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(54) ANTENNA DEVICE

(57) An antenna device includes a first shorting ele-
ment, a second shorting element, a first radiation ele-
ment, a second radiation element and a third radiation
element. The first shorting element and the second short-
ing element are electrically connected to a ground plane.
The first radiation element has a feeding point and is
disposed between the first shorting element and the sec-
ond shorting element. The second radiation element is

electrically connected between the first radiation element
and the first shorting element. The third radiation element
is electrically connected between the first radiation ele-
ment and the second shorting element. The first to third
radiation elements, the first shorting element and the sec-
ond shorting element form two antenna elements dis-
posed in parallel, such that the antenna device operates
in a first frequency band and a second frequency band.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention is related to an antenna device,
and particularly to an antenna device having wideband
operation and omnidirectional radiation pattern.

2. Description of Related Art

[0002] In recent years, ceiling-type network equipment
such as access point (AP) is normally installed at a high
point (e.g. ceiling) in a space so as to provide broader
signal coverage. In addition, in order to provide optimal
signal coverage, an antenna device in the ceiling-type
network equipment must have omnidirectional radiation
pattern. However, in most cases, the conventional an-
tenna device does not satisfy the need for both of wide-
band operation and omnidirectional radiation pattern,
and thus limits the development of the ceiling-type net-
work equipment in practical application.

SUMMARY OF THE INVENTION

[0003] The invention is defined in the independent
claim. The dependent claims define preferred embodi-
ments. The invention provides an antenna device which
has good dual wideband operation and omnidirectional
radiation pattern, thereby effectively increasing signal
coverage of ceiling-type network equipment.
[0004] An antenna device according to an embodiment
includes a first shorting element, a second shorting ele-
ment, a first radiation element, a second radiation ele-
ment and a third radiation element. The first shorting el-
ement and the second shorting element are electrically
connected to a ground plane. The first radiation element
has a feeding point and is disposed between the first
shorting element and the second shorting element. The
second radiation element is electrically connected be-
tween the first radiation element and the first shorting
element. The third radiation element is electrically con-
nected between the first radiation element and the sec-
ond shorting element. The first radiation element to the
third radiation element, the first shorting element and the
second shorting element form two antenna elements dis-
posed in parallel, such that the antenna device operates
in a first frequency band and a second frequency band.
[0005] Based on the above, the antenna device uses
the first radiation element to the third radiation element,
the first shorting element and the second shorting ele-
ment to form two antenna elements that are arranged in
parallel according to the embodiments of the invention.
With such configuration, the antenna device can have
good dual wideband operation and omnidirectional radi-
ation pattern, and can further be adapted for use in the
ceiling-type network equipment while effectively increas-

ing signal coverage of the ceiling-type network equip-
ment.
[0006] In order to make the aforementioned features
and advantages of the invention more comprehensible,
embodiments accompanying figures are described in de-
tail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings are included to
provide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention
and, together with the description, serve to explain the
principles of the invention.

FIGs. 1 and 2 are schematic views illustrating an
antenna device according to an embodiment of the
invention.
FIG. 3 is a diagram illustrating return loss of an an-
tenna device in a first frequency band according to
an embodiment of the invention.
FIG. 4 is a diagram illustrating return loss of an an-
tenna device in a second frequency band according
to an embodiment of the invention.
FIG. 5 is a schematic view illustrating configuration
of an antenna device relative to a ground plane ac-
cording to an embodiment of the invention.
FIG. 6 is a schematic view illustrating radiation pat-
tern of an antenna device according to an embodi-
ment of the invention.
FIG. 7 is a schematic view illustrating configuration
of an antenna device relative to a ground plane ac-
cording to another embodiment of the invention.
FIG. 8 is a schematic view illustrating an antenna
device according to another embodiment of the in-
vention.
FIG. 9 is a diagram describing the radiation pattern
of the antenna device illustrated in the embodiment
of FIG. 8.

