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Abstract—In this communication, a novel tightly coupled dual-
polarized reflectarray antenna is presented. The antenna consists of a
dual-polarized feed antenna and a wideband dual-polarized reflecting
surface. The reflecting surface is composed of dual-polarized tightly
coupled unit cells. Each unit cell contains two types of elements, of which
the polarizations are perpendicular. Each element contains a dipole and
a delay line. For one polarization, the reflecting surface consists of
13 x 34 elements, while there are 26 x 11 elements on the reflecting
surface for the other polarization. The feed antenna is a wideband dual-
polarized horn antenna. The phase error distribution on the reflecting
surface is analyzed as well. To verify the design, a prototypical tightly
coupled dual-polarized reflectarray antenna operating from 3 to 8 GHz
is simulated, manufactured, and measured. The simulated results are in
good agreement with the measured results. In the working band, the
radiation patterns of the proposed reflectarray antenna are stable.

Index Terms— Dual-polarized reflectarray, reflectarrays, tightly cou-
pled reflectarrays, wideband reflectarrays.

I. INTRODUCTION

Reflectarray antenna is an attractive hot topic at present which
features low cost, compared with the parabolic reflector antenna. The
reflectarray antenna also has a relatively simple feed network.

In [1], the patches with different shapes and sizes are used as the
unit cell to construct the reflectarray antenna. In [2], the dipoles with
different lengths are selected to design the reflectarray antenna. In [3],
the slots with different lengths are applied to control the phase of the
unit cell on the reflecting surface.

Although the reflectarray antenna has the advantages mentioned
above, its bandwidth is usually not wide. Therefore, many researchers
have tried to broaden the bandwidth of the reflectarray antenna.
In [4] and [5], the dipoles are placed in parallel to enlarge the gain
bandwidth of the reflectarray. In [6], the stacked patch elements
are used to widen the bandwidth of the reflectarrays. In [7], the
subwavelength elements are used to design the wideband reflectarray.
In [8], [9], [10], and [11], the tightly coupled dipoles are employed
to broaden the bandwidth of reflectarray antennas.

Although the bandwidth of the tightly coupled reflectarray antenna
in [8] and [9] is enlarged a lot, it is a single-polarized reflectarray.
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However, to enlarge the communication capacity, multi-polarized
wideband reflectarrays are needed. Some scholars study dual-
polarized reflectarray antennas.

In [5], the element contains coplanar parallel dipoles to realize
the dual-polarized reflectarray. In [12], the stacked crossed dipoles
are applied to design the dual-polarized unit. In [13], the 1-bit
reconfigurable unit is proposed to realize the dual-polarized waves.
In [14], the broadband dual-polarized reflectarray is built based on
the stacked Jerusalem crosses.

In this communication, a novel tightly coupled broadband dual-
polarized reflectarray antenna is proposed. A dual-polarized unit cell
containing two types of elements is designed to build the reflectarray
antenna. Each element consists of a dipole and a delay line. In one
unit cell, the numbers of the two types of elements are different.
The method of calculating the numbers is given as well. A dual-
polarized horn antenna is employed to provide the dual-polarized
incident waves. Although a tightly coupled dual-polarized reflectarray
antenna is reported in [10], it is not realized in practice and not
measured.

The rest of this communication is organized as follows. The
detailed design of the proposed reflectarray is shown in Section II.
The simulated and measured results are shown in Section III.
Section IV concludes the communication.

II. DESIGN OF THE TIGHTLY COUPLED DUAL-POLARIZED
REFLECTARRAY

In this section, a wideband tightly coupled dual-polarized reflec-
tarray antenna working from 3 to 8 GHz is designed. Then, the phase
error distribution on the reflectarray surface is discussed and its effect
on the array factor of the reflectarray antenna is analyzed.

A. Dual-Polarized Unit Cell

In [8], a tightly coupled wideband reflectarray antenna is designed
with a working band of 3.4-10.6 GHz, which is a single-
polarized reflectarray antenna. Based on the unit cell in [8], a dual-
polarized tightly coupled unit cell is proposed. The geometry of the
proposed dual-polarized unit cell is shown in Fig. 1.

