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(54) ANTENNA DEVICE

(67)  Anantennadevice is provided. The antenna de-
vice includes a first antenna, a second antenna, a first
extension element, and a second extension element. The
first antenna and the second antenna respectively oper-
ate in an operating frequency band. The first extension
element is electrically connected to the first antenna and

generates a first resonant path. The second extension
element is electrically connected to the second antenna
and directed to the first antenna, so that the second an-
tenna generates a second resonant path. The first ex-
tension element and the second extension element are
located between the first antenna and the second anten-

directed to the second antenna, so that the first antenna na.
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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] Theinventionrelates to an antenna device, and
particularly relates to an antenna device capable of im-
proving isolation between two antennas.

DESCRIPTION OF RELATED ART

[0002] In recent years, a planar antenna, such as a
planar printed antenna, has been broadly used in a net-
work device such as a wireless access point (AP), a rout-
er, and a gateway, etc. Besides, in order to support a
multi-input multi-output (MIMO) transmission mecha-
nism, a plurality of planar antennas have to be built in
the network device. However, the space available for dis-
posing the planar antennas in the network device is lim-
ited. Thus, how to improve isolation between the planar
antennas so that the plurality of planar antennas may be
integrated in the limited space of the network device has
become an important issue.

SUMMARY OF THE INVENTION

[0003] The invention provides an antenna device ca-
pable of improving isolation between a first antenna and
a second antenna by a first resonant path and a second
resonant path. The invention is defined in the independ-
ent claim. The dependent claims define preferred em-
bodiments.

[0004] Anantennadevice according to anembodiment
includes a first antenna, a second antenna, a first exten-
sion element, and a second extension element. The first
antenna and a second antenna respectively operate in
an operating frequency band. The first extension element
is electrically connected to the first antenna and directed
to the second antenna, so thatthe firstantenna generates
a first resonant path. The second extension element is
electrically connected to the second antenna and direct-
ed to the first antenna, so that the second antenna gen-
erates a second resonant path. In addition, the first ex-
tension element and the second extension element are
located between the first antenna and the second anten-
na.

[0005] Basedonthe above, the first extension element
and the second extension element are disposed between
the first antenna and the second antenna in the antenna
device according to the embodiments of the invention,
so that the first antenna and the second antenna may
generate the firstresonant path and the second resonant
path. In addition, with the first resonant path and the sec-
ond resonant path, the antenna device is able to improve
isolation between the first antenna and the second an-
tenna.

[0006] In order to make the aforementioned and other
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features and advantages of the invention more compre-
hensible, embodiments accompanying figures are de-
scribed in detail 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.

FIG. 1 is a schematic view illustrating an antenna
device according to an embodiment of the invention.

FIG. 2 is a diagram illustrating a radiation pattern of
the first antenna according to an embodiment of the
invention.

FIG. 3 is a graph illustrating a return loss of the first
antenna according to an embodiment of the inven-
tion.

FIG. 4 is a graph illustrating a return loss of a second
antenna according to an embodiment of the inven-
tion.

FIG. 5 is a graph illustrating the isolation between
the first antenna and the second antenna according
to an embodiment of the invention.

FIG. 6 is a schematic view illustrating an antenna
device according to another embodiment of the in-
vention.

FIG. 7 is a schematic view illustrating an antenna
device according to yet another embodiment of the
invention.

DESCRIPTION OF THE EMBODIMENTS

[0008] FIG. 1is a schematic view illustrating an anten-
na device according to an embodiment of the invention.
As shown in FIG. 1, an antenna device 100 includes a
substrate 110, a first antenna 120, a second antenna
130, a first extension element 140, and a second exten-
sion element 150. The first antenna 120, the second an-
tenna 130, the first extension element 140, and the sec-
ond extension element 150 are disposed on the substrate
110. For example, the first antenna 120, the second an-
tenna 130, the first extension element 140, and the sec-
ond extension element 150 may be printed on a surface
111 of the substrate 110. In other words, the first antenna
120 and the second antenna 130 may respectively be a
planar printed antenna.

