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(54) MICROSTRIP ANTENNA

(57) A microstrip antenna (100) includes an insulat-
ing carrier (1), a circular body (2), two circular feeding
points (3), a grounding element (4), and a power divider
(6). The circular body (2) has a first center (C1) and a
radius (R). The two circular feeding points (3) are sur-
rounded by the circular body (2) and are not connected.
The two circular feeding points (3) can produce a capac-
itive effect with the circular body (2). Each of the two

circular feeding points (3) has a second center (C2), and
a shortest distance (T1) between the second center (C2)
and the first center (C1) is less than 1/2 of the radius (R).
The grounding element (4) is disposed on the insulating
carrier (1). The power divider (6) can generate a phase
difference of 90 degrees between the two circular feeding
points (3).
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Description
FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to an antenna,
and more particularly to a microstrip antenna.

BACKGROUND OF THE DISCLOSURE

[0002] Since microstrip antennas can be printed direct-
ly on a circuit board and are low in cost, microstrip an-
tennas are widely used in electronic products (e.g., mo-
bile phones). In order to optimize an operation of a con-
ventional dual-feed microstrip antenna (e.g., to avoid in-
terference from components within the electronic prod-
uct), the conventional dual-feed microstrip antenna is de-
signed with factors such as isolation and axial ratio in
mind. However, since the development of the conven-
tional dual-feed microstrip antenna has reached maturity,
it is difficult for the conventional dual-feed microstrip an-
tennato provide betterisolation and a reduced axial ratio.

SUMMARY OF THE DISCLOSURE

[0003] In response to the above-referenced technical
inadequacy, the present disclosure provides a microstrip
antenna.

[0004] In order to solve the above-mentioned prob-
lems, one of the technical aspects adopted by the present
disclosure is to provide a microstrip antenna. The micro-
strip antenna includes an insulating carrier, a circular
body, two circular feeding points, a grounding element,
and a power divider. The circular body is disposed on
the insulating carrier. The circular body has a first center
and a radius. The two circular feeding points are sur-
rounded by the circular body and are not connected to
each other, and the two circular feeding points are con-
figured to produce a capacitive effect with the circular
body. Each of the two circular feeding points has a sec-
ond center, and a shortest distance between the second
center and the first center is less than 1/2 of the radius
of the circular body. The grounding element is disposed
on the insulating carrier. The power divider is electrically
coupled to the two circular feeding points. The power
divider is configured to generate a phase difference of
90 degrees between the two circular feeding points.
[0005] In one of the possible or preferred embodi-
ments, the insulating carrier includes a first layer, a sec-
ond layer and at least one interlayer that is located be-
tween the first layer and the second layer. The circular
body is disposed on the first layer, the power divider is
disposed on the second layer, and the grounding element
is disposed on the second layer or the at least one inter-
layer.

[0006] In one of the possible or preferred embodi-
ments, each of the first layer and the second layer is a
circuit board, and the at least one interlayer is an air me-
dium.
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[0007] In one of the possible or preferred embodi-
ments, each of the first layer and the second layer and
the at least one interlayer is a circuit board.

[0008] In one of the possible or preferred embodi-
ments, the at least one interlayer has two through holes,
and each of the four microstrip antennas includes two
conductive posts. The two conductive posts pass through
the two through holes, so that two ends of each of the
two conductive posts are electrically coupled to the power
divider and one of the two circular feeding points.
[0009] In one of the possible or preferred embodi-
ments, a first extension line is configured to pass through
the second center of one of the two circular feeding points
and the first center of the circular body, a second exten-
sion line is configured to pass through the second center
of another of the two circular feeding points and the first
center of the circular body, and the first extension line
and the second extension line have a 90 degree angle
there-between.

