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Abstract  —  A compact  circularly polarized antenna for the 
Global Navigation Satellite System L1 band operating at 
1575.42 MHz  is  presented. A circular patch antenna is first 

designed to operate before being integrated with four ring slots 
to achieve the circular polarization. The antenna features a 
bandwidth of 1.96 % in L1, with an axial ratio bandwidth of 

0.896 %.  The antenna radiates towards 0o with a realized gain 
of 5.58 dB and an angular beamwidth of 96.6o.  

Index Terms — circular polarized antennas, compact 

antennas, slot antennas, Global Navigation Satellite System  

 

I. INTRODUCTION 

 

Global Navigation Satellite System (GNSS) was 

introduced in 1970, with full operational capabilities in 1995. 

This system was then combined with various other 

positioning systems to be known today as Global Navigation 

Satellite System (GNSS), which employs different frequency 

bands[1]. The L1 band is widely used signal for satellite 

navigation and is employed by most satellite navigation 

applications, devices and systems worldwide [2]. It is also 

referred as L1 CA (Coarse Acquisition). Circular polarization 

(CP) characteristic is one of the important requirements in 

GNSS antenna design. Apart from GNSS, CP antennas have 

also been designed for various other applications such as 

WiFi [3] , LTE[3], 5G [4] and RFID [5]. Different types of 

materials have been also adopted for such antennas, including 

flexible[6] and non-flexible[7] types. 

Among the main challenges in designing CP antennas is in 

obtaining sufficient axial ratio (AR) bandwidth while 

maintaining simple and compact structures. Broad AR 

bandwidths enables the reception of low- elevation satellite 

signals effectively, hence improving the precision [8]. For 

example, a low multipath antenna is proposed in [9] for the 

GNSS application. The antenna featured a diameter 0.576λo 

and operates at 1.575 GHz. Next, a square patch wearable 

antenna using textile substrate working for L1 band is 

proposed in [10]. Cutting two opposite corners of the square 

patch results CP for the design, which results in a size of 

0.582λo×0.493λo×0.052λo. A CP meandered monopole 

antenna is presented in [11]. The proposed antenna operates 

at 1.575 GHz where the CP is achieved using Wilkinson 

power divider with a bandwidth of 13 MHz. This antenna is 

sized 0.431λo×0.473λo×0.004λo. Bowtie dipoles and spiral 

antenna designs are comparatively broader in bandwidth, but 

at the cost of large size. For instance the antenna presented in 

[12]is sized at 1.89λo (ring diameter) and spiral antenna of 

size 0.617λo×0.467λo×0.106λo  [13]. 

Another key aspect being focused in GNSS antennas is to 

design the antenna in a compact form without affecting AR. 

Several techniques to miniaturize the GNSS antenna includes 

meandering [3], creating slots on the radiator [14]   and 

incorporating fractal geometry on the patch [15]. In this work, 

an antenna with ring slots of different radii is proposed to 

obtain the size reduction. It operates in L1 with a compact 

form (0.341λo×0.341λo×0.017λo). CP radiation is achieved 

using circular slot rings with different radii on the radiator. 

The small difference in the radii of the circular slot rings 

produces two orthogonal modes, which are equal in 

magnitude but has 90° phase shift. Moreover, the use of ring 

slots on the circular patch results in a more compact antenna. 

The rest of this paper is organized as follows. Section II 

presents the design concept of the proposed antenna, 

followed by the results in Section III. Finally, the concluding 

remarks is provided in Section IV. 

II. ANTENNA DESIGN AND STRUCTURE 

The proposed antenna contains a circular patch as the 

radiator, which is fed directly by the coaxial feeding probe, 

as presented in Figure 1(a). Rogers RO4003C with a 

thickness of 3.25 mm is used as the substrate. The relative 

permittivity of the substrate is 3.38 and the loss tangent is 

0.002 To excite two orthogonal electric field waves with 

equal magnitude but phase quadrature for circular 

polarization radiation requires the following ring slot radii: r1 

˂ r2 ˂ r3 ˂ r4. The final optimized values are r1= 4mm, r2 = 

6mm, r3 = 6.5 mm and r4 = 7 mm. Coaxial feed probe 

connected to the patch is located along the 45o angle from x-

axis at (xo, yo), where both coordinates are equal to 9.5 mm as 

shown in the Figure1(b). Figure 1(c) illustrates the radius of 

the circular patch and the radii of ring slots on it. Radius of 

the patch, R enables operation in the L1 band target 

frequency. The R is 27.7 mm. Four ring slots with radii of r1, 

r2, r3 and r4 are created on the radiator, where r1 and r3 are 

located at (x, y) = (±13.5, 0) whereas r2 and r4 are located at 

(0, ±16.5). CST Microwave Studio Suite has been used to 

design, simulate, and optimize the structure. Time domain 

solver setting with hexahedral mesh type is chosen for the 

simulations and optimization. 



