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Abstract—This paper objective is to designed circular 

polarized microstrip patch antenna and enhances its axial ratio 

bandwidth. An antenna is designed using a stacking method. 

The design of the antenna is achieved by using two slots on the 

main radiating patch and one cross slot on the near field 

resonating parasitic patch (NFRP). The NFRP patch is 

positioned below the main radiating patch at some height. The 

main patch is called a modified Hilbert shaped antenna. A slots 

methodology on patches is used for the attainment of wider 

bandwidths. Improvement of the axial ratio bandwidth of an 

antenna is achieved by the introduction of NFRP patch. The 

antenna that has been designed resonated at frequencies 900 

MHz and 1890 MHz, covering two bands, i.e. (725-990) MHz & 

(1800-1920) MHz with a return loss of -25 dB. Impedance 

bandwidths are obtained at 265 MHz and 120 MHz at these 

frequencies.  Furthermore, (800–950) MHz and (1720-1920) 

MHz bands are covered by a 3-dB axial ratio. The percentage 

axial ratio bandwidths are obtained 17.14% and 10.98% over 

the operating bands. An average gain and radiation efficiency 

is reported 6.7 dBi and 84% for the antenna. The size of the 

antenna is calculated 0.36λ0×0.42λ0 ×0.042λ0. In summary 

the antenna is described as a dual-band, circular polarized 

with a stable gain and wider axial ratio bandwidth, deemed 

suitable for GSM (Global System for Mobile Communication) 

applications. 

 
Link to graphical and video abstracts, and to code: 

https://latamt.ieeer9.org/index.php/transactions/article/view/86
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Index Terms — Dual Band, NFRP patch, Microstrip patch 

antenna, Circular polarization, GSM 
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I. INTRODUCTION 

ircular polarization (CP) antennas are widely used in 

current communication systems such as radio 

frequency identification (RFID), global system for 

mobile communication (GSM), satellite and radar systems 

etc. Moreover, circular polarized antennas with small profile 

structures and lightweight radio apparatus are required. 

Microstrip patch antennas with compacted arrangement and 

ease of assimilation are repeatedly designed to create 

circular polarization. Various methodologies are reported for 

obtaining CP. CP radiation is produced in two orthogonal 

modes with equivalent amplitude and having 90° spatial 

phase shift [1]-[2]. A single-fed version [3]-[4] and a multi-

fed version [1]-[5] methods are used for generating CP 

radiation in various patch antennas. In [6]-[7], a distributed 

patch and symmetric radiation pattern with stable near 

zenith coverage for GNSS is reported. Along with CP 
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compact size of patch is also a requirement so symmetric slit 

and proximity feeding methods are used [8]-[9].  

 Multi-feed CP patches antennas have the advantages of 

wide impedance and axial ratio bandwidth [2]-[3]. However, 

heavy volumes or intricate structures are required for multi-

fed CP antennas. CP Single-fed microstrip patch antennas 

have advantages of relatively lower developing costs and a 

compact design compared to multi-fed. Also a new design 

introduced for getting wider axial ratio i.e Koch fractal 

antenna for UHF RFID [10]-[11], circularly polarized 

laminated electromagnetic coupling patch antenna and its X-

band sub-array in [12]. The act of the sub-array is enhanced 

with inline technology. Various types of microstrip patch 

antennas with improved polarized bandwidth are presented 

in [13]-[14]. Broad bandwidth has advantages in terms of 

deployment, cost reduction and flexibility. The microstrip 

patch antenna with broader bandwidth on band 848-926 

MHz is presented in [15]. Additionally, space-based 

applications required a small and low-profile reader antenna 

configuration. All the above reported antennas are limited 

impedance bandwidths with narrow axial ratio. 

However, CP antennas alone had a very narrow range, 

limiting its applications in general communications [16]-

[17]. To meet a wide variety of polarized applications, 

adding an L-shaped plane on ground and a cut-out part of 

the direct feed layer, the axial ratio bandwidth of the 

reported antenna is increased by 16% [18]-[19]. However, 

the antennas in [20]-[21] needed a big ground plane, 

resulting in an antenna became bigger size.  

