of the present invention is directed to a wireless communication device, including a housing
of a rectangular parallelepiped shape constituted by a lower case and an upper case including a top panel and side
panels extending vertically from a circumference of the top panel and a substrate having a connector for connecting
with a mobile device and a communication electronic component provided inside the housing, wherein an antenna
element constituted by an antenna element ground portion and an antenna element portion is formed in a sheet shape
generally across an entire surface of the top panel of the upper case.

[0009] A third aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element is formed in a sheet shape generally across an entire outer surface of the top panel.
[0010] A fourth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element is formed in a sheet shape generally across an entire inner surface of the top panel.
[0011] A fifth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element is disposed on a flexible printed circuit, and the flexible printed circuit is provided on the
outer surface or the inner surface of the top panel.

[0012] A sixth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the flexible printed circuit is further extended across the side panel and bonded thereto, so that the antenna
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element is formed extending from the top panel to an outer surface or an inner surface of the side panel.

[0013] A seventh aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element portion is disposed on one side of the flexible printed circuit formed by a predetermined
dielectric material, and the antenna element ground portion is disposed on the other side of the flexible printed circuit.
[0014] An eighth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element is integrally molded with the top panel, and the antenna element is disposed on each of
an inner side and an outer side of the top panel at different positions in a thickness direction of the top panel.

[0015] A ninth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element is formed by punching and bending a conductive metal, and atleast a portion of the antenna
element that is furthest away by planar distance among the antenna element portion and the antenna element ground
portion is disposed on the outer side of the top panel.

[0016] A tenth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element and the top panel are integrally molded while a predetermined dielectric material is fixed
to one of the antenna element ground portion and the antenna element portion and the dielectric material is closely in
contact with the other of the antenna element ground portion and the antenna element portion.

[0017] An eleventh aspect of the present invention is directed an embodiment of the wireless communication device,
wherein a dielectric layer is disposed so as to be in contact with an upper surface of one of the antenna element ground
portion and the antenna element portion and a lower surface of the other of the antenna element ground portion and
the antenna element portion, whereby the dielectric layer is provided between the antenna element ground portion and
the antenna element portion.

[0018] A twelfth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein the antenna element is formed by subjecting the top panel of the upper case to a plating process.

[0019] A thirteenth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein a portion of the antenna element formed by the plating process is extended from the top panel to the side panel.
[0020] Afourteenth aspectof the presentinvention is directed to an embodiment of the wireless communication device,
wherein a protruding portion is provided in the top panel by outwardly deforming a portion of the outer surface of the top
panel, and at least a portion of the antenna element that is furthest away from among the antenna element portion and
the antenna element ground portion is provided in the protruding portion.

[0021] A fifteenth aspect of the present invention is directed to an embodiment of the wireless communication device,
wherein a depressed portion is provided by depressing a portion of the inner surface of the top panel, and at least a
portion of the antenna element that is furthest away from among the antenna element portion and the antenna element
ground portion is provided in the depressed portion.

[0022] A sixteenth aspect of the presentinvention is directed to an embodiment of the wireless communication device,
wherein the antenna element ground portion and the antenna element portion partially overlap with each other in a
planar view.

[0023] A seventeenth aspect of the present invention is directed to an embodiment of the wireless communication
device, wherein the antenna element is connected to an antenna electrode provided in the substrate via a capacitive
coupling element.

[0024] An eighteenth aspect of the present invention is directed to an embodiment of the wireless communication
device, wherein the antenna element is connected to an antenna electrode provided in the substrate via an electrical
connector.

[0025] A nineteenth aspect of the present invention is directed to an embodiment of the wireless communication
device, wherein: the housing is of a rectangular parallelepiped shape and has a quadrangular top panel and a quadran-
gular bottom panel parallel to each other and four side panels vertically extending from a circumference of the top panel;
the antenna element is provided on the top panel; the connector is provided on one of the side panels; and the antenna
element is positioned horizontally when the bottom panel is placed at a bottom surface, and the antenna element is
positioned vertically when another one of the side panels perpendicular to the side panel at which the connector is
provided is placed at a bottom surface, with the connector being fitted into a counterpart connector connected to a mobile
device via a cable.

[0026] A twentieth aspect of the present invention is directed to a method of using a wireless communication device
including: a housing of a rectangular parallelepiped shape having a quadrangular top panel and a quadrangular bottom
panel parallel to each other and four side panels vertically extending from a circumference of the top panel; a substrate
having a connector for connecting with a mobile device and a communication electronic component provided inside the
housing so that the connector is provided on one of the four side panels; and an antenna element constituted by an
antenna element ground portion and an antenna element portion being formed in a sheet shape generally across the
top panel, wherein the wireless communication device is used in an upright position such that one of the side panels
perpendicular to the side panel at which the connector is provided is placed as a bottom surface with the connector
being fitted into a counterpart connector connected to a mobile device via a cable.
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Advantageous Effects of Intention

[0027] In accordance with any one of the first to fourth aspects, the antenna element is formed in a sheet shape
generally across the entire surface of the top panel of the housing, thus providing a wireless communication device with
an antenna element having a large effective area and accommodating a wide frequency band with a high gain while
satisfying the needs for a smaller size and a smaller thickness.

