
SERBIAN JOURNAL OF ELECTRICAL ENGINEERING 

Vol. 18, No. 3, October 2021, 385-396 

UDC: 621.396.6 DOI: https://doi.org/10.2298/SJEE2103385L 

385 

A Rhomboid-shaped Printed Monopole  

Antenna for Wideband Circular Polarization 

Zaw Myo Lwin1, Thae Su Aye2 

Abstract: This paper presents the design of a wideband circularly-polarized 

printed monopole antenna with a rhomboid shape. The rhomboid-shaped patch 

is fed by a microstrip line offset from the center to generate circular 

polarization (CP). The ground plane configuration is optimized for wide 

bandwidth operation. Bandwidth (satisfying both 10-dB return loss and 3-dB 

axial ratio) of 76% (1.92 – 4.27 GHz) is achieved in this research. The size of 

the proposed antenna is 0.386
2

0  (55×66 mm2) where λ0 is the free space 

wavelength which corresponds to the center frequency of the bandwidth. The 

antenna has a fractional bandwidth-size ratio (BW/size) of 1.97 which is 

higher than most CP monopole antennas in the literature. This antenna is 

suitable for Wi-Fi, WiMAX, and other wireless applications which outperform 

using circular polarization. 

Keywords: Circular polarization, Printed monopole antenna, Rhomboid shape, 

Wideband antenna 

1 Introduction 

Circularly-polarized (CP) antennas are more attractive than linearly-

polarized antennas because of their ability to overcome fading, mitigate the 

Faraday rotation effect, and provide a nearly-fixed received signal level 

irrespective of the antenna position [1]. Therefore, they are preferable in many 

wireless communication systems such as RFID, GPS, WiFi, and WiMAX. Not 

only for wide bandwidth performance, but also for compactness, low cost, 

lightweight, and easy implementation, printed monopole antennas are desirable 

[2 – 3]. Therefore, printed monopole antennas with wideband circular 

polarization have attracted a lot of interest. 

Some research on CP printed antennas with different shapes has been carried 

out in the literature [4 – 10] for wide bandwidth operation covering both 10-dB 

return loss and 3-dB axial ratio. Asymmetric arrangement of the two rectangular 
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radiators with regard to the feed line is proposed in [4] for wideband operation of 

77.6%. The asymmetrically-fed rectangular patch and the modified ground plane 

in [5] produce a bandwidth of 51.4%. Panahi et al. [6] propose a CP antenna using 

the triangular patch and the triangular ground plane with 58.7% bandwidth. The 

printed monopole antenna with a moon shape and the optimized ground plane is 

designed in [7] and a bandwidth of 49% is achieved. The chifre-shaped patch and 

the rectangular ground through an asymmetric feeding is proposed in [8] and the 

bandwidth is 41.6%. In [9], the elliptical patch is fed asymmetrically with respect 

to the feed line, and the ground plane is modified for a wide bandwidth 

performance of 83.6%. The C-shaped radiator and the modified ground plane in 

[10] enable broad bandwidth of 97.7%. 

All of these antennas [4 – 10] are based on asymmetric feeding with a 

relatively simple configuration using different patch shapes. However, in the 

literature, there has been no report on a wideband CP printed monopole antenna 

with a rhomboid shape. In this paper, a simple rhomboid patch is fed by a 50 Ω 

microstrip line asymmetrically to generate two electric fields with equal 

amplitude and 90° phase difference required for the circular polarization. 

Furthermore, the dimensions and placement of the ground plane with respect to 

the feed line and the patch are optimized for a wide bandwidth operation. 

Simulation results using FEKO software and return loss measurement results are 

shown to ascertain the antenna performance. 

2 Antenna Design 

The design procedure of the proposed antenna is illustrated in Fig. 1. A 

conventional asymmetrically-fed rectangular monopole antenna (Ant.1) 

generates two orthogonal electric fields enabling circular polarization. However, 

as shown in Fig. 2, its 3-dB axial ratio (AR) bandwidth is narrow. In Ant.2, the 

patch, the microstrip feed line, and the ground plane are tilted to form a rhomboid-

shaped monopole antenna, and it is found that 3-dB AR bandwidth becomes 

wider than Ant.1. Finally, in Ant.3, two different stubs are embedded on the left 

and right sides of the ground plane to further enhance the 3-dB AR bandwidth. 

According to Fig. 2, it is quite obvious that the final design has the widest 3-dB 

AR bandwidth. 

