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Wideband Circularly Polarized Reflectarray Antenna Using Rotational
Symmetrical Crossed Dipoles

Lehu Wen, Steven Gao, Qi Luo, Wei Hu, Benito Sanz-Izquierdo, and Xue-xia Yang

Abstract—A wideband circularly polarized (CP) reflectarray (RA)
antenna using rotational symmetrical crossed dipoles is presented. This
is the first time investigating coupled crossed dipoles as the unit cell for
wideband reflection bandwidth in the CP RA design. Equivalent circuit
analysis shows that when a CP wave impinges on the designed unit cell,
two series resonances and two parallel resonances are simultaneously
excited on the crossed dipoles. Owing to these four different resonances,
the CP reflection bandwidth is greatly improved and elaborately
adjusted by controlling the coupling between the crossed dipoles. The CP
reflection bandwidth ratio of the unit cell is enhanced up to 2:1 for S,<-
15 dB with a thin thickness of 0.124,. Based on this unit cell, a wideband
-20° collimated CP RA antenna with a circular aperture of 316 unit cells
was designed, fabricated, and measured for final performance
verification. The measured results show that a wide CP bandwidth of
7.6-15.9 GHz is achieved with the axial ratio <3 dB. In addition, the
measured 3dB gain bandwidth is better than 43.7% with the peak
realized gain of 26.3 dBic and the maximum aperture efficiency of 58.3%.

Index Terms—Circular polarization, crossed dipoles, reflectarray
antenna, wideband array antenna.

1. INTRODUCTION

Owing to a planar reflector structure, reflectarray (RA) antennas
have the advantages of simple configuration, easy fabrication, low
product cost, and flexible desirable collimated beams compared to
the traditional curved reflector antennas [1]. Therefore, they are
widely applied in wireless communication systems, such as radars,
satellites, etc. Because of the innate orientation immunity between
the transmitting antenna and the receiving antenna, circular polarized
(CP) antennas can have an additional channel-capacity improvement
benefiting from the reduced multi-fading effect of the radiated CP
wave [2]. As a result, a great number of CP RA antennas have been
researched for wireless communications.

Depending on the feed type, there are normally two methods to
realize CP RA antennas. The first method is utilizing a linearly
polarized (LP) antenna as the feed to illuminate the reflector surface
[3]-[6]. In this case, the RA elements are designed sensitively to the
impinged orthogonal LP waves with an innate quadrature phase
delay, and work as an LP to CP polarizer. However, CP RA antennas
using this kind of feed method usually have a narrow operation
bandwidth due to the limited phase bandwidth for LP-CP conversion.
The second commonly used method is using a CP antenna as the
feed. Its phasing methods can be versatile, such as using the length-
variable phase delay line [7]-[8], the size-variable element [9]-[10],
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and the element rotation [11] for different wideband reflection
phases. Among them, the element rotation method is widely applied
in the RA design owing to its symmetrical and simple periodical
phasing elements and a linear reflection phase response within the
operation bandwidth. Utilizing this method, single I-shaped [12] and
H-shaped [13] patches are used for wide CP reflection bandwidth
with a single-layer structure. To further improve the CP reflection
bandwidth, other different combinations of single-layered or multi-
layered structures are utilized in the unit cell design [14]-[23]. In
these RA designs, although wide axial ratio (AR) and gain
bandwidths can be achieved by using the element rotation method, it
is still a challenge to develop RA antennas with a wide operation
bandwidth under a low-profile configuration.

