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(54) VERTICAL COMMUNICATION DEVICE

(67)  Provided is a vertical communication device,
which is adapted to vertically stand on a bearing plane
or attach to a non-horizontal plane by vertically standing
relative to a horizontal plane. The vertical communication
device includes a metal reflective plate and at least one
antenna. The reflective plate may be at least one of a
shielding metal plate and a circuit board. The reflective
plate is perpendicular to the bearing plane or the hori-
zontal plane, and the reflective plate has a first corner
and a second corner away from the bearing plane or the
horizontal plane. Each antenna is disposed correspond-
ing to the first corner or the second corner. A plane where

the first radial arm and the second radial arm of the an-
tenna are located is parallel to or overlapping with a plane
where the reflective plate is located, and an opening in-
cluded between the first radial arm and the second radial
arm face the corresponding first corner or the corre-
sponding second corner. The first radial arm and the sec-
ond radial arm radiate an electromagnetic wave accord-
ing to a feed-in signal, and form an omni-directional an-
tenna pattern by a reflection effect of the reflective plate
in extending directions of the bearing plane, so as to im-
prove a communication quality of the vertical communi-
cation device.
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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The invention relates to a communication de-
vice, more particularly, to a vertical communication de-
vice.

DESCRIPTION OF RELATED ART

[0002] With advancements in communication elec-
tronic product development, product size is often subject
to restrictions for achieving a lighter, thinner, shorter, and
smaller appearance. Therefore, how to increase a com-
munication range of a built-in antenna by completing de-
sign of an omni-directional antenna pattern becomes a
greattechnical challenge. The built-in antenna of the con-
ventional communication electronic productis usually im-
plemented by structures including a PIFA antenna, a di-
pole antenna or such like. However, due to influences
caused by a circuit board, a shielding metal plate or other
large size components, the antenna pattern is prone to
notches or becoming an antenna pattern with a specific
directionality, As such, transmission and reception of an-
tenna signals may be affected to lower a communication
quality of communication electronic product adopting the
antenna.

SUMMARY OF THE INVENTION

[0003] The invention provides to a communication de-
vice capable of significantly improving the communica-
tion quality of the vertical communication device.
[0004] The verticalcommunication device of the inven-
tion is adapted to vertically stand on a bearing lane or
attach to a non-horizontal plane by vertically standing
relative to a horizontal plane, and includes a metal re-
flective plate and at least one antenna. The reflective
plate is perpendicular to the bearing plane or the hori-
zontal plane, and the reflective plate has a first corner
and a second corner away from the bearing plane or the
horizontal plane. Each antenna is disposed correspond-
ing to the first corner or the second corner. Each antenna
has a first radial arm and a second radial arm. A plane
where the first radial arm and the second radial arm are
located is parallel to or overlapping with a plane where
the reflective plate is located, and an opening included
between the first radial arm and the second radial arm
face the corresponding first corner or the corresponding
second corner.

[0005] To make the above features and advantages of
the invention more comprehensible, several embodi-
ments accompanied with drawings are described in detail
as follows.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings are included to
provide a further understanding of the disclosure, and
are incorporated in and constitute a part of this specifi-
cation. The drawings illustrate embodiments of the dis-
closure and, together with the description, serve to ex-
plain the principles of the disclosure.

FIG. 1A and FIG. 1B are schematic diagrams of a
vertical communication device according to an em-
bodiment of the invention;

FIG. 2A and FIG. 2B are schematic diagrams of the
included angle between the radial arms of the an-
tenna according to an embodiment of the invention;

FIG. 3 is a schematic diagram of an antenna pattern
of the antenna in extending directions of a bearing
plane according to an embodiment of the invention;

FIG. 4 is a schematic diagram of a vertical commu-
nication device according to another embodiment of
the invention;

FIG. 5 is a schematic diagram of an antenna pattern
of the antenna in extending directions of a bearing
plane according to another embodiment of the in-
vention;

FIG. 6 is a schematic diagram of a vertical commu-
nication device according to another embodiment of
the invention;

FIG. 7 and FIG. 8 are schematic diagrams of the
antenna according to an embodiment of the inven-
tion.