[0028] In accordance with the fifth aspect, the antenna element is provided on the flexible printed circuit, and the
flexible printed circuit is provided on the outer surface or the inner surface of the top panel. Thus, even when the upper
case has the top panel of a curved shape, for example, the flexible printed circuit with the antenna element formed
thereon can be bonded while being curved, thereby increasing the degree of freedom in design.

[0029] In accordance with the sixth aspect, the flexible printed circuit is further extended across the side panel and
bonded thereto, so that the antenna element is formed extending from the top panel to an outer surface or an inner
surface of the side panel. Thus, the side panel is also utilized as the antenna effective area, thereby facilitating a further
reduction in size as a whole.

[0030] In accordance with the seventh aspect, the antenna element portion is disposed on one side of the flexible
printed circuit formed by a predetermined dielectric material, and the antenna element ground portion is disposed on
the other side of the flexible printed circuit. With the wavelength shortening effect of the dielectric material, the effective
area necessary for the antenna element is reduced, and a further reduction in size as a whole can be thus achieved.
[0031] In accordance with the eighth aspect, the antenna element is integrally molded with the top panel, and the
antenna element is disposed on each of an inner side and an outer side of the top panel at different positions in a
thickness direction of the top panel. Thus, by forming the antenna element portion (not the antenna element ground
portion) on the outer side of the top panel, for example, the antenna element portion can be further away from the
substrate. Also, the integral molding increases the degree of freedom in the layout.

[0032] In accordance with the ninth aspect, the antenna element is formed by punching and bending a conductive
metal, and at least a portion of the antenna element portion that is furthest away by planar distance among the antenna
element portion and the antenna element ground portion is disposed on the outer side of the top panel. Thus, a portion
of the antenna element can be disposed further away from the substrate, thereby increasing the antenna effect.
[0033] In accordance with the tenth aspect, the antenna element and the top panel are integrally molded while a
predetermined dielectric material is fixed to one of the antenna element ground portion and the antenna element portion
and the dielectric material is closely in contact with the other of the antenna element ground portion and the antenna
element portion. With the wavelength shortening effect of the dielectric material, the effective area necessary for the
antenna element is reduced, and a further reduction in size as a whole can be thus achieved.

[0034] In accordance with the eleventh aspect, a dielectric layer is disposed so as to be in contact with an upper
surface of one of the antenna element ground portion and the antenna element portion and a lower surface of the other
of the antenna element ground portion and the antenna element portion, whereby the dielectric layer is provided between
the antenna clement ground portion and the antenna element portion. With the wavelength shortening effect of the
dielectric material, the effective area necessary for the antenna element is reduced, and a further reduction in size as
a whole can be thus achieved.

[0035] In accordance with the twelfth aspect, since the antenna element is formed by subjecting the top panel of the
upper case to a plating process, the antenna element can be formed directly on the upper case constituting the housing.
[0036] In accordance with the thirteenth aspect, a portion of the antenna element formed by the plating process is
extended from the top panel to the side panel. Thus, the side panel can be also utilized as the effective area of the
antenna, thereby allowing for a further reduction in size as a whole.

[0037] In accordance with the fourteenth aspect, a protruding portion is provided on the top panel by outwardly de-
forming a portion of the outer surface of the top panel, and at least a portion of the antenna element that is furthest away
from among the antenna element portion and the antenna element ground portion is provided in the protruding portion.
Thus, a portion of the antenna element can be disposed further away from the substrate, thereby increasing the antenna
effect.

[0038] In accordance with the fifteenth aspect, a depressed portion is provided by depressing a portion of the inner
surface of the top panel, and at least a portion of the antenna element that is furthest away from among the antenna
element portion and the antenna element ground portion is provided in the depressed portion. Thus, a portion of the
antenna element can be disposed further away from the substrate, thereby increasing the antenna effect.

[0039] In accordance with the sixteenth aspect, the antenna element ground portion and the antenna element portion
partially overlap with each other in a planar view, thereby increasing the capacity of the antenna and thus achieving a
wider bandwidth.

[0040] Inaccordance with the seventeenth aspect, the antenna element is connected to an antenna electrode provided
in the substrate via a capacitive coupling element, thereby ensuring the antenna performance.

[0041] In accordance with the eighteenth aspect, since the antenna element is connected to an antenna electrode
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provided in the substrate via an electrical connector, the process of soldering, or the like, is omitted, thereby simplifying
the assembling step.

[0042] In accordance with the nineteenth and twentieth aspects, the wireless communication device can be used in
an upright position such that one of the side panels perpendicular to the side panel at which the connector is provided
is placed as a bottom surface with the antenna element being positioned high and vertically. Thus, the method of using
a wireless communication device that further improves the antenna sensitivity can be implemented.