In this work, unlike the traditional unit cells [12]-[21] using the H-
shaped, I-shaped unit cells, or the combination of similar structures
for wide CP reflection bandwidth, rotational symmetrical crossed
dipoles are first investigated as the unit cell for designing a wideband
CP RA antenna. This unit cell is composed of two-layered close-
coupled arc-shaped crossed dipoles. Based on the circuit analysis,
the coupling between the crossed dipoles can be elaborately utilized
to introduce two different types of series and parallel resonances.
Therefore, the CP reflection bandwidth of the designed unit cell can
be greatly expanded with the resulted S,<-15 dB bandwidth ratio up
to 2:1 with a thin thickness of 0.1244. A high gain CP RA antenna
with a tilted beam of -20° was then designed, fabricated, and
measured using 316 unit cells. A wide 3dB AR bandwidth is
measured covering 7.6-15.9 GHz (70.6%). The measured 3dB gain
bandwidth is 10.2-15.9 GHz (43.7%) with the peak realized gain of
26.3 dBic and the max aperture efficiency (AE) of 58.3%. These
good results prove that the designed unit cell can be widely applied
in wideband high-gain wireless communication systems.

II. UNiT CELL DESIGN

A.  Unit Cell Configuration

The configuration of the proposed RA unit cell for wideband CP
radiation is shown in Fig. 1. As shown in the figure, the unit cell
keeps a simple and rotational symmetrical structure. It is composed
of two crossed arc-shaped dipoles, one dipole is x-axis arranged, and
the other is y-axis arranged. At the end of the dipole arm, there is an
arc-shaped strip with the radius of R2, arc of 6, and width of W3.
The x-axis arranged dipole connects to the y-axis arranged dipole
through a long and narrow arc-shaped strip with the radius of R1, arc
of 270°, and width of W2. A shorting via with a diameter of 0.4 mm
is located at the center of the unit cell to connect the different arms
of the crossed dipoles. The conductors of the unit cell are printed on
the top and bottom layers of a Rogers 4003C substrate with the
relative permittivity of 3.55 and thickness of 0.508mm.

In the figure, the copper on the top layer of the unit cell is shown
in orange color, and the copper on the bottom layer is shown in navy
color. Under the Rogers substrate, a Rohacell foam [26] with the
thickness of 3 mm and the relative permittivity of 1.04 is inserted to
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isolate the bottom copper layer from the ground plane. The
performance of the unit cell is evaluated by EM software Ansys
HFSS under the periodic boundary of the coupled lattice pair. The
periodic size of the unit cell is 10 mmx10 mm, and its length is
0.524 in free space at the highest working frequency.
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Fig. 1. Configuration of the wideband unit cell for CP radiation. (a) Top
Layer. (b) Lower layer. (c) Side view. (Detailed parameters in the design,
Lp=10 mm, D1=0.4 mm, W1=0.7 mm, W2=0.3 mm, W3=0.8 mm, R1=2.6
mm, R2=3.5 mm, #=59°, H1=0.508 mm, H2=3 mm.)

B. Reflection Bandwidth

In the performance evaluation of the unit cell, TE and TM
polarized waves impinging on the surface of the unit cell are utilized
to obtain the corresponding reflection coefficients for the co-
polarized and cross-polarized CP waves. In this work, the RA
antenna is designed for RHCP radiation, so its co-polarized and
cross-polarized S-parameters can be calculated as [24],

S11— S .
Seo = [P 22 4 jS1a | €2 (1)
S11+ S22
5, =t @

where a is the element rotation angle, the subscripts 1 and 2 in S-
parameters represent the impinged TE mode and TM mode waves
respectively. Note that (1) also indicates that a « rotation angle will
cause a 2« phase shift for the reflected wave.

Based on (1)-(2), the EM simulated S-parameters of the proposed
unit cell for RHCP radiation are evaluated and shown in Fig. 2. A
strong and wideband reflection is achieved for the normal-impinged
co-polarized CP wave. Compared to other unit cell designs in Table I,
a low cross-polarization level with a wider bandwidth of 7.7-15.5
GHz (ratio=2:1, FBW=67.2%) for S,<-15 dB is achieved. Note that
the cross-polarization level of S,<-15 dB is equivalent to AR<3 dB
for the reflected CP wave. In addition, four cross-polarized reflection
zeros are observed, and these four reflection zeros are located at 8
GHz, 9.6 GHz, 12.8 GHz, and 14.8 GHz. Owing to the four
reflection zeros, the bandwidth can be significantly increased
compared to other traditional unit cells. Note that the EM software
Ansys HFSS is used to design both the unit cell and CP RA antenna.