DESCRIPTION OF THE EMBODIMENTS

[0007] Reference will now be made in detail to the
present preferred embodiments of the disclosure, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
are used in the drawings and the description to refer to
the same or like parts.

[0008] FIG. 1A is a schematic diagram of a vertical
communication device, i.e. a vertically alligned antenna
device, according to an embodiment of the invention. Re-
ferring to FIG. 1A, a vertical communication device 100
includes an antenna 102 and a reflective plate 104. The
vertical communication device 100 is adapted to vertical-
ly stand on a bearing plane or attach to a non-horizontal
plane (e.g., a wall surface) by vertically standing relative
to a horizontal plane. For instance, in the embodiment of
FIG. 1A, a bearing plane F1 may be, for example, a hor-
izontal table surface or a vertical wall surface and the
vertical communication device 100 is adapted to vertical-
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ly stand on the bearing plane F1. In this case, the reflec-
tive plate 104 is perpendicular to the bearing plane F1,
and the reflective plate 104 has a corner C1 and a corner
C2 away from the bearing plane F1. As another example,
FIG. 1B is a vertical communication device according to
another embodiment of the invention. In the embodiment
of FIG. 1B, the vertical communication device 100 may
also attach to a non-horizontal plane F3 by vertically
standing relative to a (hypothesized) horizontal plane F2.
In the embodiment of FIG. 1B, the non-horizontal plane
F3 (which may be the wall surface, for example) is per-
pendicular to the horizontal surface F2. In this case, the
reflective plate 104 is perpendicular to the horizontal
plane F2, and the reflective plate 104 has a corner C1
and a corner C2 away from the horizontal plane F2. It
should be noted that, in other embodiments, it is also
possible that the non-horizontal plane F3 is not complete-
ly perpendicular to the horizontal plane F2. The non-hor-
izontal plane F3 may also be a curved surface, or may
include an angle not equal to 90 degree together with the
horizontal plane F2. In that case, the vertical communi-
cation device 100 also attaches to the wall surface F3 by
vertically standing relative to the (hypothesized) horizon-
tal plane F2 (the vertical communication device 100 may
be perpendicular to the horizontal plane F2 or approxi-
mately perpendicular to the horizontal plane F2.) To sim-
plify the description, the following examples are all de-
scribed by using the vertical communication device 100
which vertically stands on the bearing plane F1 as shown
in the embodiment of FIG. 1A.

[0009] The reflective plate 104 may include, for exam-
ple, at least one of a shielding metal plate or a circuit
board, but the invention is not limited thereto. The anten-
na 102 may be disposed corresponding to, e.g. outside,
the corner C1 or the corner C2. For example, in the
present embodiment, the antenna 102 is disposed at a
location corresponding to, i.e. outside, the corner C1. In
the present embodiment, the antenna 102 is a dipole
antenna, but the invention is not limited thereto. The an-
tenna 102 includes aradial arm 102-1, aradial arm 102-2
and a feed-in point 102-3.

[0010] In the present embodiment, a plane where the
radial arm 102-1 and the radial arm 102-2 are located is
overlapping with a plane where the reflective plate 104
is located, and an opening included by the radial arm
102-1 and the radial arm 102-2 is outside and faces the
corner C1. An included angle between the radial arm
102-1 and the radial arm 102-2 may be, for example, 90
degree. Theincluded angle between the radial arm 102-1
and the radial arm 102-2 may be adjusted according to
actual situation to be between 50 degree and 130 degree.
Specifically, in the present embodiment, the corner C1
includes a first side L1 and a second side L2 perpendic-
ular to each other. The radial arm 102-1 and the first side
L1 include afirst predetermined angle, and the radial arm
102-2 and the second side L2 include a second prede-
termined angle. When the first predetermined angle and
the second predetermined angle are both 0 degree, the
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radial arm 102-1 is parallel to the first side L1 and the
radial arm 102-2 is parallel to the second side L2 and the
included angle between the radial arm 102-1 and the
radial arm 102-2 is 90 degree. Further, in the present
embodiment, the radial arm 102-1 is separated from the
first side L1 by a distance W1, and the radial arm 102-2
is separated from the second side L2 by a distance W2.
In the present embodiment, a frequency band covered
by the antenna 102 is between 2500 MHz and 2700 HHz
and the distance W1 and the distance W2 are 8 mm. The
distance W1 between the radial arm 102-1 and the first
side L1 and the distance W2 between the radial arm
102-2 and the second side L2 are negatively correlated
to a center frequency of the antenna 102. In other words,
if the center frequency of the antenna 102 is lower, the
distance W1 and the distance W2 are greater.