Brief Description of Drawings

[0043]

FIG. 1A is a bottom view showing an upper case of a wireless communication device according to Embodiment 1 of
the present invention as viewed from an inner side thereof;

FIG. 1B  is an exploded cross-sectional view of a housing taken along line A-A of FIG. 1A;

FIG. 2A is a plan view showing an upper case of a wireless communication device according to Embodiment 2 of
the present invention as viewed from an upper side thereof;

FIG. 2B s a cross-sectional view of the upper case unassembled, taken along line B-B of FIG. 2A;

FIG. 3A is a plan view showing an upper case of a wireless communication device according to Embodiment 3 of
the present invention as viewed from an upper side thereof;

FIG. 3B is a cross-sectional view of the upper case unassembled, taken along line C-C of FIG. 3A;

FIG. 4A is a bottom view showing an upper case of a wireless communication device according to Embodiment 4 of
the present invention as viewed from an inner side thereof;

FIG. 4B s a cross-sectional view of the upper case unassembled, taken along line D-D of FIG. 4A;

FIG. 5A s a bottom view showing an upper case of a wireless communication device according to Embodiment 5 of
the present invention as viewed from an inner side thereof;

FIG. 5B s a cross-sectional view of the upper case unassembled, taken along line E-E of FIG. 5A;

FIG. 6A is a bottom view showing an upper case of a wireless communication device according to Embodiment 6 of
the present invention as viewed from an inner side thereof;

FIG. 6B is a cross-sectional view of the upper case unassembled, taken along line F-F of FIG. 6A,

FIG. 7A  is a cross-sectional view showing an embodiment in which a protruding portion 29 that protrudes outwardly
from a portion of a top panel 14 is formed and the short side portion of the L-shape of an antenna element
portion 18a is disposed on the inner side of the protruding portion 29;

FIG. 7B  is across-sectional view showing an embodiment in which the protruding portion 29 that protrudes outwardly
from a portion of a top panel 14 is formed and the short side portion of the L-shape of the antenna element
portion 18a is disposed on the outer side of the protruding portion 29;

FIG. 7C is a cross-sectional view showing a case where the connection with an antenna cable is performed via
through holes in the antenna arrangement same as that of FIG. 7B;

FIG. 8A s a cross-sectional view showing an embodiment in which an antenna element 18 is directly connected to
a substrate 13 via capacitive coupling (C coupling) elements 30;

FIG. 8B s a cross-sectional view showing an embodiment in which the antenna element 18 is directly connected to
the substrate 13 via an electrical connector 32;

FIG. 8C s a perspective view showing the electrical connector 32;

FIG. 9A is abottom view showing an inner side of an upper case illustrating a case where the antenna element portion
18a and the antenna element ground portion 18b partially overlap with each other;

FIG. 9B s a cross-sectional view showing the upper case unassembled, taken along line G-G of FIG. 9A;

FIG. 10 s a perspective view showing an example of how to use in the case where a connector 22 of a wireless
communication device 10 is provided at the side of the long side panel 16;

FIG. 11 is a cross-sectional view showing an embodiment in which the antenna element portion 18a that is provided
on the outer surface of the top panel 14 is connected to the inner surface of the top panel 14 via a capacitive
coupling element 37; and

FIG. 12 is a perspective view representing a conventional wireless communication device (dongle).

Description of Embodiments

[0044] A wireless communication device of the present invention includes: a housing of a rectangular parallelepiped
shape that is constituted by a lower case and an upper case having an elongated top panel and side panels circumfer-
entially-provided around the top panel; and a substrate having a connector for connecting with a mobile device and a
communication electronic component provided inside the housing.
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[0045] In this wireless communication device, a pair of dipole antennas is formed in a sheet shape generally across
an entire surface of the top panel of the upper case. In high-speed communication using the MIMO (Multiple Input Multiple
Output) technique, the transmission and reception are performed simultaneously, and a synthesis is performed when
receiving, thereby obtaining a wilder bandwidth.

[0046] When used, the wireless communication device is placed on a flat surface with a top panel of the lower case
12 facing downward and the top panel of the upper case 11 being placed horizontally and facing upward, while a USB
cable connected to, for example, a USB terminal of a mobile device is connected to the connector of the wireless
communication device.

Embodiment 1

[0047] Embodiments to be described below are different from each other in terms of the process of forming an antenna
element 18 on a top panel 14 of the upper case 11 constituting the housing. Embodiment 1 will be described in detail.
In the following embodiments, however, only the points different from those of the other embodiments in a method for
forming the antenna element 18 will be described.

Embodiment 1

[0048] FIGS. 1A and 1B show a wireless communication device 10 according to Embodiment 1 of the present invention.
FIG. 1A is a plan view showing an upper case 11 constituting a housing as viewed from an inner side thereof, and FIG.
1B is a cross-sectional view of the upper case 11, a lower case 12, and a substrate 13 unassembled, as viewed from
the side surface. The external dimensions of the wireless communication device 10 are 23 mm in length, 46.5 mm in
width (see FIG. 1A) and 13.5 mm in height (the height after the upper case 11 and the lower case 12 of FIG. 1B are
assembled together). The thickness of a top panel 14 is 1 mm.

[0049] As shown in FIG. 1B, the wireless communication device 10 of the present invention includes a housing con-
stituted by the hollow upper case 11 and the hollow lower case 12 attached to each other at portions of short side panels
15 and long side panel 16. Each of the upper case 11 and the lower case 12 is of a generally rectangular parallelepiped
shape, and the top panel 14 and a bottom panel 17 have the largest areas.

[0050] The substrate 13 having thereon a connector 22 for connecting with a mobile device and an electronic component
such as an IC which enables wireless communications such as WiMAX communication is provided on an inner side of
the lower case 12 so that the connector 22 is exposed at the short side panel 15.