[0009] The firstextension element 140 and the second
extension element 150 are located between the first an-
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tenna 120 and the second antenna 130. Besides, the first
extension element 140 is electrically connected to the
first antenna 120, so that the first antenna 120 may gen-
erate a first resonant path. The second extension ele-
ment 150 is electrically connected to the second antenna
130, so that the second antenna 130 may generate a
second resonant path. The first extension element 140
and the second extension element 150 respectively have
an open end, and the open end of the first extension
element 140 faces an open end of the second extension
element 150.

[0010] Namely, in an overall configuration, the open
end of the first extension element 140 is toward (i.e., di-
rected to) the second antenna 130 (i.e., in X-axis direc-
tion), and the open end of the second extension element
150 is toward (i.e., directed to) the first antenna 120 (i.e.,
in -X-axis direction). In operation, the first antenna 120
may receive a first feeding signal from a transceiver (not
shown) through a feeding point FP11, and the second
antenna 130 may receive a second feeding signal from
the transceiver through a feeding point FP12. According-
ly, under the excitation of the first and the second feeding
signals, the first antenna 120 and the second antenna
130 may respectively operate in an operating frequency
band (e.g., 2.4 GHz band). Certainly, the operating fre-
quency band may be one of a plurality of operating fre-
quency bands covered by the first antenna 120 and/or
the second antenna 130.

[0011] It should be noted that a length of the first res-
onant path is a quarter wavelength of a lowest frequency
of the operating frequency band. Thus, the first antenna
120 may generate a resonant mode in the operating fre-
quency band through the first resonant path, and a radi-
ation pattern of the first antenna 120 may generate a null
point in response to the resonant mode. Besides, the
open end of the first extension element 140 is toward the
second antenna 130 (i.e., X-axis direction), and therefore
the null point generated by the first antenna 120 through
the firstresonant path may be toward the second antenna
130 (i.e., X-axis direction). For example, FIG. 2 is a dia-
gram illustrating a radiation pattern of the first antenna
according to an embodiment of the invention. As shown
in FIG. 2, with the arrangement of the first extension el-
ement 140, the radiation pattern of the first antenna 120
has the null point in the X-axis direction. In other words,
the radiation pattern of the first antenna 120 may gener-
ate a null point at a side toward the second antenna 130.
[0012] Similarly, a length of the second resonant path
is also the quarter wavelength of the lowest frequency of
the operating frequency band. Thus, the second antenna
130 may generate a resonant mode in the operating fre-
quency band through the second resonant path, and a
radiation pattern of the second antenna 130 may gener-
ate a null point in response to the resonant mode. Be-
sides, the open end of the second extension element 150
is toward the first antenna 120 (i.e., -X-axis direction), so
the null point generated by the second antenna 130
through the second resonant path is toward the first an-
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tenna 120 (i.e., -X-axis direction).

[0013] In other words, with the arrangement of the first
extension element 140 and the second extension ele-
ment 150, the radiation pattern of the first antenna 120
may generate a null point at the side toward the second
antenna 130, and the radiation pattern of the second an-
tenna 130 may generate a null point at a side toward the
first antenna 120. Thus, a coupling effect between the
first antenna 120 and the second antenna 130 may be
reduced, so as to effectively improve isolation between
the first antenna 120 and the second antenna 130, there-
by facilitating integration of the first antenna 120 and the
second antenna 130 in a network device.

[0014] For example, FIG. 3 is a graph illustrating a re-
turn loss (S11) of the first antenna according to an em-
bodiment of the invention, FIG. 4 is a graph illustrating a
return loss (S22) of the second antenna according to an
embodiment of the invention, and FIG. 5 is a graph illus-
trating the isolation (S21) between the first antenna and
the second antenna according to an embodiment of the
invention. In the embodiment shown in FIGs. 3 to 5, a
distance between the open end of the first extension el-
ement 140 and the open end of the second extension
element 150 is about 1 mm, and a distance between the
feeding point FP11 of the first antenna 120 and the feed-
ing point FP12 of the second antenna 130 is about 47
mm. As shown in FIGs. 3 and 4, a frequency range of
the operating frequency band of the first antenna 120
and the second antenna 130 covers 2.4 GHz to 2.5 GHz.
In addition, as shown in FIG. 5, isolation of the antenna
device 100 within 2.4 GHz to 2.5 GHz is mostly lower
than -20 dB.