               

Ant. 1                                 Ant. 2                                 Ant. 3 

Fig. 1 – Design procedure of the proposed antenna. 
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Fig. 2 – Simulated axial ratio comparison for three antenna configurations. 

 

The configuration of the proposed antenna (Ant.3) is illustrated in Fig. 3. The 

patch geometry is a rhomboid with width A = 28 mm, length B = 32.47 mm, and 

tilted angle θ = 22.5°. The patch is fed asymmetrically by a 3 mm-wide microstrip 

line which is positioned at d = 7 mm offset from the left edge of the patch. The 

left and right edges of the ground plane are tilted at an angle θ and have lengths 

of U1 = 28.14 mm and U2 = 30.31 mm respectively. The dimensions of the left 

and right stubs on the ground plane are p = 13.6 mm, q = 3.24 mm, r = 3.9 mm 

and s = 5.41 mm. The bottom width of the ground plane is V = 55.23 mm. The 

gaps between the patch and the ground plane are gL = 1.5 mm, gR = 8.25 mm, and 

g = 2 mm. The substrate material used is FR4 with a relative permittivity of 4.4, 

loss tangent of 0.02, and the thickness h of 1.6 mm. The overall size of the antenna 

is L1 × L2 (55×66 mm). 

 

Fig. 3 – Structure of the proposed antenna. 
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3 Principle of Operation 

To prove the circular polarization property of the proposed antenna, electric 

current distributions at four time instants are discussed in this section. Simulated 

electric current distributions for the operating frequency of 2.46 GHz are depicted 

in Figs. 4a – 4d for four time instants at ωt = 0°, 90°, 180°, and 270° respectively. 

At ωt = 0°, electric currents on the right side of the ground plane flow in opposite 

directions canceling out the radiation due to them. Therefore, in this case, electric 

currents on the patch and the left side of the ground plane, flowing towards the 

top right direction, produce radiation. At ωt = 90°, electric currents on both the 

rhomboid patch and the ground plane flow in the same direction, that is, to the 

top left. Thus, these currents are the sources of electric field radiation. 

                         

(a)                                                              (b)  

 

                     

(c)                                                              (d) 

Fig. 4 – Electric current distributions [dB] at 2.46 GHz: 

(a) ωt = 0°; (b) ωt = 90°; (c) ωt = 180° and (d) ωt = 270°. 
 

Similarly, the radiation due to the electric currents on the right side of the 

ground plane cancels out each other at ωt = 180° because they flow in opposite 

directions. Radiation is generated by the electric currents on the patch and the left 

side of the ground plane which flow to the bottom left direction. At ωt = 270°, 

being in the bottom right direction, electric currents on the patch and the ground 

plane contribute to the electric field radiation. It can be seen that the electric field 
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rotates with time in the counterclockwise direction. Four time instants are chosen 

at 90° intervals and the directions of the electric field radiated at each instant are 

90° apart. Therefore, a right hand circularly-polarized (RHCP) wave is generated 

in the positive z direction. 

4 Parametric Study 

This section discusses how various parameters affect the return loss and the 

axial ratio bandwidth. As shown in Figs. 5a and 5b, as the patch width A becomes 

less than 28 mm, although return loss gets better, the axial ratio worsens. 

However, when A is greater than 28 mm, both return loss and axial ratio 

deteriorate. Therefore, antenna width A of 28 mm is the optimum choice.  

   

(a)                                                                  (b) 

Fig. 5 – Simulated return losses (a) and axial ratios (b) for different widths A 

 (B = 32.47, θ = 22.5°, d = 7, U1 = 28.14, U2 = 30.31, V = 55.23, gL = 1.5, gR = 8.25, g 

= 2, q = 3.24, s = 5.41, L1 = 55, L2 = 66, unit: mm). 
 

Figs. 6a and 6b depict plots of return loss and axial ratio for the changes of 

the tilted angle θ. The larger the angle θ, the wider the axial ratio bandwidth and 

the worse the return loss performance. Regarding not only return loss but also 

axial ratio, the best value for the inclination angle θ is 22.5°. It is worth 

mentioning that the angle θ is one of the critical parameters of the proposed 

antenna design.  

