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Abstract—A novel method of achieving a single-feed circularly-

polarized (CP) microstrip antenna with both broad impedance 

bandwidth and axial ratio (AR) bandwidth is presented. The CP 

characteristics are generated by employing a resonator to excite 

the two orthogonal modes of the patch via two coupling paths 

and the required 90o phase difference is achieved by using the 

different orders of the two paths. The presented method, instead 

of conventional methods that power dividers and phase delay 

lines are usually required, not only significantly enhances the 

bandwidths of the antenna, but also results in a compact feed, 

reduced loss and high gain. Based on this method, a dual-band 

shared-aperture CP array antenna is implemented for C/X-band 

satellite communications. The antenna aperture includes a 2 × 2 

array at C-band and a 4 × 4 array at X-band. To accommodate 

the C/X-band elements into the same aperture while achieving a 

good isolation between them, the C-band circular patches are 

etched at the four corners. The measured results agree well with 

the simulations, showing a wide impedance bandwidth of 21% 

and 21.2% at C- and X-band, respectively. The C- and X-band 3-

dB AR bandwidths are 13.2% and 12.8%. The array also exhibits 

a high aperture efficiency of over 55%, low side-lobe (C-band: -

12.5 dB; X-band: -15 dB) and high gain (C-band: 14.5 dBic; X-

band: 17.5 dBic).    

Index Terms—Dual-band, broadband, circularly-polarized, 

microstrip antenna, shared-aperture, satellite communication.  

I. INTRODUCTION 

ATELLITE communication systems play an important role
in our daily lives as they deliver many essential services, 

such as remote telephone connection, live television, radio 
broadcasting, and Internet access. In order to reduce the cost, 
the satellites should be able to operate in multiple frequency 
bands. Broad bandwidth is also desired to increase the 
capacity of wireless systems. For satellite communication, 
circularly polarized (CP) antenna is required for its immunity 
to antenna orientation and the ability to reduce multi-path 
effects [1]-[2]. In circumstances such as small satellites and 
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user terminals, where space is very limited, multi-band 
antennas with compact size, light weight and shared aperture 
are particularly desired [3]-[4].   
    Over the last decade, various types of dual-band CP 
antennas have been reported for multi-band operations. 
Among them, CP slot antennas have the advantages of low 
profile and simple structure [5]-[7]. But they are usually bi-
directional and have a low gain. To overcome these 
drawbacks, microstrip antennas have been adopted to achieve 
the unidirectional radiation and high gain [8]-[14]. However, 
most of these reported CP microstrip antennas suffer from 
narrow impedance bandwidth and axial ratio (AR) bandwidth. 
In addition, most of these CP antennas always have a low 
frequency ratio less than 1.5, which limits their applications in 
dual-band array antennas.  
    Several dual-band CP antenna arrays with shared aperture 
have been reported. In [15], three triangular patches of each 
band were rotated and sequentially fed. In [16], the two 
orthogonal modes of the rectangular patches were individually 
excited and sequentially rotated, forming a dual-band aperture 
shared array. In [17], the radiation elements for different bands 
were combined together into a dual-band element, which was 
then expanded to an array antenna using the sequential 
rotation technique. Dual-band CP array was also achieved by 
loading stubs on the CP radiation elements [18]. For all these 
dual-band CP arrays, the radiator numbers as well as the 
element spacing are identical for the both bands, which 
usually leads to a low aperture efficiency and high side-lobe at 
the high-band. In addition, it is very challenging to achieve the 
broad impedance and AR bandwidths at both bands, 
simultaneously.  
    To obtain a dual-band CP array antenna with the broadband 
impedance/AR bandwidths, high aperture efficiency and low 
side-lobe level at both operations, the first and foremost 
requirement is that the antenna should have the individual 
radiators and feed networks for the two bands. This, however, 
will lead to the congestion of the radiation elements and 
feeding networks in the shared aperture [19]-[20]. Thus, the 
CP antenna element with a single feed is the only candidate in 
this work as the traditional dual-fed methods usually occupy a 
large area for accommodating the power dividing networks 
and phase-delay lines. In addition, broad impedance 
bandwidth and 3-dB AR bandwidth are simultaneously 
required at both frequency bands. All these challenging tasks 
need to be overcome in this work. 
    In this paper, a dual-band CP array antenna with shared 
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aperture is proposed for C/X-band satellite communications. 
This array uses separate radiation elements and feeding 
networks for each band. For each element, a novel method of 
achieving a single-feed broadband CP microsrtip antenna is 
proposed for the 1st time. This method employs one resonator 
to excite the two orthogonal modes of the patch via two 
coupling paths. By using the different orders of the two 
coupling paths, a coherent 90o phase difference is produced 
and the CP characteristics are achieved. Compared with the 
traditional methods, this approach features a compact and 
simplified feed but delivers the broad impedance and AR 
bandwidths. All these advantages make it very suitable for the 
dual-band CP array antenna design with shared aperture. Table 
I summaries the specifications and design targets of this work. 
As can be seen, broad impedance and AR bandwidths are 
simultaneously required at both C- and X-band. In addition, 
this antenna is required to have a high aperture efficiency, 
gain, cross polarization discrimination (XPD) and low side-
lobe level at both bands. It is noted that right-hand circular 
polarization (RHCP) at both C- and X-band is required. Other 
requirements such as low profile, light weight and low cost are 
also desired. 
    This paper is organized as follows. Section II describes the 
configuration and design principles of the proposed dual-band 
CP array and elements. Section III presents the simulated and 
measured results, followed by conclusions in Section IV.  