For minimizing and controlling the size of the overall 

antenna, CP bandwidth is achieved by installing multiple 

generators with the same closest resonant frequency [22]-

[23]. However, the result is a taller antenna. One of the 

promising ways to increase the CP bandwidth is a stacked 

structure. By correctly stacking numerous radiators with the 

same closest resonant frequencies a large operating 

bandwidth of an antenna can be achieved [24]-[25].   

The elliptical hole added on patch [26], coupled rotated 

vertical metallic plates [27], serially coupled square slot ring 

[28] and ring on patches [29] are used to greatly improve the 

performance at the operating frequencies. CP antenna with 

improved axial ratio bandwidth is also used for the RFID 

applications [30]. In CP antennas, the axial ratio bandwidth 

improvement is a crucial task so a coin-shaped patch and a 

tape method are reported [31]-[32].  Recently a zero-order 

resonator with dual polarization on a compact patch antenna 

for GSM applications was proposed. The axial ratio 

bandwidth of that antenna found to be very less at operating 

band 2550 and 3850 MHz and having gain 3dBi [33]. 

Recently various circular polarized antennas for various 

applications of different shapes and sizes are proposed 

according to various improved parameters like high gain, 

directivity, multiband etc. [34]-[35]. Also many antennas are 
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proposed for GSM application for a biomedical purpose and 

focusing on SAR value but that antennas are not circular 

polarized [36]-[37]. Most of the challenges are found in 

reported antennas that are limited axial ratio bandwidth over 

operating bands. 

The work objective is to design a dual-band microstrip 

patch antenna with an improved axial ratio bandwidth. The 

axial ratio of a CP antenna measures the uniformity of its 

polarization at different angles. Maintaining a low axial ratio 

is important for good performance in circularly polarized 

antennas. In this paper a dual-band CP patch antenna with 

improved axial ratio bandwidth is proposed for GSM 

applications and covering frequency bands are 725-990 

MHz and 1800-1920 MHz. The antenna is designed using a 

NFRP patch, a radiating square patch with two slots and a 

partially grounded plane.   

On the NFRP patch, a cross slot is etched and placed 

below the main radiator with some height. The notched 

square patch is known as the hilbert curved patch [38] 

etched on the top substrate. Here the notched square patch 

with two slots and cuts are used for enhancing impedance 

bandwidths and it is called modified the hilbert shaped 

patch. A new pair orthogonal mode is generated by the 

NFRP patch in the near field, which produces a wider 

impedance bandwidth and an improved CP radiation. 

Section II presents the detailing of antenna structure.  

The design process and the analysis of the parameters are 

presented in Section III. Result and analysis presentations 

are made in section IV. Section V presents the conclusion of 

the work. Assessment between the previously published 

antennas and proposed antenna is also presented in table IV. 

 

II. ANTENNA GEOMETRY 

Fig. 1 represents various configurations of the proposed 

antenna, which has three components: a modified square-

shaped hilbert patch, a near-field resonant parasitic (NFRP) 

patch with cross-cut and a partially ground plane. Fig. 1(a) 

represents the side view of the antenna consisting of two 

patches; one is printed on top of the substrate-2 and another 

patch with cross grooves etched on substrate-1.  NFRP patch 

is placed below the main radiating patch with some height 

‘h’. For making the separation between two patches, uses 

small pieces of foam as a spacer at the corners.  

 

The design antenna is connected to an SMA (sub-

miniature version A) connector by threading the probe 

perpendicularly through the bottom substrate. The partially 

ground plane is used in this design. The 3D view of the 

antenna on CST is shown in Fig. 1(b), Fig. 1(c), and Fig. 

1(d) represents the designing and dimension of a modified 

the hilbert shaped antenna and NFRP patch with a cross slot 

on it.  

