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ABSTRACT: To explore higher-performance satellite communication antennas, a dual-frequency dual-circularly polarized antenna based
on a Fabry-Perot (F-P) resonant cavity is proposed in this letter. An artificial magnetic conductor (AMC) is loaded onto the resonant
cavity as a partial reflection surface (PRS) to reduce the profile. The electromagnetic (EM) waves from the feeder are reflected multiple
times within the cavity and subsequently superimposed in phase, thereby enabling dual-frequency operation and high gain. Right-handed
circularly polarized (RHCP) and left-handed circularly polarized (LHCP) waves are respectively generated in the lower and higher fre-
quency bands by incorporating a dual-frequency polarization conversion surface (PCS). Two rectangular microstrip patch antennas with a
simple feeding network are employed as the feeder for RHCP and LHCP, respectively. The measurement results show that the operating
bandwidth is 4.77% (12.47-13.08 GHz) for the low-frequency band and 5.36% (16.51-17.42 GHz) for the high-frequency band. The
maximum gains of 14.91 dBi and 14.33 dBi are achieved for the lower and higher frequency bands, respectively. The proposed antenna
fulfills the requirements of the frequency division duplex satellite communication system, providing a promising candidate for ground

equipment in high-speed satellite Internet applications.

1. INTRODUCTION

obile communication standards have evolved into the new
Mera of beyond fifth-generation (B5G) and sixth-generation
(6G). The integration of satellite communication with ground
mobile communication networks has become an important de-
velopment trend [1]. Furthermore, satellite communication
has demonstrated significant performance in numerous scenar-
ios, encompassing wide-area Internet of Things (IOT), high-
precision positioning and navigation, real-time Earth observa-
tion, and broadband services in areas without network cover-
age [2,3]. Antennas characterized by dual-circular polariza-
tion and high-gain radiation capabilities are indispensable for
satellite communication. The antenna enhances performance
in multipath environments. It effectively mitigates interference
in complex electromagnetic environments [4, 5], efficiently re-
ceives circularly polarized signals from satellites, and reduces
interference from ground-reflected signals in satellite commu-
nication systems, thereby improving communication quality.
Meanwhile, compared to dielectric lens antenna and parabolic
antennas [6, 7], Fabry-Perot (F-P) resonant cavity antenna is
recognized as a typical high-gain antenna. It is characterized
by a low profile, simple structure, and low cost, making it eas-
ier to integrate and produce [8]. Furthermore, compared with
phased array antennas [9], which often incorporate complex
feeding networks, F-P resonant cavity antennas usually adopt a
single-feed form, without considering the serious coupling and
radiation losses caused by the feeding network. Consequently,

* Corresponding author: Wei Luo (luoweil @cqupt.edu.cn).

doi:10.2528/PIERL24112001

it holds great potential for application in the field of satellite
communication.

In addition, leveraging the capability of metasurfaces to ma-
nipulate electromagnetic waves, numerous studies have been
conducted to enhance antenna performance by incorporating
metasurface structures into antenna designs [10—14]. The piv-
otal technology of the F-P resonant cavity antenna resides in
the employment of electromagnetic (EM) metasurface tech-
nology for constructing the resonant cavity. This approach
facilitates the achievement of high gain, low profile, circu-
lar polarization, and other advantageous performances [15—
18]. A dual-circular polarization F-P resonant cavity antenna,
equipped with a self-polarizing partial reflection surface (PRS)
was proposed, achieving a maximum gain of 13.7 dBi and an
operating bandwidth of 8.6% [17]. A dual-circular polariza-
tion F-P resonant cavity antenna loaded with a polarizer was
designed, featuring a maximum gain and operating bandwidth
of 17.2 dBi and 4.0%, respectively [19]. Recently, research has
highlighted a trade-off between gain and bandwidth in dual-
frequency, dual-circularly polarized F-P resonant cavity anten-
nas, necessitating further research and development in this area.