II. CONFIGURATIONS AND DESIGN PRINCIPLES

A. Layout of C/X-band shared-aperture CP array 

    Fig. 1 shows the configuration of the proposed dual-band 
CP array antenna. The C- and the X-band array are interlaced 
with each other, sharing the same aperture. The array antenna 
has a stacked structure, which includes two substrates and a 
foam spacer between them. The C-band antenna is a 2 × 2 
array printed on the top layer of the upper substrate. The X-
band antenna is a 4 × 4 array, which is printed on the bottom 
layer of the upper substrate. It is noted that the circular patches 
of the C-band are symmetrically etched at the four corners to 
avoid overlapping with the circular patches of the X-band. 
This could enhance the isolation between the two bands. The 
microstrip feed lines with the attached hairpin resonators are 

printed on the bottom layer of the lower substrate. The patches 
and feeding networks share the common ground plane on the 
top layer of the lower substrate. In the ground, U-shaped slot 
lines are cut for coupling the electromagnetic energy from the 
feeds to the radiating patches. There are two U-slots below 
each patch. The two U-slots are used to produce the CP 
characteristics, which will be detailed in Section II-B later. It 
should be noted the feeding networks of the two bands are 
elaborately designed and constrained in a compact area, which 
is useful for potential large array antenna designs. RO 4003C 
substrate with a permittivity of 3.55 and loss tangent of 0.0027 
is used in this work. All simulations were performed using the 
high frequency structural simulator (HFSS 15).  
    In this work, the distances between the radiation elements 
of the two arrays were optimized to keep a low grating lobe of 
-12 dB and a high aperture efficiency of over 50% at both 
frequency bands. Here, Dx = 24 mm (0.65 wavelength at 8.2 
GHz) and Dc = 48 mm (0.84 wavelength at 5.3 GHz) were 
chosen.  