The antenna is designed and simulated using CST 

software. FR-4 substrate of thickness 1.6 mm is used for 

designing with the dielectric constant is 4.3 and loss tangent 

is 0.001. Table I provide a precise summary of the proposed 

antenna dimensions. Here ‘X’ & ‘Y’ are the length and width 

of the overall antenna. ‘t’ & ‘r’ define the width of the 

horizontal and vertical line on the NFRP patch as a cross 

slot. ‘x’ & ‘y’ are the length and width of the cross slot on 

the NFRP patch. ‘L’ & ‘W’ are the length and width of a 

square patch. ‘L1’, ‘L2’, ‘L3’, ‘L4’, ‘W1’ & ‘W2’ are the 

various lengths and widths defined in Fig. 1.  The rest ‘a’, 

‘b’, ‘c’, ‘d’, ‘e’, ‘f’ and ‘g’ are slots parameters on the 

radiating patch.  
                                           

TABLE I 

PROPOSED DIMENSIONS OF REPORTED ANTENNA 

Symbol Value (mm) Symbol Value(mm) 

X 80 L 70 

Y 80 L1 34 
t 4 L2 15 

r 2 L3 15 

x 40 L4 25 
y 40 W1 15 

W 70 W2 8 

g 6 c 16 
a 8 d 1 

b 10 e 16 

f 9 h 10 

 

III. ANTENNA DESIGNING AND ANALYSIS 

 

A. DESIGN PROCESS AND ANALYSIS 

 

CST software is used to gradually model the antenna and 

for simulation. Design illustrations of the antenna shown in 

Fig. 2. Antenna_1 representing a Hilbert shaped antenna 

with one slot and getting one resonant band at 1870 MHz. 

Basically slots on radiating patches provide good return loss. 

     
Fig. 1. Configurations of the proposed antenna (a) layout, (b) antenna designing on CST software, (c) Main radiating patch and (d) NFRP patch with slot.
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Antenna_1                          Antenna_2 

 
Antenna_3                         Antenna_4 

 

Fig. 2. Antenna Design iterations (a) main patch with one slot, (b) with two 

slots, (c) with NFRP patch, (d) with cross slot NFRP patch.   

 

To maintain a compact structure and get a dual band, add 

one more slot on the patch as shown in antenna_2 and get 

one more additional resonant mode at 860 MHz along with 

1870 MHz. Due to the two slots of equal length but opposite 

to each other on patch two resonant frequencies are 

generated.  But the axial ratio is more than 3dB. Therefore, 

antenna_2 is linearly polarized. By adding more slots, 

frequencies are shifted and results are losing desired bands. 

Changing the polarization of antenna_2 from linear to 

circular introduced the concept of a near-field resonating 

patch below the main radiating patch. The NFRP patch is 

nothing but a radiating element that operates in the near 

field. Near field of any antenna refers to the region close to 

the radiating patch antenna, where the electromagnetic field 

properties are significantly different from those in the near 

field. The NFRP patch is not connected directly with the 

connector. It is only resonating in the field generated by 

antenna_2. After introducing the NFRP patch, the antenna 

axial ratio is found to be less than 3dB. Hence, antenna_3 is 

a dual-band circular polarized antenna.  

The return loss coefficients of antennas step by step are 

shown in Fig. 3. The axial ratio (AR) bandwidth of 

antenna_3 is very narrow i.e. 6% and 9.2% on the frequency 

bands (860-910) MHz and (1.72-1.89) GHz. Axial ratio 

found below 3 dB at θ=100 in xz plane and θ=110 in yz 

plane at frequency 900 MHz. Similarly at frequency 1890 

MHz, θ=150 for xz plane and θ=140 for yz plane is defined. 

Now, for enhancing the AR bandwidth of antenna_3, one 

cross slot introducing on NFRP patch of thickness ‘r’ (mm) 

and ‘t’ (mm) called antenna_4. The cross slot is used to 

control the polarization and improve the axial ratio 

bandwidth of an antenna_3. The dimensions of the ground 

plane were not obtained by calculations but were chosen 

according to the most optimized size. After introducing the 

NFRP patch with a cross slot with partial ground plane, it is 

getting better bandwidth, i.e. 17% and 10.98% on operating 

band (725-990) MHz and (1800-1920) MHz. The axial ratio 

of antennas is shown in Fig. 4. From the graph it is clear that 

the antenna_4 (proposed) provides a wider impedance 

bandwidth and an enhanced axial ratio bandwidth. 

 
Fig. 3. S11 of antenna_1, antenna_2, antenna_3 and antenna_4. 

