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I. INTRODUCTION 

Circularly polarized (CP) antennas are popular these days be-

cause of their superior performance over linearly polarized an-

tennas. Single-feed CP antennas are much preferred in wireless 

communication because of their easy fabrication and low cost. 

Many techniques have been used to convert linearly polarized 

antennas to exhibit circular polarization behavior [1–5]. By in-

troducing strip lines into coplanar waveguide (CPW)-fed slot 

antennas, a broadband CP antenna is achieved in [1–3]. In [4], 

an inverted L-shaped asymmetric CPW-fed square slot antenna 

with small strips is presented to achieve a wideband CP. A 

strip-loaded monopole antenna is designed to obtain a wide-

band CP in [5]. As strip loading is sensitive to the design pro-

cess, achieving optimum wideband CP characteristics using a 

stub or the strip-loading method is difficult. The gain of a slot 

antenna is low because its radiation characteristic is bidirectional.  

A perfect reflector or a backed cavity can be used to improve the 

gain, but both have a limited axial ratio bandwidth [6–8]. 

Therefore, metasurfaces (MTSs) are the potential structures 

that can be used to achieve a wide CP bandwidth and gain. 

MTSs are periodic subwavelength metal or dielectric patches 

used to improve the performance of primary source antennas 

such as a patch or a slot. MTSs are used as reflectors to achieve 

a wide CP bandwidth. Artificial magnetic conductors (AMCs), 

high impedance surfaces, frequency selective surfaces (FSS), and 

electromagnetic band gap (EBG) structures are some of the 

MTSs used as reflectors to improve the gain, CP bandwidth, 

and pattern purity. A simple linearly polarized dipole antenna is 

utilized to generate a circularly polarized wave using an EBG  

structure in [9, 10]. Different slot antennas with a single- and 

dual-layer AMCs as reflectors are investigated in [11, 12]. A 

loop antenna is designed with an AMC as a reflector to improve 

the axial ratio bandwidth in [13]. These MTS-based antennas 

have a low axial ratio bandwidth. An AMC or an EBG struc-
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This paper presents the design of a coplanar waveguide (CPW)-fed single-layer wideband circularly polarized (CP) planar slot antenna 
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ture along with a slot antenna improves the gain and axial ratio 

bandwidth. The careful design of a primary source antenna with 

MTS as a reflector can achieve wideband CP characteristics. 

Corner truncated microstrip patch antennas have been discussed 

in the literature, but they have a narrow CP bandwidth [14]. A 

truncated slot antenna loaded with a pair of split-ring resonators 

(SRRs) is presented in [15] for dual-band CP applications. The 

disadvantage is that the corner truncated slot antenna alone 

cannot achieve a CP. The loading of an SRR on the truncated 

slot antenna gives a CP in both bands. In our proposed design, 

the perturbed slot antenna alone can produce a wideband CP by 

increasing the depth of perturbation. 

In this paper, a novel perturbed slot antenna is proposed to 

achieve a wideband CP. Primarily, the square slot antenna is 

designed to radiate at 2.5 GHz but with a linear polarization. 

The corner of the slot antenna is truncated to provide two or-

thogonal degenerate modes to produce a wide CP bandwidth. 

The truncated slot antenna achieves an axial ratio bandwidth of 

20.68% at 4.35 GHz resonance, but the gain of the perturbed 

slot antenna is 1.88 dB. Furthermore, an effort is made to in-

crease the axial ratio bandwidth and gain of the truncated planar 

slot antenna by backing the FSS. A 6 × 10 array of the FSS is 

used to improve the gain and axial ratio bandwidth of the per-

turbed slot antenna. The FSS improve the axial ratio bandwidth 

up to 31.14% at 4.33 GHz resonance and a peak gain of up to 

4.87 dB. 

 II. ANTENNA GEOMETRY AND ITS OPERATION 

The proposed antenna consists of a single-layer CPW line-

fed truncated corner slot antenna and an FSS layer, as shown in 

Fig. 1. A low-cost FR4 substrate with εr = 4.3 and loss tangent  

 
 

Fig. 1. Geometry of the proposed FSS-based antenna. 

     (a) 

      (b) 

Fig. 2. Simulated reflection coefficient and axial ratio of the per-

turbed slot antenna: (a) |S11| and (b) axial ratio. 