B. X-band element and generation of CP 

    Fig. 2 shows the configuration of the broadband X-band CP 
antenna element. It has a circular patch as the radiation 
element, which is fed by a single 50 Ω microstrip line via two 
U-shaped slots (Slot-1 and Slot-2) in the ground. At the end of 
the microstrip feed, a hairpin resonator is attached and couples 
with the two U-slots, simultaneously. The two U-slots are 
oriented perpendicularly to each other so as to stimulate the 
two orthogonal modes (TM11) of the patch.  
    It should be noted that the two slots have different 

TABLE-I 
SPECIFICATIONS OF THE DUAL-BAND CP ARRAY ANTENNA 

Frequency band C-band X-band 

Center frequency 5.3 GHz 8.2 GHz 

Polarization right-hand circular polarization (RHCP) 

Impedance bandwidth  800 MHz 

AR bandwidth 500 MHz 

Antenna size 110 mm × 110 mm 

Aperture efficiency 50% 50% 

Gain 13 dBic 17 dBic 

Cross polarization 
discrimination (XPD) 

20 dB 

Side-lobe level -12 dB 

X-band 

element

C-band 

element
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 X-band P1,  

C-band
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Fig. 1. Configuration of the proposed aperture-shared C/X-band CP 
microstrip array antenna. Lg = 110 mm, Dx = 24 mm, Dc = 48 mm, H1 = 
0.8 mm, H2 = 3mm, H3 = 0.8 mm.   



dimensions and function differently. Slot-1, which is 
perpendicular to the hairpin resonator at the center part, is 
used to couple the electromagnetic energy from the hairpin to 
the patch and excites the mode in the X-direction. The length 
of Slot-1 is used to adjust the coupling strength and it does not 
resonate. The other slot (Slot-2), however, is used to excite the 
mode in the Y-direction, also works as a resonator. The Slot-2 
has the same resonant frequency as the patch. More 
importantly, this extra resonator provides the 90o phase delay 
required to generate the circular polarization. Finally, the 
patch combines the two linearly polarized components with 
90o phase difference and produce the CP radiation 
characteristics. The dimension of Slot-2 can be approximately 
determined using the following equation,  

efff

c
LsLs

02
4*23   (1) 

where, ɛeff is the effective dielectric constants, c is the light 
speed in free space, f0 is the resonant frequency of the patch. 
The optimized parameters are given in the caption of Fig. 2. 
    Fig. 3 shows the simulated S-parameters and gain of the 
proposed X-band CP antenna element. A wide impedance 
bandwidth from 7.2 to 9 GHz (22%) is achieved. This 
broadband performance is attributed to the integrated 
resonators and the stacked configuration, which renders a 
strong coupling between the feed and the patch [21]-[22].  
    Viewing the gain responses as the function of frequency, we 
can see that a relatively flat and high gain around 9 dBic is 
achieved over the broadband. Such a high gain is attributed to 
the novel single-feed dual coupling-path structure that 
eliminates the traditional power dividing networks and phase 
delay lines as well as the associated losses.  

C. Equivalent circuit explanation 

To illustrate the mechanism of the CP generation, the 
antenna in Fig. 2 is analyzed using an equivalent circuit, as 
shown in Fig. 4. The hairpin resonator and the U-slot 
resonator (Slot-2) are represented by the shunt resonators, 
L1C1 and L2C2. Slot-1 does not resonate at the designated 
frequency and it functions as the admittance inverter J13. The 
two orthogonal radiating modes of the patch are modeled 
using a shunt resonator, RLL3C3, where RL is the radiation 
resistance. The three resonators have the same resonant 
frequency of f0.  The couplings between them are modeled by 
the admittance inverters J with a -90o phase delay [23]-[24]. 
J12 represents the coupling between the hairpin and Slot-2; J13 
represents the coupling between the hairpin and patch via Slot-
1; J23 represents the coupling between Slot-2 and the patch. 
The external coupling between the microstrip feed and the 
hairpin is modeled by J01.  
    As we can see, there are two coupling paths from the input 
port to the patch. These two paths individually stimulate the 
two orthogonal modes of the patch. Path-1 is a 2nd-order 
resonant circuit, which excites the mode in X-pol. The path-2, 
however, is a 3rd-order resonant circuit due to the contribution 
of the resonant Slot-2. The difference in number of resonators 
(orders) results in the 90o phase difference between the X-pol 
component and Y-pol component. When the antenna 
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Fig. 2. Configuration of the proposed X-band CP microstrip antenna 
element. R1 = 6.8 mm, Lr1 = 3.4 mm, Lr2 = 3 mm, Ls1 = 6 mm, Ls2 = 3 
mm, Ls3 = 5mm, Ls4 = 5 mm.   

