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In this paper, a low-profile dual-polarizedMIMO antenna with an artificial magnetic conductor (AMC) forWLAN applications is
proposed.+e antenna consists of two Barron structured feeds combined with each other in ±45° polarization.+e significant low-
profile (0.098λ0) advantage of this antenna is achieved by loading an AMC reflector on the bottom of the antenna. +e AMC
reflector is composed of a patch of 4× 4 units, which enables the low profile and high gain of the antenna. +e antenna is
simulated, processed, and measured physically, and the measured results show that the proposed dual-polarized antenna has a
bandwidth of 21% (2.35–2.89GHz), a peak gain of 7.34 dBi, and a peak efficiency of 71.5%, which can be used for applications such
as WLAN base station antennas.

1. Introduction

With the rapid development of wireless communication, the
requirement of base station antenna is increasing. To save
antenna installation space, reduce wind resistance, and
improve stability, the base station antenna requires a lower
profile. At the same time, in order to reduce the radiation
energy scattering cross section of the base station antenna
and achieve efficient signal transmission, the base station
antenna usually needs to achieve unidirectional radiation
pattern [1]. +erefore, low-profile unidirectional radiation
antennas are widely used in communication base stations
and some other fields such as autopilot vehicles and
spacecraft. Loading AMC electromagnetic surfaces with
high impedance and in-phase reflection characteristics is an
effective method to achieve low-profile and unidirectional
radiation in antenna design. Furthermore, to make full use of
the limited spectrum resources and advance the transmis-
sion speed and quality of electromagnetic signals, dual-
polarized antenna, especially ±45° polarized antenna, is a
useful antenna type to solve the multipath fading problem,
reducing the number and cost of antennas [2].

+e conventional antenna needs to be placed at 1/4 times
the wavelength of the radiated electromagnetic wave above
the ground surface to achieve the effect of unidirectional
radiation pattern. In the existing works, such as [3–5],
broadband dual-polarized antennas using metallic reflective
surfaces with stable directional radiation patterns were
proposed, but the profile height of the antenna is greater
than 1/4 wavelength. +e higher the profile height of the
antenna is, the more detrimental it is to the development of
antenna miniaturization. +erefore, it is necessary to find a
new reflection structure to reduce the profile of the antenna.
Researchers have found that manufactured electromagnetic
metamaterial have electromagnetic properties that natural
materials do not have, such as negative permeability, neg-
ative dielectric constant, and so on. +ese electromagnetic
characteristics can be used to adjust the phase, amplitude,
and propagation direction of electromagnetic wave [6].
AMC is one of the electromagnetic metamaterials. When a
plane wave is incident on an AMC structure, the phase
difference between the reflected wave and the incident wave
at this frequency is zero, and the profile height of the antenna
can break 1/4 times the wavelength boundary. +erefore,
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AMC conductors are widely used in unidirectional radiation
antennas, especially for low-profile antenna design and
enhancing unidirectional radiation [7–9]. For example, Li
et al. [10] presented a miniaturized AMC reflector with a
reflection phase of 5–8GHz (45.45%) which can reduce the
undesired backside radiations by 20 dB more efficiently
compared with conventional PEC (perfect electric con-
ductor) structures. In [11], a multilayer artificial magnetic
conductor surface was used, which clearly increases the
complexity and cost of antenna fabrication and is not uti-
lized for large-scale antenna applications. Sarkar and Gupta
[12] designed a dual-band circularly polarized antenna for
RFID readers using an artificial magnetic conductor, which
achieves dual band by etching slits in the patch but only has
bandwidths of 5.25% and 2%. Lee et al. [13] designed a low-
profile dual-polarized antenna containing a metal cube. +e
antenna size was reduced by using a dielectric substrate.
However, the antenna has limited efficiency which is not
more than 50%. By introducing a novel AMC meta-surface
structure into the dielectric resonator antenna, Khan et al.
[14] successfully reduced the size of the antenna by 85%. Son
Xuat Ta and Ikmo Park [15] creatively proposed a T-shaped
slits AMC structure and reduced the reflection phase from
2.65GHz to 2.35GHz, which also makes the antenna
miniaturized. It is worth mentioning that the antennas in
[14, 15] have very high gain and efficiency of over 70%.
Ameen et al. and Volkov et al. [16, 17] proposed that AMC
structures can be applied to the design of broadband satellite
antennas and synthetic aperture radar (SAR) with band-
width ranging from 2.23 to 2.91GHz (26.45%) and 1.6 to
2.4GHz (40%). Although a large amount of related work has
been proposed, how to design a low-profile dual-band dual-
polarized MIMO antenna with good performance is still one
of the hot research topics.