DESCRIPTION OF EMBODIMENTS

[0008] FIGs. 1 and 2 are schematic views illustrating
an antenna device according to an embodiment of the
invention. As shown in FIG. 1 and FIG. 2, an antenna
device 100 includes a first radiation element 110, a sec-
ond radiation element 120, a third radiation element 130,
a first shorting element 140 and a second shorting ele-
ment 150. Each of the first to third radiation elements
110-130, the first shorting element 140 and the second
shorting element 150 may be, for example, a rectangular
metal sheet.
[0009] The antenna device 100 further includes a fixing
element 160. Specifically, the antenna device 100 may
be tightly attached to a ground plane 101 through the
fixing element 160. Accordingly, the fixing element 160
may be regarded as a part of the ground plane 101. In
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another embodiment, persons skilled in the art may re-
move the fixing element 160 based on the need of design,
and the first shorting element 140 and the second short-
ing element 150 in the antenna device 100 may be di-
rectly and electrically connected to the ground plane 101.
[0010] Further referring to FIGs. 1 and 2, the first radi-
ation element 110 has a feeding point FP1, and the first
radiation element 110 is disposed between the first short-
ing element 140 and the second shorting element 150.
Specifically, the first radiation element 110 includes a
first sidewall SD11 and a second sidewall SD12 opposite
to each other, and the first sidewall SD11 faces the
ground plane 101. The second sidewall SD12 is electri-
cally connected to the second radiation element 120 and
the third radiation element 130. Moreover, the feeding
point FP1 is disposed in the center of the first sidewall
SD11. In an embodiment, the first radiation element 110
is perpendicular to the ground plane 101, and may be
divided into a first portion 111 and a second portion 112.
For example, in an embodiment, the first portion 111 and
second portion 112 may be two different elements tightly
attached to each other to form the first radiation element
110. In another embodiment, the first portion 111 and
second portion 112 may be formed integrally, for exam-
ple.
[0011] The second radiation element 120 is electrically
connected between the first radiation element 110 and
the first shorting element 140. The third radiation element
130 is electrically connected between the first radiation
element 110 and the second shorting element 150. Spe-
cifically, the second radiation element 120 and the third
radiation element 130 are disposed symmetrically rela-
tive to the first radiation element 110. For instance, the
geometric plane where the first radiation element 110 is
located is used as a basis; the second radiation element
120 and third radiation element 130 are disposed sym-
metrically on two opposite sides of the first radiation el-
ement 110. In one embodiment, the second radiation el-
ement 120 is parallel to the ground plane 101 and elec-
trically connected to the first portion 111 of the first radi-
ation element 110. The third radiation element 130 is
parallel to the ground plane 101 and electrically connect-
ed to the second portion 112 of the first radiation element
110. As such, the first to third radiation elements 110-130
can form a T-shaped structure.
[0012] The first shorting element 140 is electrically con-
nected to a sidewall SD21 of the second radiation ele-
ment 120, and the second shorting element 150 is elec-
trically connected to a sidewall SD31 of the third radiation
element 130. Specifically, the first shorting element 140
extends from the sidewall SD21 of the second radiation
element 120 to the ground plane 101 in a direction per-
pendicular to the second radiation element 120. The sec-
ond shorting element 150 extends from the sidewall
SD31 of the third radiation element 130 to the ground
plane 101 in a direction perpendicular to the third radia-
tion element 130. In addition, in an embodiment, the first
shorting element 140 and the second shorting element