Fig. 3. Simulated S-parameters and antenna gain of the X-band CP 
antenna element. 
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combines the two components on the patch, RHCP radiation 
characteristics can be produced (assuming the antenna radiates 
in +Z-axis direction). To the authors’ best knowledge, this is a 
new technique to achieve the CP characteristics in antennas.  
    As we know, to generate the CP, the two components in the 
X-pol and Y-pol must be balanced. This can be adjusted by 
tuning the coupling strengths of the two coupling paths. Fig. 5 
shows the simulated AR of the X-band CP antenna with 
different lengths of the coupling slot (Slot-1). When Ls2 is 
relatively short (less than 2 mm), indicating an inadequate 
coupling in path-1, the antenna shows a poor CP performance 
with the AR over 3 dB. As Ls2 increases, the two components 
become more balanced, and an improved AR performance can 
be seen. A 3-dB AR bandwidth of over 900 MHz (11%) is 
achieved when Ls2 is 3.5 mm.   

D. C/X-band subarray 

    One of the problems to be overcome in the dual-band array 
design is how to arrange the radiation elements of the two 
bands within the same aperture. Fig. 6(a) shows the layout of a 
C/X-band CP subarray, which is composed of a 2 × 2 X-band 
array and a C-band element at the center. The C-band element 
is replotted and shown in Fig. 6(b). The C-band radiation 
element is a circular patch with four corners, which is used to 
prevent the overlapping and interference between the two 
bands. The same single-feed dual-coupling technique is used 
to generate the circular polarization. The spacing between the 
C- and X-band element (R3 - R1) is 2.2 mm. It should be 
noted that even though the shape of the patch is changed, the 
CP characteristics are still maintained, which provides a 
flexibility in the dual-band array antenna designs. The other 
advantage is that the frequency ratio of the high-band to the 
low-band can be easily adjusted by just changing the R2. In 
this work, a wide range from 1.14 to 1.95 can be achieved. 
The design parameters are optimized and given in the caption 
of Fig. 6.  
    Fig. 7(a) shows the simulated S12 of the C/X-band subarray 
at C-band. At the designated frequency band, |S12| is reduced 
by more than 6 dB as R3 increases from 7.5 to 9.5 mm, 
showing an improved isolation between the two operation 
bands. However, the cut at the four corners can slightly affect 
the AR performance of the antenna, as shown in Fig. 7(b). It is 

observed that the simulated AR of the C-band element is 
deteriorated somewhat when the R3 increases. As a trade-off 
between the isolation and AR, R3 is chosen to be 9 mm in this 
design.  
    It is also noted from Fig. 6(a) that the orientations and feed 
structures of the X-band element-1, 2 are reversed relative to 
the element-3 and 4. Such an arrangement is to relieve the 
congestion of the feeding networks on the bottom layer, where 
the feeds of both arrays are placed. To maintain a consistent 
phase on each X-band element, an 1800 phase difference is 
introduced to the feed lines Lf1 and Lf2. That is,  

      
2

21
g

LfLf


  (2) 

where λg is the guide wavelength at 8.2 GHz. 
Fig. 8 shows the simulated current distribution on the 

patches of the subarray at the two operation frequencies. As 
can be observed, the antenna exhibits the CP current 
distribution characteristics at both operations. At 5.3 GHz (C-

Fig. 5. Simulated AR of the X-band CP antenna element with different 
lengths of Slot-1, Ls2. 
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Fig. 6. (a) Configuration of the C/X-band CP subarray, (b) Configuration 
of the C-band CP antenna element. R1 = 6.8 mm, R2 = 10.3 mm, R3 = 9 
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band), the current is mainly distributed on the central patch 
and the current on the surrounding four patches are very weak. 
When the X-band array is excited at 8.2 GHz, however, the 
current is mainly distributed on the four smaller patches.  