The strong and wideband reflection for the impinged CP wave
originates from the four resonances in the unit cell. Fig. 3 gives a
simplified equivalent circuit of this unit cell. As shown in the figure,
when the electric field of the impinged CP wave is in y-axis direction,
the arc-shaped dipole arm can be equivalent to a series resonant
circuit, which is composed of an inductor L1 and a capacitor Ci
shorted to the ground. The capacitance Ci is mainly from two

different interactions, which are the capacitance between the arc end
and the ground plane and the minor effect of the coupling between
the adjacent dipole arms. In addition, the center y-axis arranged line-
strip can be equivalent to a parallel resonant circuit, which is
composed of an inductor L> and a capacitor Cz. Therefore,
considering the overall effects, a combination of the series resonance
and the parallel resonance can be simultaneously excited when the E-
field of the impinged CP wave is in y-axis direction.

Similarly, after a quarter of the oscillation period, when the
electric field of the impinged CP wave is in x-axis direction, the arc-
shaped dipole arm can be equivalent to a series resonant circuit,
which is composed of an inductor L3 and a capacitor Cs shorted to
the ground. Additionally, the narrow strip with the arc angle of 270°
can be equivalent to a parallel resonant circuit, which is composed of
an inductor L4 and a capacitor C4. Therefore, another combination of
the series resonance and the shunt resonance can be achieved when
the E-field of the impinged CP wave is in x-axis direction. Overall,
there are four different resonances in series and parallel, as the E-
filed varies consecutively in two orthogonal directions.
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Fig. 2. Simulated co-polarized and cross-polarized S-parameters of the
proposed unit cell under normal incidence.
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Fig. 3. Simplified equivalent circuit of the proposed unit cell. (Lumped
component values, L1=1.57 nH, C1=0.25 pF, L2=0.45 nH, C2=0.35 pF,
L3=0.9 nH, C4=0.3 pF, L4=0.24 nH, C4=0.48 pF.)

The S-parameter response calculated from the equivalent circuit is
added in Fig. 2 for a good comparison to the EM simulated results.
The values of the lumped components are also calculated [27] and
shown in the caption of Fig. 3. It can be seen that, although a
simplified circuit is used for equivalence, four cross-polarized zeroes
are well predicted by the equivalent circuit with good in-band
accordance. Due to the other minor distributed parasitic parameters
and Q-effect in the unit cell, some small discrepancies can also be
found in and out of the bandwidth. However, this has no effect in
illustrating the basic working principle of the proposed unit cell.
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The simulated S-parameters of the proposed unit cell under the
normal-impinged orthogonal TE and TM waves are shown in Fig. 4.
For the magnitude response shown in Fig. 4 (a), it can be seen that,
the impinged TE and TM waves do not have a perfect reflection as
the traditional symmetrical unit cell for CP RA design, and the
reflection coefficients are almost flat and linear, and close to -6 dB
within the bandwidth. The impinged TE mode wave can partially
reflect into TM mode wave, and the transmission coefficient is also
very flat, and close to -1.4 dB within the bandwidth. Unlike the
traditional unit cell discussed in [24], these two orthogonal modes do
not have a perfect isolation. However, it does not affect the presented
unit cell to be a good element for wideband CP reflection bandwidth.

Fig. 4 (b) gives the phase responses of the unit cell under different
normal-impinged modes. It can be seen that the phase difference
curve has one peak and two valleys, which introduces four cross-
points with the horizontal line of 180° phase difference. The
corresponding frequencies of these four cross-points have a good
consistency with the four cross-polarized reflection zeros shown in
Fig. 2. From this figure, it can be found that, as indicated in (2), as
long as the reflection coefficients of these two orthogonal modes
have the same magnitude but out-of-phase difference, high co-
polarized reflection can be achieved for CP radiation.