[0010] In one of the possible or preferred embodi-
ments, an area of each of the two circular feeding points
is less than or equal to 1/4 of an area of the circular body.
[0011] Therefore, in the microstrip antenna provided
by the present disclosure, by virtue of "the two circular
feeding points being configured to produce a capacitive
effectwith the circular body," and "each of the two circular
feeding points having a second center, and a shortest
distance between the second center and the first center
being less than 1/2 of the radius," the microstrip antenna
can effectively have both an improved isolation and a
reduced the axial ratio.

[0012] These and other aspects of the present disclo-
sure will become apparent from the following description
of the embodiment taken in conjunction with the following
drawings and their captions, although variations and
modifications therein may be affected without departing
from the spirit and scope of the novel concepts of the
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The described embodiments may be better un-
derstood by reference to the following description and
the accompanying drawings, in which:

FIG. 1is a schematic perspective view of an antenna
array according to a first embodiment of the present
disclosure;

FIG. 2 is another schematic perspective view of the
antenna array according to the first embodiment of
the present disclosure;

FIG. 3 is a schematic top view of the antenna array
according to the first embodiment of the present dis-
closure;

FIG. 4 is a schematic bottom view of the antenna
array according to the first embodiment of the
present disclosure;

FIG. 5 is a schematic cross-sectional view taken
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along line V-V of FIG. 3;

FIG. 6 is a diagram of axial ratio data of the antenna
array according to the first embodiment of the
present disclosure;

FIG. 7 is a diagram of peak gain data of the antenna
array according to the first embodiment of the
present disclosure;

FIG. 8 is a schematic cross-sectional view of the an-
tenna array according to a second embodiment of
the present disclosure;

FIG. 9 is a schematic top view of the antenna array
according to a third embodiment of the present dis-
closure;

FIG. 10 is a schematic bottom view of the antenna
array according to the third embodiment of the
present disclosure; and

FIG. 11 is a schematic view showing a circuit being
connected to the antenna array according to the third
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0014] The present disclosure is more particularly de-
scribed in the following examples that are intended as
illustrative only since numerous modifications and vari-
ations therein will be apparent to those skilled in the art.
Like numbers in the drawings indicate like components
throughout the views. As used in the description herein
and throughout the claims that follow, unless the context
clearly dictates otherwise, the meaning of "a," "an" and
"the" includes plural reference, and the meaning of "in"
includes "in" and "on." Titles or subtitles can be used
herein for the convenience of a reader, which shall have
no influence on the scope of the present disclosure.
[0015] The terms used herein generally have their or-
dinary meanings in the art. In the case of conflict, the
presentdocument, including any definitions given herein,
will prevail. The same thing can be expressed in more
than one way. Alternative language and synonyms can
be used for any term(s) discussed herein, and no special
significance is to be placed upon whether a term is elab-
orated or discussed herein. A recital of one or more syn-
onyms does not exclude the use of other synonyms. The
use of examples anywhere in this specification including
examples of any terms is illustrative only, and in no way
limits the scope and meaning of the present disclosure
or of any exemplified term. Likewise, the present disclo-
sure is not limited to various embodiments given herein.
Numbering terms such as "first," "second" or "third" can
be used to describe various components, signals or the
like, which are for distinguishing one component/signal
fromanotherone only, and are notintended to, nor should
be construed to impose any substantive limitations on
the components, signals or the like.
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[First Embodiment]

[0016] ReferringtoFIG. 1to FIG. 7, afirstembodiment
of the present disclosure provides a microstrip antenna
100 that is suitable for a broadband. As shown in FIG.1
and FIG. 2, the microstrip antenna 100 includes an insu-
lating carrier 1, a circular body 2, two circular feeding
points 3, a grounding element 4, and two conductive
posts 5 disposed on the insulating carrier 1, and a power
divider that is electrically coupled to the two circular feed
points 3. The following description describes the struc-
ture and connection relationship of each component of
the microstrip antenna 100.

[0017] Referring to FIG. 1, FIG. 2, and FIG. 5, the in-
sulating carrier 1 in the present embodiment is a printed
circuitboard with a multilayer structure, and the insulating
carrier 1 includes a first layer 11, a second layer 12, and
an interlayer 13 that is located between the first layer 11
and the second layer 12.