 

Table II summarizes the results of all four antennas in 

terms of return loss S11 (dB), operating frequency bands, 

polarization and axial ratio. The antenna is circular polarized 

on both bands and the axial ratio covering bands are (800-

950) MHz and (1720-1920) MHz.  The influences of 

distance ‘h’, thicknesses ‘t’ and ‘r’ of the cross slot on the 

NFRP patch are discussed in parametric study.  

 

 
Fig. 4. Axial Ratio of antenna_1, antenna_2, antenna_3 and antenna_4. 

 

TABLE II 

SUMMARIZES OF ALL FOUR ANTENNA’S GRAPHICAL RESULTS 

 
                          

B. PARAMETRIC STUDY 

 

Antenna_4 produces two circular polarized modes.  In 

this section, describing the effect of h (distance) between the 

patches and influences in thickness of cross slots dimensions 

Antenna S11 

dB 

Operating 

Bands 

(MHz) 

Fr 

(MHz) 

Polarization Axial 

Ratio 

Antenna_1 -12 (1750-1920) 1870 Linear - 

Antenna_2 -15 (800-940), 

(1800-1900) 

860 & 

1870 

Linear - 

Antenna_3 -20 (800-950), 

(1800-1950) 

860 & 

1880 

Circular <3dB 

Antenna_4 -25 (725-990), 

(1800-1920) 

900 & 

1890 

Circular <3dB 
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on NFRP patch.  

• Influence of h: - the separation (h mm) between the 

radiating patch and the NFRP patch of antenna_4 varying 

between 0 and 15 mm. After parametric analysis found the 

optimized solution at h=10mm and an improvement in axial 

ratio bandwidth. Fig. 5 and Fig. 6 show the graphical impact 

of ‘h’ on return loss and axial ratio bandwidth on antenna_4. 

Table III summarizes the graphical results. At h=0mm, 5mm 

and 15mm, S11 is getting -12dB, -15dB and -22dB on 

operating bands. But at h=10 mm, it’s getting better return 

loss S11=-25dB on operating bands. Better return loss means 

efficient power transmitted with minimal signal loss. 

 

 
Fig. 5. Impact of ‘h’ on axial ratio bandwidth antenna_4.  

 

 

 
Fig. 6. impact of ‘h’ on S11 (dB) of antenna_4.  

  
TABLE III 

SUMMARIZES IMPACT OF h (mm) ON PROPOSED ANTENNA  4 

 

Distance 

‘h’(mm) 

S11 

(dB) 

Axial Ratio 

Bandwidth at 

900 MHz 

 (% BW) 

Axial Ratio 

Bandwidth at 

1.88 GHz (% 

BW) 

Covering 

Bands (MHz)   

0 -12 200 (19.04) 100 (5.12) (950-1150), 

(1900-2000) 

5 -15 100(10.5) 70 (3.71) (900-1000), 
(1850-1920) 

10 -25 150(17.14) 200(10.98) (800-950), 

(1720-1920) 

15 -22 80(10.2) 20(1.18) (740-820), 

(1680-1700) 

 

The axial ratio bandwidth also increases 17.14% at 900 

MHz and 10.98% at 1880 MHz resonating frequencies 

shown in Table III. The axial ratio covering bands are 

(800-950) MHz and (1720-1920) MHz with enhanced 

impedance bandwidth 150 MHz and 200 MHz. The height 

‘h’ increasing continuously may cause a shifting 

resonance frequency and change the polarization. For 

many applications, the axial ratio is crucial, so need to 

carefully consider each optimized parameter.  
  

• Variation in cross thickness ‘t’ (mm) and ‘r’ (mm) 

on NFRP patch:- variation in thickness ‘t’ and ‘r’ of cross 

slots on the NFRP patch are not too much impacted on 

return loss of antenna_4 as shown in Fig. 7, but improving 

radiation of the circular polarized antenna. AR 

bandwidths are changed and lead and lag operating bands 

with continuous variation in these parameters due to 

impedance mismatched between patches.  