III. RESULTS AND DISCUSSION

The C/X-band CP array antenna was prototyped and tested 
to verify the design concept. Fig. 9 presents the front view and 
back view of the prototype. The simulated and measured S-
parameters of the array antenna at C-band are shown in Fig. 
10. As can be observed, a very good agreement between the
measurements and simulations is achieved, showing a broad -
10 dB impedance bandwidth from 5.0 to 6.2 GHz (FBW = 
21%). The measured isolation around 5.3 GHz is higher than 
15 dB. The minor discrepancy is mainly caused by the 
fabrication tolerance. 

Fig. 11 shows the simulated and measured S-parameters of 
the array antenna at X-band. The measured result agrees very 
well with the simulation, showing an impedance bandwidth 
from 7.2 to 8.9 GHz (FBW = 21.2%). The measured 
bandwidth is slightly wider than the simulated one. At the 
designated operation band between 7.9 and 8.4 GHz, the 
reflection coefficient is below -20 dB. The simulated and 
measured isolation around the X-band is over 20 dB. 

Fig. 12 shows the measured and simulated AR of the 
proposed C/X-band CP microstrip array antenna in the 
boresight direction. The AR was measured by rotating the 
antenna a circle and calculating the difference between the 
maximum and minimum received power. When P1 is excited, 
the antenna exhibits a 3-dB AR bandwidth from 4.95 to 5.65 
GHz (FBW = 13.2%) for C-band operation. The measured 

5.0 5.2 5.4 5.6 5.8
-30

-25

-20

-15

-10

-5

0

S
1

2
 (

d
B

)

Frequency (GHz)

 R3=7.5 mm

 R3=8.5 mm

 R3=9.5 mm

(a) 

5.0 5.2 5.4 5.6 5.8
0

2

4

6

8

10

A
R

 (
d

B
)

Frequency (GHz)

 R3=0 mm

 R3=7.5 mm

 R3=8.5 mm

 R3=9.5 mm

(b) 
Fig. 7. (a) Simulated S12 of the subarray with different R3, (b) simulated 
AR of the C-band element with different R3.  

 (a)   (b) 

     (c)                                                  (d) 
Fig. 8. Current distribution of the dual-band CP subarray at: (a) 5.3 GHz, 
t = 0, (b) 5.3 GHz, t = T/4, (c) 8.2 GHz, t = 0, (d) 8.2 GHz, t = T/4. 

(a)                                                (b) 

Fig. 9. Prototype of the C/X-band CP array antenna: (a) front view, (b) 

back view.  

Fig. 10. Simulated and measured S-parameters of the dual-band CP array 

antenna at C-band. 

4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2

-40

-30

-20

-10

0

S11, measured

S12, measured

S11, simulated

S12, simulated
S

-p
a

rm
e

te
rs

 (
d
B

)

Frequency (GHz)



bandwidth is slightly wider than the simulated one, which may 
be attributed to the fabrication and measurement tolerances. 
When P2 is excited (X-band array), the antenna has a 3-dB 
AR bandwidth from 7.65 to 8.7 GHz (FBW = 12.8%). 
Similarly, the measured bandwidth is slightly wider than the 
simulation. It is noted that the 3-dB AR bandwidths are 
entirely situated within the corresponding impedance 
bandwidths of the two bands.   

