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Abstract —A wide-beam circularly polarized (CP) asymmetric-
microstrip antenna with four unequal circular-patches is 
proposed for global navigation satellite systems. Four unequal 
circular-patches are integrated symmetrically onto corners of a 
square microstrip radiator for CP radiation with wide-
beamwidth. The measured 3-dB axial ratio (AR) bandwidth of 
the proposed antenna is 24.0 MHz (1.5681.592 GHz) with a 3-dB 
AR beamwidth of around 180 across the bandwidth and a 10-dB 
return loss bandwidth is 56.0 MHz (1.5561.612 GHz) with a 
gain of more than 5.0 dBic. An overall size of the antenna is 
0.373λo×0.373λo×0.016λo at 1.6 GHz. 
 

Index Terms — Asymmetric-microstrip antenna, CP 
antenna, circular polarization, GNSS, wide-beamwidth.  

I. INTRODUCTION 

HE satellite communication systems comprise one of the 
most rapidly growing industrial markets currently and 
these systems require efficient antennas with suitable 

specifications. Usually, the global navigation satellite systems 
(GNSS) are used for navigation, positioning, public 
safety/surveillance, geographic surveys, time standards, 
mapping, weather, and atmospheric information. A low-
profile circularly polarized microstrip antenna (CPMA) with 
moderate gain is highly demanded, in particular, for portable 
wireless systems or devices. The CPMAs are able to offer a 
reliable system connection between the transmitter and 
receiver because the polarization of the antennas is all the time 
aligned. Additionally, the CPMA with right-handed CP 
(RHCP) radiation inherently rejects the signal of the opposite 
left-handed CP (LHCP) radiation and vice versa, which is 
useful for multi-path interference suppression [1-3]. The 
CPMAs with wide beamwidth are valuable for GNSS 
applications, which can improve the coverage area [2]. In 
general, a low-profile and compact CPMA for GNSS 
applications is required to be with RHCP radiation, moderate 
gain and a wide 3-dB AR beamwidth facing the sky, where 
the size and beamwidth are more important when compared 
with the gain and bandwidth. A low-profile RHCP antenna 
covering one of the GNSS bands with a bandwidth of few 
MHz and gain of ~5 dBic is adequate [4]. 

Generally, the single-feed CPMAs are compact when 
compared with the dual-feed CPMAs at the cost of limited 
gain, narrow 3-dB AR and 10-dB return loss bandwidths. A 
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dual-feed CPMA structure needs a larger ground-plane area 
for the feeding network when compared with a single-feed 
CPMA structure. 

Several types of single-feed CPMAs have been published in 
the literature based on slit-microstrip, stub-microstrip, and 
slotted-microstrip radiators [5-10]. Some techniques have 
been reported to widen the 3-dB AR beamwidth of the 
CPMAs, such as using the material with high permittivity, 
small ground plane size, metallic cavity, and multilayered 
configuration. A wide-beam dipole antenna based on large 
size and thick metallic cavity (0.64λo0.064λo0.21λo at 1.6 
GHz) was proposed for GNSS applications in [11] with a 
beamwidth of more than 160. However, the antenna size is 
bulky, which makes it not suitable for compact wireless 
devices. Recently, a double-layer structure comprising a 
circular patch with two stubs and a parasitic ring was 
proposed in [12]. The overall antenna volume is 0.57λo 
0.57λo0.11λo at 2.5 GHz with a 3-dB AR beamwidth of 140. 
The metallic-cavity-based CPMA was proposed in [13] for the 
beamwidth of 100 with an antenna size of 0.8λo 
0.8λo0.17λo at 2.0 GHz. Recently, a broadband CPMA was 
studied using a microstrip-ring feed network [14] for a 3-dB 
beamwidth of 110 with antenna size of 0.94λo 0.94λo 0.2λo 
at 3.7 GHz. 

In this communication, an asymmetric-microstrip antenna is 
investigated and studied using four unequal small integrated 
circular-patches for wide-angle CP radiation and GNSS 
applications. Four unequal circular-patches integrated onto a 
square microstrip radiator corners contribute towards wide-
angle CP radiation. Slight difference of the radius of circular-
patches at the square radiator corners supports the antenna to 
generate two orthogonal modes with equal magnitude and a 
90 phase difference, and as a result CP radiation is achieved. 
The proposed antenna was designed using the CST 
Microwave Studio [15] and validated by measurement. 

II. ANTENNA GEOMETRY AND DESIGN 

Fig. 1 shows the cross-sectional view of the proposed 
microstrip antenna with integrated circular-patches at the 
corners of the square microstrip radiator. The length of the 
square radiator and square ground plane is denoted as L and 
Gp, respectively. A coaxial feed is positioned along the x-axis 
with a distance of xo from the center of the microstrip radiator. 
Four circular-patches are located along the diagonal lines at 
the corner points [(±p, ±p), where coordinate p = L/2] of the 
microstrip radiator as shown in Fig. 1(b). These are with radii 
r1, r2, r3, and r4, respectively, for the largest to the smallest 
circular-patches. 