C. Performance Investigation
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Fig. 4. HFSS-simulated S-parameter responses of (a) magnitude and (b)

phase of the proposed unit cell under the normal-impinged TE and TM waves.
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Fig. 5. HFSS-simulated effects of the (a) dipole arm arc 6, (b) dipole arm
radius R2, and (c) narrow arc radius R1 on the performance of the unit cell.

In the design of the proposed unit cell, it is found that the dipole
arm arc 6, dipole arm radius R2, and narrow arc radius R1 can have

significant effects on the performance of the co-polarized and cross-
polarized S-parameters for CP radiation. Fig. 5 shows the simulated
different effects of these parameters. First, in Fig. 5 (a), when the
dipole arm arc 8 is increased from 57° to 61°, it is observed that only
the first and the fourth cross-polarized reflection zeros are moved
clearly, while the other two reflection zeros are slightly shifted. This
is because when only the arc 6 varies, the center structure parameters
are unaffected, so the parallel resonances will not be affected.

Fig. 5 (b) shows the effect of the dipole arm radius R2 on the
performance of the unit cell. It can be seen that as the increase of R2,
all the resonant frequencies of the cross-polarized S-parameters are
changed clearly. This is because when R2 increases, the center
structure will be extended accordingly, so the parallel resonances
will also be changed. In addition, as R2 increases, the dipole arm
arc-length is increased, which denotes the series resonances are also
changed. Therefore, the overall operation bandwidth will move to
the lower frequency when R2 is increased, as indicated in the figure.

The effect of the narrow arc radius R1 on the performance of the
unit cell is shown in Fig. 5 (c). It can be seen that, when R1 is
increased from 2.4 mm to 2.8 mm, only the third cross-polarized
zero is clearly changed, while the other resonant frequencies are
slightly moved. According to the equivalent circuit, the change of the
narrow arch radius R1 will have a great effect on the parallel
resonance in the x-axis direction. Therefore, this reflection zero
changes clearly as the variance of the narrow arc radius.
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Fig. 6. HFSS-simulated reflection phase of the proposed unit cell with (a)
different rotation angles and (b) different incident angles.
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Fig. 7. (a) Configuration of the proposed CP RA antenna and (b) phase
distribution of the unit cells.

In the CP RA antenna design, the element rotation technique [11]
is used to obtain a proper CP reflection phase for each unit cell. To
evaluate the reflection phase performance, the co-polarized reflection
phase changing with different rotation angles is studied and shown in
Fig. 6 (a). It can be seen that the reflection phase varies linearly with
the element rotation angle, so an accurate reflection phase can be
achieved by rotating the unit cell. Fig. 6 (b) gives the reflection
phase of the unit cell under different incident angles. It can be seen
that, when the incident angle increases, minor discrepancies can be
observed in the reflection phase. At the oblique incident angle of 30°,
a small phase error of maximum 25.7° can be observed. Therefore,
with the results shown in Fig. 6 (a) and Fig. 6 (b), a wideband CP
RA antenna can be expected by using the proposed unit cell.
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III. REFLECTARRAY DESIGN

A. Array Configuration

The configuration of the CP RA antenna is shown in Fig. 7 (a). It
is composed of the designed RA reflector and an offset feed. The RA
reflector is in a circular shape with an aperture radius of 100 mm of
316 elements. A feed horn antenna is designed with an operation
bandwidth covering 7.5-15.5 GHz for RHCP radiation, and its gain
is around 14 dBic. The RA reflector is illuminated by this feed with
an offset angle of 20° to avoid the feed blockage, which is placed in
yz-plane. The beam direction is also in the same yz-plane, and
symmetrical to the feed offset direction with an angle of -20° off the
+z direction. The focal to diameter ratio (f/D) is designed as 0.9 to
maintain a high AE balance for both high illumination and low
spillover within the operation bandwidth.