[0051] An antenna element 18 is formed in a sheet shape on an inner surface of the top panel 14 of the upper case
11. The upper case 11 and the lower case 12 are formed by molding a resin, and the antenna element 18 is made of a
conductive metal, for example. Note that the "antenna element 18" used herein refers to both an antenna element portion
18a and an antenna element ground portion 18b.

[0052] In Embodiment 1, the antenna element portion 18a and the antenna element ground portion 18b are first formed
on a flexible printed circuit (hereinafter referred to as an "FPC") 19 in a sheet form, and the thus-obtained structure is
then bonded to the inner surface of the top panel 14 by means of an adhesive 20, as shown in FIG. 1B.

[0053] An antenna cable 21 is connected to the bonded antenna element 18 such that a center conductor 21 a of the
antenna cable is soldered to the antenna element portion 18a and a net portion 21 b of the antenna cable is soldered
to the antenna element ground portion 18b. Thereafter, a connector of the antenna cable 21 is connected to the connector
of the substrate 13, and the upper case 11, the lower case 12 and the substrate 13 are assembled to obtain the wireless
communication device 10. The wireless communication device 10 is used, for example, by connecting with a mobile
device via a USB cable 23 with the USB cable 23 being connected to the connector 22.

[0054] Various shape patterns can be used for the antenna element 18. For example, the antenna element 18 may
include two symmetrically-arranged, L-shaped antenna element portions 18a and two symmetrically-arranged, generally
I-shaped antenna element ground portions 18b as shown in FIG. 1A. A dipole antenna is formed by the antenna element
portions 18a and antenna element ground portions 18b in such an arrangement.

[0055] The antenna element portions 18a and antenna element ground portions 18b are respectively arranged close
to the four corners of a rectangle which is a face of the top panel 14 of a generally rectangular parallelepiped shape
shown in FIG. 1A so that the two pairs of antennas are widely disposed generally across the entire surface of the top
panel 14.

[0056] In addition to this, by forming the antenna element 18 on the top panel 14 that has the largest area and is away
from the substrate 13, it becomes possible to accommodate a wide frequency band with a high gain and to achieve
further reductions in size and thickness.

[0057] Although the top panel 14 is illustrated to have a completely flat surface in FIGS. 1A and 1B, the present
invention is not limited thereto. By employing a technique in which a sheet of the FPC 19 with the antenna element 18
formed thereon is bonded to the inner side of the top panel 14 of the upper case 11, even when the upper case 11 has
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the top panel 14 of a curved shape, for example, the sheet of the FPC 19 with the antenna element 18 thereon can be
bonded while being curved. Thus, the degree of freedom in design is increased.

[0058] The antenna performance can be further improved by forming a protruding portion 29 that protrudes outwardly
from a portion of the top panel 14 and disposing the short side portion of the L-shape of the antenna element portion
18a on an inner side of the protruding portion 29, so that the antenna element portion 18a can be further away from the
substrate 13 by the height of the protrusion as shown in FIG. 7A.

[0059] The effective portion to be provided in the protruding portion 29 is a portion furthest away from a portion
connected to the antenna cable 21 (substrate connecting portion). In the embodiment shown in FIG. 7A, the short side
portion of the L-shape of the antenna element portion 18a is provided in the protruding portion 29.

[0060] The present invention is not limited to the case where the protruding portion 29 is provided as in FIG. 7A. For
example, the antenna performance can be further improved by reducing the thickness of a portion of the top panel 14
within a range of the thickness thereof to form a depressed portion and by disposing the short side portion of the L-
shape of the antenna element portion 18a in the depressed portion so that the portion of the antenna element portion
18a can be further away from the substrate 13 by the height of the depression.

[0061] Note that means to provide the antenna element 18 on the top panel 14 is not limited to the method in which
the FPC 19 with the antenna element 18 thereon is bonded to the top panel 14. The antenna element 18 may be arranged
on the top panel 14 in the similar manner to that of FIGS. 7A to 7C by using a plating process, integral molding, or the
like, to be described later.

[0062] Moreover, by arranging the antenna element portion 18a on one side of the FPC 19 and the antenna element
ground portion 18b on the other side thereof, and by using a material of a suitable dielectric constant for the FPC 19,
the resonance frequency is decreased with the FPC 19, and the unfolded antenna length is shortened, thereby exhibiting
the shortening effect.

[0063] Furthermore, as described in another embodiment, the antenna element portion 18a and the antenna element
ground portion 18b which are arranged on different surfaces may be partially overlapped with each other as shown in
FIG. 9A, thereby increasing the capacity thereof and thus achieving a wider bandwidth.

Embodiment 2

[0064] Although the sheet of the FPC 19 with the antenna element 18 formed thereon is bonded to the inner side of
the top panel 14 of the upper case 11 in Embodiment 1, the sheet of the FPC 19 with the antenna element 18 formed
thereon may be bonded to the outer side of the top panel 14 of the upper case 11 as shown in FIGS. 2A and 2B. Note
that since Embodiment 2 is basically the same as Embodiment 1, like elements to those of Embodiment 1 will be denoted
by like reference numerals and the description thereof will be omitted.

