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Abstract – A dual-polarized broadband coupled feed
dipole antenna loaded with artificial magnetic conduc-
tor (AMC) structure is proposed. The proposed AMC
structure with 4×4 elements shown in this paper con-
sists of four perfect electrical conductor (PEC) rectan-
gular strips and a ring to reduce the profile height of
the dual-polarized dipole antenna. In addition, the dual-
polarization antenna adopts coupling feed microstrip to
excite two pairs of bow-tie patch. The overall size of the
coupling feed dipole antenna is 1.1λ 0×1.1λ 0×0.09λ 0 at
5.5 GHz. Measured results shows that the proposed dual-
polarization antenna loaded AMC exhibit a 25.2% com-
mon working bandwidth (4.75-6.12 GHz). The isolation
is less than -14 dB, and the peak gain is 10.6 dBi. This
dipole antenna with AMC structure has the virtues of low
profile, wide band, and good radiation performance and
it has the potential to be used in C-band communication.

Index Terms – artificial magnetic conductor, coupled
feed, dual-polarization, low profile.

I. INTRODUCTION
With the evolution of wireless technology in the

field of personal communications and military applica-
tions, under the limited spectrum resources, there are
increasingly more requirements for the design of anten-
nas in communication systems. In order to reduce the
influence of multipath effect on wireless communication
system, dual-polarized antennas are designed and have
been widely used [1–3]. So as to achieve directional radi-
ation and maximum gain, the patch of a traditional dipole
is kept away from the metal floor about λ 0/4 [4]. This
results in a higher profile of the antenna, but the AMC
structure solves this problem well.

Two independent ports are often used to feed across
dipole antenna to obtain vertical and horizontal polar-
ization [5–7]. Reference [8] designed a dual-polarized
cross slot antenna using two orthogonal slot radiators.
The common impedance bandwidth of the antenna at

Ports 1 and 2 is 1.56-2.73 GHz (54.5%), the isolation
is greater than -26 dB, and the profile height is about
0.27λ 0. In [9], there is a pair of printed dipoles with a
reflective ground to obtain two linear polarizations. The
cross polarization of the dual-polarized dipole antenna is
less than -30 dB within 575-722 MHz (22.7%), the port
isolation is more than -35 dB, and the profile height is
about 0.27λ 0 at 575 MHz. Although the antenna in [8]
and [9] has good performance, it is difficult to integrate
with microwave circuit due to its complex structure and
high profile.

In this paper, a broadband dual-polarized coupled
feed dipole antenna loaded with AMC is presented. The
antenna adopts coupling feed to excite two pairs of
bow-tie patch, which realizes horizontal polarization and
vertical polarization, respectively. The measured results
show that the common impedance bandwidth of this
antenna is 4.75-6.12 GHz (25.2%). The coupling feed
structure adopted in this paper provides a new design
idea for the double polarized dipole antenna loaded with
the AMC structure.

II. DUAL-POLARIZATION DIPOLE DESIGN
The geometry of the bow-tie dual-polarized cross

dipole antenna is shown in Fig. 1. The antenna is com-
posed of a pair of bow-tie radiation structures, strip cou-
pling microstrip line, coaxial feed structure, dielectric
cylinder and PEC reflector plate. The patch is printed on
a square Rogers 5880 substrate with a thickness of 1.016
mm. The bow-tie shaped radiation structure is printed on
the lower surface of the dielectric substrate as a dual-
polarized radiator. Port 1 is connected to a 0◦ dipole
to induce 0◦ polarization, and Port 2 is connected to
a 90◦ dipole to induce 90◦ polarization. At the center
frequency of 5.5 GHz, the theoretical value should be
a quarter wavelength, that is, 13.6 mm. After simula-
tion and optimization, the overall design of the dipole is
W1+W2+W3=10.1 mm, which is slightly different from
the theoretical value. The width of the microstrip line
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(a) (b)

Fig. 1. Geometry of the proposed dipole antenna: (a) top
view and (b) side view.

is calculated according to 50 ohms, and the calculated
result is 3.1 mm, and the actual value is 3 mm. Com-
mercial simulation software High Frequency Structural
Simulator (HFSS) was used for simulation calculation.
The optimization algorithm is a quasi-Newton method,
whose basic idea is to find the estimated value of the min-
imum point by quadratic expansion of the objective func-
tion near the minimum point. Figure 2 shows the simu-
lation results of the reflection coefficients for the dual-
polarized antenna. Due to the difference between the two
strip coupled microstrip lines, the reflection coefficients
of Port 1 and Port 2 are slightly different. The working
bandwidths of Port 1 and Port 2 are 5.36-5.67 GHz and
5.25-5.52 GHz, respectively. The common bandwidth is
5.36-5.52 GHz. The port isolation within the working
bandwidth is less than -11 dB.