   

(a)                                                                  (b) 

Fig. 6 – Simulated return losses (a) and axial ratios (b) for different tilted angles θ 

 (A = 28, B = 32.47, d = 7, gL = 1.5, gR = 8.25, g = 2, p = 13.6, r = 3.9, unit: mm). 
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The position d of microstrip feed line is varied between the center and the 

left side of the patch and its effect on the antenna performance is investigated in 

Fig. 7a and 7b. Noting that the position d of 7 mm is halfway between the center 

and the left side of the patch, moving the feed line away from the left or right side 

of this point makes the axial ratio worse and worse. Thus, the asymmetrical 

placement of the microstrip feed line with respect to the patch is an important 

condition for producing circular polarization and it is found that the optimum 

position d of the feed line is at a quarter of the total patch width A.  

   

(a)                                                                  (b) 

Fig. 7 – Simulated return losses (a) and axial ratios (b) for different feed positions  

d (A = 28, B = 32.47, θ = 22.5°, U1 = 28.14, U2 = 30.31, V = 55.23, gL = 1.5,  

gR = 8.25, g = 2, p = 13.6, q = 3.24, r = 3.9, s = 5.41, L1 = 55, L2 = 66, unit: mm). 

   

(a)                                                                 (b) 

Fig. 8 – Simulated return losses (a) and axial ratios (b) for different gaps  

(A = 28, B = 32.47, θ = 22.5°, d = 7, U1 = 28.14, U2 = 30.31,  

V = 55.23, q = 3.24, s = 5.41, L1 = 55, L2 = 66, unit: mm). 

 

Figs. 8a and 8b illustrate the return loss and the axial ratio for changing 

different gaps gL, gR, and g. It can be seen that adjusting the gaps between the 

patch and the ground plane influences the return loss bandwidth. Each different 

combination of gaps gives a different performance and the optimum combination 

is found to be gL of 1.5 mm, gR of 8.25 mm, and g of 2 mm which gives a wide 

bandwidth in both return loss and axial ratio. Finally, dimensions q and s on the 

left and right stubs on the ground plane are varied in Figs. 9a and 9b. When both 

q and s are made equal at 3.24 mm, the axial ratio bandwidth is rather narrow. 

Moreover, if the length of q is longer than s, the antenna performance is bad. 
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When q is arranged to be shorter than s, the performance gets better. Both return 

loss and axial ratio bandwidth become wide at unequal lengths of q = 3.24 mm 

and s = 5.41 mm. On the whole, it is found that the parameters (A, θ, d, gL, gR, g, 

q, s) have an influence on the return loss and the axial ratio, and hence the 

optimum design is achieved by carefully tuning them. 

 

(a)                                                               (b) 

Fig. 9 – Simulated return losses (a) and axial ratios (b) for different stub dimensions  

(A = 28, B = 32.47, θ = 22.5°, d = 7, V = 55.23, gL = 1.5, gR = 8.25,  

g = 2, p = 13.6, r = 3.9, L1 = 55, L2 = 66, unit: mm). 

5 Results and Discussions 

Photographs of the fabricated antenna are depicted in Figs. 10a and 10b. The 

antenna was fabricated on the FR4 dielectric substrate material with a thickness 

of 1.6 mm using MITS Eleven Lab PCB prototyping machine. 

     

(a)                                                       (b) 

Fig. 10 – The fabricated antenna: (a) top view; (b) bottom view. 

 

Fig. 11a illustrates a comparison of the simulated and measured return loss. 

The measurement was performed using Anritsu MS2038C vector network 

analyzer. The measured result almost agrees with the simulated return loss. A 

simulated axial ratio is depicted in Fig. 11b. Due to the lack of additional 

measurement equipment, the axial ratio of the proposed antenna could not be 
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measured. The simulated bandwidth (satisfying both 10-dB return loss and  

3-dB axial ratio) of the proposed antenna is 76% (1.92 – 4.27 GHz). 

  

(a)                                                                 (b) 

Fig. 11 – Simulated return loss (a) (also measured) and axial ratio (b). 
                      

               

(a) 2 GHz 

               

(b) 4 GHz 

Fig. 12 – Normalized radiation patterns (black line: RHCP, gray line: LHCP, unit: dB). 

 

Simulated normalized radiation patterns are illustrated in Figs. 12a and 12b 

for 2 GHz and 4 GHz respectively. Both right-hand circular polarization (RHCP) 

and left-hand circular polarization (LHCP) radiation patterns are shown on both 

x-z plane and y-z plane. According to the results, RHCP radiation occurs along 

the positive z direction and LHCP radiation along the negative z direction where 
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the positive z direction and the negative z direction correspond to the top side and 

bottom side of the antenna respectively. 