In this letter, a dual-frequency, dual-circularly polarized F-P
resonant cavity antenna is proposed, which utilizes a double-
layer printed artificial magnetic conductor (AMC) as the par-
tially reflecting layer within the cavity. Dual-frequency reso-
nance is achieved within a single cavity by the high-order mode
of the F-P resonant cavity, and the profile height of the antenna
is reduced. A dielectric disk is loaded inside the cavity to op-
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FIGURE 1. Schematic diagram of the proposed antenna. (a) Overall structure diagram of antenna. (b) AMC structure. (c) PCS structure. (d) The

dielectric disk structure. (e) The feed antenna structure.

timize the electric field distribution inside the cavity, thereby
expanding the gain bandwidth of the antenna. Dual-circular
polarization is realized by incorporating a polarization conver-
sion surface (PCS), rather than depending on the polarization
type of the feed source, thus improving the complexity of the
feed network of the feed source. The proposed antenna ex-
hibits good bandwidth and circularly polarized radiation perfor-
mance, making it suitable for the use in satellite communication
ground terminals.

2. ANTENNA GEOMETRY AND ANALYSIS

2.1. Antenna Configuration

The structure of the proposed antenna is shown in Figure 1,
which comprises a PCS, an AMC, a dielectric disk, a feeder,
and a slotted ground. The key structural parameters of the an-
tenna are presented in Table 1. The AMC serves as the partially

reflecting layer, consisting of two metallic layers separated by
Rogers 4003 (¢, = 3.55) with a thickness of 0.813 mm. The
slotted ground and AMC form a dual-frequency F-P resonant
cavity. This configuration maintains a low profile while en-
hancing the gain of the dual-band system. The crossed “I”-
shaped structures are etched onto two sides of F4B (g, = 2.20)
with a height of 3.00 mm to form PCS, which is used to convert
the polarization of the EM waves from the feeder. Both of AMC
and PCS consist of 9 x 9 units, all of which have the same period
and correspond to each other on a one-to-one basis. A dielec-
tric disk of Rogers 5880 (¢, = 2.20) is inserted into the cav-
ity to optimize the electric field distribution within it, thereby
broadening the operational bandwidth of the lower frequency
band. The feeder consists of a low-frequency patch antenna and
a high-frequency patch antenna array, which are excited by the
feed network located at the bottom layer of the feeder through
the coupling slots in the ground. The slotting metal layer in the
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TABLE 1. Structural parameters of proposed antenna (unit: mm).

Para h h1 h2 h3 D1 D2 D3 D4 L
Value 0.813 3 1.575 04 8 8 72 5.1 8
Para Ly Lo Ls Ly Ls Ls¢ Ly Lg Lo
Value 8 7.2 5.1 1 1.5 2.8 2 2.8 1
Para Lio L1 L1 w W, Ws Wy Ws
Value 8 4.6 5.8 0.4 6 39 04 03
(@ 0.0 (b) 300
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FIGURE 2. The relationship between D; and the reflection coefficient of AMC. (a) Reflection amplitude. (b) Reflection phase.

middle is separated by substrate1 of Rogers 5880 and substrate2
of FR-4 (e,, = 4.4), as shown in Figure 1(e). The feeder is ro-
tated by 45° to ensure that the x-polarization and y-polarization
components from the feeder are equal. A unit is removed from
each corner of the AMC and PCS to facilitate fixation and in-
stallation. The antenna is installed and fixed with plastic screws
and nuts through the holes drilled at each corner of the AMC
and PCS.

2.2. Analysis of the AMC
The relationship between the resonant frequency of the F-P res-

onant cavity antenna f; and the height of cavity i can be ex-
pressed by:

(ps + @y +2NT)C

h =
4m fo

N=0,1,2... (1)

where ¢, is the reflection phase of the ground, and NV is the
resonant mode. Assuming that ¢, equals 180°, the reflection
phase of AMC ¢, determines the resonant frequency of the F-P
cavity when the height of the resonant cavity h is fixed. Multi-
frequency function can be achieved by the F-P resonant cavity
when the solution between ¢, and fj is not unique. The rela-
tionship between ¢ and fj in the low- and high-frequencies
can be expressed by:

2

where fr, and fy represent the low and high frequencies, re-
spectively. ¢ and ¢ represent the reflection phases of the
AMC at low-frequency and high-frequency, respectively. The
F-P resonant cavity achieves dual-frequency resonance when
hr, = hy. The relationship between ¢y, and ¢ is expressed
by:

fr
fu

The dual-frequency resonance can be achieved by a single
F-P cavity when the adjustable range of @y satisfies the Equa-
tion (3) as long as g is fixed. The relationship between D,
and the reflection coefficient of AMC is shown in Figure 2. The
phase in the higher frequency band remains unchanged with
the increase of D, while the phase in low-frequency decreases
within a certain range, which indicates the dual-frequency res-
onance in the F-P resonant cavity.

or=""(pg+m)—7 3)

2.3. Analysis of the PCS

Due to the different sensitivities of the orthogonal “I”’-shaped
structure to EM waves with different polarizations, it is pos-
sible to independently manipulate vertical and horizontal EM
waves [17]. To provide a more intuitive view of the polar-
ization conversion characteristics of PCS, Figure 3 shows the
surface current maps of the PCS at 13.21 GHz and 17.38 GHz
during one cycle. At 13.21 GHz, the current is mainly con-
centrated in the central “I” shape, and at 17.38 GHz, the cur-
rent is mainly concentrated in the “I” shape around it. It can
be seen that when the cycle goes from 0 to T, the surface cur-
rent of the PCS rotates counterclockwise at low frequencies and
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FIGURE 3. PCS surface current distribution at low frequency and high frequency. (a) 13.21 GHz. (b) 17.38 GHz.
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FIGURE 4. The transmission coefficient curve of the proposed PCS and
polarization conversion frequency band.

clockwise at high frequencies. The PCS element is shown in
Figure 1(c). The crossed “I”-shaped structures are etched onto
both sides of the substrate with the same structural parameters.
When the amplitude of the co-polarization transmission coeffi-
cients 17, and Ty, are equal, and the phase difference of 17,
and T}, is £90°, two orthogonal linear waves are converted to
circularly polarized waves. The co-polarization transmission
coefficients of the PCS are shown in Figure 4. In both the low-
frequency range (12.44 GHz to 13.36 GHz) and high-frequency
range (16.71 GHz to 17.46 GHz), the magnitude difference of
the transmission coefficient Ss; for z- and y-polarized inci-
dent waves is less than 0.5dB, and the phase difference lies
within 90° £15°. The amplitudes of T, and T}, are approxi-
mately equal while the phase difference of 73, and T}, is 90° in
the highlighted area. The polarization of transmitted EM wave
is simultaneously converted by the PCS in the two frequency
bands.

2.4. Dielectric Disk Insertion

As depicted in Figure 2(b), the reflection phase of the artifi-
cial magnetic conductor (AMC) undergoes a rapid change in
the lower frequency band. This rapid change subsequently re-
sults in a narrowing of the antenna’s bandwidth, according to
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FIGURE 5. The influence of dielectric disk on the gain of F-P resonant
cavity antenna.

Equation (3). Therefore, loading the dielectric disk into the cav-
ity aims to expand the low-frequency bandwidth of the antenna
by optimizing the electric field distribution at low frequencies.
The effects of the dielectric disk on the gain and bandwidth of
the antenna are shown in Figure 5. After loading the dielec-
tric disk, the 3 dB gain bandwidth of the antenna at the low-
frequency range is 12.51 GHz to 13.10 GHz (4.61%), and at the
high-frequency range it is 16.58 GHz to 17.43 GHz (5.00%).
The peak gain at 12.80 GHz is 14.93 dBi, and the peak gain at
16.80 GHz is 14.33 dBi. The bandwidth of the lower frequency
band is expanded with the addition of the dielectric disk. Ad-
ditionally, the effects of the dielectric disk on the electric field
distribution of the antenna are depicted in Figure 6. After in-
serting the dielectric disk, the electric field distribution within
the cavity becomes more uniform, which suggests that the op-
erating bandwidth of the antenna in the lower frequency band
has been improved.