By introducing an AMC structure instead of a PEC
reflector, we can improve the performance of crossed
dipole dual-polarization antennas, such as reducing the
profile, increasing the operating bandwidth, increasing
the isolation, and improving the radiation characteris-
tics. Figure 3 shows the designed AMC structure and the
corresponding simulation of reflection coefficient curve.
The patch unit is printed on the Arlon 880 dielectric
substrate, with a thickness of 2 mm. The bottom of the
dielectric substrate is a PEC layer. The optimized dimen-
sions of AMC are as follows: S=15 mm, Ra=5.5 mm,
Rb=7.4 mm, a=1.7 mm, and hamc=2 mm.

(a) (b)

Fig. 2. Simulation results of reflection coefficient (a) S11
and (b) S21.

Fig. 3. Geometry of the proposed AMC and simulation
results of reflection coefficient.

III. AMC UNIT DESIGN
It can be seen from Fig. 3 that the in-phase reflec-

tion bandwidth of AMC proposed in this section is 5-
6.08 GHz, and the relative bandwidth is 19.5%. The fre-
quency corresponding to the 0◦ reflection phase is close
to the central frequency of 5.5 GHz, and the reflection
coefficient modulus curve is above -0.06 dB, which basi-
cally shows the characteristics of total reflection.

In order to more intuitively explain the design idea
of the AMC structure, Fig. 4 shows the two different
AMC structures and the corresponding reflection char-
acteristic curves. The initial AMC is a ring structure,
and the in-phase reflection bandwidth is 4.16-4.6 GHz
(10%). The reflection coefficient modulus is greater than
-0.12 dB. In order to adjust the offset 0◦ reflection phase
to the designed center frequency point of 5.5 GHz, it
is necessary to move the reflection phase curve to the
high frequency. Therefore, four rectangular structures
are loaded on the initial AMC. It can be seen that the
ring AMC loaded with rectangular branches not only
has larger in-phase reflection bandwidth, but also has
lower reflection loss, which proves the effectiveness of
the design structure.

Figure 5 establishes the simple circuit model of the
proposed AMC [10]. The gap between adjacent peri-
odic patches and the slot gap in the patch together pro-
vide a slot capacitance Ca, the radius Ra of each circular
patch and the width a of the rectangular branch will pro-
duce an inductance La, and Cd represents the capacitance
between the dielectric substrate and the metal ground.
The resonant frequency can be calculated by the follow-
ing formula [11]:

fr =
1

2π

√
1
La

(
1

Ca
+

1
Cd

)
. (1)

Obviously, the resonant frequency points of the
designed AMC structure are mainly related to the equiv-
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Fig. 4. Reflection phase results of the proposed two AMC
structures: (a) reflection phase and (b) reflection coeffi-
cient.

(a) (b)

Fig. 5. Circuit model of the AMC.

alent inductance of the patch, the capacitance by the
patch slot and the parallel capacitance generated between
the dielectric substrate and the ground. By adjusting the
parameters of AMC, the ideal in-phase reflection band-
width can be generated.

Figure 6 (a) shows the curve of AMC reflection
phase changing with the thickness of medium layer
hamc. It can be seen that with the increase of the dielec-
tric plate height, the slope of the reflection phase curve
becomes smaller, and the central resonant frequency
moves to the low frequency. This is because the height of
the dielectric plate increases, and the equivalent capaci-
tance increases, that is, Cd becomes larger, so the reso-
nant frequency decreases. Figure 6 (b) shows the curve of
AMC reflection phase changing with rectangular branch
width parameter a. With the increase of a, the resonant
frequency point moves to high frequency, and the slope
of the reflection phase curve slowly increases. Figure 6
(c) shows the variation curve of the AMC reflection
phase with the radius Ra of the small ring. With the
increase of Ra, the equivalent inductance La of the patch
itself increases, the resonant frequency decreases, and
the slope decreases slowly. When Ra=5.5 mm, the res-
onant frequency is closest to the center frequency, and
the reflection phase bandwidth is larger. Figure 6 (d)
shows the curve of the AMC reflection phase with the
radius Rb of the large ring. With the increase of Rb,
the equivalent gap capacitance Ca increases, the resonant
frequency decreases and the in-phase reflection phase
bandwidth decreases. When Rb=7.4 mm, the frequency

(a) (b)

(a) (b)

Fig. 6. The influence of different parameters on AMC
reflection phase.

corresponding to the 0◦ reflection phase appears at 5.5
GHz, so the value of the parameter Rb is finally chosen
to be 7.4 mm. Thus, the resonant frequency of this AMC
can be adjusted by changing the values of hamc, Ra, Rb,
and a.

Figure 7 shows the overall structure of the dipole
antenna loaded with AMC. The AMC is located 2 mm
below the crossed dipole antenna, the total height of the
antenna is 5.016 mm, and it is about 0.09λ 0 at 5.5 GHz.
After simulation and optimization, the final dimensions
of the proposed dipole antenna are listed in Table 1.