In this paper, a dual-polarized low-profile MIMO an-
tenna with an AMC surface operating in 2.6GHz is pro-
posed. +e proposed antenna consists of a three-layer
structure: the bottom layer is a thin dielectric substrate with
feed lines to provide excitation for the antenna, the middle is
an AMC structure that enables the antenna to achieve low-
profile and unidirectional radiation, and the upper layer is
the antenna, which is connected to the feed lines at the front
and the ground at the back. +e antenna structure is sim-
ulated and fabricated. Experimental tests are carried out, and
the measured results show that the proposed antenna has a
good practical value.

2. Antenna Design

2.1. Design Evolution of Basic Radiation Antennas.
Monopole antenna is a common microstrip antenna
structure that can generate more omnidirectional radiation,
but its gain is not high, and its impedance bandwidth is
relatively narrow, which cannot meet the actual require-
ments of antenna’s unidirectional radiation. +e unidirec-
tional radiation performance of the monopole antenna can
be achieved by using the AMC meta-surface structure.
Usually, an AMC unidirectional radiation antenna consists
of a basic radiation antenna and an AMC reflection

structure. In order to simplify the design of radiation an-
tenna, the U-shaped monopole antenna is selected as the
basic antenna, as shown in Figure 1(a). +e top layer of
substrate is a long U-shaped bent microstrip line (blue part
of the schematic), which changes the current flow path by
folding to reduce the actual electric length of the antenna.
Barron structure is used to improve the impedancematching
of antennas and broaden the bandwidth. In order to further
fine-tune the center frequency and bandwidth of AMC, a
rectangular slot is opened on each side of the rectangular
patch unit. +e surface impedance and reflection phase can
be effectively changed by adjusting the size of the slot. +e
simulation results of Ant. 1 is shown in Figure 2(a). +e
operating band is 2.51–3.70GHz, and the bandwidth is
1190MHz, which shows that the antenna has good im-
pedance matching.

In fact, the electromagnetic signal of a single antenna can
be transmitted inefficiently because of external interference,
so it needs multiple antennas to transmit the electromag-
netic signal jointly and keep the coupling between antennas
at a low level by means of dual polarization. Ant. 1 alone is
not enough to achieve this, so the U-shaped structure in Ant.
1 needs to be improved. Without changing the antenna
radiation performance, two antenna radiation structures
need to be assembled in order to achieve dual polarization of
the antenna.+erefore, the antenna structure is optimized as
shown in Figures 1(b) and 1(c). On the basis of Ant. 1, Ant. 2,
shown in Figure 1(b), bends the U-type microstrip line
slightly upwards and slots the lower side and Ant. 3, shown
in Figure 1(c), bends the microstrip line slightly downward,
and the substrate is slotted on the lower side. +e results of
Ant. 2 and Ant. 3 simulation S-parameters are plotted in
Figure 2(a). From the chart, it can be seen that the results of
Ant. 2 and Ant. 3 are basically in agreement with Ant. 1,
indicating that bending and slotting have little influence on
antenna performance and can be ignored.

