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ABSTRACT 
 

A circularly polarized microstrip antenna for the industrial, scientific, and medical radio band is presented. A rectangular-shaped 

radiating patch with corner cuts is embedded on a planar substrate to achieve circularly polarized radiation. To improve 

performance parameters of the patch antenna such as patch size, axial ratio bandwidth, return loss bandwidth, and radiation 

efficiencyða new technique combining fractal theory and defected ground structure  is proposed in the design of CP antennas. 

The design flow of the Sierpinski Fractal DGS is presented in this article. 
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1. INTRODUCTION  
 

 Due to the rapid growth of mobile communication, the 

use, research, and development of satellite communication have 

become more extensive than ever. Circularly polarized (CP) 

antennas are widely adopted in modern satellite communication 

systems because of their improved immunity to multipath 

distortion and polarization mismatch losses caused by 

Faradayôs rotation effect. These characteristics are highly 

desirable for applications such as satellite communication, 

RFID, WLAN systems, GSM, and biomedical sensing [1]. 

Various techniques have been reported to generate circularly 

polarized radiation, including truncated corners [2], broadband 

feeds [3], dual feeds using power dividers [4], hybrid feeds [5], 

and perturbation segments such as asymmetrical U-slots [6], 

annular-ring slots [7], and semi-circular slots [8]. To 

miniaturize planar antennas, several methods have been 

proposed, such as reshaping the antenna [9], shorting [10], 

folding [11], incorporating electromagnetic band gaps (EBG) 

[12], and using metamaterials [13]. Among these, the Defected 

Ground Structure (DGS) is a popular technique for size 

reduction, wherein specific shapes are etched out of the ground 

conducting layer [18]. These defects disturb the current 

distribution in the ground plane, increase the effective electrical 

length of the current path, and produce a slow wave effect [15], 

which in turn lowers the resonant frequency of the antenna. This 

slow wave effect enables size miniaturization and modifies the 

transmission line's equivalent parametersðsuch as line 

capacitance and inductanceðthus improving impedance 

matching and enhancing the axial ratio (AR) and return loss 

bandwidth. Various DGS shapes, such as spiral [23], dumbbell 

[20]ï[22], isosceles triangle [16], double U-shaped [17], and 

annular ring [25], have been proposed to improve antenna 

characteristics, including radiation efficiency, harmonic 

suppression, size reduction, mutual coupling reduction, and 

suppression of undesired cross-polarization. However, 

traditional DGS shapes generally exhibit a low slow wave 

effect, limiting their overall effectiveness. To enhance the slow 

wave effect, it is necessary to increase the electrical length of 

the current path [25], [26]. In this paper, we present a novel 

approach to achieving an optimal slow wave effect by 

integrating Defected Ground Structures (DGS) with fractal 

theory. This method employs self-similar geometries etched 

into the ground plane, hence the term ñFractal-DGSò [14], [28]. 

The combination of fractal patterns and DGS increases the 

overall equivalent electrical length, with successive iterations 

of the fractal-DGS further enhancing this effect, ultimately 

resulting in significant miniaturization of the patch antenna. 

primarily serve to analyze and draw conclusions from a 

small number of sample events, airlines, and weather stations. 

Section 5 discusses the results of our experimental evaluation. 

We provide each airlineôs quality of service assessment, 

including responsiveness, compensation and/or live customer 

service contact, during significant weather events. We conclude 

the research in Section 6.  

 

2. DESIGN METHODOLOGY  
 

 The flowchart shown in Fig. 1 outlines a systematic 

design process for developing a compact, circularly polarized 

antenna. It begins by defining the design requirements and 

creating an initial rectangular patch on a substrate. To achieve 

circular polarization (CP) radiation, the corners of the patch are 

modified. A fractal Defected Ground Structure (DGS) is then 

embedded in the ground plane to observe shifts in resonance 

frequency, with the process iterated up to three times to refine 

performance. Once the desired resonance is achieved, the 

antenna size is reduced to fine-tune the frequency match. A 

series of simulations are carried out to optimize the design 

parameters, followed by the application of particle swarm 

optimization for further enhancement. Finally, probe feeding is 

introduced to complete the antenna design. 

The geometry of the proposed CP antenna is illustrated in Fig. 
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2. The corner-cut truncation generates two orthogonal modes 

with nearly equal amplitudes and a phase shift of approximately 

90 degrees, which is crucial for circularly polarized radiation. 

This design features a proximity-coupled microstrip antenna 

with a rectangular patch etched on a substrate layer (thickness 

= 1.524 mm; Ůr = 3.2; tanŭ = 0.0024). A 50 Ý microstrip line is 

fabricated on a similar substrate. The feed line has a width of 

3.7 mm and a length of 12 mm. The ground plane measures 24 

× 24 mm². A third-iteration Sierpinski fractal DGS is etched at 

the center of the ground plane. Fig. 3 depicts the iterative stages 

of the Sierpinski fractal DGS pattern in the ground plane. 