150 are perpendicular to the ground plane 101.
[0013] It should be noted that the first portion 111 (or
the first radiation element 110 as a whole), the second
radiation element 120 and the first shorting element 140
may form a first inverted-F antenna. The second portion
112 (or the first radiation element 110 as a whole), the
third radiation element 130 and the second shorting el-
ement 150 may form a second inverted-F antenna. Apart
from that, the first inverted-F antenna and the second
inverted-F antenna are connected in parallel. In other
words, the first to third radiation elements 110-130, the
first shorting element 140 and the second shorting ele-
ment 150 can form two antenna elements arranged in
parallel, and the two antenna elements are respectively
an inverted-F antenna. As such, the antenna device 100
can operate in a first frequency band and a second fre-
quency band and have the characteristic of dual wide-
band operation.
[0014] For example, a distance D11 from the feeding
point FP1 to both ends of the first sidewall SD11 may be
1/4 wavelength of the first frequency band. In other
words, the length of the first radiation element 110 (i.e.,
the length of the first sidewall SD11) may be 1/2 wave-
length of the first frequency band. As such, the antenna
device 100 can operate in the first frequency band mainly
through the first radiation element 110. In addition, a plu-
rality of current paths formed by the first radiation element
110 can further effectively expand the bandwidth of the
first frequency band. For instance, FIG. 3 is a diagram
illustrating return loss (S11) of an antenna device in a
first frequency band according to an embodiment of the
invention. As shown in FIG. 3, the first frequency band
of the antenna device 100 is a 5 GHz band, for example;
the return loss of the antenna device 100 between 4.5
GHz ∼ 6.5 GHz can be less than -11 dB.
[0015] On the other hand, the length of the second ra-
diation element 120 and the length of the third radiation
element 130 are both denoted by D12, and the length
D12 is 1/4 wavelength of the second frequency band. As
such, the antenna device 100 can operate in the second
frequency band mainly through the second radiation el-
ement 120 and the third radiation element 130. In addi-
tion, a plurality of current paths formed by the second
radiation element 120 and the third radiation element 130
can further effectively expand the bandwidth of the sec-
ond frequency band. For example, FIG. 4 is a diagram
illustrating return loss of an antenna device in a second
frequency band according to an embodiment of the in-
vention. As shown in FIG. 4, the second frequency band
of the antenna device 100 is a 2.4 GHz band, for example;
the return loss of the antenna device 100 between 2.17
GHz ∼ 3 GHz can be less than -10 dB.
[0016] It should be noted that persons skilled in the art
can adjust the lengths (i.e., D11 and D12) of the first to
third radiation elements 110-130 and the configuration
position of the two shorting elements 140 and 150 to
change the current distribution of the first to third radiation
elements 110-130 such that the radiation pattern of the
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antenna device 100 changes correspondingly. That is to
say, persons skilled in the art can slightly adjust the cur-
rent of the first to third radiation elements 110-130 to
control the radiation pattern of the antenna device 100
so that the antenna device 100 has omnidirectional ra-
diation pattern.
[0017] For example, FIG. 5 is a schematic view illus-
trating configuration of an antenna device relative to a
ground plane according to an embodiment of the inven-
tion. As shown in FIG. 5, in an embodiment, the antenna
device 100 may be disposed in the center of the ground
plane 101. Additionally, when the antenna device 100 is
disposed in the center of the ground plane 101, the ra-
diation pattern of the antenna device 100 is shown as
illustrated in FIG. 6. The left part of FIG. 6 shows a radi-
ation pattern of the antenna device 100 at 2.45 GHz in
the XY-plane where θ = 60°; the right part of FIG. 6 shows
a radiation pattern of the antenna device 100 at 5.5 GHz
in the XY-plane where θ = 60°. Here, θ is the angle be-
tween the radiation direction and the Z-axis. Moreover,
the solid line and dashed lines in FIG. 6 respectively rep-
resent main polarization gain and cross-polarization gain
of the antenna device 100. As shown in FIG. 6, the an-
tenna device 100 has omnidirectional radiation pattern
at 2.45 GHz and 5.5 GHz.
[0018] In other words, the antenna device 100 has
good dual wideband operation and omnidirectional radi-
ation pattern. Therefore, in practical application, the an-
tenna device 100 is adapted for ceiling-type network
equipment, and can effectively increase signal coverage
of the ceiling-type network equipment. Other than that,
the antenna device 100 is coupled to the ground plane
101 through the shorting element 140 and shorting ele-
ment 150; that is, the antenna device 100 has a dual
grounding structure. As such, the current of the first to
third radiation elements 110-130 can be distributed more
uniformly so that the radiation pattern of the antenna de-
vice 100 can be more stable and not easily affected by
external environment.
[0019] FIG. 7 is a schematic view illustrating configu-
ration of an antenna device relative to a ground plane
according to another embodiment of the invention. As
shown in FIG. 7, in another embodiment, the antenna
device 100 may be adjacent to an edge 710 of the ground
plane 101. For example, a distance D7 between the an-
tenna device 100 and the edge 710 can be 10 mm. It
should be noted that when the antenna device 100 is
adjacent to the edge 710 of the ground plane 101, the
radiation pattern of the antenna device 100 in the first
frequency band (i.e., high frequency band) would be af-
fected by the ground plane 101. In this case, the effect
caused by the ground plane 101 to the antenna device
100 may be reduced by slightly adjusting the lengths of
the second radiation element 120 and the third radiation
element 130 as well as the configuration positions of the
shorting 140 and the shorting 150.
[0020] For example, FIG. 8 is a schematic view illus-
trating an antenna device according to another embodi-