Finally, Ant. 2 and Ant. 3 are cross assembled into the
final dual-polarization antenna radiation structure, Ant. 4, as
shown in Figure 1(d). +e lower part of the two antennas is
used to load AMC reflection structure. From the pattern in
Figure 1(a), it can be seen that the two L-shaped grounding
structures at the bottom of the substrate make the far-field
radiation of the antenna perpendicular to the substrate.
+erefore, crossing the two antennas can give the two an-
tennas very low mutual radiation interference. Furthermore,
the grounding part of the antenna is in the same position as
the grounding surface of the AMC, which facilitates AMC
placement and port feeding. +e S-parameters of Ant. 4 are
simulated. As shown in Figure 2(b), the operating frequency
band of the antenna is 2.50–3.70GHz. Compared with the
results of Ant. 1, the deviation is only 10MHz, and the
isolation between the two ports of Ant. 4 is greater than
22 dB. +e antenna has a good overall performance.

2.2. Analysis of the AMCUnit Cell. +e reflective structure is
composed of several AMC units, each consisting of a metal
ground, a patch, and a dielectric substrate. +e most con-
ventional reflective structure is the PEC, which is a metal
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patch covering the entire dielectric substrate. It is well
known that when an incident wave passes through a PEC
structure, the phase of the reflected wave will change 180
degrees. However, there is an electromagnetic band gap in
AMC, which can realize in-phase reflection of waves, so we
choose AMC as the reflection structure. +e operating
frequency band and surface impedance can be adjusted by

changing the size of the reflector patch. Referring to PEC
rectangular patch, we change the size of the rectangular
patch to reserve a certain distance (2.5mm) between the
patch and the substrate, so as to form a band gap and realize
AMC reflection unit. +e optimum analysis of the size
parameter selection is given below. On the bottom of the
substrate, there are two L-shaped metal patches (green part
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Figure 1: Antenna configuration evolution.
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Figure 2: Simulated S-parameters of the radiating element evolution.
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of the schematic) as the ground. And a metal strip (orange
part of the schematic) below the antenna is used to feed the
microstrip line. +e final AMC cell structure is shown in
Figure 3(a).

+e antenna geometry, as shown in Figure 1, consists of
a square patch with an edge length of L2 and four rect-
angular slots with a length of L3 and a width of W1. +e 0°
reflection phase point and reflection bandwidth of AMC
can be adjusted by changing the shape and size of patch
and slot. +e patch material is copper and is printed on a
FR4 substrate with a thickness of h1 and an edge length of
L1. It is well known that AMC can be used to improve the
gain and reduce the profile of the antenna. +e resonant
frequency of the AMC surface corresponds to 0° of the
reflection phase, and the reflection bandwidth is defined as
the frequency range from −90° to 90° of the reflection
phase. In order to obtain the optimal AMC reflection
structure, the above structure parameters are optimized
and simulated. Figure 3(c) shows the reflection phase when
the thickness of the dielectric substrate h1 is changed. It
can be seen from the figure that when h1 is 1mm, 3mm,
5mm, and 10mm, respectively, the reflection bandwidth
of AMC is shifting to the low frequency, and the band-
width is increasing, which indicates that the operating
frequency of AMC can be reduced and the operating
bandwidth can be widened by increasing the thickness of
the substrate.

+e simulated reflection phase curves of the AMC unit
for different parameter sizes can be observed in Figure 4. In
Figure 4(a), the values of L1 are 26mm, 28mm, and 30mm,
respectively, and the center frequency shifts slightly toward
the high frequency when L1 increases. Figure 4(b) shows that
the size of L2 has a great influence on the center frequency
and bandwidth. When L2 values are 19mm, 21mm, 23mm,
and 25mm respectively, the center frequency shifts to low
frequency and the bandwidth becomes narrow. +e overall
effect of different values of L3 andW1 on the performance of
the AMC cell is not significant and can be used to fine-tune
the reflected phase of the AMC, as shown in Figures 4(c) and
4(d).