Based on the RA configuration shown in Fig. 7 (a), the required
phase distribution @5 of each unit cell can be calculated using the
below equation [1],

Or = ko(d; — (x;cos@p, + y;singy)sindy,) 3)
where k is the propagation constant in vacuum, d; is the distance of
the phase center of the feed to the unit cell 7, (x;, y;) is the coordinate
of unit cell 7, and (8, @p) is the array beam direction. Therefore, the
calculated phase distribution at the center frequency of 11 GHz is
obtained and shown in Fig. 7 (b). The detailed rotation angle of each
unit cell can be obtained according to the required reflection phase.

B. Feed and Aperture Size Consideration

To accommodate the wide operation bandwidth of the proposed
unit cell, the RA feed should be carefully designed with enough wide
bandwidth to illuminate the designed RA reflector. Therefore, a
wideband four-feed CP horn antenna [23] is designed as the feed for
the proposed CP RA reflector, and the designed horn antenna is
shown in Fig. 7 (a). In addition, a broadband 1 to 4 power divider
with a sequential quadrature phase delay [25] is designed and
incorporated to excite the horn antenna for wideband CP radiation.

When designing the selected RA feed, an ideal square waveguide
is introduced and compared in the CP RA design. The performances
of the proposed RA reflector illuminated by the practical horn
antenna are very close to that is illuminated by an ideal waveguide.
The figure inset into the top of Fig. 8 shows the configurations of the
ideal square waveguide and the practically used four-feed horn in
this design. Note that the ideal square waveguide is excited by a
wave port with two orthogonal modes and a 90° phase delay for
wideband CP radiation. While the horn antenna is excited by four
lumped ports with equal magnitude and sequential 90° phase delay
for CP radiation. To keep the same radiation characteristics in terms
of beamwidth and directivity, these two feeds are designed with the
same square radiation aperture of 50x50 mm?,

As shown in Fig. 8 (a), both AR and AE bandwidths of the
proposed RA reflector illuminated by these two different feeds are
almost the same. A slight frequency shift to the lower frequency can
be seen due to the difference in their impedance bandwidth. It can
also be observed that the simulated peak AE illuminated by the
practical horn antenna is slightly lower than the ideal square
waveguide. The peak AE is 61.9% at 11 GHz for the ideal square
waveguide, while the simulated peak AE is 59.3% at 11.2 GHz for
the four-feed horn. The decrease in AE is mainly from the reduced
efficiency and instable phase center for the practical horn antenna
compared to the ideal square waveguide.

Fig. 8 (b) compares the peak realized gain of the RA antenna
illuminated by these two different feeds. Owing to the elaborately

designed feed, the simulated gains have a good accordance with each
other. The gain illuminated by the four-feed horn is only slightly
reduced within the bandwidth, compared to the ideal square
waveguide. The peak realized gains of the two feeds are also shown
for comparison. It can be seen that the ideal square waveguide has a
very ideal gain, which is almost as linear as the frequency. However,
the gain of the practical horn antenna can only keep linear from 7.5
GHz to 15.5 GHz. Once the frequency is away from the bandwidth,
the gain is decreased sharply. In addition, due to the increased loss in
the transition junction of the horn, the realized gain of the horn
antenna is slightly reduced compared to the ideal square waveguide.
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Fig. 9. Performances of (a) AR and (b) peak realized gain of the designed RA
antenna with different aperture sizes.

With the comparison between the ideal feed and the practical horn
antenna, it can be seen that a good accordance is achieved for the
developed RA reflector, when it is illuminated by both the ideal and
the practical feeds. This can promise that the presented RA antenna
can have a wide AR bandwidth covering 7.4-15.2 GHz and a
maximum peak AE of around 59.3% when illuminated by the
designed four-feed horn antenna.