[0018] In a practical application, the first layer 11 and
the second layer 12 may be physical components (e.g.,
circuit boards), and the firstlayer 11 and the second layer
12 can be supported by an insulating support (not
shown), so that the first layer 11 and the second layer 12
are spaced apart from each other to have the interlayer
13 as an air medium.

[0019] Referring to FIG. 1, FIG. 3, and FIG. 5, the cir-
cular body 2 in the present embodiment is a conductive
material that is in a shape of a sheet (e.g., a copper foil).
The circular body 2 is disposed on a side of the first layer
11 away from the second layer 12, and the circular body
2 has a first center C1 and a radius R.

[0020] In addition, the circular body 2 also has two cir-
cular through holes H21, and a part of the first layer 11
can be exposed from the two circular through holes H21.
Areas of the two circular through holes H21 must be
greater than areas of the two circular feeding points 3,
so that the two circular through holes H21 can be respec-
tively used to accommodate the two circular feeding
points 3. Moreover, the two circular feeding points 3 are
respectively arranged at central regions of the two circu-
lar through holes H21, so that the two circular feeding
points 3 are surrounded by the circular body 2 and are
not connected, and the two circular feeding points 3 can
produce a capacitive effect with the circular body 2.
[0021] It should be noted that each of the two circular
feeding points 3 in the presentembodiment is also a con-
ductive material that is in the shape of a sheet (e.g., a
copper foil). In order to ensure that an isolation of the
capacitive effect can be improved and an axial ratio of
the capacitive effect can be reduced, a positional rela-
tionship between the two circular feeding points 3 and
the circular main body 2 is particularly important. Specif-
ically, each of the circular feeding points 3 has a second
center C2, and the second center C2 of each of the two
circular feeding points 3 and the first center C1 of the
circular body 2 have a shortest distance T1 there-be-
tween that is preferably less than 1/2 of the radius R. In
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other words, positions of the two circular feeding points
3 are adjacent to the center of the circular body 2.
[0022] In a preferred implementation, an area of each
of the two circular feeding point 3 is preferably less than
or equal to 1/4 of an area of the circular body 2, so as to
ensure that the capacitive effect between the two circular
feeding points 3 and the circular body 2 is appropriate.
Furthermore, a first extension line L1 can pass through
the second center C2 of one of the two circular feeding
points 3 and the first center C1 of the circular body 2, a
second extension line L2 can pass through the second
center C2 of another of the two circular feeding points 3
and the first center C1 of the circular body 2, and the first
extension line L1 and the second extension line L2 have
a 90 degree angle there-between.

[0023] Referringto FIG. 1 and FIG. 5, the two conduc-
tive posts 5 in the present embodiment are cylindrical
structures, and the two conductive posts 5 are installed
between the first layer 11 and the second layer 12. The
two conductive posts 5 correspond in position to the two
circular feeding points 3, one of two ends of the two con-
ductive posts 5 can pass through the first layer 11 to
electrically couple to the two circular feeding points 3,
and another of the two ends of the two conductive posts
5 can pass through the second layer 12 to electrically
couple to the power divider 6.

[0024] The grounding element4 in the present embod-
iment is also a conductive material that is in the shape
of asheet (e.g., a copper foil), and the grounding element
4 is disposed on a side of the second layer 12 facing the
first layer 11. The grounding member 4 has two avoid-
ance holes H4, and the two avoidance holes H4 corre-
spond in position to the two conductive posts 5, so that
the grounding element 4 does not connected to the two
conductive posts 5. In addition, the ground element 4
may preferably completely cover the side of the second
layer 12 facing the first layer 11, but the present disclo-
sure is not limited thereto.