[0015] Itshould be noted that the first antenna 120 and
the second antenna 130 may respectively have an an-
tenna structure of various types, such as an inverted-F
antenna structure, a dipole antenna structure, or a mo-
nopole antenna structure, etc. For example, as shown in
FIG. 1, thefirstantenna 120 and the second antenna 130
respectively have the inverted-F antenna structure. Spe-
cifically, the antenna device 100 further includes aground
plane 160 disposed on the substrate 110. The first an-
tenna 120 includes a first shorting portion 121, a first
feeding portion 122, and a first radiation portion 123, and
the second antenna 130 includes a second shorting por-
tion 131, a second feeding portion 132, and a second
radiation portion 133.

[0016] For the first antenna 120, the first shorting por-
tion 121 is electrically connected the first extension ele-
ment 140 and the ground plane 160. The first feeding
portion 122 has the feeding point FP11 for receiving a
first feeding signal. The first radiation portion 123 is elec-
trically connected the first shorting portion 121 and the
first feeding portion 122. In addition, the firstantenna 120
may operate in the operating frequency band through a
resonant path formed by the first radiation portion 123
and the first shorting portion 121. Similarly, for the second
antenna 130, the second shorting portion 131 is electri-
cally connected the second extension element 150 and
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the ground plane 160. The second feeding portion 132
has the feeding point FP12 for receiving a second feeding
signal. The second radiation portion 133 is electrically
connected the second shorting portion 131 and the sec-
ond feeding portion 132. In addition, the second antenna
130 may operate in the operating frequency band through
a resonant path formed by the second radiation portion
133 and the second shorting portion 131.

[0017] More specifically, the first shorting portion 121,
the first extension element 140, the second extension
element 150, and the second shorting portion 131 are
sequentially arranged along an edge SD11 of the ground
plane 160. In addition, the length of the first extension
element 140 is equal to the length of the first resonant
path, and the length of the second extension element
150 is equal to the length of the second resonant path.
Moreover, the first extension element 140 may be formed
of a metal line L11, and the second extension element
150 may be formed of a metal line L12. A first end of the
metal line L11 is electrically connected to the first shorting
portion 121, and a second end of the metal line L11 is
configured to form the open end of the first extension
element 140. Afirstend of the metal line L12 s electrically
connected to the second shorting portion 131, and a sec-
ond end of the metal line L12 is configured to form the
open end of the second extension element 150.

[0018] FIG. 6 is a schematic view illustrating an anten-
na device according to another embodiment of the inven-
tion. As shown in FIG. 6, an antenna device 600 includes
a substrate 610, a first antenna 620, a second antenna
630, a first extension element 640, and a second exten-
sion element 650. In addition, the first antenna 620, the
second antenna 630, the first extension element 640,
and the second extension element 650 are disposed on
a surface 611 of the substrate 610. Besides, the first an-
tenna 620 and the second antenna 630 shown in FIG. 6
respectively have a dipole antenna structure.

[0019] Specifically, the firstantenna 620 includes afirst
radiation portion 661 and a third radiation portion 663
parallel to each other, and the second antenna 630 in-
cludes a second radiation portion 662 and a fourth radi-
ation portion 664 parallel to each other. In addition, the
first radiation portion 661 is parallel to the second radia-
tion portion 662. The first radiation portion 661 has a first
connection point P61. The first radiation portion 661 re-
ceives the first feeding signal from a signal source S61
or is coupled to a ground through the first connection
point P61. The second radiation portion 662 has a second
connection point P62. The second radiation portion 662
receives the second feeding signal from a signal source
S62 or is coupled to the ground through the second con-
nection point P62. The first antenna 620 and the second
antenna 630 may respectively operate in an operating
frequency band.