Fig. 9 shows the radiation performances of the designed CP RA
antenna with different aperture sizes. In the radiation performance
investigation, two larger apertures with the radius R=150mm (716
elements) and the radius R=200 mm (1264 elements) are designed
and simulated for performance comparison. All the large-scale CP
RA antennas have the same F/D ratio and use the same feed. It can
be seen in Fig. 9 (a) that the AR bandwidths of these three different
aperture radii are almost the same, and the simulated AR values are
lower than 2 dB within the entire bandwidth. This good accordance
confirms the excellent wideband CP radiation characteristic of the
proposed unit cell. Fig. 9 (b) shows the gains of these three different
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RA apertures. It can be seen that, the gain curves in the lower-half
frequency band keep nearly linear as the increase of frequency, and
gradually become horizontal due to the reduced illumination
efficiency in the upper-half frequency band. Overall, these results
show the robustness of the proposed unit cell against the differential
spatial phase delay. Owing to the proposed wideband unit cells, the
developed CP RA antennas can have stable and consistent radiation
performances when the aperture size increases.

C. Results

12 < 30777 Simulated —— Measured 100
9 - - Simulated @ . 3
%? —— Measured E 25 80 :,;
~ [ c
o 6 > k]
= © 20 60 ©
o g &
) S °
% 3 e 15 40 £
< Xx b=
Mt ~/ 3 g

0 . o 10- *120
6 8 10 12 14 16 8 10 12 14 16 <
Frequency (GHz) Frequency (GHz)
(a) b)

Fig. 11. (a) Measured and simulated AR and (b) peak realized gains and
aperture efficiencies of the presented CP RA antenna.

The proposed wideband CP RA antenna was designed, fabricated,
and measured at the University of Kent for the final performance
verification. Fig. 10 shows the photographs of the fabricated CP RA
prototype and the prototype measured in the anechoic chamber for
radiation performance. The measured AR is shown in Fig. 11 (a),
which is also compared with the simulated AR. As shown in the
figure, the measured CP bandwidth for AR<3dB is 7.6-15.9 GHz,
which is slightly wider than the simulated AR bandwidth, and has a
slight shift to the upper frequency. The measured AR curve has a
good tendency with the simulated curve.

The measured peak realized gain and AE are shown in Fig. 11 (b).
Compared to the simulated curves, the measured results agree well
with them. The measured peak realized gain varies from 18.9 dBic to
24.6 dBic with the maximum gain of 26.3 dBic at 14 GHz within the
AR bandwidth. The measured 3 dB gain bandwidth is 10.2-15.9 GHz.
The measured 30% AE bandwidth is 7.6-15.5 GHz, and 50% AE
bandwidth is 9.2-13.5 GHz with the maximum AE value of 58.3%,
which is slightly lower than the simulated peak AE.

The measured normalized radiation patterns of the proposed CP
antenna at the frequencies of 8 GHz, 10 GHz, 12 GHz, and 14 GHz
are shown in Fig. 12. It should be noted that in the figure, the co-
polarized radiation patterns are the RHCP patterns, and the cross-
polarized radiation patterns are the LHCP patterns. First, as can be
seen in yz-plane, both the measured radiation patterns have a good
accordance with the simulated radiation patterns. The radiated beams
can point exactly to -20° as the designed beams. The sidelobe levels
keep around 20 dB lower than the main beam at both beam sides.
The measured half-power beamwidth in this plane varies from 17° to
7° as the increase of working frequency.

The measured normalized radiation patterns in xz-plane (in the
beam direction) are also incorporated and shown in this figure.

Similarly, a very good accordance is achieved between the simulated
radiation patterns and the measured radiation patterns, especially in
the main beam direction. The sidelobe levels also keep around 20 dB
lower than the main beam at both two beam sides. The measured
half-power beamwidth in this plane varies from 12° to 8° as the
working frequency increases. The discrepancies between the
simulated and measured results are mainly due to the manufacture
errors and assembly errors in the antenna fabrication. In addition, the
position errors in the anechoic chamber can have a slight effect on
the accuracy of the measured radiation performances.
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Fig. 12. Normalized radiation patterns of the proposed CP RA antenna in yz-
plane and xz-plane (in the beam direction) at (a) 8 GHz, (b) 10 GHz, (c) 12
GHz, and (d) 14 GHz.