[0025] ReferringtoFIG. 2,FIG. 4, and FIG. 5, the pow-
er divider 6 in the present embodiment may be a Wilkin-
son power divider, and can be used to receive signals
from a beamforming integrated circuit (i.e., BFIC). The
power divider 6 is disposed on the side of the second
layer 12 away fromthe firstlayer 11, and the power divider
6 can be electrically coupled to the two circular feeding
points 3 by another of the two ends of the two conductive
posts 5, so as to generate a phase difference of 90 de-
grees between the two circular feeding points 3. Accord-
ingly, the microstrip antenna 100 can generate a circu-
larly polarized field pattern, and can also cooperate with
the beamforming integrated circuit to realize beam con-
trol.

[0026] It should be noted that, FIG. 6 is a diagram of
axial ratio data of the antenna array according to the first
embodiment of the present disclosure, and

[0027] FIG. 7 is a diagram of peak gain data of the
antenna array according to the first embodiment of the
present disclosure. It can be known from the axial ratio
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data that when the microstrip antenna 100 is within a
range from 10.6 MHz to 14 MHz, an axial ratio of the
microstrip antenna 100 can be less than 3dB. In addition,
when the microstrip antenna 100 is within a range from
11.6 MHz to 13.6 MHz, the axial ratio of the microstrip
antenna 100 can be less than 1.2 dB. Moreover, it can
be known from the peak gain data that when the micro-
strip antenna 100 is within a range from 10.9 MHz to 13
MHz, a peak gain of the microstrip antenna 100 can be
greater than 2dB. In other words, the microstrip antenna
100 of the present disclosure not only has an advantage
of low axial ratio, but also has an effect of increasing the
gain value.

[Second Embodiment]

[0028] Referring to FIG. 8, the second embodiment
provides a microstrip antenna 100’. The present embod-
iment is similar to the first embodiment, and the similar-
ities therebetween will not be repeated herein. The main
differences between the present embodiment and the
first embodiment are described as follows.

[0029] As shown in FIG. 8, each of the first layer 11,
the second layer 12 and the interlayer 13 in the present
embodimentis a circuitboard, and the grounding element
4 is disposed on a surface of the interlayer 13 facing the
first layer 11. In addition, the interlayer 13 also has two
through holes H13, and the two through holes H13 cor-
respond in position to the two conductive posts 5, so that
the two conductive posts 5 can penetrate the interlayer
13. Each of the conductive posts 5 in the present em-
bodiment may also be a via hole, but the present disclo-
sure is not limited thereto.

[0030] Accordingly, when the interlayer 13 is a (high-
frequency) circuit board, the interlayer 13 can be used
as a power supply and a control circuit. In addition, the
microstrip antenna 100’ of the present embodiment is
directly formed by stacking multiple circuits during a man-
ufacturing process, so that the microstrip antenna 100’
can also be more convenient to manufacture than the
microstrip antenna 100 of the first embodiment (espe-
cially, a manufacture of an array antenna).

[0031] In addition, it should be noted that, in another
embodiment of the present disclosure (not shown), the
insulating carrier 1 may also include a plurality of inter-
layers 13 and a plurality of grounding elements 4, a part
of the interlayers 13 may be a circuit board, and another
part of the interlayers 13 may be an air medium. The
grounding elements 4 are disposed on the interlayers 13
that are the circuit boards.

[0032] Naturally, the interlayers 13 may all be circuit
boards, but the present disclosure is not limited thereto.
In other words, the quantity of the interlayer 13 of the
insulating carrier 1 and the ground member 4 may be at
least one.
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[Third Embodiment]

[0033] Referring to FIG. 9 to FIG. 11, a third embodi-
ment of the present disclosure provides an antenna array
1000, and the antenna array 1000 includes a common
carrier SC and four microstrip antennas 100" disposed
on the common carrier SC. The following description de-
scribes the structure and connection relation of each
component of the antenna array 1000.