In summary, the cross slot thickness on the NFRP 

patch antenna determines its electrical properties in terms 

of variation in resonant frequency, impedance matching, 

bandwidth and polarization. Cross slots allow tuning the 

performance of the antenna to specific operational 

requirements. CST simulations are used to optimize the 

thickness of cross-slits to meet the desired antenna 

behaviour. It is found that return loss with enhanced 

impedance bandwidth is achieved at r=2mm and t=4mm 

as shown in Fig. 7.  

 

 
 

Fig. 7. Impact of thickness ‘t’ (mm) and ‘r’ (mm) on S11 (dB).  

 

 
Fig. 8. Impact of ‘r’ on axial ratio parameters when t=4mm.  
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Fig. 9. Impact of t on axial ratio parameters when r= 2mm. 

 

Similarly if ‘r’ and ‘t’ are increased continuously  than 

result represent shift in resonant frequencies and lost axial 

ratio as shown in Fig. 8 and Fig. 9. This is happening due to 

the mismatching impedances between radiating patch and 

NFRP patch via wider slot, so  the thickness of cross must 

be carefully evaluate. Table IV summarize the results of 

antenna_4 when the cross thickness is varying in term of ‘t’ 

and ‘r’.  
TABLE IV 

SUMMARY OF NFRP CROSS THICKNESS VARIATION (t/r) mm ON AXIAL 

RATIO BANDWIDTH OF DESIGNED DUAL BAND ANTENNA 

 

r=2mm 

Axial 

Ratio(<3dB) 

t=1mm 

 

t=2mm t=4mm t=8mm 

BW-1 (MHz) 150  150 270 Forbidden 

BW-2 

(MHz) 

170  180  200  90 

t=4mm 

Axial 

Ratio(<3dB) 

r=2mm r=4mm r=6mm r=8mm 

BW-1 

(MHz) 

270 150 140 Forbidden 

BW-2 

(MHz) 

200 100 100 Forbidden 

 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

An antenna_4 is designed and tested using a spectrum 

analyzer and antenna measurement system (AMS-A) to 

ensure its performance. The spectrum analyzer is configured 

to calculate the interference coefficient of an antenna and 

ANS setup is used for getting a radiation pattern. 

Measurement results are obtained in terms of AR bandwidth 

and impedance bandwidth. An antenna is operated at 900 

MHz and 1880 MHz resonance frequencies. The covering 

bands are (725-990) MHz and (1800-1920) MHz with 

impedance bandwidth 175 MHz and 120 MHz. The axial 

ratio covering bands are (800-950) MHz and (1720-1920) 

MHz with bandwidth 150 MHz and 200 MHz for both 

bands. The percentage axial ratio bandwidths are enhanced 

by 17.14% and 10.98%. Fig. 10 presents measured and 

simulated values of the return loss. In case of Φ=900, the 

direction of AR<3dB are obtained at θ=100 & θ=110 for 

lower band and θ=150 & θ=140 for upper band in xz and yz 

plane. Fig. 11 presents an axial ratio and gain of the 

prototype antenna. The maximum gain reported as 6.8dBi. 

The gains of the antenna determine the strength of the signal 

and effective coverage area. Fig. 12 and Fig. 13 representing 

the surface current density on the main radiating patch using 

without and with NFRP patch at 900 MHz and 1890 MHz 

frequencies. Which shows that maximum current density is 

accumulated near the patch by using NFRP patch and helps 

to control the electromagnetic waves.  

 

 
Fig. 10. Measured and simulated return loss of proposed antenna. 

 

 
Fig. 11. Measured and simulated axial ratio and gain of designed antenna. 

 

 
     (a)              (b) 

Fig. 12. At 900 MHz, simulated surface current density of an antenna (a) 
with NFRP patch (b) without NFRP patch. 
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 (a)            (b) 

Fig. 13. At 1890 MHz, simulated surface current density of an antenna (a) 
with NFRP patch (b) without NFRP patch. 
 