ment of the invention. As shown in FIG. 8, when the an-
tenna device 100 is adjacent to the edge 710 of the
ground plane 101, the lengths of the second radiation
element 120 and the third radiation element 130 may be
adjusted to a length D82, and the length D82 is smaller
than the length D12 as shown in FIG. 1. In other words,
when the antenna device 100 is adjacent to the edge 710
of the ground plane 101, the effect caused by the ground
plane 101 to the antenna device 100 can be reduced by
decreasing the lengths of the second radiation element
120 and the third radiation element 130 as well as shifting
the position of the shorting element 140 and shorting el-
ement 150 along a direction away from the edge 710.
For example, FIG. 9 is a diagram describing the radiation
pattern of the antenna device illustrated in the embodi-
ment of FIG. 8. The left part of FIG. 9 shows a radiation
pattern in the XY-plane (θ = 600) when the antenna device
100 operates at 2.45 GHz; the right part of FIG. 9 shows
a radiation pattern in the XY-plane (θ = 600) when the
antenna device 100 operates at 5.5 GHz. Here, θ is the
angle between the radiation direction and the Z-axis. Ad-
ditionally, the solid line and dashed line in FIG. 9 respec-
tively represent the main polarization gain and cross-po-
larization gain of the antenna device 100. Referring to
FIG. 9, by slightly adjusting the lengths of the radiation
element 120 and radiation element 130 as well as shifting
the positions of the shorting element 140 and shorting
element 150, the antenna device 100 can still have good
omnidirectional radiation pattern at 2.45 GHz and 5.5
GHz.
[0021] In view of the foregoing, the antenna device in
the invention uses the first to third radiation elements,
the first shorting element and the second shorting ele-
ment to form two antenna elements arranged in parallel.
As such, the antenna device can have good dual wide-
band operation and omnidirectional radiation pattern,
and can further be adapted for use in the ceiling-type
network equipment while effectively increasing the signal
coverage of the ceiling-type network equipment. Moreo-
ver, the antenna device has a dual grounding structure
so that the radiation pattern of the antenna device can
be more stable and is not easily affected by external en-
vironment.

Claims

1. An antenna device (100), comprising:

a first shorting element (140) and a second
shorting element (150), electrically connected
to a ground plane (101);
a first radiation element (110), having a feeding
point (FP1) and disposed between the first short-
ing element (140) and the second shorting ele-
ment (150);
a second radiation element (120), electrically
connected between the first radiation element
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(110) and the first shorting element (140); and
a third radiation element (130), electrically con-
nected between the first radiation element (110)
and the second shorting element (150), wherein
the first to third radiation elements (110-130),
the first shorting element (140) and the second
shorting element (150) form two antenna ele-
ments disposed in parallel and the antenna de-
vice (100) operates in a first frequency band and
a second frequency band.

2. The antenna device according to claim 1, wherein
the first radiation element (110), the second radiation
element (120) and the first shorting element (140)
form a first inverted-F antenna, and the first radiation
element (110), the third radiation element (130) and
the second shorting element (150) form a second
inverted-F antenna.

3. The antenna device according to claim 1, wherein a
length of the first radiation element (110) is 1/2 wave-
length of the first frequency band.

4. The antenna device according to claim 3, wherein
lengths (D12) of the second radiation element (120)
and the third radiation element (130) are respectively
1/4 wavelength of the second frequency band.

5. The antenna device according to claim 1, wherein
the first radiation element (110) comprises a first
sidewall (SD11) facing the ground plane (101), and
the feeding point (FP1) is disposed in the center of
the first sidewall (SD11).

6. The antenna device according to claim 5, wherein
the first radiation element (110) further comprises a
second sidewall (SD12) opposite to the first sidewall
(SD11), and the second sidewall (SD12) is electri-
cally connected to the second radiation element
(120) and the third radiation element (130).

7. The antenna device according to claim 6, wherein
the first to third radiation elements (110-130) form a
T-shaped structure.

8. The antenna device according to claim 1, wherein
the first radiation element (110) is perpendicular to
the ground plane (101), and the second radiation
element (120) and the third radiation element (130)
are parallel to the ground plane (101).

9. The antenna device according to claim 8, wherein
the first shorting element (140) and the second short-
ing element (150) are perpendicular to the ground
plane (101).

10. The antenna device according to claim 1, wherein
the first to third radiation elements (110-130), the

first shorting element (140) and the second shorting
element (150) are respectively a rectangular metal
sheet.
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