[0034] Referring to FIG. 9 and FIG. 10, the common
carrier SC including a first plate surface S 1 and a second
plate surface S2 opposite to each other, and the common
carrier SC has a first direction D1 and a second direction
D2 that is perpendicular to the first direction D1. In the
present embodiment, the common carrier SC can be ex-
emplified to be a plurality of insulating carriers 1 of the
first embodiment or the second embodiment. That is to
say, the common carrier SC of the present embodiment
is similar to the insulating carriers 1 of the first embodi-
ment or the second embodiment, and the similarities be-
tween the present embodiment and the firstembodiment
or the second embodiment will not be repeated herein.

[0035] In other words, the common carrier SC also in-
cludes the first layer 11, the second layer 12, and the
interlayer 13 between the first layer 11 and the second
layer 12 (as shown in FIG. 5 or FIG. 8). The surface of
the first layer 11 that is away from the second layer 12
is defined as the first plate surface S1, and the surface
of the second layer 12 that is away from the first layer 11
is defined as the second plate surface S2.

[0036] ReferringtoFIG.9andFIG. 10, each of the four
microstrip antennas 100" in the present embodiment can
be exemplified to be the microstrip antennas 100, 100’
of the first embodiment or the second embodiment. That
is to say, each of the four microstrip antennas 100" of the
presentembodiment is similar to the microstrip antennas
100, 100’ of the first embodiment or the second embod-
iment, and the similarities between the present embodi-
ment and includes the circular body 2, the grounding el-
ement 4, the two conductive posts 5, and the power di-
vider 6 (as shown in FIG. 1), so that the similarities be-
tween the present embodiment and the firstembodiment
or the second embodiment will not be repeated herein.
For convenience of description, the circular body 2 and
the two circular feeding points 3 of each of the four micro-
strip antennas 100" can be further defined as an antenna
structure AS.

[0037] It should be noted that, in order to reduce an
area that is occupied by a circuit 200 connected to the
four microstrip antennas 100" on the common carrier SC
(as shown in FIG. 11), the four microstrip antennas 100"
can be configured in a manner described below.

[0038] Specifically, the four microstrip antennas
100" are spaced apart from each other on the common
carrier SC, and the four microstrip antennas 100" are
arranged in a matrix along the first direction D1 and the
second direction D2. In addition, in the first plate surface
S1, any two adjacent ones of the antenna structures AS
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along the second direction D2 have a two-fold rotational
symmetry relationship. In the second plate surface S2,
any two adjacent ones of the power dividers 6 along the
firstdirection D 1 or the second direction D2 have a mirror
symmetrical relationship.

[0039] For example, as shown in FIG. 9, the first plate
surface S1 has a first centerline CL1 parallel to the sec-
ond direction D2. The first plate surface S1 has a first
rotation point CP1 between two microstrip antennas
100" in a first column CO1, and the first centerline CL1
(and aconnecting line of the centers of two circular bodies
2) passes through the first rotation point CP1. Moreover,
the first plate surface S1 also has a second rotation point
CP2 between two microstrip antennas 100" in a second
column CO2, and the first centerline CL1 (and a connect-
ing line of the centers of two circular bodies 2) passes
through the second rotation point CP2.

[0040] When the two circular feeding points 3 of the
two microstrip antennas 100" in a first row RO1 respec-
tively rotate 180 degrees with the first rotation point CP1
and the second rotation point CP2, the two circular feed-
ing points 3 of the two microstrip antennas 100" in the
first row RO1 can be overlapped with the two circular
feeding points 3 of the two microstrip antennas 100" in
a second row RO2.

[0041] Furthermore, as shown in FIG. 10, the second
plate surface S2 has two second centerline CL2 parallel
to the first direction D1 and the second direction D2. The
two power dividers 6 in the first row RO1 and the two
power dividers 6 in the second row RO2 are arranged
symmetrically with one of the two second center line CL2
parallel to the second direction D2 as the axis of symme-
try, and the two power dividers 6 in the first column CO1
and the two power dividers 6 in the second column CO2
are arranged symmetrically with one of the two second
center line CL2 parallel to the first direction D1 as the
axis of symmetry.