 

 

 
Fig. 1 : Flow Chart for proposed antenna design 

 

3. PARAMETRIC STUDY  

 
In this section, the effects of variations in the dimensions 

of the Sierpinski fractal DGS on the characteristics of the 

antennaðsuch as axial ratio, gain, return loss bandwidth, and 

VSWRðare discussed. It was observed that the performance of 

the CP antenna was mainly influenced by the DGS block width 

(Q), the distance between the two arms of the DGS (R), and the 

square head dimension of the DGS (P), among other factors. 

For the design, optimization, and parametric studies of the 

antenna, a finite element method (FEM)-based 3D full-wave 

electromagnetic solver, CST Microwave Studio (version 23) 

[27], was used. 

 

A.  Effect of Variation in Square Head DGS Dimension (P) 

 

Fig. 4 shows the effect of varying the square head DGS 

dimension (P) on the AR, gain, return loss, and VSWR of the 

proposed antenna. It is observed that by changing the value of 

P, the circular radiation frequency band can be shifted to the 

desired frequency. By selecting P = 4.85 mm, excellent 

impedance matching (S11 = ī33.27 dB), gain = 4.50 dB, and 

VSWR = 1.04 at a resonance frequency of 5.8 GHz were 

achieved. Hence, the value P = 4.85 mm was selected for 

optimal performance. 

 

B. Effect of Variation in the Width of the DGS Block (Q) 

 

The width of the DGS block (Q) also plays a significant role in 

impedance matching and achieving an excellent AR value. As 

shown in Fig. 5, it was observed that selecting Q = 2 mm 

resulted in an excellent AR value of 0.22 dB at 5.8 GHz, albeit 

with a higher VSWR of 1.62 and return loss of S11 = ī12.47 dB. 

On the other hand, selecting Q = 1 mm provided an AR value 

of 0.41 dB, return loss of S11 = ī33.27 dB, and VSWR of 1.04. 

Thus, there is a trade-off between the AR value and impedance 

matching. For optimal results, Q = 1 mm was considered. 

 

C. Effect of Variation in the Distance Between Two Arms of 

the Dumbbell-Shaped DGS (R) 

The distance between the two arms of the dumbbell-shaped 

DGS was varied from 1.5 mm to 3 mm in steps of 0.5 mm, as 

shown in Fig. 5. It was observed that variation in R had no 

significant effect on the AR value or the CP resonance 

frequency. By selecting R = 2 mm, very good impedance 

matching (S11 and VSWR) was achieved, with only a marginal 

reduction in gain compared to R = 1.5 mm. 
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Fig.2. Design of the proposed antenna  (a) Cross-sectional view  (b) Top view  (c) Bottom view  (d) Expanded view of the proposed 3rd iteration 

Fractal-DGS with the following parameters: P = 4.85 mm; R = 2 mm, Q = 1 mm. 
 

                 

Fig.3. Design flow chart describing various stages of iteration of the Sierpinski Fractal-Shaped DGS (a) 0th iteration (b) 1st iteration (c) 2nd 

iteration (d) proposed 3rd iteration. 

 

4. RESULT AND DISCUSSION 
 

Based on the results obtained from the parameter sweep of the 

DGS, the optimum dimensions have been selected. The 

performance metrics of the antennaðsuch as gain, 10 dB return 

loss, and axial ratioðhave been compared across different 

iterations of the Sierpinski Defected Ground Structure. 

 

A. 10 dB Return Loss Bandwidth  

DGS modifies the effective inductance and 

capacitance of the microstrip feed line, thereby helping to 

achieve good impedance matching, which leads to an 

improvement in the return loss bandwidth of the antenna [18]. 

Fig. 7 shows return loss values of ī37.78 dB, ī34.77 dB, and 

ī33.19 dB for the 0th, 2nd, and 3rd iterations, respectively, at 

resonance frequencies of 5.52 GHz, 5.6 GHz, and 5.8 GHz. In 

contrast, good impedance matching was not achieved for the 1st 

iteration and the condition without DGS. In terms of impedance 

matching, the 0th and 2nd iterations yielded better results 

compared to the 3rd iteration; however, they did not provide 

acceptable AR values at the resonance frequency. In the case of 

the 3rd iteration, a reasonable return loss of ī33.19 dB and an 

AR value of 0.41 dB were obtained at 5.8 GHz. Additionally, 

with the integration of the 3rd iteration DGS, a maximum 

reduction in the radiating element size was achievedðfrom 

166.4 mm² to 81 mm²ðamounting to a 51.32% reduction. 

Therefore, the 3rd iteration DGS has been proposed for 

maximum radiating element size reduction. 
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