[0011] The first predetermined angle and the second
predetermined angle may be set according to actual sit-
uation. For example, the first predetermined angle and
the second predetermined angle may be controlled to be
between -40 degree and 40 degree so the vertical com-
munication device 100 can obtain the optimal communi-
cation quality. For example, FIG. 2A and FIG. 2B are
schematic diagrams of the included angle between the
radial arms of the antenna according to an embodiment
ofthe invention. InFIG. 2A, the radial arm 102-1 is parallel
to the first side L1 and the second predetermined angle
is -30 degree so the included angle between the radial
arm 102-1 and the radial arm 102-2 becomes 60 degree.
InFIG. 2B, the radial arm 102-1 is parallel to the first side
L1 and the second predetermined angle is 30 degree so
the included angle between the radial arm 102-1 and the
radial arm 102-2 becomes 120 degree.

[0012] Further,in some embodiments, the plane where
the radial arm 120-1 and the radial arm 120-2 are located
may be parallel to but not overlapping with the plane
where the reflective plate 104 is located (e.g., separating
the plane where the radial arm 120-1 and the radial arm
120-2 are located from the plane where the reflective
plate 104 is located by a distance within 10 mm). In this
case, a projection of the antenna 102 on the plane where
the reflective plate 104 is located is disposed outside the
reflective plate 104. In addition, a first end of the radial
arm 102-1 includes a feed-in point connected to a signal
end of the feed-in point 102-3, and a second end of the
radial arm 102-1 is an open circuit end. A first end of the
radial arm 102-2 includes a grounding point connected
to a grounding end of the feed-in point 102-3, and a sec-
ond end of the radial arm 102-2 is an open circuit end.
Theradialarm 102-1 and the radial arm 102-2 canradiate
an electromagnetic wave according to a feed-in signal
provided by the feed-in point 102-3, and form an omni-
directional antenna pattern by a reflection of the reflective
plate 104 in extending directions of the bearing plane F1.
[0013] As shown in FIG. 3, which is a schematic dia-
gram of an antenna pattern of the antenna 102 in extend-
ing directions of the bearing plane, by disposing the an-
tenna 102 on the location corresponding to the corner
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C1, the electromagnetic wave radiated by the radial arm
102-1 and the radial arm 102-2 may be reflected by the
reflective plate 104. As such, gains of the antenna pattern
of the antenna 102 are all maintained at approximately
0 dBi in the extending directions of the bearing plane F1
(i.e., the omni-directional antenna pattern). Accordingly,
the communication quality of the vertical communication
device 100 may be significantly improved because the
antenna pattern does not show excess notches or form
the specific directionality as the conventional technology.
[0014] In other embodiments, the antenna 102 may
also be disposed on a location corresponding to the cor-
ner C2, and the corner C2 may also include a first side
L1 and a second side L3 perpendicular to each other. As
shown in FIG. 4, which is a schematic diagram of the
vertical communication device according to another em-
bodiment of the invention, an antenna 402 includes a
radial arm 402-1, a radial arm 402-2 and a feed-in point
402-3. The radial arm 402-1 may also be disposed par-
allel to the first side L1 and the radial arm 402-2 may also
be disposed parallel to the second side L3, so as to ac-
complish the goal of improving the communication quality
of a vertical communication device 400. As shown in FIG.
5, which is a schematic diagram of an antenna pattern
of the antenna 402 in extending directions of the bearing
plane, by disposing the antenna 402 on the location cor-
responding to the corner C2, the electromagnetic wave
radiated by the radial arm 402-1 and the radial arm 402-2
may be reflected by the reflective plate 104. As such,
gains of the antenna pattern of the antenna 402 are all
maintained at approximately 0 dBi in the extending di-
rections of the bearing plane F1 such that the antenna
pattern thereof is the omni-directional antenna pattern.
Accordingly, the communication quality of the vertical
communication device 400 may be significantly im-
proved. Configuration of the antenna 402 may also be
adjusted similar to the antenna 102 of the foregoing em-
bodiment, and thus related description is omitted here-
inafter.