In Fig. 14, the directivity of an antenna at resonant 

frequencies is presented. The directivity of an antenna 

focused on electromagnetic radiation in a specific 

direction, resulting in the maximum radiation found in a 

particular direction, i.e 6.65 dBi and 6.85 dBi at 900 MHz 

& 1800 MHz. Fig. 15(a) and 15(b) show the polar form of 

the radiation pattern. In polar form, the solid line presents 

the main lobe direction in Exz plane when φ=900 and θ is 

varying. Similarly the dashed line is showing main lobe 

direction in EYZ plane on different angle of θ0. These 

patterns provide the information about antenna orientation, 

main lobe direction in term of directivity. The antenna is 

rotated at θ0 from 0 to π and varying φ0 from 0 to 2π. 

 

 
 (a)              (b) 

Fig. 14. Simulated directivity of an antenna (a) 6.65dBi at 900 MHz and (b) 
6.85dBi at 1890 MHz. 

 
(a)                     (b) 

Fig. 15. Radiation patterns of proposed antenna at frequency (a) 900 MHz, 

(b) 1890 MHz. 

 

In CP antennas, both the planes are found approximately 

the same. The simulated radiation efficiency of dual band 

antenna is reported in Fig. 16. Average radiation efficiency 

is observed 84% shows how effectively power is 

transmitted. 

 

 
 Fig. 16. Simulated radiation efficiency of proposed antenna.   

 

Fig. 17 shows prototype views of an antenna and 

measurement setup. Designed antenna operates on two 

frequency bands, i.e. (800-950) MHz and (1720-1920) MHz. 

Axial ratio bandwidth also improved by 17.14% and 

10.98%, which is twice the time the amount of reported 

axial ratio bandwidths in published papers as shown in table 

V. The size of the antenna is compact compared to others 

and the gain bandwidth is also enhanced. Justification of 

work is provided in Table V.   

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 
 

 
  

Fig. 17. Measurement Setup of modeled antenna. 
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TABLE V 
COMPARISON OF RESULTS WITH PREVIOUS CP-GSM PUBLISHED PAPERS 

 

Reference AR covering Bands Overlapping Bandwidth 

AR<3dB 

Gain(dBi) Dimension Size  

 

Gain Bandwidth 

(Gain>6dBi)   

[30] 846-926MHz 9% 7.3 0.45λ0×0.45λ0×0.074λ0  15.0%  

[24] 2390-2560MHz 6.94% ~7.0 0.65λ0×0.65λ0×0.066λ0 / 

[25] 1540-1620MHz 5.0% 6.5 0.46λ0×0.46λ0×0.13λ0  / 
[19] 865-946MHz 8.95% 7.0 0.60λ0×0.60λ0×0.114λ0  / 

[22] 902-929MHz 3.0% 6.0 0.46λ0×0.46λ0×0.10λ0  / 

[23] 901-930MHz 3.17% 7.0 0.46λ0×0.46λ0×0.10λ0  / 
[28] 2420-2640MHz 8.7% 7.0 0.76λ0×0.76λ0×0.116λ0  12.2%  

[29] 870–940 MHz 7.7% 7.0 0.48λ0×0.48λ0×0.10λ0  13.6%  

This Work (800-950)MHz 

(1720-1920)MHz 
17.14% 
10.98% 

~6.85 
 

0.36λ0×0.42λ0 ×0.042 λ0 17.1%  

V. CONCLUSION 

An improved axial ratio bandwidth, single-fed, dual band 

circular polarized patch antenna has been modeled and 

analyzed in this paper. The enhanced axial ratio bandwidth 

of microstrip patch antennas is important in situations where 

circular polarization must be maintained in the presence of 

multipath propagation, frequency variations, interference, or 

other difficult operating conditions. The parametric study 

provides better optimizing results for GSM applications. 

The modified patch antenna provided a dual-band at 

resonant frequencies 900 MHz and 1890 MHz. The NFRP 

patch changes the polarization from linear to circular and the 

cross slot on the NFRP patch provided a wider axial ratio 

bandwidth, which is the demand of wireless communication. 

The proposed antenna covering bands are (725-990) MHz 

and (1800-1920) MHz. Moreover, the 3-dB axial ratio 

covering bands are (800–950) MHz and (1720-1920) MHz. 

The percentage axial ratio of bandwidth is 17.14% and 

10.98% achieved over the operating bands. Comparison 

provided that the designed antenna covers a wide dual-band 

with enhanced axial ratio bandwidth. 
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