(a)

(b)

Fig. 7. The overall structure of the antenna: (a) top view
and (b) side view.
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Table 1: Dimension of the proposed dipole antenna (unit:
mm)
Parameter Value Parameter Value Parameter Value

L 50 R1 2.4 S 15
W1 6 L1 7.2 Ra 4.5
W2 0.6 L2 14 Rb 7
W3 3.5 L3 5.4 a 1.8
W4 3 L4 3 H 4

hamc 2

IV. CROSS DIPOLE ANTENNA WITH AMC
In order to verify the performance of the antenna,

a low profile dual-polarized antenna loaded with AMC
is fabricated, as shown in Fig. 8. Figure 9 is the simula-
tion and measured S-parameter diagram, and the mea-
sured results are in good agreement with the simula-
tion results. The common impedance bandwidth is 4.75-
6.12 GHz (25.2%), and the isolation is less than -14 dB.
Figure 10 shows the simulation and measured gain and
radiation efficiency of the antenna. The radiation effi-
ciency exceeds 83% in the frequency band, and the max-
imum peak gain reaches 10.6 dB. At the central fre-
quency, the gain of 5.5 GHz reaches 9.46 dBi. Good
radiation characteristics are maintained in the whole fre-
quency.

In order to verify the effectiveness of the AMC
structure, the cross dipole antenna Ant-AMC loaded with
AMC is compared with the cross dipole antenna Ant-
PEC loaded with PEC. PEC reflector and AMC reflec-
tor have the same size, both of which are 60 × 60 mm,
and the distance from both to the cross dipole radiator
is 2 mm. The vertical and horizontal polarized radia-
tion patterns of this antenna at 4.8 GHz, 5.5 GHz and
6 GHz are given in Fig. 11. From the figure, it can be
seen that the antenna achieves good forward radiation
with both the back lobe less than -10 dB and the cross-
polarisation less than -20 dB. The spatial radiation pat-
terns are slightly asymmetric, which is mainly due to
the asymmetric placement of the feed position and the

(a) (b)

Fig. 8. Fabricated antenna loaded with AMC: (a) overall
structure drawing and (b) dipole patch layer.

Fig. 9. Simulated and measured result of S-parameters.

Fig. 10. Simulated and measured result of gain and radi-
ation efficiency.

current imbalance between the two arms of the dipole
caused by the coaxial feed. Figure 12 shows the com-
parison results of different antennas in S11, S22, gain
and radiation efficiency (Port 1). The specific values are
listed in Table 2.

At the central frequency point, the antenna is
improved from PEC loaded structure to AMC loaded
structure, and the section size of the antenna is reduced
from 0.13 to 0.09. With the profile height is reduced to
0.09λ 0, the S-parameter curve deteriorates sharply in the
required frequency band, and the gain and radiation effi-
ciency under horizontal polarization mode also decrease
accordingly.

It can be seen from Table 2 that the peak gain of the
three antennas when excited at Port 1 has little change.
After the introduction of AMC structure, it can be seen
from Fig. 12 (c) that the antenna gain is significantly
improved in the whole operating frequency band. At the
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(a) (b)

(c) (d)

(e) (f)

Fig. 11. Measured radiation patterns: (a) Port 1 -4.8 GHz,
(b) Port 1 -5.5 GHz, (c) Port 1 -6 GHz, (d) Port 2 -4.8
GHz, (e) Port 2 -5.5 GHz, and (f) Port 2 -6 GHz.

(a) (b)

(c) (d)

Fig. 12. Performance comparison results: (a) S11, (b) S22,
(c) gain total, and (d) radiation efficiency.

Table 2: Comparison results of different antennas
Antenna Port 1

BW/GHz
Port 1

BW/GHz
Port 1
Peak

Gain/dBi

Efficiency
(%)

0.13λ 0
Ant-
PEC

5.36-5.67 5.25-5.52 10 60-94

0.09λ 0
Ant-
PEC

- - 8 35-65

0.09λ 0
Ant-
AMC

4.77-6.23 4.66-6.16 10.3 80-99

same time, the radiation efficiency curve of the antenna
loaded with AMC is also above the others. Through per-
formance comparison, it is found that the AMC struc-
ture proposed in this paper can significantly reduce the
profile height of the antenna, improve the working band-
width of the antenna, and enhance the gain and radiation
efficiency of the antenna.

Table 3 shows the comparison results of the work-
ing bandwidth and profile height between the antenna
designed in this paper and the existing AMC based dual-
polarized antenna. Compared with [6], [12] and [13], the
proposed dual-polarized antenna has wider bandwidth,
but the profile is higher than that of [13]. Compared with
[6], [12], [13], and [14], the dual-polarized antenna pro-
posed in this paper has higher gain.

Table 3: Comparison of the antenna with some existing
work

Ref. Bandwidth Height
(λ 0)

Peak Gain
(dBi)

[6] 11.4% 0.21 7
[12] 15.6% 0.09 7.2
[13] 11.7% 0.06 7.2
[14] 20.5% 0.056 4.25
Pro. 25.2% 0.09 10.6

V. CONCLUSION
In this paper, a broadband dual-polarized coupling

feed dipole antenna based on artificial magnetic con-
ductor is designed, optimized and analyzed. The pro-
file height of the proposed dual-polarized dipole antenna
is 0.09λ 0, and the antenna uses coupling feed to excite
the dipole radiation patch, and the impedance bandwidth
reaches 25.2%. The proposed antenna has the advantages
of dual-polarization, low profile, broadband. It has great
application potential in C-band radar communication and
satellite communication.
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