 

Fig. 13 – Simulated gain and efficiency at the positive z direction. 
 

Table 1 

Comparison of the CP monopole antennas  

References 

Bandwidth in GHz 

(10-dB return loss 

and 3-dB axial ratio) 

Fractional 

BW 

Size 

[mm2] 

Size 

[ 2

0 ] 
BW/size 

[4] 1.5 – 3.4 0.776 72 × 148 0.711 1.09 

[5] 1.82 – 3.08 0.514 70 × 70 0.327 1.57 

[7] 2.28 – 3.76 0.49 70 × 46.58 0.331 1.48 

[8] 1.98 – 3.02 0.416 58.4 × 63 0.256 1.63 

[9] 2.2 – 5.36 0.836 50 × 60 0.476 1.76 

[10] 2.25 – 6.55 0.977 49 × 55 0.58 1.68 

[11] 5.91 – 8.55 0.365 22 × 16 0.205 1.78 

[12] 5.15 – 7.1 0.318 20 × 20 0.166 1.92 

[13] 3.95 – 6.57 0.498 50 × 50 0.769 0.65 

[14] 4.4 – 7.6 0.533 46 × 40 0.736 0.72 

[15] 4.28 – 8.42 0.652 25 × 25 0.28 2.33 

[16] 4.25 – 5.95 0.333 52 × 55 0.827 0.4 

[17] 2.3 – 4.5 0.647 50 × 55 0.353 1.83 

[18] 2.05 – 3.95 0.633 55 × 50 0.275 2.3 

[19] 2.38 – 4 0.508 44 × 44 0.219 2.32 

[20] 4.28 – 7.44 0.539 30 × 32 0.366 1.47 

[21] 5.91 – 10.58 0.566 30 × 25 0.566 1 

[22] 3.6 – 6.84 0.621 60 × 60 1.09 0.57 

[23] 2.4 – 6.6 0.933 49 × 51 0.562 1.66 

Proposed 1.92 – 4.27 0.759 55 × 66 0.386 1.97 
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The simulated gain and radiation efficiency of the antenna are depicted in 

Fig. 13. Both gain and efficiency are simulated at the positive z direction. 

Although a maximum gain of 2.4 dB occurs around 2.7 GHz, with an increase in 

frequency after 3 GHz, the gain decreases dramatically. Approximately 88% 

radiation efficiency is achieved within a 1.92 – 4.27 GHz frequency span. 

Efficiency of the proposed antenna also declines as the frequency increases. 

As shown in Table 1, the proposed antenna is compared with some CP 

printed monopole antennas in order to evaluate its fractional bandwidth-size 

(BW/size) ratio. As for antenna performance, the wider bandwidth and the 

smaller size are always desirable. Therefore, the higher BW/size ratio, the better 

it is. For a fair comparison, only printed monopole antenna (PMA) types are 

selected from the literature, and printed slot antenna types are omitted because 

they provide inherently wider bandwidth than PMAs. The fractional bandwidth 

(BW) is calculated by dividing the bandwidth that satisfies both 10-dB return loss 

and 3-dB axial ratio by its center frequency. The size (area) of the antenna is 

expressed in terms of electrical size 2

0  where λ0 is the free space wavelength 

which corresponds to the center frequency of the bandwidth. As seen from 

Table 1, the proposed antenna has a higher BW/size ratio than most CP 

monopole antennas except for references [15, 18, 19]. The proposed antenna 

has a fractional bandwidth of 0.759 and electrical size (area) of 2

00.386  

which gives BW/size ratio of 1.97. 

6 Conclusion 

In this paper, a wideband circularly-polarized antenna with a rhomboid shape 

was designed. The antenna structure was based on the asymmetrical placement 

of the rhomboid-shaped patch and the ground plane with respect to the microstrip 

feed line. Parametric studies were carried out to investigate the effect of the 

various parameters on the return loss and the axial ratio bandwidth. Due to the 

lack of a measurement facility, although the axial ratio, radiation pattern, and the 

gain of the antenna could not be measured, the return loss was measured and 

found to agree with the simulation result. In terms of the fractional bandwidth-

size (BW/size) ratio, the antenna outperforms most of its CP counterparts with 

the value of 1.97. The wide bandwidth of 76% (satisfying both 10-dB return 

loss and 3-dB axial ratio) between the frequency span of 1.92 – 4.27 GHz is 

appropriate for several wireless communications systems with circular 

polarization. 
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