Fig. 13 shows the simulated and measured normalized 
radiation patterns of the proposed C/X-band CP array antenna 
at 5.3 GHz when P1 is excited and P2 is terminated with a 50 
Ω load. The measured results agree very well with the 
simulations with the main beam in the broadside direction, 
showing the RHCP radiation characteristics. In φ = 0o plane, 
the measured XPD in broadside direction is higher than 19 dB, 
and the measured sidelobe is below -12.5 dB. In φ = 90o plane, 
as shown in Fig. 13(b), the measured XPD is over 20 dB and 
the sidelobe is lower than -14 dB. The minor discrepancy 
between the measured and simulated results is attributed to the 
measurement tolerances. 

Fig. 14 shows simulated and measured normalized radiation 
patterns at 8.2 GHz when the X-band array is excited. As can 
be seen, very good RHCP radiation characteristics are 
achieved. In both planes, the measured XPD is over 20 dB in 
the broadside direction. The measured sidelobes are lower 

than -15 dB. Compared with the patterns of C-band array, the 
X-band array shows a lower sidelobe, which is attributed to 
the relatively short distance between the X-band elements.  

Fig. 15 shows the simulated and measured realized gain of 
the proposed shared-aperture C/X-band CP array antenna in 
the broadside direction. When the C-band array is excited, the 
antenna exhibits a high gain of over 13 dBic over a broadband 
from 5 to 5.6 GHz. At the designated frequency of 5.3 GHz, 
the measured gain is 14.5 dBic. When the X-band array is 
excited, the antenna has a gain of 17.5 dBic from 7.5 to 8.7 
GHz. The measured gain at 8.2 GHz is 18 dBic. The aperture 
efficiency of the antenna at the two operation bands can be 
calculated using the formula, 

physA

G
e







4

2

      (3) 

where e is the aperture efficiency, G is the gain of the antenna, 
Aphys is the physical area of the antenna aperture. Using the 
measured results, the aperture efficiency at C- and X-band can 
be calculated to be 59.4% and 55.6%, respectively.  
    Table II compares the proposed shared-aperture dual-band 
CP microstrip antenna with the other four reported dual-band 
CP array antennas in [15]-[18]. The comparison focuses on the 

Fig. 11. Simulated and measured S-parameters of the dual-band CP array 
antenna at X-band. 

Fig. 12. Simulated and measured AR of the proposed C/X-band CP array 
antenna. 
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Fig. 13. Measured and simulated normalized radiation patterns of the 
C/X-band CP array antenna at 5.3 GHz: (a) φ = 0o, (b) φ = 90o.  



impedance bandwidth, 3-dB AR bandwidth, antenna gain, 
aperture efficiency, XPD and the side-lobe level. This 
comparison demonstrates that the proposed antenna has the 
wider impedance and AR bandwidths than the antennas in 
[15], [16] and [18]. The antenna in [17] shows the broad AR 
bandwidths at the two bands, but the aperture efficiency at the 
high-band operation is relatively low (32.4%). This is resulted 
from the identical radiation elements at both bands. This also 
leads to a deteriorated pattern with a higher side-lobe at the 
high band. For the array antenna in this work, the aperture 
efficiency at both band are over 55%, and the side-lobes are 
lower than -12.5 dB. The comparisons demonstrates that the 

proposed dual-band CP array has achieved improved 
performance compared to other reported works.  

IV. CONCLUSION

    In this paper, a compact dual-band CP microstrip array 
antenna with the shared-aperture was proposed for C/X-band 
satellite communications. This antenna was implemented 
based on a novel technique of achieving CP using a single-
feed dual-coupling structure. To the author’s best knowledge, 
this technique is reported for the 1st time. The array antenna 
has a compact size but exhibits good performance in terms of 
impedance bandwidths, 3-dB AR bandwidths, aperture 
efficiencies, antenna gains, XPD, and the side-lobe levels at 
both bands. The design method and its equivalent circuit were 
analyzed and discussed. In addition, the configuration of the 
C-band element and the layout of the C/X-band subarray were 
investigated with the consideration of channel isolation and 
AR performance. The prototype was developed and the 
measured results agree with the simulations with all the 
desired specifications fulfilled.  
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