By slightly varying the radii of integrated circular-patches 
(r1> r2> r3>r4), the proposed antenna (asymmetric-microstrip) 
is able to generate CP radiation. The proposed antenna 
(symmetric-microstrip) exhibits linear polarized radiation, 
when all circular-patch radii are equal (r1 = r2 = r3 = r4). The 
antenna is RHCP with a coaxial feed located along the x-axis 
and LHCP along the y-axis. The sense of CP radiation can 
also be reversed by exchanging radii of integrated circular-
patches variation from the largest to the smallest or the 
smallest to the largest. Dimensions of the optimized antenna at 
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the operating frequency of 1.578 GHz for CP radiation with 
wide- beamwidth are L = 43.15 mm, Gp = 70 mm, r1 = 5.4 
mm, r2 = 5.15 mm, r3 = 4.0 mm, r4 = 3.0 mm, xo = 10 mm, H = 
3.048 mm, substrate dielectric constant, r = 3.4, and dielectric 
substrate loss tangent = 0.0027.  

An effective length of the patch radiator can be obtained by 
Leff = π/8× (r1+r2+r3+r4) +L         (1) 

Based on the effective length of the patch radiator, the 
operating frequency of the antenna can be calculated.  

 

 
 (a) 

 

    
 

(b)    
 Fig. 1. Proposed CPMA geometry: (a) cross-sectional view; (b) 

asymmetric-microstrip radiator. 

A. Operating principle of CP radiation 

The operating principle for generation of CP radiation from 
the proposed antenna is studied in this section. For CP 
radiation, the proposed asymmetric-microstrip radiator has to 
support two orthogonal modes with equal magnitude and a 90o

 

phase difference. This can be realized by adding asymmetries 
(four unequal integrated circular-patches) at the corners of the 
microstrip radiator with a coaxial feed along the x- or y-axis. 
The current-density distributions of the proposed antenna at 
ωt = 0, 45, 90, and 135 are shown in Fig. 2. Majority of 
the current-density distributions is around the integrated 
circular-patches. The time-dependent rotating current-density 
distributions are clearly observed, which confirm the RHCP 
radiation from the proposed antenna. 

B. 3-dB AR beamwidth  

The 3-dB AR beamwidth of the antenna is plotted in Fig. 3 
for both principal axes (xz- and yz-plane) at 1.578 GHz and it 
is around 180o in both planes. Hence, the proposed antenna is 

able to cover full upper-half spherical-beam (facing the sky) 
with the RHCP radiation. 

 

               
(a)                                                       (b) 

 

          
(c)                                              (d) 

Fig. 2. Current-density distributions at 1.578 GHz with time instants. 
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Fig. 3. Axial ratio with Ɵ in the xz- and yz-planes. 

III. PARAMETRIC STUDIES  

In this section, parametric studies are conducted based on 
the optimized antenna dimensions in the last section. To 
investigate the effects of the integrated unequal circular-
patches in the square microstrip radiator and to get insight on 
the generation of CP radiation, the AR performance of the 
proposed CP antenna is studied. Only one geometrical 
parameter is varied each time and the rest are kept unchanged.  

a. Variation of r1:  

First, the largest circular-patch radius, r1 is varied (fixed r2 
= 5.15 mm, r3 = 4.0 mm, and r4 = 3.0 mm) from 5.0 to 5.8 mm 
and AR performance is plotted in Fig. 4. Increase in r1 causes 
the operating frequency (minimum AR) to shift down while 
the AR exhibits an interesting response: the desired AR is 
observed to be minimum for r1 = 5.4 mm and AR becomes 
worse with r1 greater than or less than 5.4 mm. By increasing 
the integrated circular-patch radius, r1, the operating 
frequency decreases due to the excited surface current on the 
microstrip radiator lengthening. Two orthogonal modes with 
equal magnitude and 90° phase shift can be excited by 



>  
 

3

integrating the largest circular-patch with a radius of 5.4 mm. 
Because of slight difference of the integrated circular-patch 
radii, two orthogonal resonant modes will not be maintained 
once the difference of the radii exceeds beyond 2.4 mm. When 
all circular-patch radii are equal, the antenna generates 
linearly polarized radiation.  
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Fig. 4. Axial ratio with variation of r1. 

b. Variation of r2:  

The AR at the boresight is shown in Fig. 5 when one 
circular-patch radius, r2 varies from 4.85 to 5.45 mm with 
fixed r1 = 5.4 mm, r3 = 4.0 mm, and r4 = 3.0 mm.  Increase in 
r2 causes the slight minimum AR frequency to shift down. The 
minimum AR is achieved for r2 = 5.15 mm and AR is 
degraded when r2 diverges from 5.15 mm. For CP radiation 
(minimum AR), r2 should be less than r1. When, r2 = 5.45 
mm, the AR is more than 5 dB; thus, the antenna is unable to 
generate two orthogonal modes for CP radiation. 
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Fig. 5. Axial ratio with variation of r2. 