After extensive simulations, the selected patch sizes are
as follows: h1� 5mm, L1� 28mm, L2� 23mm, L3� 6mm,
andW1� 2.5mm.+e AMC unit cells operate in the band of
2.38–2.68GHz. It is worth noting that the AMC surface
proposed in this paper is chosen as 4× 4 units. +e simu-
lation results of loading the AMC surface with different cells
are shown in Figure 5. When the AMC surface is chosen as
2× 2 units, the peak gain and peak efficiency of the antenna
are 6.05 dBi and 81.5%, respectively. When 4× 4 cells are
loaded, the corresponding peak gain and efficiency are
6.88 dBi and 77.7%, and the efficiency decreases by 3.8%, but
the gain increases by 0.83 dBi. When 6× 6 cells are loaded,
the peak gain and efficiency are 5.58 dBi and 72.7%, and the
gain and efficiency are both reduced. When 8× 8 cells are
selected, the gain and efficiency continue to decrease.
Figure 5(b) shows the simulated results of the antenna ra-
diation patterns. Considering the overall size and operating
performance of the antenna, 4× 4 units are selected as the
antenna reflector.

3. Simulated and Measured Results

3.1. Antenna Configuration. According to the analysis and
evolution of the above basic antenna and AMC reflection
structure, a dual-polarization MIMO antenna with AMC
reflection structure can be given, as shown in Figure 6. +e
antenna configuration consists of an AMC structure with h1
thickness and FR4 substrate with h2 and two antennas. +e
material used for both the AMC substrate and the antenna
substrate is FR4 with the relative permittivity of 4.4 and the
dielectric loss tangent of 0.02. Figure 6(a) shows the top view
of the antenna, and it can be seen that 16 AMC units form a
4× 4 AMC reflector with side length L. Above the AMC
reflector, two antennas are inserted crosswise into the holes
and fixed directly on the AMC substrate without adding
additional support. +e antenna height above the AMC
surface is h3.+e AMC surface is on the upper surface of the
substrate for in-phase reflection. +e middle of the two
layers is ground which ensures total reflection of the elec-
tromagnetic wave energy. +e antenna is a dual-port MIMO
antenna. Each of the two ports excites one antenna, and the
two excitation ports are on the side of the bottom board.+e
excitation port is connected to the feed line on the bottom
side, and the two feed lines are placed on the bottom side to
avoid contact with the ground. By the reflection charac-
teristics of AMC, the profile height of the antenna is reduced
to H, about 0.098λ0, which is much smaller than the the-
oretical 0.25λ0, as shown in Figure 6(b).

+e schematic diagram of the two antennas is presented
in Figures 6(c) and 6(d). +e antenna consists of a substrate
with a thickness of h2 and two symmetric L-type structures
with dimensions of L4× h4 and L5× h8. +e “L” shape al-
lows the antenna to have wide possible range of radiation.
+e two antennas are notched so that these can be cross-
mounted together. +e front and back of the antennas are
printed with radiation patches to increase the radiation
strength. +e bottom of the antenna is plated with copper,
which acts as a conductor when the two antennas are
mounted together. +e antenna structure is obtained by
simulated design, and its detailed dimensions are given in
Table 1.