[0065] In Embodiment 2, in order to connect the antenna cable 21 to the antenna element 18, a through hole 24 is
formed running through the upper case 11 and the FPC 19, and the cable 21 is passed therethrough and soldered to
the antenna element 18, for example, as shown in FIG. 2B.

[0066] The antenna effect is increased by forming the antenna element 18 on the outer side of the top panel 14 of the
upper case 11 as in Embodiment 2 so that the antenna element 18 can be away from the substrate.

[0067] As shown in FIG. 7B, the antenna performance can be further improved by forming the protruding portion 29
that protrudes outwardly from a portion of the top panel 14 and disposing the short side portion of the L-shape of the
antenna element portion 18a on the outer side of the protruding portion 29 so that the short side portion can be further
away from the substrate 13 by the height of the protrusion.

[0068] The effective portion to be provided in the protruding portion 29 is a portion furthest away from a portion
connected to the antenna cable 21 (substrate connecting portion). In the embodiment shown in FIG. 7B, the short side
portion of the L-shape of the antenna element portion 18a is provided at the protruding portion 29.

[0069] In the case where the antenna element 18 is formed on the outer side of the top panel 14 as shown in FIG.
7B, through holes 35 may be formed as shown in FIG. 7C, and the antenna element 18 may be connected to the antenna
cable 21 at the inner side of the top panel 14 via the through holes 35.

Embodiment 3

[0070] Although the sheet of the FPC 19 with the antenna element 18 formed thereon is bonded to the inner side or
outer side of the top panel 14 of the upper case 11 in Embodiment 1 or 2, the antenna element 18 may be integrally
molded with the upper case 11 as shown in FIGS. 3A and 3B. Note that since Embodiment 3 is basically the same as
Embodiment 1, like elements to those of Embodiment 1 will be denoted by like reference numerals and the description
thereof will be omitted.

[0071] Inthe antenna element 18 shown in FIG. 3A, a portion thereof denoted by a solid line is disposed on the outer
side of the upper case 11, and a portion thereof denoted by a broken line is disposed on the inner side of the upper case
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11. At the boundary between the solid line and the broken line, the inner side portion of the antenna element 18 is
connected to the outer side portion of the antenna element 18 (see FIG. 3B).

[0072] The upper case 11 shown in FIGS. 3A and 3B can be fabricated, for example, by forming such a bent antenna
element 18 by molding in advance, and then burying the obtained antenna element 18 in the upper case 11 in the process
of molding the upper case 11. Note that when it is difficult to complete the integral molding process in a single step, the
primary molding process may be performed to give a partially-finished product which is finished in the following secondary
molding process.

[0073] The wireless communication device 10 is fabricated by forming the upper case 11 as shown in FIGS. 3A and
3B, connecting the connector of the antenna cable 21 that is connected to the antenna element 18 with the connector
of the substrate 13, and then assembling the upper case 11, the lower case 12 and the substrate 13. As a result, the
portion of the antenna element portion 18a that is formed on the outer side of the upper case 11 can be further away
from the substrate 13 by an amount equal to the thickness of the top panel 14, thus increasing the antenna effect.
[0074] Since the antenna element portion 18a can be further away from the substrate by an amount equal to the
thickness of the top panel 14 as described above, the distance between the substrate 13 and the top panel 14 may be
shortened. For example, as shown in FIG. 8A, the antenna element portion 18a and the antenna element ground portion
18b can be directly connected to electrodes 31 of the substrate 13 via capacitive coupling (C coupling) elements 30.
Examples of the case using the capacitive coupling element 30 include a case where a chip condenser is used and a
case where the connection is made via a dielectric material.

[0075] The arrangement of the antenna element 18 same as that of FIGS. 3A and 3B can be obtained using the FPC
19. The antenna element can be similarly arranged by burying, in the upper case 11, the FPC 19 on which the antenna
element 18 of a predetermined shape has been printed and which has been subjected to the bending process.

[0076] Alternatively, the antenna element portion 18a and the antenna element ground portion 18b may be directly
connected to the electrodes 31 of the substrate 13 via an electrical connector 32 as shown in FIG. 8B. The electrical
connector 32 includes, for example, contact portions 33 for contacting the antenna element portion 18a and the antenna
element ground portion 18b, and substrate connecting portions 34 electrically connected to the contact portions 33 as
shown in FIG. 8C.

[0077] The connection as shown in FIG. 8A or 8B eliminates the need for using a coaxial cable, reduces the thickness
of the upper case 11, and ensures the antenna performance.

[0078] Although a portion of the antenna element portion 18a is disposed on the inner side of the top panel 14 in FIG.
8A or 8B, the antenna element portion 18a may be disposed on the outer side of the top panel 14 and pass through the
inner surface of the top panel 14 by providing a through hole whose inner wall is plated. Then, the antenna element
portion 18a is connected to the electrode 31 of the substrate 13 on the inner surface of the top panel 14 using the
capacitive coupling element 30 or the electrical connector 32. Then, the connection can be made without a cable, the
antenna performance can be ensured, and the fabrication can be performed easily and inexpensively.