[0015] Referring to FIG. 6, FIG. 6 is a schematic dia-
gram of a vertical communication device according to
another embodiment of the invention. In the present em-
bodiment, the antenna 102 and the antenna 402 are dis-
posed on locations corresponding the corner C1 and the
corner C2, respectively. Configurations of the antenna
102 and the antenna 402 are identical to those described
in the foregoing embodiment, which are not repeated
hereinafter. A coupling effect between the antenna 102
and the antenna 402 may be reduced by adjusting the
configurations of the antenna 102 and the antenna 402
to thereby improve an isolation of the antenna 102 and
the antenna 402. For example, the coupling effect be-
tween the antenna 102 and the antenna 402 may be re-
duced by adjusting the included angle between the radial
arms of each of the antenna 102 and the antenna 402 to
thereby improve the isolation of the antenna 102 and the
antenna 402, so as to furtherimprove the communication
quality of a vertical communication device 600.
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[0016] It should be noted that, implementations of the
antenna 102 and the antenna 402 are not limited only to
be the implementations described in the foregoing em-
bodiment. In some embodiments, the antenna 102 and
the antenna 402 may also be implemented by a folded
dipole antenna or a sleeve dipole antenna, for example.
FIG. 7 and FIG. 8 are schematic diagrams of the anten-
nas according to embodiments of the invention. In the
embodiment of FIG. 7, an antenna 700 may include a
radial arm 702-1 with a folding structure, a radial arm
702-2 with a folding structure and a feed-in point 702-3.
In the embodiment of FIG. 8, the antenna 800 includes
aradial arm 802-1, a radial arm 802-2 with a sleeve struc-
ture and afeed-in point802-3. Configurations of the radial
arm 702-1 and the radial arm 702-2 of the antenna 700
and the radial arm 802-1 and the radial arm 802-2 of the
antenna 800 may be implemented similar to the radial
arms of the antenna 102 or the antenna 402 so the same
effect of improving the communication quality of the ver-
tical communication device may be achieved.

[0017] From the above, according to the embodiments
of the invention, by disposing the antenna corresponding
to the corner away from the bearing plane to make the
opening included between the radial arms of the antenna
face the corresponding corner, the omni-directional an-
tenna pattern may be formed in the extending directions
of the bearing plane by the electromagnetic wave radi-
ated by the radial arms and reflected by the reflective
plate, such that the communication quality of the vertical
communication device may be significantly improved. In
addition, the coupling effect between the antennas may
be reduced by properly adjusting the configuration of
eachantenna(e.g., adjusting theincluded angle between
the radial arms), the isolation between the antennas may
be improved to further improve the communication qual-
ity of the vertical communication device.

[0018] In summary there is provided is a vertical com-
munication device (vertically allignable, mountable or ar-
rangeable device with at least one antenna), which is
adapted to vertically stand on a bearing plane or attach
to a non-horizontal plane by vertically standing relative
to a horizontal plane. The vertical communication device
includes a metal reflective plate and at least one antenna.
The reflective plate may be at least one of a shielding
metal plate and a circuit board. The reflective plate is
perpendicular to the bearing plane or the horizontal
plane, and the reflective plate has a first corner and a
second corner away from the bearing plane or the hori-
zontal plane. Each antenna is disposed corresponding
to the first corner or the second corner. A plane where
the first radial arm and the second radial arm of the an-
tenna are located is parallel to or overlapping with a plane
where the reflective plate is located, and an opening in-
cluded between the first radial arm and the second radial
arm face the corresponding first corner or the corre-
sponding second corner. The firstradial arm and the sec-
ond radial arm radiate an electromagnetic wave accord-
ing to a feed-in signal, and form an omni-directional an-
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tenna pattern by a reflection effect of the reflective plate
in extending directions of the bearing plane, so as to im-
prove a communication quality of the vertical communi-
cation device.