c. Variation of r3:  
The effects on AR of varying r3 of the integrated circular-

patch are studied and the results are presented in Fig. 6 with 
fixed r1 = 5.4 mm, r2 = 5.15 mm, and r4 = 3.0 mm. Similar to 
varying r1, the minimum frequency decreases with increase in 

r3. An optimal AR (minimum) can be achieved with a specific 
r3 (4.0 mm) as this can be excited to two orthogonal modes 
with equal magnitude and 90° phase shift. r3 should be less 
than r1 and r2 for CP radiation. 
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Fig. 6. Axial ratio with variation of r3. 

d. Variation of r4:  
Radius of the smallest integrated circular-patch, r4, is varied 

from 2.6 to 3.4 mm to study the AR performance and the 
results are plotted in Fig. 7 with fixed r1 = 5.4 mm, r2 = 5.15 
mm, and r3 = 4.0 mm. The responses of AR at the boresight 
against frequency are similar to those of varying r2. When, r4 
increases from 2.6 to 3.4 mm, the operating frequency shifts 
down. Minimum AR is achieved for r4 = 3.0 mm with 
circular-patch radii relationship of r1 = 5.4 mm > r2 = 5.15 mm 
> r3 = 4.0 mm >r4 = 3. Two orthogonal modes with 90° phase 
shift can be controlled by radii of the integrated circular-
patches. 
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Fig. 7. Axial ratio with variation of r4. 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

The proposed antenna was fabricated and tested to validate 
the simulation design. Photograph of the prototype antenna is 
illustrated in Fig. 8. The measured and simulated return loss, 
AR at the boresight, and gain at the boresight are plotted in 
Fig. 8. The measured 10-dB return loss bandwidth is 56.0 
MHz (1.5561.612 GHz) and 3-dB AR bandwidth is 24.0 
MHz (1.5681.592 GHz), which is able to cover GPS L1 band 
at the center frequency of 1575.42 MHz with a bandwidth of 
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20.46 MHz [3]. The measured maximum boresight gain is 
5.25 dBic at 1.62 GHz. The gain is more than 5.0 dBic across 
the 3-dB AR bandwidth. The measured results agree very well 
with the simulated ones. However, the measured gain is 
slightly lower when compared with the simulated gain. 

The radiation patterns of the antenna were measured with a 
rotating transmitting linearly polarized horn antenna method. 
Fig. 9 shows the measured and simulated normalized radiation 
patterns at 1.575 GHz for xz- and yz-planes. The 3-dB AR 
beamwidth is more than 180 in both planes. Simulated curves 
are following the measured radiation patterns. Ripples in the 
patterns indicate the AR value (CP radiation quality) 
performance against the angle. Smaller ripple shows minimum 
AR and good CP radiation.   
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Fig. 8. Simulated and measured results: (a) return loss; (b) AR and 
gain at the boresight. 
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Fig. 9. Measured and simulated radiation patterns for xz- and yz-

plane. 
 

Table I shows the comparison of the measured 
performances of the proposed GNSS antenna and other related 
antennas [11-14]. Generally, the thick metallic-cavity-based 
antennas have been used to achieve the wide-beam radiation. 
It can be seen that the proposed antenna is able to generate 
wide-angle CP radiation with a low-profile and compact 
configuration. However, the published related structures have 
complicated antenna design with bulky antenna configuration. 

 
Table I: Comparison of the GNSS CPMAs 

Structure 3-dB AR 
beamwidt

h 
(degrees) 

3-dB AR 
bandwidth 

(MHz) 

Gain 
(dBic) 

10-dB 
return-

loss 
bandwidt
h (MHz)

Volume 

Proposed 180 24.0 5.25 56.0 0.373o × 0.373o 
× 0.016o 

[11] 160 65.0 5.9 238.0 0.632o × 0.632o 
× 0.213o 

[12] 140 7.0 3.4 30.0 0.57o × 0.57o × 
0.118o 

[13] 100 1002.01 3.0 940.0 0.80o × 0.80o × 
0.17o 

[14] 110 500.0 at 4 
GHz 

9.6 900.0 at 
4 GHz 

0.94o × 0.94o × 
0.2o 

V. CONCLUSION 

A novel wide-beam CP radiation asymmetric-microstrip 
antenna with integrated circular-patches has been 
demonstrated. To understand the CP generation by integrated 
circular-patches at the corners of the microstrip radiator, 
parametric studies were conducted and summarized in the 
paper. It has been found that the CP performance of the 
proposed antenna is sensitive to the integrated circular-patch 
radii. The proposed antenna has wide-angle CP radiation of 
180 with low-profile and is useful for GNSS/GPS 
applications. 
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