[0079] As shown in FIGS. 9A and 9B, the antenna element portion 18a disposed on the outer side of the top panel
14 may partially overlap in a planar view with the antenna element ground portion 18b disposed on the inner side of the
top panel 14. As aresult, the distance between the antenna element portion 18a and the antenna element ground portion
18b in the thickness direction of the top panel 14 is reduced, and the capacitance is thus increased. Therefore, it is
possible to achieve the wider bandwidth.

[0080] Moreover, it is possible to suitably change the overlapping area of the antenna element portion 18a and the
antenna element ground portion 18b or the position thereof on the planar surface of the top panel 14, and to adjust the
distance between the antenna element portion 18a and the antenna element ground portion 18b in the thickness direction
of the top panel 14, thereby increasing the degree of freedom in the antenna design.

[0081] Note thatin this case, the antenna element portion 18a may be connected in advance with the antenna element
ground portion 18b using a coaxial cable, soldering and the like, and then integral molding can be performed as shown
in FIGS. 9A and 9B.

[0082] As for the fabrication, the antenna element ground portion 18b is provided with a hole slightly lager than the
outer dimensions of the net portion 21b of the antenna cable 21, the antenna cable 21 is passed through the hole, the
center conductor 21 a is soldered to the lower surface of the antenna element portion 18a, and the net portion 21b having
passed through the hole is soldered to the antenna element ground portion 18b. Integral molding with the upper case
11 in such an arrangement as shown in FIG. 9B can be then performed.

[0083] If a double mold process is performed wherein a dielectric material having a predetermined dielectric constant
is molded between the antenna element portion 18a and the antenna element ground portion 18b in the primary molding
process and the upper case 11 is completed in the secondary molding process by burying, in the upper case 11, the
antenna element portion 18a and the antenna element ground portion 18b with the dielectric material therebetween, the
resonance frequency is decreased and the unfolded antenna length is shortened, thereby exhibiting the shortening effect.
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Embodiment 4

[0084] FIGS. 4Aand4B show a wireless communication device 10 according to Embodiment 4 of the presentinvention.
FIG. 4A is a bottom view showing the upper case 11 constituting a housing as viewed from an inner side thereof, and
FIG. 4B is a cross-sectional view of the upper case 11 unassembled, as viewed from the side of the long side panel 16.
In Embodiment 4, the dielectric layer 25 is provided between the antenna elements 18.

[0085] As shown in FIGS. 4A and 4B, the dielectric layer 25 is formed between the antenna element portion 18a and
the antenna element ground portion 18b by first forming the antenna element portion 18a on the inner side of the upper
case 11 using a plating process, for example, then forming the dielectric layer 25 thereon across the entire inner surface
of the upper case 11, and forming the antenna clement ground portion 18b on the dielectric layer 25 using a plating
process, for example.

[0086] Note that although the plating process can be performed by suitably using masking or a laser, the Laser-Direct-
Structuring (LSD) technique is favorable in that a plating process can be easily performed even on protruding or depressed
surfaces with a laser. With this technique, the antenna element portion 18a or the antenna element ground portion 18b
can be disposed on the protruding portion or depressed portion of the upper case 11, thereby making it possible to
dispose the antenna element portion 18a further away from the above-described substrate.

[0087] The wireless communication device 10 is fabricated by forming the upper case 11 as shown in FIGS. 4A and
4B, connecting the connector of the antenna cable 21 that is connected to the antenna element 18 with the connector
of the substrate 13, and then assembling the upper case 11, the lower case 12 and the substrate 13. Note that the
dielectric layer 25 is provided with a solder hole 26 for soldering.

[0088] By providing the dielectric layer 25 between the antenna element portion 18a and the antenna element ground
portion 18b as described above, the wavelength shortening effect of the dielectric material reduces the effective area
necessary for the antenna element 18, and a further reduction in size as a whole can be thus achieved.

Embodiment 5

[0089] FIGS. 5A and 5B show a wireless communication device 10 according to Embodiment 5 of the presentinvention.
FIG. 5A is a bottom view showing the upper case 11 constituting a housing as viewed from an inner side thereof, and
FIG. 5B is a cross-sectional view of the upper case 11 unassembled, as viewed from the side of the short side panel
15. In Embodiment 5, the antenna element 18 is extended and bent so as to reach the side of the long side panel 16.
[0090] As shown in FIGS. 5A and 5B, when forming the antenna element portion 18a and the antenna element ground
portion 18b on the inner surface of the top panel 14 of the upper case 11 using a plating process or the like, the antenna
element portion 18a and the antenna element ground portion 18b are extended and bent to reach the side of the long
side panel 16 so that antenna element bent portions 18c and 18d are respectively formed. Examples of the specific
processing method include a plating process with masking.

[0091] Although the antenna element 18 is extended only to reach the side of the long side panel 16 in the example
shown in FIGS. 5A and 5B, it is also possible to extend the antenna element 18 to reach the side of the short side panel
15. By extending the antenna element 18 to reach the side panel as described above, the side panel can be also utilized
as the effective area of the antenna, thereby allowing for a further reduction in size as a whole. In the example shown
in FIGS. 5A and 5B, itis possible to reduce the width of the short side panel 15 as compared with that in other embodiments.