Claims

1. A vertical communication device (100, 400, 600),
adapted to vertically stand on a bearing plane (F1)
or attach to a non-horizontal plane (F3) by vertically
standingrelative to a horizontal plane (F2), and char-
acterized by comprising:

areflective plate (104), the reflective plate (104)
being perpendicular to the bearing plane (F1) or
the horizontal plane (F2), the reflective plate
(104) having a first corner (C1) and a second
corner (C2) away from the bearing plane (F1) or
the horizontal plane (F2); and

at least one antenna (102, 402, 700, 800), re-
spectively disposed corresponding to the first
corner (C1) or the second corner, each of the at
least one antenna (102, 402, 700, 800) having
a first radial arm (102-1, 402-1, 702-1, 802-1)
and a second radial arm (102-2, 402-2, 702-2,
802-2), a plane where the first radial arm (102-1,
402-1, 702-1, 802-1) and the second radial arm
(102-2, 402-2, 702-2, 802-2) are located being
parallel to or overlapping with a plane where the
reflective plate (104) is located, and an opening
included between the first radial arm (102-1,
402-1, 702-1, 802-1) and the second radial arm
(102-2, 402-2, 702-2, 802-2) facing the corre-
sponding first corner (C1) or the corresponding
second corner.

2. The vertical communication device (100, 400, 600)
according to claim 1, characterized in that, an in-
cluded angle between the first radial arm (102-1,
402-1, 702-1, 802-1) and the second radial arm
(102-2, 402-2, 702-2, 802-2) is between 50 degree
and 130 degree.

3. The vertical communication device (100, 400, 600)
according to claim 1 or 2, characterized in that,
each of the first corner (C1) and the second corner
(C2) comprises a first side (L1) and a second side
(L2, L3) perpendicular to each other, the first radial
arm (102-1, 402-1, 702-1, 802-1) and the first side
(L1) include afirst predetermined angle, and the sec-
ond radial arm (102-2, 402-2, 702-2, 802-2) and the
second side (L2, L3) include a second predeter-
mined angle.

4. The vertical communication device (100, 400, 600)
according to claim 3, characterized in that, the first
predetermined angle and the second predetermined
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10.

angle are between -40 degree and 40 degree.

The vertical communication device (100, 400, 600)
according to claim 3 or 4, characterized in that, a
distance (W1) between the first radial arm (102-1,
402-1, 702-1, 802-1) and the first side (L1) and a
distance (W2) between the second radial arm
(102-2, 402-2, 702-2, 802-2) and the second side
(L2, L3) are negatively correlated to a center fre-
quency of the antenna (102, 402, 700, 800).

The vertical communication device (100, 400, 600)
according to claim 3 or 4, characterized in that, a
distance (W1) between the first radial arm (102-1,
402-1, 702-1, 802-1) and the first side (L1) and a
distance (W2) between the second radial arm
(102-2, 402-2, 702-2, 802-2) and the second side
(L2, L3) are 8 mm.

The vertical communication device (100, 400, 600)
according to any one of claims 1 to 6, characterized
in that, a projection of the antenna (102, 402, 700,
800) on the plane where the reflective plate (104) is
located is disposed outside the reflective plate (104).

The vertical communication device (100, 400, 600)
according to any one of claims 1 to 6, characterized
in that, the antenna (102, 402, 700, 800) is a dipole
antenna (102, 402), a folded dipole antenna (700)
or a sleeve dipole antenna (800).

The vertical communication device (100, 400, 600)
according to any one of claims 1 to 6, characterized
in that, the reflective plate (104) comprises at least
one of a shielding metal plate and a circuit board.

The vertical communication device (100, 400, 600)
according to any one of claims 1 to 6, characterized
in that, the first radial arm (102-1, 402-1, 702-1,
802-1) and the second radial arm (102-2, 402-2,
702-2, 802-2) radiate an electromagnetic wave ac-
cording to a feed-in signal, and form an omni-direc-
tional antenna pattern by a reflection of the reflective
plate (104) in extending directions of the bearing
plane (F1) or the horizontal plane (F2).
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