D. Comparison

Table I compares the presented array antenna with the recently
published CP RA antennas. In this table, Ay is the free space
wavelength at the center operation frequency. CP RA antennas in
[3]-[5] use the LP antenna as the feed for the reflector. Due to the
limitation of the conversion bandwidth from the LP wave to the CP
wave, the obtained AR bandwidths of these RA antennas are
normally limited and not wide enough for the wide bandwidth
required wireless communications. [7]-[10] are the methods of using
the length-variable phase delay line or size-variable element for CP
RA design. In these traditional methods, the CP reflection bandwidth
is normally not considered in the unit cell design, and only the
reflection phase varying with the length or size is studied for CP RA
design. Therefore, the related AR bandwidths are not wide enough
(around 15%), and normally narrower than the gain bandwidth.

The RA antennas in [18], [22], and [23] use the wideband CP horn
antenna as the feed, in which the element rotation method is utilized
for the wideband CP reflection phase, and a wide AR bandwidth of
more than 40% can be achieved in these works. Compared to these
CP RA antennas, owing to the elaborately introduced four cross-
polarized reflection zeros, a wide CP reflection bandwidth of 67.2%
for S,<-15 dB is realized for the presented unit cell. Accordingly, a
wide AR bandwidth of 70.6% is obtained for the designed RA
antenna. It should be noted that although the obtained 3dB gain
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bandwidth is slightly narrower than the gain bandwidth in [23], the
developed CP RA antenna has a smaller thickness and a more stable
variance in both gain and AE compared to this reference RA antenna,
which is benefiting from the wide reflection bandwidth of the
presented unit cell. In addition, our proposed antenna has a high peak
gain of 26.3 dBic and a relatively low profile with the F/D of 0.9 and
the reflector thickness of 0.124,.

TABLEI
COMPARISON OF THE RECENTLY PUBLISHED CP RA ANTENNAS
Unit 3dB SdB Aperture Thick- Pee.lk Peak
Ref. cell AR  gain Ao ness F/D  gain AR
BW BW BW 0770 Ao) (dBic)

[31 29.7% 28% 33% 4.16x4.16 0.13 1 19.4  44%
[4] / 12.5% 12.8% 5.56x5.56 0.11 12 204 30%
[5] /[ 258% 50%  6.66x6.66 0.12 0.84 245 46.3%
[7] / 14.6% 15.6% 7.97x7.97 0.03 1 253 45%
[8] /0 237% 25% 443x443  0.05 1 17.1  20%
[9] / 10% 12.3% @x14x14  0.05 0.618 36.7 60.4%
[10] / 11%  15% 9%9 0.07 098 258 39%
[18] 44.2% 40% 28.5% 4.76x4.76 0.13 0.7 225 523%
[22] 38.5% 42% 41.8%  6.1x6.1 011 12 254 60%

[23] 62.9% 68.5% 47.8%  6.4x6.4 0.14 097 252 60%

67.2% 70.6% 43.7% mnx3.9x3.9 0.12 09 263 583%

IV. CONCLUSION

A new unit cell using symmetrical rotational crossed dipoles for
wideband CP RA antenna design has been proposed. The unit cell
keeps a low profile while having a wide CP reflection bandwidth
ratio of 2:1. Equivalent circuit and parametrical studies are given to
illustrate the working principle of the proposed unit cell. A wideband
CP RA antenna with a tilted beam of -20° was developed and
measured for performance verification. The measured 3dB AR
bandwidth is 7.6-15.9 GHz (70.6%), and 3dB gain bandwidth is
10.2-15.9 GHz (43.7%). A high peak realized gain of 26.3 dBic is
achieved with the maximum AE of 58.3%. Good agreement between
the simulated and measured results demonstrates that the developed
CP RA antenna can be a good candidate for wideband high-gain
wireless communications.
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