 

tanδ = 0.025 is utilized for both slot antenna and the FSS. The 

FSS backs the slot antenna with an air gap of ham = 22 mm. The 

resonance frequency of the slot antenna is calculated using Eq. 

(1) [15]. 
 

 

               𝑓 ,                   (1) 

 

where c is the speed of light, and 𝑆  = (S + a) is the total length 

of the square slot antenna. The proposed antenna parameters 

are Wp = 7 mm, Lp = 13 mm, Wg = 70 mm, Wm = 3 mm, Lm = 

29 mm, n = 0.1 mm, m = 0.2 mm, W = 89 mm, L = 100 mm, 

hs = 1.6 mm, hf = 0.508 mm, a = 8.4 mm, L1 = 7 mm, L2 = 5 

mm, and W1 = 1 mm. 

The conventional slot is perturbed to obtain the optimized 

performance of the axial ratio. The simulated reflection coeffi-

cient and axial ratio of the slot antenna with different truncated 

values are shown in Fig. 2. The dimension of truncation is op-

timized to a = 8.4 mm, as the axial ratio value deteriorates with 

the further increase in truncation. The electric field distribution 

of the truncated slot antenna at different time intervals is shown 

in Fig. 3. In the figure, the truncated slot antenna radiates left-

hand circularly polarized (LHCP) waves. The opposite corners 

of another diagonal of the slot antenna should be truncated to 

obtain right-hand circularly polarized (RHCP) waves. To fur- 
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(a) 
 

 

(b) 

Fig. 3. Simulated electric field distribution of the truncated slot 

antenna at 3.47 GHz: (a) t = 0 and (b) t = T/4. 

 

ther improve the gain and axial ratio bandwidth of the truncated 

slot antenna, an FSS consisting of rectangular unit cells are used.  

The proposed FSS acts as a polarization-dependent reflective 

surface. To enhance the gain of the slot, the FSS is chosen to 

reflect the signal from the slot antenna back to the forward di-

rection to improve the directivity of the antenna. The maximum 

gain is obtained for the 6 × 10 array. The FSS has a size of W 

× L and a rectangular cell size of Wp and Lp. The gap between 

patches in the horizontal and vertical directions is m and n, re-

spectively. 

The perturbed slot gives a CP bandwidth of 3.9–4.8 GHz. 

The polarization-dependent reflective property of the FSS is 

used to improve the axial ratio bandwidth. The reflection phase 

curves for the x- and y-polarized normally incident waves are 

shown in Fig. 4. The proposed FSS gives a reflection phase of 

±90° for the x- and y-polarized waves from 3.6 GHz to 5 GHz. 

As explained in [9], this 90° phase difference produces a CP 

radiation in the forward direction. This phase difference en-

hances the CP bandwidth of 3.6–5 GHz of the perturbed slot 

antenna. The total field E is the sum of the direct radiating field 

(Ef) from the slot and the reflected field (Er) from FSS. It is 

given by 

Fig. 4. Reflection phase characteristics of the FSS unit cell. 
 

 

   𝐸  𝐸⃗ 𝐸⃗
√

𝑒 𝑥 𝑦 𝑗 𝑥 𝑦       (2) 
 

where  𝐸⃗
√

 𝑥. 𝑒 𝑦. 𝑒  and  
 

𝐸
𝐸

√2
 𝑥. 𝑒 . 𝑒 𝑦. 𝑒 . 𝑒 , 

 

where θx and θy are the polarization-dependent reflection phases 

for the x- and y-polarized waves, respectively. 

The design process of the proposed antenna is shown in Fig. 

5. The CPW-fed conventional slot antenna (case a) resonates at 

2.5 GHz with linearly polarized waves. The axial ratio plot in 

Fig. 5(b) shows that the conventional slot has a high value of 

axial ratio at its resonance frequency. The corner perturbed slot  

 

   (a) 
 

   (b) 

Fig. 5. Simulated reflection coefficient and axial ratio of the anten-

na design process: (a) |S11| and (b) axial ratio. 
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(case b) resonates at 3.66 GHz and produces a wideband circu-

lar polarization. To improve the axial ratio further, the FSS is 

placed below the slot antenna (case c), which enhances the axial 

ratio bandwidth. 

