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1. Introduction

Wireless communication has become a significant device that allowed users to communicate. The examples of

wireless communication system are satellite system, remote sensing systems, radars, and global positioning systems 

(GPS). Circular polarized is one of the commonly used in the present wireless communication system due to their many 

advantages such as lesser phase sensitivity for handheld and portable devices, better mobility, low cost and easy to 

fabricate [1]. There is various method used in previous studies for CP antenna like stacked microstrip antenna [2], [3], 

single-fed rectangular microstrip antenna [4], [5], couple method [6] and CP slot antenna. 

There are numerous benefits using CP slot antenna which is they do not require strict orientations between 

transmitters and receivers, low profile and easy fabrication [7]. The slot antennas also have wider impedance bandwidth 

[8]–[11]. Several CP antenna designs using printed slot antenna have been proposed  [7], [12], [13]. A good CP 

radiation performance can be achieved by printed ring slot antenna  [7]. According to [12], a single-fed slot-aperture 

hybrid antenna for broadband CP operation that consists of U-shaped slot, a rectangular aperture, and a probing strip 

fed by a microstrip line. Slotted antenna also can be used for bandwidth enhancement by using slotted rectangular 

microstrip antenna [13]. 

In this paper, the structure of square-aperture antenna based on study of single feed slot aperture antenna. The 

antenna is combined with a ground plane reflector to obtain unidirectional pattern for practical application. The antenna 

will simulate and fabricate to verify the performance of the antenna in terms of return loss, realized gain, axial ratio and 

radiation pattern. 

2. Antenna Configuration

Fig. 1 shows respectively, the view of proposed single feed square aperture without reflector. The antenna is

printed on a FR4 substrate of thickness 1.6 mm with dielectric constant Ɛr = 4.4 and loss tangent of δ = 0.019. The 

antenna consists of square ground plane, probing strip fed and square-aperture. The square ground plane is used with a 

Abstract: In recent years, circular polarized antennas become more important in wireless communication systems 

because of the ability of radiating circular polarized wave. In this paper, the design of single-feed square-aperture 

antenna with and without reflector towards the circular polarized antenna performance is presented. The antenna 

made of square ground plane, square-aperture and a probing strip feed by using microstrip transmission line. The 

design has achieved a target axial ratio, which is less than 3 dB at frequency range of 4 GHz to 6.5 GHz. When a 

square ground plane reflector is integrated on the CP antenna for the unidirectional pattern, the presented antenna 

enhanced gain about 8 dB. 
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length, Lg = 60 mm. To achieve frequency rests around 5.5 GHz, the square-aperture position is tuned starting at end of 

feed line in the center. The dimension of square-aperture is W = 20 mm. The antenna is fed by using 50-Ω microstrip 

transmission line with dimension S = 34 mm and c = 1.4 mm. Refer to the Fig. 3 for the geometry of the single fed 

square aperture and Table 1 for the dimension. 

 

 
 

Fig. 1 - Single feed square aperture antenna (Design A) 
 

CP slot/ aperture antenna has a bidirectional radiation pattern. Nevertheless, a unidirectional radiation pattern is 

needed for practical usage of directive communication link. A square ground plane reflector is used for unidirectional 

(boresight) radiation. Fig. 2 is the single feed square aperture with reflector. The square ground plane reflector of length 

Rg = 75 mm separated with air from ground at height h = 13 mm. While adding the reflector, the others antenna 

dimension is remaining the same. 

 

 
 

Fig. 2 - Single feed square aperture antenna with reflector (Design B) 
 

 
 

Fig. 3 - Geometry of antenna Fig. 4 - Fabricated antenna 
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Table 1 - Parameter of antenna 

Parameter 
Dimension 

(mm) 

Lg 60 

Mx 19 

Mz 25 

Fx 34.4 

S 34 

c 1.4 

W 20 

h 13 

Rg 75 

 

3. Results and Discussion 

The presented antenna with and without reflector were simulated and fabricated using flame retardant 4 (FR4) 

board as shown in Fig. 4. The simulation was conducted by using Microwave Computer Simulation Technology (CST) 

Studio simulation software and the fabricated antennas are measured by using anechoic antenna measurement system 

and network analyzer. The return loss, realized gain, directivity, efficiency, axial ratio and radiation pattern were 

studied.   