The proposed unit cell is printed on Rogers 4003C. Its permittivity
and the loss tangent are 3.55 and 0.0027, respectively. The thickness
of the substrate is 0.813 mm. Each unit cell consists of elements along
the x- and y-axes. The elements along the x- and y-axes are called X
and Y elements, respectively, which are shown in Fig. 1(b) and (c).
Each element is composed of a dipole, a delay line, and two layers
of ground. The dipole is attached to the top of the delay line. The
delay line is a pair of parallel microstrips. In the operating band,
the impedance of the delay line matches that of the dipole. For the
delay line passing through the first ground, each element has a 4-mm
diameter hole on the first ground. The distance from the top of the
unit cell to the first ground is /1, and the height from the first ground
to the second ground is /5. The shapes and sizes of the dipoles of
X and Y elements are different. The width of the delay line of the
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TABLE I
PARAMETERS OF THE REFLECTARRAY ELEMENT (UNIT: MM)
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Fig. 3. Simulated reflection coefficients of the X and Y elements and

the second ground
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Fig. 1. (a) Geometry of the proposed unit cell, (b) front view of the X

element, and (c) front view of the Y element.
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Fig. 2. Layout of the X and Y elements.

X element is wys, while that of the Y element is wx3. The lengths
of delay lines of X and Y elements are / and /{, respectively.

The next key question is to determine the numbers of the X and
the Y elements in one unit cell and their dimensions. In one unit cell,
it is assumed that there are ¢ X and b Y elements. The layouts of X
and Y elements in one unit cell are shown in Fig. 2. To guarantee the
performance of the X element is similar to that of the ¥ element as
much as possible, the size of the X element is set to be proportionate

reflection magnitude of the unit cell.

to that of the Y element. That is, if the size of the X element is
m x n, then that of the Y element is kn x km. Therefore, equations
can be given by:

a-n=km (D
m =kn-b. )

Multiplying (1) and (2) together, then we obtain
a~b:(m/n)2. 3)

From the previous work in [8], m/n is 2.5. So, a-b should be
6.25. Considering a and b are positive integers, the nearest a-b is
3 x 2 or 2 x 3. In the proposed design, a = 3 and b = 2. As a
result, the size of the X element is dx x dy/3 and that of the Y
element is dx /2 x dy. The parameters of the reflectarray element are
shown in Table I. Considering the physical realizability of the unit
cell, assembling slots are added at the intersection of the X and Y
elements. The slots make it possible that the two types of elements
can be assembled perpendicularly, as shown in Fig. 1.

The distance between the dipole and the first ground affects the
impedance bandwidth of the element a lot. It can be seen that distance
in the X element is smaller than that in the ¥ element. The distance
difference is h3. To avoid the X element touching the Y element and
improve the isolation between them, /3 is set to be larger than the
width of the dipole in the Y element wxj.

The impedance bandwidth of the X element is from 2.8 to
10.6 GHz, while that of the Y element is from 2.6 to 8.2 GHz,
which are shown in Fig. 3. This is mainly due to the different sizes
of the two types of elements and the existence of /3. The reflection
magnitude of the unit cell for X and Y polarization is higher than
—0.2 dB from 2 to 9 GHz, which is shown in Fig. 3 as well.

The equivalent distance delay in [8], [15] is used to evaluate
the proposed unit cell. The equivalent distance delay of the X and
Y elements can provide is shown in Fig. 4. d¢(ly) is the curve
of the equivalent distance delay of the X element with [ at the
frequency f, while d¢(l1) is the curve of the equivalent distance
delay of the Y element with /; at the frequency f. When /| or /5 are
fixed, the equivalent distance delay only varies slightly at different
frequencies. For the two types of elements, the equivalent distance
delay is convergent in the working band, which indicates that the
proposed unit cell is with wideband performance.
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Fig. 5. Configuration of the dual-polarized feed horn antenna (a) 3D view,
(b) (b) front view, (c) side view.
Fig. 4. Equivalent distance delay of the proposed (a) X and (b) Y elements.
¢ d Y prop TABLE IIT
TABLE II COORDINATES OF PHASE CENTER (UNIT: MM)
PARAMETERS OF THE HORN ANTENNA (UNIT: MM) Frequency (GHz) 3 4 5 6 7 8
by | hs | he | hr | ts | ta | do | wa4 Il’fﬁz) d"f 54 46 43 376 -168 29
32528 | 8 10 2 2 148 | 27 X-po aféze) Yja"e
pr(z) o . ) B ) . R
ho hs Is di wys | hio lg y-polarized wave 54 46 43 37.5 16.8 29.1
10.7 | 50 64 | 9.7 2.6 15.3 64

To make the proposed element relatively stable for each frequency
in the working band from fi to f;, average curves d(l/1) and d(lp)
are employed to design the proposed dual-polarized reflectarray. d(l)
and d(/») are calculated from (7) in [8, eq. (7)].

B. Dual-Polarized Feed Horn Antenna

In the proposed reflectarray, a dual-polarized horn antenna is
chosen as the feed antenna. The horn antenna is manufactured based
on 3-D printing.