[0042] Naturally, in anotherembodimentof the present
disclosure (not shown), the antenna array 1000 may in-
clude a 4M number of microstrip antennas 100", where
M is a positive integer.

[Beneficial Effects of the Embodiments]

[0043] In conclusion, in the microstrip antenna provid-
ed by the present disclosure, by virtue of "the two circular
feeding points being configured to produce a capacitive
effectwith the circular body," and "each of the two circular
feeding points having a second center, and a shortest
distance between the second center and the first center
being less than 1/2 of the radius," the microstrip antenna
can effectively have both an improved isolation and a
reduced the axial ratio.

[0044] The foregoing description of the exemplary em-
bodiments of the disclosure has been presented only for
the purposes of illustration and description and is not
intended to be exhaustive or to limit the disclosure to the
precise forms disclosed. Many modifications and varia-
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tions are possible in light of the above teaching.

[0045] The embodiments were chosen and described
in order to explain the principles of the disclosure and
their practical application so as to enable others skilled
in the art to utilize the disclosure and various embodi-
ments and with various modifications as are suited to the
particular use contemplated. Alternative embodiments
will become apparent to those skilled in the art to which
the present disclosure pertains without departing from its
spirit and scope.

Claims

1. A microstrip antenna (100), characterized by com-
prising:

an insulating carrier (1);

a circular body (2) disposed on the insulating
carrier (1), wherein the circular body (2) has a
first center (C1) and a radius (R);

two circular feeding points (3), wherein the two
circular feeding points (3) are surrounded by the
circular body (2) and are not connected to each
other, and the two circular feeding points (3) are
configured to produce a capacitive effect with
the circular body (2), wherein each of the two
circular feeding points (3) has a second center
(C2), and a shortest distance (T1) between the
second center (C2) and the first center (C1) is
lessthan 1/2 of the radius (R) of the circular body
2);

a grounding element (4) disposed on the insu-
lating carrier (1); and

a power divider (6) electrically coupled to the
two circular feeding points (3), wherein the pow-
er divider (6) is configured to generate a phase
difference of 90 degrees between the two circu-
lar feeding points (3).

2. The microstrip antenna (100) according to claim 1,
wherein the insulating carrier (1) includes a first layer
(11), a second layer (12), and at least one interlayer
(13) that is located between the first layer (11) and
the second layer (12), wherein the circular body (2)
is disposed on the first layer (11), the power divider
(6) is disposed on the second layer (12), and the
grounding element (4) is disposed on the second
layer (12) or the at least one interlayer (13).

3. The microstrip antenna (100) according to claim 2,
wherein each of the first layer (11) and the second
layer (12) is a circuit board, and the at least one in-
terlayer (13) is an air medium.

4. The microstrip antenna (100) according to claim 2,
wherein each of the first layer (11) and the second
layer (12) and the at least one interlayer (13) is a
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circuit board.

5. The microstrip antenna (100) according to claim 4,
wherein the at least one interlayer (13) has two
through holes (H13), and the microstrip antenna
(100) includes two conductive posts (5), wherein the
two conductive posts (5) pass through the two
through holes (H13), so that two ends of each of the
two conductive posts (5) are electrically coupled to
the power divider (6) and one of the two circular feed-
ing points (3).

6. The microstrip antenna (100) according to claim 1,
wherein a first extension line (L1) is configured to
pass through the second center (C2) of one of the
two circular feeding points (3) and the first center
(C1) of the circular body (2), a second extension line
(L2) is configured to pass through the second center
(C2) of another of the two circular feeding points (3)
and the first center (C1) of the circular body (2), and
the first extension line (L1) and the second extension
line (L2) have a 90 degree angle there-between.

7. The microstrip antenna (100) according to claim 1,
wherein an area of each of the two circular feeding
points (3) is less than or equal to 1/4 of an area of
the circular body (2).
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