Fig. 5 presented the return loss of Design A and Design B. Based on the Fig., the return loss at frequency 5.5 GHz 

increase from Design A (-19.69 dB) to Design B (-21.95 dB). However, the return loss bandwidth decrease for 11% 

(37% to 26%). The measurement result for Design B have much difference is due to the fabrication tolerance.Critical 

conditions for autoignition of non-premixed ethanol flames are shown in Figs. 2 and 3. Fig. 2 shows the temperature of 

air at autoignition as a function of mass fraction of fuel at the fuel duct exit. The data is obtained at a fixed value of 

strain rate a2 = 300 s-1. Measured values of Seiser et al. [8] agree well with the numerical calculations as shown in Fig. 

2. 

 

 
Fig. 5 - Return loss 

 

 
Fig. 6 - Realized gain 
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Fig. 7 - Directivity  Fig. 8 - Efficiency 
 

 
 

Fig. 9 - Axial ratio 

 

Fig. 6, Fig. 7, and Fig. 8 shows the realized gain, directivity, and efficiency of the antennas. The realized gain and 

directivity for antenna with reflector are enhanced by about 3.5 dB and 3.9 dB at desired frequency. The simulation 

result of AR performance for antenna A and B shown in Fig. 9. The AR bandwidth for Design A was about 38% (4.4 

GHz to 6.5 GHz), whereas for Design B was 45% (4.0 GHz to 6.5 GHz). The ideal CP is at frequency 5.5 GHz with 0.4 

dB AR. The surface current of the antenna to show the working principle of CP radiation pattern can be seen in Fig. 10. 

 

 
(a)       (b)                                                   (c) 

 

 
                                                                   (d)                                            (e)                                              

Fig. 10 - Surface current at (a) 0o, (b) 45o, (c) 90o, (d) 135o and (e) 180o 
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The radiation pattern of antenna at frequency 5.5 GHz are depicted in Fig. 11.  Fig. 11(a) and 11(b) shows the 

simulated and measured patterns in the X-Z and Y-Z planes of Design A, respectively. The result show that the 

radiation pattern of Design A is look like bidirectional. As mentioned earlier, by integrating the reflector (Design B) the 

unidirectional pattern can be achieved. Fig. 11(c) and 11(d) presented the antenna for Design B. 

 
(a)                                                     (b) 

 

 

 
(c)                                                      (d) 

 

Fig. 11 - Radiation pattern at 5.5 GHz (a) X-Z cut Design A, (b) Y-Z cut Design A, (c) X-Z cut Design B, and (d) 

Y-Z cut Design B 
 

The comparison of proposed antenna performance with some referenced antenna as shown in Table 2. The table 

describe the comparison of size, gain, and AR bandwidth of antennas. 

Table 2 - CP antenna comparison 

Refs. Size (mm³) Gain (dB) ARBW (%, GHz) 

[14] 28 x 28 x 1.6 3.0 41.3 (4.40-6.67) 

[15] 30 x 30 x 1.6 2.0 37.1 (4.50-6.55) 

[16] 40 x 40 x 0.8 4.4 56.0 (4.75-8.45) 

[17] 60 x 60 1.0 4.2 44.0 (4.65-7.27) 

[18] 80 x 80 x 1.57 12.5  11.8 (5.08-5.72) 

Proposed A 60 x 60 x 1.6 5.0 38.0 (4.40-6.50) 

Proposed B 60 x 60 x 1.6 8.0 45.0 (4.00-6.50) 
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4. Conclusion 

A structure of square-aperture antenna has been proposed in this article. The presented antenna achieved from 

bidirectional pattern to unidirectional pattern by integrated reflector to the antenna. The return loss, realized gain, axial 

ratio and radiation pattern of the antenna have been measured and presented. The antenna executes broadband CP 

radiation. A good axial ratio which is smaller than 3 dB in most areas of the frequency range. The square-aperture 

antenna with wide bandwidth and high gain is useful in practical application with gain in 8 dB. 
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