Fig. 5 shows the configuration of the horn antenna. The parameters
of the horn antenna are shown in Table II. The phase center of the
horn antenna changes with different frequencies for both X- and
Y-polarized waves, which is shown in Table III. The position of the Fig. 6.  Configuration of the proposed tightly coupled dual-polarized
phase center p(z) applied in this design is calculated by [8, eq. (9)],  reflectarray antenna.
which is —37.7 mm.

reflecting surface Rhp is 110.5 mm and that from phase center to

C. Reflectarray Design
the reflecting surface Rh; is 148.2 mm.

The configuration of the reflectarray is shown in Fig. 6. The
reflectarray is composed of a dual-polarized horn antenna and a dual-
polarized reflecting surface, which includes 13 x 34 X elements
and 26 x 11 Y elements. The size of the reflecting surface is Theoretically, after the electromagnetic wave is reflected by the
217.6 x 208 x 34.5 mm. The distance from the horn antenna to the reflecting surface, the phase of the reflected wave should be equal for

D. Phase Error Distribution and Its Effects on the Array Factors
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Fig. 7. Phase error distribution at (a) 3, (b) 5, (¢) 6, and (d) 8 GHz when
d(lp) is used to design the reflectarray.
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Fig. 8. Array factors from applying average curve d(lp) and perfect
compensation for the X element at (a) 3, (b) 5, (c) 6, and (d) 8 GHz.

all elements, which could be called perfect compensation. However,
phase errors exist on the reflecting surface.

The phase error distribution of the X element is shown in Fig. 7.
The max phase error of the X element is 90.5° and that of the Y
element is 90°. The average phase error of the X element is 11.6°,
44.9°,49.2°, and 36.9° at 3, 5, 6, and 8 GHz, respectively, and that of
the Y element is 11.8°, 44.5°, 49.1°, and 36.9° at 3, 5, 6, and 8 GHz,
respectively.

The phase error distribution has a strong influence on the radiation
pattern of the reflectarray through the array factor. Fig. 8 shows
the array factors from applying average curve d(l») and perfect
compensation for the X element. Employing the average curve
degrades the patterns slightly. Relatively, the pattern at 6 GHz is
impacted the most. The effects of the average curve on the Y element
are similar to those of the X element. The array factors are stable
despite the existence of the phase error, and the sidelobe level (SLL)
is below —15 dB.
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Fig. 10. X-polarization patterns of the reflectarray. (a)-(c) 3, 6, and 8 GHz.

III. PROTOTYPE DEVELOPMENT AND SIMULATED AND
MEASURED RESULTS

The proposed antenna is simulated in HFSS and measured in an
anechoic chamber. The simulated and measured results of the antenna
are shown in this section. The photograph of the antenna is shown
in Fig. 9.

A. Radiation Patterns and Reflection Coefficient

The proposed antenna works in a large frequency range. The
radiation patterns for the two polarizations are stable. The simulated
and measured radiation patterns are shown in Figs. 10 and 11.
The simulated results are in good agreement with the measured
results. For most of X-polarization patterns, the highest SLL is below
—10 dB, and the highest cross-polarization level is below —20 dB.
For the most of Y-polarization patterns, the highest SLL is below
—10 dB, and the highest cross-polarization level is below —22 dB.
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Fig. 12. (a) Gains, cross-polarization, and (b) isolation between the two ports
of the feed antenna and the reflectarray.

There is no distortion in the shapes of the main beams for all the
radiation patterns.

Fig. 12 shows the simulated isolation between the two ports, gains,
and cross-polarization of the feed antenna and the reflectarray. Port 1
excites the X-polarized wave, while port 2 excites the Y-polarized
wave. The gains of the reflectarray are higher than those of the
horn antenna by about 10 dB. Compared with the horn antenna, the
isolation and cross-polarization of the reflectarray degrade. The main
beam directions of the X- and Y-polarized waves are the same, which

varies from 6.4 to 19.1 dBi, and the measured AE varies from 15.1%
to 38.9%. For Y -polarization, the simulated gain varies from 11.8 to
19.0 dBi, and the simulated AE varies from 14.3% to 34.1%. The
measured gain varies from 9.3 to 17.5 dBi, and the measured AE
varies from 12.1% to 31.8%.

Some wideband dual-polarized reflectarrays reported in the lit-
erature and the proposed reflectarray in this communication are
compared in Table IV.

IV. CONCLUSION

A novel wideband dual-polarized reflectarray antenna based on
tightly coupled dual-polarized unit cells is proposed. For both polar-
izations, the antenna has stable radiation patterns within the working
band from 3 to 8 GHz. Over the entire working band, the antenna
maintains stable main beams without distortion. In addition, the
highest SLL of the radiation patterns can be maintained below
—10 dB at most frequencies. The proposed reflectarray antenna is
promising for applications that need antennas with wide bandwidth
and dual polarizations.
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