The comparison among the conventional slot antenna, the 

slot antenna over perfect electric conductor (PEC), and the 

FSS-backed slot antenna provides the performance evaluation 

of FSS is shown in Fig. 6(a) and (b). The S11 plot in Fig. 6(a) 

shows that the resonance of the slot over PEC and the slot over 

FSS is shifted compared with the perturbed slot because of the 

loading of PEC or FSS. In Fig. 6(b), the perturbed slot antenna 

has a lesser axial ratio bandwidth than the FSS-backed slot an-

tenna because of the forward signal from the slot, and the re-

flected signal from the FSS produces orthogonal fields in the 

far-field region producing a wideband CP.  

The reflection coefficient of the designed antenna with and 

without tuning stubs is shown in Fig. 6(c). The role of the tun-

ing stubs in the CPW feed is to tune and optimize the imped-

ance bandwidth, so that the CP bandwidth lies within the 

specified impedance bandwidth. The slot antenna directivity is 

improved by nearly 3 dB for both PEC and FSS, but improving 

the axial ratio bandwidth is not possible for PEC. The gain 

comparison of the perturbed slot and the perturbed slot with 

FSS is illustrated in Fig. 6(d). In this figure, the gain of the per-

turbed slot is less which is 1.88 dB at 4.2 GHz because of the 

bidirectional radiation pattern. The FSS is placed below the 

perturbed slot antenna, which increases the gain up to 4.87 dB. 

The above comparison infers that the FSS-backed perturbed 

slot antenna improves the axial ratio bandwidth and gain. 
 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

The FSS-backed slot antenna is fabricated, and the simula-

tion results are exper imentally verified. Fig. 7 presents a photo-

graph of the fabricated prototype. The simulated and measured 

reflection coefficient magnitudes are plotted in Fig. 8(a). A sim-

ulated impedance bandwidth of 55.23% is achieved from 2.87 

GHz to 5.06 GHz. The measured impedance bandwidth of 

63.22% is obtained from 2.65 GHz to 5.10 GHz. A simulated 

3 dB axial ratio bandwidth of 30.94% is achieved from 3.66 

GHz to 5 GHz, and the measured axial ratio bandwidth of  
 

   
           (a)           (b)           (c) 

Fig. 7. Prototype of the fabricated antenna: (a) slot antenna, (b) 

FSS, and (c) proposed antenna. 

               
(a) (b) 
 

                  
(c)                                                  (d) 

Fig. 6. Simulated reflection coefficient, axial ratio, and gain plot of the slot, the slot with PEC, and the slot with FSS: (a) |S11|, (b) axial ratio, 

(c) |S11| of the proposed antenna with and without tuning stubs, and (d) gain of the proposed antenna with and without FSS. 
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(a) 

 

 
(b) 

Fig. 8. Simulated and measured reflection coefficient, axial ratio, 

and gain of the proposed antenna: (a) |S11| and (b) axial ra-

tio and gain. 

 

 

 

(a) (b) 

 

 

(c) (d) 

Fig. 9. Simulated and measured LHCP and RHCP radiation pat-

terns in (a) the xz plane at 3.98 GHz, (b) yz plane at 3.98 

GHz, (c) xz plane at 4.42 GHz, and (d) yz plane at 4.42 

GHz. 
 

31.14% is obtained from 3.66 GHz to 5.01 GHz. The simulat-

ed and measured broadside gain and axial ratio plots are shown 

in Fig. 8(b). The broadside peak gain of 4.87 dB is obtained at 

4.2 GHz with a 2 dB variation over the 3 dB axial ratio band-

width. The simulated and measured radiation patterns are given 

at different frequencies in both the xz and yz planes in Fig. 9. 

The simulated and measured radiation patterns agree well for 

both the RHCP and the LHCP. The LHCP level is 16 dB 

below the RHCP level in both the xz and yz planes. The 

LHCP is obtained at an inclined angle of 20° with respect to 

the broadside direction. The tilted LHCP radiation is due to 

the perturbation effect of the slot antenna. 

IV. CONCLUSION 

A wideband CP slot antenna with FSS loading is proposed in 

this study. The truncated slot antenna achieves an optimized 

axial ratio but with a low gain. To improve the gain and the 

axial ratio of the truncated slot antenna, an FSS is used as a re-

flector. The proposed antenna achieves a measured impedance 

bandwidth of 2.44 GHz and a 3 dB axial ratio bandwidth of 

1.35 GHz with a peak gain of 4.87 dB. The proposed antenna 

is useful for CP applications, such as radar and satellite, over the 

CP frequency range of 3.66–5.01 GHz. 
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