 

 

 

  

 

 

Fig.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) Radii and separation distance of ring slots 

III. SIMULATED RESULTS 

Figure 2 shows the reflection coefficient (S11) of the 

proposed antenna. The antenna resonates at 1575 MHz 

frequency with S11 of approximately -14 dB, whereas the 

bandwidth obtained for S11 < -10 dB is 30.89 MHz. 

Fig. 2. Reflection coefficients of the proposed antenna 

 

The size of R heavily influences the antenna reflection 

coefficient, and a parametric analysis is conducted on this 

parameter. By changing the R value from 26.7 mm to 28.7 

mm, the corresponding reflection coefficients at higher 

frequencies and vice versa, as shown in Figure 3.  

 

Fig. 3. Radiator radii sweep to achieve impedance matching 

 

Besides that, the depth of the reflection coefficient 

deteriorates significantly even for small variation in the value 

of R. The optimal value for operation at 1575 MHz is found 

at R=27.7 mm.  

 On the other hand, ring slots r1 and r3 are located at the 

distance 13.5 mm from its center to the center of the circular 

patch, whereas r2 and r4 are at distance Y = 16.5 mm. When 

changing Y from 15.5 mm to 18.5 mm, it is found that the 

axial ratio become lower than 2 dB at 1575 MHz as shown in 

Figure 4.   

Fig. 4. Separation distance (Y) of ring slots r2 and r4 sweep  

to achieve axial ratio. 
 

Moreover, when r1, r2, r3, and r4 are not designed in the 

decreasing size order, as required in Section II, the axial ratio 

deteriorates and can be seen for the two cases, presented in 

the Figure 5.  

Fig.5 Ring slots radii when not taken in the desired order 

(a) Perspective view of the 

proposed design  

 

(b) Bottom view of the 

structure 
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To validate the circular polarization characteristic of the 

antenna, AR results is necessary[16] . The AR of less than 3 

dB is sufficient to ensure the antenna is circularly polarized.  

 Fig. 6. Axial ratio of the proposed antenna 
 

Figure 6 represents the axial ratio plot, where the axial ratio 

is less than 3 dB with a bandwidth of 14.13 MHz at 1575 

MHz. Radiation patterns for the proposed antenna is 

illustrated in Figure 7. The boresight realized gain is 5.58 dB 

with a 3-dB angular width of 96.6o at ϕ = 0o, and 97.3o at ϕ = 

90o.  

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Far-field realized gain at 1575 MHz for ϕ =0o and ϕ =90o 

  

Figure 8 illustrates that the antenna is right hand circular 

polarized, with a forward gain of 5.46 dB in the forward 

direction at θ = 0o. Besides that, the opposite polarization at 

θ = 0o is -9.67 dB. 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 8. Radiation pattern at 1575 MHz illustrating RHCP and 

LHCP  

 

Surface currents on the antenna patch are presented at four 

different phases with an interval of 90° in Figure 9. In each 

subfigure, surface current vectors are observed to be mainly 

rotating in counterclockwise, indicating the antenna’s RHCP 

mode. 

           0°                        90° 

          180°                   270° 
 

Fig. 9. Current distribution of the proposed antenna operating at 

1575 MHz for four different phases. 

 

The proposed antenna is compared in terms of antenna size, 

gain and bandwidth with existing antenna designs operating 

at L1 band, as presented in the Table1. It can be seen that this 

antenna fulfills the requirements of the GNSS receivers and 

is compact in size with satisfactory gain.  

TABLE I 

ANENNA SPECIFICATIONS COMPARISON TABLE 

Ref. Bandwidth 

MHz/Fraction 

Gain 

[dB] 

Size in λo  

(and mm) 

[9] 50/3.17%  6.6 R= 0.289λo 

(55) 

[10] 81/5.14% 3.2 0.58λo ×0.49λo ×0.05λo  

(111×94×10) 

[11] 640/40.63% 0.42 0.43λo ×0.47λo ×0.004λo 

(90×82×0.8) 

[12] 450/28.57% Approx. 

10 

R=1.89 λo 

(360) 

[13] 500/31.75% 1.6 0.47λo ×0.47λo ×0.11λo 

(89×89×20) 

Proposed 

Design 

30.87/1.96% 5.58 0.34λo ×0.34λo ×0.02λo 

(65×66×3.25) 

IV. CONCLUSION 

 

A compact GNSS circularly polarized antenna operating at 

L1 band has been designed and presented. Miniaturization of 

the structure is achieved using four ring slots created on the 
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radiator. Impedance bandwidth of the antenna is 1.96 %, 

main lobe direction is facing upward at an angle of 0o and the 

axial ratio is less than 3 dB at 1575 MHz. 
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