3.2. Results and Discussion of the Proposed Antenna. +e
physical antenna was fabricated, as shown in Figure 7. +e
antenna’s S-parameter performance was measured using the
Agilent N5230C vector network analyzer, and the radiation
properties including efficiency, gain, and radiation patterns
were measured in a SATIMOmicrowave anechoic chamber.
+e simulated and measured S-parameters, gain, and effi-
ciency are given in Figures 8 and 9. +e comparison in the
figures shows that the simulated and measured results are in
good agreement, but there are slight differences, which are
due to the effects of processing, soldering, and other
equipment errors. Figure 8 shows the reflection coefficients
for two ports, and it can be seen that the operating band is
2.34–2.89GHz for the simulation and 2.35–2.89GHz for the
test, with a relative bandwidth of 21%. In the operating band
range, the simulated isolation reaches 22 dB and the
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Figure 4: Continued.
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Figure 3: Dimensions of the AMC: (a) top view; (b) side view; (c) reflection phases of varying h1.
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measured isolation reaches 19 dB. It can also be observed
from Figure 7(b) that the simulated gain of the antenna in
the band range of 2.28–2.59GHz is greater than 5 dBi with a
peak gain of 6.8 dBi, and the simulated efficiency in the band
range of 2.29–2.63GHz is greater than 70%. +e measured
results are better than the simulated results with gain greater
than 5 dBi and peak gain of 7.34 dBi in the band range of
2.3–2.65GHz, and the efficiency is greater than 60% in the
range of 2.4GHz–2.7GHz with peak efficiency up to 71.5%,
which still has good efficiency. In Figure 9(b), the efficiency
of AMC structure without adding AMC is shown to be more

than 90%. After adding AMC structure, the efficiency de-
creases to some extent. +is is because the AMC has a high
impedance and part of the energy of the port is lost on the
AMC, resulting in lower energy radiation from the antenna.
At the same time, it can be seen from the figure that the gain
of the antenna on the operating frequency band of reflective
structure AMC is much higher than that of the basic antenna
without AMC. +e effect of gain improvement brought by
efficiency reduction is very significant, and the result is better
than the simulation result, and the unidirectional radiation
of AMC structure to the electromagnetic wave is realized.
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Figure 5: Simulated results of various AMC surfaces: (a) gain and efficiency; (b) radiation patterns.
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Figure 6: Geometry of the proposed antenna: (a) top view; (b) side view; (c) antenna element 1; (d) antenna element 2.

Table 1: Design parameters of the proposed antenna.

Parameter Value (mm)
L 112
L3 6
L6 20
W3 0.52
W6 2
W9 0.45
W12 0.55
h1 3
h4 4.5
h7 11.3
h10 5.7
L1 28
L4 46.5
W1 2.5
W4 6.68
W7 0.2
W10 2
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(a) (b)

Figure 7: Photograph of the proposed antenna in (a) top view and (b) bottom view.

Table 1: Continued.

Parameter Value (mm)
W13 0.2
h2 0.5
h5 9
h8 8
h11 1.5
L2 23
L5 9.5
W2 1.33
W5 3.8
W8 1
W11 0.52
W14 1
h3 8.5
h6 4
h9 4.3
H 12.5
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Figure 8: Simulated and measured S-parameters of (a) port 1 and (b) port 2.
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+e simulated and measured radiation patterns of the
proposed antenna at 2.43GHz, 2.65GHz, and 2.84GHz are
displayed in Figure 10. Since the antenna is symmetric, only
the radiation patterns when port 1 is excited are given. As
can be seen from the figure, at 2.43GHz, 2.65GHz, and
2.84GHz, the antenna has cross polarization of about 10 dB,
20 dB, and 25 dB, respectively, which makes the antenna
have better radiation in the main polarization direction. In
general, within the required operating frequency band, the
antenna has good radiation intensity and polarization,
showing a dual-polarization directional radiation state. It
can be discovered that the simulated and measured results
are basically the same, and the differences are mainly caused
by the limited accuracy of the measurements and the errors
in fabrication and assembly.

Figure 11 shows the radiation patterns of the proposed
antenna at 2.43GHz, 2.65GHz, and 2.84GHz. +e simu-
lated radiation patterns of the basic antenna without AMC
structure are shown in Figure 11(a). +e radiation of the
antenna is mainly along the positive and negative directions
of the z-axis.+emeasured radiation patterns of the antenna
on the three coordinate axis planes with AMC surface are
shown in Figure 11(b). It can be seen from the figure that in
the x-y plane, the radiation intensity in the directions of 30°
and 210° is strong, and the overall radiation patterns are
approximately circular. In the x-z and y-z planes, the

radiation intensity in the +z-axis direction is much better
than that in the −z-axis direction. +is shows that the an-
tenna presents good unidirectional radiation under the
action of AMC structure. However, since the operating
bandwidth range of the basic antenna is wider than the
reflection bandwidth range of AMC, the radiation effect of
the antenna at +z-axis at 2.84GHz is not as good as 2.43GHz
and 2.65GHz.