3. MEASUREMENTS AND DISCUSSION

The prototype has been fabricated and measured to verify the
performance of the designed antenna. The PCS, PRS, and
feeder of the antenna are fixed with plastic screws, and the
antenna is fed through an SMA interface. The prototype is
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FIGURE 6. Distribution of electric field in the cavity of F-P resonant cavity antenna operating at low frequencies. (a) Without disk insertion, and (b)
with disk insertion.
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FIGURE 7. Proposed antenna prototype. (a) Side view, (b) PCS layer, (c) PRS layer, and (d) feeder.
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FIGURE 8. Comparison between measurements and simulations. (a) S11, (b) gain, and (c) axial ratio (AR).

shown in Figure 7. The measurement and simulation results
are compared in Figure 8. The slight deviation of the mea-
sured impedance towards low frequencies and the lower ax-
ial ratio, as compared to simulations, are attributed to weld-
ing and assembly errors, coupled with inadequate machining
accuracy. The measured gain exhibits a slight decrease, in-

fluenced by the thickness of the cavity and deformation of the
dielectric plate in practical measurements. The measured rel-
ative impedance bandwidths are 11.98% (12.32-13.89 GHz)
and 10.99% (16.00—17.86 GHz) for the lower and higher fre-
quency bands, respectively. The 3 dB gain bandwidths mea-
sured are 5.66% (12.36—13.08 GHz) for the low-frequency band
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FIGURE 9. Measurement and simulation patterns of F-P resonant cavity antenna. (a) 12.80 GHz and (b) 17.00 GHz.

TABLE 2. Comparison between this paper and references.

L Freq. BW AR Peak Gain Radiator Height

Ref. Polarization .
(GHz) (%) BW (%) (dBi) (Ao)
[17] Single-band Dual-CP 5.80 13.8/13.1 8.60 13.70 0.58
[20] Single-band Dual-CP 27.95 5.40/5.76 5.30/4.30 16.85/17.20 0.76
[21] Dual-band dual-CP 2.36/4.15 2.70/2.40 2.70/2.40 7.10/10.00 0.47
[22] Dual-band dual-CP 7.30 1.10/2.50 1.10/2.50 12.98/13.25 0.55
[23] Single-band Dual-CP 10.00 2.80 5.00 13.40/13.40 0.36
This work | Dual-band dual-CP 12.80/17.00 | 4.77/5.36 9.05/7.95 14.91/14.08 0.42

and 5.48% (16.51-17.44 GHz) for the high-frequency band,
as shown in Figure 8(b). The 3 dB axial ratio bandwidths of
9.02% (12.39-13.56 GHz) and 7.95% (16.30-17.65 GHz) are
achieved in the low- and high-frequencies, respectively. Tak-
ing the intersection of the aforementioned bandwidths as the
operating bandwidth, the operating bandwidths of the antenna
are 4.77% (12.47-13.08 GHz) and 5.36% (16.51-17.42 GHz).
The maximum gains of the antenna are 14.91 dBi and 14.08 dBi
in the low- and high-frequency bands, respectively. The mea-
sured and simulated radiation patterns are shown in Figure 9,
which indicates that the measurement and simulation are in
good agreement.

Table 2 presents the comparison between the proposed an-
tenna and previous circularly polarized F-P resonant cavity an-
tennas. It can be seen that compared with other dual frequency
dual circularly polarized antennas [20,21], the F-P resonant
cavity antenna designed in this paper has better measured gain
bandwidth. Compared to [18], the gain bandwidth still needs
further improvement, but peak gain and radiation height have
certain advantages. Overall, this article focuses more on im-
proving gain bandwidth while ensuring performance such as
peak gain and radiation height. Notably, the proposed antenna
exhibits dual-frequency and dual-circularly polarized radiation
performance, along with certain advantages in terms of operat-
ing bandwidth and gain.

4. CONCLUSION

A novel F-P resonant cavity antenna with metasurface is pro-
posed, whose operating bandwidth is improved by inserting
a dielectric disk. The dual-frequency resonance is designed
by just one cavity with the help of an AMC, and RHCP and
LHCP transmitted waves are generated with PCS for differ-
ent bands. The crucial limitation of the proposed Fabry-Perot
resonant cavity antenna is the contradiction between gain and
impedance matching. Considering the trade-off between an-
tenna gain and bandwidth, the gain bandwidth of the proposed
antenna can be further expanded by optimizing the PCS ele-
ment and height of resonance cavity. Notably, the merits of the
high-gain and dual-frequency dual-circular polarization radia-
tion performance make the antenna a promising candidate for
fixed satellite service and broadcasting satellite service mobile
end of satellite communication.
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