Embodiment 6

[0092] In Embodiment 5 described above, when forming the antenna element portion 18a and the antenna element
ground portion 18b on the inner surface of the top panel 14 of the upper case 11 using a plating process or the like, the
antenna element portion 18a and the antenna element ground portion 18b are respectively extended and bent to reach
the side of the long side panel 16 so that antenna element bent portions 18c and 18d are formed. However, also in the
case where the antenna element 18 is formed on the outer surface of the top panel 14 of the upper case 11 as shown
in FIGS. 6A and 6B, the antenna element bent portions 18c and 18d may be formed.

[0093] Note that regarding Embodiments 5 and 6, the method for forming the antenna element 18 may be such that
a conductive metal plate that has been subjected to a pressing process so as to achieve the arrangement as described
above on the upper case 11 is integrally molded with the upper case 11 or such that the FPC 19 with the antenna element
formed thereon that has been subjected to a bending process may be integrally molded with the upper case 11.

Embodiment 7

[0094] In the case where the antenna element portion 18a is provided on the outer surface of the top panel 14, the
antenna element portion 18a is allowed to be drawn to the inner surface of the top panel 14 by means using the cable
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21 shown in FIGS. 2A and 2B, or means using the through holes 35 shown in FIG. 7C. However, the present invention
is not limited thereto.

[0095] For example, as shown in FIG. 11, a capacitive coupling element 37 may be provided inside the top panel 14,
and the antenna element portion 18a that is provided on the outer surface of the top panel 14 may be virtually drawn to
the inner surface of the top panel 14 via the capacitive coupling element 37. The capacitive coupling element 37 in this
case may be buried in the top panel 14 or may be fitted into a hole made through the top panel 14.

[0096] Although the connector 22 is provided at the short side panel 15 in Embodiments 1 to 7, the present invention
is not limited thereto. The connector 22 may be provided at the long side panel 16. If the connector 22 is formed at the
side of the long side panel 16 and the wireless communication device 10 is connected to a mobile device 36 via the
USB cable 22 having a predetermined length allowing for a bend of = 90° or more, the use of the wireless communication
device 10 is not limited to such a case that the top panel of the upper case 11 with the antenna element provided thereon
is placed horizontally and facing the planar surface upwardly while the top panel of the lower case 12 is used as the
bottom surface as in Embodiments 1 to 7.

[0097] As shown in FIG. 10, the wireless communication device 10 can stand lengthwise when used with one of the
two short side panels 15 being the bottom surface thereof. By using the wireless communication device 10 in such a
manner, the antenna element 18 can be made to stand vertically, and one end of the antenna element portion 18a or
the antenna element ground portion 18b (a portion of the antenna element between the antenna element portion and
the antenna element ground portion that is farthest away from the other) can be positioned high, thereby furtherimproving
the antenna sensitivity without using a particular kind of structure such as a conventional flip structure. Note that the
end of the antenna element portion 18a is preferably positioned higher as shown in FIG. 10 so as to obtain a better
antenna sensitivity.

[0098] Although the present invention has been described using a housing of a rectangular parallelepiped shape in
Embodiments 1 to 7 described above, the present invention is not limited thereto. The present invention can be applied
also in a cylindrical housing with the top panel 14 of a circular shape, for example. By forming the antenna element 18
on the top panel 14 of the housing having the largest face, it becomes possible to achieve a smaller size and a smaller
thickness while accommodating a wide frequency band with a high gain.

[0099] Although there are provided the two antenna element portions 18a and the two antenna element ground portions
18b in Embodiments 1 to 7, the present invention is not limited thereto. The present invention is effective also in the
case where one antenna element portion 18a and one antenna element ground portion 18b are disposed.
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[0101] List of Reference Signs

11 upper case

12 lower case

13 substrate

14 top panel

15 short side panel
16 long side panel

17 bottom panel

18 antenna element

18a  antenna element portion

18b  antenna element ground portion
18c  antenna element bent portion,
18d  antenna element bent portion
19 flexible printed circuit

20 adhesive

21 antenna cable

21a  center conductor

21b  net portion

22 connector

23 USB cable

24 through hole
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25 dielectric layer

26 solder hole

27 dongle body

28 antenna element

29 protruding portion

30 coupling element

31 antenna electrode

32 electrical connector

33 contact portion

34 substrate connecting portion
35 through hole

36 mobile device

37 capacitive coupling element
Claims

1. A wireless communication device (10), comprising:

- a housing; and

- a substrate (13) having a connector (22) for connecting with a mobile device and a communication electronic
component provided inside the housing,

- the wireless communication device (10),

characterized in that an antenna element (18) constituted by an antenna element portion (18a) and an antenna
element ground portion (18b) is formed in a sheet shape generally across an entire surface of a top panel (14) of
the housing.

The device according to claim 1,

characterized in that the housing is of a rectangular parallelepiped shape constituted by a lower case (12) and an
upper case (11) including a top panel (14) and side panels (15, 16) extending vertically from a circumference of the
top panel (14) and adapted to accommodate the substrate (13).

The device (10) according to claim 1 or 2,
characterized in that the antenna element (18) is formed in a sheet shape generally across an entire outer surface
of the top panel (14).

The device (10) according to claim 1 or 2,
characterized in that the antenna element (18) is formed in a sheet shape generally across an entire inner surface
of the top panel (14).