+e proposed antenna is compared with the existing
antennas in Table 2. As can be seen from Table 2, the biggest
advantage of the antenna proposed in this paper is that the
total height of the antenna is only 12.5mm, and the profile
height is only 0.098λ0. +e occupancy rate of space is greatly
reduced. Compared with other antennas in Table 2, the
antenna proposed in this paper is obviously superior to all
other antennas except reference [2] in size and profile height.
Compared with reference [2], the size and profile height of
the antenna proposed in this paper are slightly larger than
that in reference [2], but the bandwidth, gain, and efficiency
of the antenna are better than those in reference [2]. Sec-
ondly, the relative bandwidth of this antenna is 21%, which is
obviously better than other antennas except reference [16],
the gain is better than the results of references [2, 16], and
the efficiency is better than the results of references [2, 13].
+erefore, considering the overall effect of the proposed
antenna in terms of profile height, coverage bandwidth, gain,
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Figure 9: Simulated and measured results of (a) S21 and (b) gain and efficiency.
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Figure 10: Simulated and measured polarization patterns of the proposed antenna. (a) E-plane at 2.43GHz. (b) H-plane at 2.43GHz. (c) E-
plane at 2.65GHz. (d) H-plane at 2.65GHz. (e) E-plane at 2.84GHz. (f ) H-plane at 2.84GHz.
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Table 2: Comparison of proposed antenna with existing works.

Ref. Size (lambda3) Bandwidth (GHz) Isolation (dB) Gain (dBi) Efficiency Polarization

[1] 0.91× 0.91× 0.26 7.7% (2.5–2.7)
8.7% (3.3–3.6) ≥25 8.4 N/A Dual

[2] 0.87× 0.87× 0.09 15.6% (2.36–2.76)
9.3% (5.12–5.62) ≥22 7.3 65% Dual

[7] 1.01× 1.01× 0.13 18.6% (2.28–2.75) ≥30 N/A N/A Dual
[13] 0.62× 0.62× 0.12 16.5% (2.4–2.83) ≥35 9.6 45% Dual
[16] 0.72× 0.72× 0.16 26.5% (2.23–2.91) ≥14.5 7.02 N/A CP
[18] 0.93× 0.93× 0.13 19.8% (3.14–3.83) 13.2% (4.40–5.02) ≥20 8.2 90% Dual
+is work 0.91× 0.91× 0.10 21% (2.35–2.89) ≥19 7.34 71.5% Dual
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Figure 11: (a) Simulated radiation patterns of basic antenna without AMC at 2.43GHz, 2.65GHz, and 2.84GHz. (b) Measured radiation
patterns of basic antenna with AMC at 2.43GHz, 2.65GHz, and 2.84GHz.
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and efficiency, compared with the existing antennas, it has
better electromagnetic characteristics and can meet the
requirements of wireless communication system.

4. Conclusion

In this paper, a low-profile dual-polarized MIMO antenna
loaded with AMC surface is proposed. +e profile of the
antenna is reduced to 0.098λ0 with the AMC surface loaded.
+e antenna operates at the band of 2.35GHz–2.89GHz,
and the peak gain and peak efficiency are measured to be
7.34 dBi and 71.5%, respectively. +e simulation and test
results are in general agreement. +e results show that the
proposed antenna has good performance and is suitable for
multiple applications such as WLAN for base stations,
LTE2500, Bluetooth, and 5G for China Mobile.
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