[0020] Thefirst extension element 640 and the second
extension element 650 are disposed between the first
radiation portion 661 and the second radiation portion
662. The first extension element 640 is perpendicular to
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the first radiation portion 661, and the second extension
element 650 is perpendicular to the second radiation por-
tion 662. Besides, the first extension element 640 is elec-
trically connected to the first radiation portion 661 of the
first antenna 620, so that the first antenna 620 may gen-
erate a first resonant path 601. In addition, the first res-
onant path 601 extends from the first connection point
P61 to an open end of the first extension element 640,
and the first resonant path 601 is a quarter wavelength
of a lowest frequency of the operating frequency band.

[0021] The second extension element 650 is electri-
cally connected to the second radiation portion 662 of
the second antenna 630, so that the second antenna 630
may generate a second resonant path 602. In addition,
the second resonant path 602 extends from the second
connection point P62 to an open end of the second ex-
tension element 650. Besides, the open end of the first
extension element 640 faces the open end of the second
extension element 650. Accordingly, with the arrange-
ment of the first extension element 640 and the second
extension element 650, a radiation pattern of the first
antenna 620 may generate a null point at a side toward
the second antenna 630, and a radiation pattern of the
second antenna 630 may generate a null point at a side
toward the first antenna 620. Consequently, isolation be-
tween the first antenna 620 and the second antenna 630
may be effectively improved.

[0022] Itis noteworthy that, based on the design, peo-
ple having ordinary skill in the art may selectively remove
the third radiation portion 663 of the first antenna 620
and the fourth radiation portion 664 of the second anten-
na 630 and dispose a ground plane below the first an-
tenna 620 and the second antenna 630, so that the first
antenna 620 and the second antenna 630 respectively
have a monopole antenna structure. For example, FIG.
7 is a schematic view illustrating an antenna device ac-
cording to yet another embodiment of the invention. In
an antenna device 700 shown in FIG. 7, a first antenna
710 is formed by the first radiation portion 661, a second
antenna 720 is formed by the second radiation portion
662, the antenna device 700 further includes a ground
plane 730 disposed below the first antenna 710 and the
second antenna 720.

[0023] In the embodiment shown in FIG. 7, the first
antenna 710 receives the first feeding signal from the
signal source S61 through the first connection point P61,
and the second antenna 720 receives the second feeding
signal from the signal source S62 through the second
connection point P62. Consequently, the first antenna
710 and the second antenna 720 may respectively have
a monopole antenna structure and respectively operate
in the operating frequency band. Moreover, similar to the
embodiment shown in FIG. 6, with the arrangement of
the first extension element 640 and the second extension
element 650, a radiation pattern of the first antenna 710
may generate a null point at a side toward the second
antenna 720, and a radiation pattern of the second an-
tenna 720 may generate a null point at a side toward the
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first antenna 710. Consequently, isolation between the
first antenna 710 and the second antenna 720 may be
effectively improved. Details concerning the arrange-
ment and operation of respective components in the em-
bodiment shown in FIG. 7 have been described in the
foregoing embodiments, and thus will not be repeated in
the following.

[0024] In view of the foregoing, the first extension ele-
ment and the second extension element are disposed
between the first antenna and the second antenna in the
antenna device according to the embodiments of the in-
vention, so that the first antenna and the second antenna
may generate the first resonant path and the second res-
onant path. Besides, the lengths of the first resonant path
and the second resonant path are respectively a quarter
wavelength of the lowest frequency of the operating fre-
quency band. Accordingly, the first antenna and the sec-
ond antenna may respectively generate the correspond-
ing resonant mode in response to the first resonant path
and the second resonant path, thereby effectively im-
proving the isolation between the first antenna and the
second antenna.

[0025] Insummary,anantennadeviceis provided. The
antenna device includes a first antenna, a second anten-
na, a first extension element, and a second extension
element. The first antenna and the second antenna re-
spectively operate in an operating frequency band. The
first extension element is electrically connected to the
first antenna and directed to the second antenna, so that
the first antenna generates afirst resonant path. The sec-
ond extension element is electrically connected to the
second antenna and directed to the first antenna, so that
the second antenna generates a second resonant path.
The first extension element and the second extension
element are located between the first antenna and the
second antenna.