The device (10) according to any one of claims 1 to 4,
characterized in that the antenna element (18) is disposed on a flexible printed circuit (19), and the flexible printed
circuit (19) is provided on the outer surface or the inner surface of the top panel (14).

The device (10) according to claim 5,

characterized in that the flexible printed circuit (19) is further extended across the side panel (15, 16) and bonded
thereto, so that the antenna element (18) is formed extending from the top panel (14) to any of an outer surface and
an inner surface of the side panel (15, 16).

The device (10) according to claim 5,

characterized in that the antenna element portion (18a) is disposed on one side of the flexible printed circuit (19)
formed by a predetermined dielectric material, and the antenna element ground portion (18b) is disposed on the
other side of the flexible printed circuit (19).

The device (10) according to any one of claims 1 to 4,

characterized in that the antenna element (18) is integrally molded with the top panel (14), and the antenna element
(18) is disposed on each of an inner side and an outer side of the top panel (14) at different positions in a thickness

11
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direction of the top panel (14).

The device (10) according to claim 8,

characterized in that the antenna element (18) is formed by punching and bending a conductive metal, and at
least a portion of the antenna element (18) that is furthest away by planar distance among the antenna element
portion (18a) and the antenna element ground portion (18b) is disposed on the outer side of the top panel (14).

The device (10) according to claim 8,

characterized in that the antenna element (18) and the top panel (14) are integrally molded and a predetermined
dielectric material is fixed to one of the antenna element ground portion (18b) and the antenna element portion (18a)
and the dielectric material is closely in contact with the other of the antenna element ground portion (18b) and the
antenna element portion (18a).

The device (10) according to any one of claims 1 to 4,

characterized in that a dielectric layer (25) is disposed so as to be in contact with an upper surface of one of the
antenna element portion (18a) and the antenna element ground portion (18b) and a lower surface of the other of
the antenna element portion (18a) and the antenna element ground portion (18b), whereby the dielectric layed (25)
is provided between the antenna element portion (18a) and the antenna element ground portion (18b).

The device (10) according to any one of claims 1 to 4,
characterized in that, wherein the antenna element (18) is formed by subjecting the top panel (14) of the upper
case (11) to a plating process.

The device (10) according to claim 12, characterized in that a portion of the antenna element (18) formed by the
plating process is extended from the top panel (14) to the side panel (15, 16).

The device (10) according to any one of claims 110 5, 8, 11 and 12,

characterized in that a protruding portion (29) is provided in the top panel (14) by outwardly deforming a portion
of the outer surface of the top panel (14), and at least a portion of the antenna element (18) that is furthest away
from among the antenna element portion (18a) and the antenna element ground portion (18b) is provided in the
protruding portion (29).

The device (10) according to any one of claims 1, 2, 4, 5, 8, 11 and 12,

characterized in that a depressed portion is provided by depressing a portion of the inner surface of the top panel
(14), and at least a portion of the antenna element (18) that is furthest away from among the antenna element portion
(18a) and the antenna element ground portion (18b) is provided in the depressed portion.

The device (10) according to any one of claims 1, 2, 5, 8, 11 and 12, characterized in that the antenna element
portion (18a) and the antenna element ground portion (18b) partially overlap with each other in a planar view.

The device (10) according to any one of claims 1, 2, 5, 8, 11 and 12,
characterized in that the antenna element (18) is connected to an antenna electrode (31) provided in the substrate
(13) via a capacitive coupling element (30).

The device (10) according to any one of claims 1, 2, 5, 8, 11 and 12,
characterized in that the antenna element (18) is connected to an antenna electrode (31) provided in the substrate
(13) via an electrical connector (32).

The device (10) according to any of claims 1 to 18,

characterized in that the housing is of a rectangular parallelepiped shape and has a quadrangular top panel (14)
and a quadrangular bottom panel (17) parallel to each other and four side panels (15, 16) vertically extending from
a circumference of the top panel (14);

in that the antenna element (18) is provided on the top panel (14); in that the connector (22) is provided on one of
the side panels (15, 16); and

in that the antenna element (18) is positioned horizontally when the bottom panel (17) is placed at a bottom surface,
and the antenna element (18) is positioned vertically when another one of the side panels (15, 16) perpendicular to
the side panel (15, 16) at which the connector (22) is provided is placed at a bottom surface, with the connector
(22) being fitted into a counterpart connector connected to a mobile device via a cable (23).
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20. A method of using a wireless communication device (10) including:

a housing of a rectangular parallelepiped shape having a quadrangular top panel (14) and a quadrangular
bottom panel (17) parallel to each other and four side panels (15, 16) vertically extending from a circumference
of the top panel (14);

a substrate (13) having a connector (22) for connecting with a mobile device and a communication electronic
component provided inside the housing so that the connector (22) is provided on one of the four side panels
(15, 16); and

an antenna element (18) constituted by an antenna element portion (18a) and an antenna element ground
portion (18b) being formed in a sheet shape generally across the top panel (14),

the method of using the wireless communication device (10) being characterized by using the wireless com-
munication device (10) in an upright position such that one of the side panels (15, 16) perpendicular to the side
panel (15, 16) at which the connector (22) is provided is placed as a bottom surface with the connector (22)
being fitted into a counterpart connector connected to a mobile device via a cable (23).

13
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