Claims
1. An antenna device (100, 600, 700), comprising:

a first antenna (120, 620, 710) and a second
antenna (130, 630, 720), respectively operating
in an operating frequency band;

a first extension element (140, 640), electrically
connected to the first antenna (120, 620, 710)
and directed to the second antenna (130, 630,
720), so that the first antenna (120, 620, 710)
generates a first resonant path; and

a second extension element (150, 650), electri-
cally connected to the second antenna (130,
630, 720) and directed to the first antenna (120,
620, 710), so that the second antenna (130, 630,
720) generates a second resonant path, where-
in the first extension element (140, 640) and the
second extension element (150, 650) are locat-
edbetween the firstantenna (120, 620, 710) and
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the second antenna (130, 630, 720).

The antenna device as claimed in claim 1, wherein
a length of the first resonant path and a length of the
second resonant path are respectively a quarter
wavelength of a lowest frequency of the operating
frequency band, and an open end of the first exten-
sion element (140, 640) faces an open end of the
second extension element (150, 650).

The antenna device as claimed in claim 2, further
comprising a ground plane (160) disposed on a sub-
strate (110), wherein the firstantenna (120) compris-
es:

a first shorting portion (121), electrically con-
nected to the first extension element (140) and
the ground plane (160);

a first feeding portion (122), receiving a first
feeding signal; and

a first radiation portion (123), electrically con-
nected to the first shorting portion (121) and the
first feeding portion (122), wherein a length of
the first extension element (140) is equal to the
length of the first resonant path; and

the second antenna (130) comprises:

a second shorting portion (131), electrically
connected to the second extension element
(150) and the ground plane (160);

a second feeding portion (132), receiving a
second feeding signal; and

a second radiation portion (133), electrically
connected to the second shorting portion
(131) and the second feeding portion (132),
wherein the first shorting portion (121), the
first extension element (140), the second
extension element (150), and the second
shorting portion (131) are sequentially ar-
ranged along an edge (SD11) of the ground
plane (160), and a length of the second ex-
tension element (150) is equal to the length
of the second resonant path.

The antenna device as claimed in claim 3, wherein
the first antenna (120) and the second antenna (130)
respectively have an inverted-F antenna structure.

The antenna device as claimed in one of the preced-
ing claims, wherein the first antenna (620, 710) com-
prises afirstradiation portion (661) having a first con-
nection point (P61), the first extension element (640)
is electrically connected to the first radiation portion
(661), so that the first resonant path (601) extends
from the first connection point (P61) to an open end
of the first extension element (640), the second an-
tenna (630, 720) comprises a second radiation por-
tion (662) having a second connection point (P62),
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and the second extension element (650) is electri-
cally connected to the second radiation portion (662),
so thatthe second resonant path (602) extends from
the second connection point (P62) to an open end
of the second extension element (650).

The antenna device as claimed in claim 5, wherein
the first extension element (640) and the second ex-
tension element (650) are disposed between the first
radiation portion (661) and the second radiation por-
tion (662) parallel to each other, the first extension
element (640) is perpendicular to the first radiation
portion (661), and the second extension element
(650) is perpendicular to the second radiation portion
(662).

The antenna device as claimed in claim 6, wherein
the firstantenna (710) and the second antenna (720)
respectively have a monopole antenna structure, the
first antenna (710) receives a first feeding signal
through the first connection point (P61), and the sec-
ond antenna (720) receives a second feeding signal
through the second connection point (P62).

The antenna device as claimed in claim 6, wherein
the first antenna (620) further comprises a third ra-
diation portion (663) parallel to the first radiation por-
tion (661), and the first antenna (620) forms a dipole
antenna structure through the first radiation portion
(661) and the third radiation portion (663).

The antenna device as claimed in claim 8, wherein
the second antenna (630) further comprises a fourth
radiation portion (664) parallel to the second radia-
tion portion (662), and the second antenna (630)
forms the dipole antenna structure through the sec-
ond radiation portion (662) and the fourth radiation
portion (664).

The antenna device as claimed in in one of the pre-
ceding claims 1, wherein the first extension element
(140) and the second extension element (150) are
respectively formed of a metal line (L11, L12), and
the first antenna (120), the second antenna (130),
the first extension element (140), and the second
extension element (150) are respectively printed on
a substrate (110).
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