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A Wideband Circularly Polarized Pinwheel-Shaped Planar 

Monopole Antenna for Wireless Applications

Wang-Sang Lee․Kyoung-Sub Oh․Jong-Won Yu

Abstract 

A wideband circularly polarized pinwheel-shaped planar monopole antenna fed by a wideband feeding network is 
presented in this paper. The proposed antenna is formed by four wideband planar monopole antenna elements with 
aquadruple feeding network in order to improve the performance of circular polarization. Additionally, the antenna, 
which is introduced here, has a high gain in the z axis direction because of its folded antenna structure. The attractive 
characteristics of the proposed antenna are the wide impedance bandwidth of 87.3 % (1 GHz to 2.55 GHz), the 3 
dB axial ratio (AR) bandwidth of 92.3 % (1.05 GHz to 2.85 GHz), and the maximum gain within the 3 dB AR 
bandwidth is about 8.24 dBic.
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Ⅰ. Introduction

With the rapid progress of wireless technology in re-

cent years, various wireless systems such as GSM, 

WCDMA/UMTS, Bluetooth, WLANs, and GPS have 

been highly integrated into mobile devices, and in order 

to fulfill the RF system requirements using the different 

frequency band, antenna technology is required to con-

form to wideband characteristics. Although the planar 

monopole antenna (PMA) has a simple and compact an-

tenna structure, PMA is a good competitive solution for 

such a system because of its wide impedance bandwidth 

[1]. There are several techniques, such as a beveled 

structure, a shorting strip, a multiple feeding strip, and 

a loaded plate to increase the impedance bandwidth in 

the PMA [2]～[4].

On the other hand, many modern wireless commu-  

nication systems, such as radar, navigation, satellite, and 

mobile applications, use the circular polarized (CP) radi-

ation pattern. The attractive advantages of the CP anten-

na are as follows. Firstly, since the CP antenna sends 

and receives in all planes, the CP antenna is strong 

enough for the reflection and absorption of the radio 

signal. In the multipath fading channel environment, the 

CP antenna overcomes the phase problem, which can 

cause dead-spots, decreased throughput, and reduced 

overall system performance. Additionally, The CP anten-

na is more resistant to signal degradation due to in-

clement weather conditions [5].

Conventional CP antenna is achieved by trimming op-

posite corners of the patch corners [6], inserting the thin 

slots on patch [7], and using coplanar waveguide [8]. A 

tilted monopole antenna array [9] with the feeding struc-

ture of in-phase signals also generates CP characteristic. 

However, in these cases, due to the narrow 3 dB axial 

ratio, it is not possible for practical use. Previous studies 

have sought to solve this problem [10]～[14]. Stacked 

configurations with a patch element are employed and 

the bandwidths are less than 30 %. Broadband sin-

gle-patch CP microstrip antennas with dual capacitively-

coupled feeds are proposed. They feature the simple 

feeding networks that are composed of a Wilkinson 

power divider and 90° phase shifters; however, im-

pedance bandwidths are around 20∼30 %. A dielectric 

resonator antenna utilizing a hybrid coupler pair was de-

signed, but its 3 dB AR bandwidth of 25.9 % is in-

sufficient for wideband CP characteristic [15]. In prior 

studies, CP antennas have the narrowband antenna ele-

ment with a narrowband or wideband feeding network, 

which degrades wideband performance due to the limit 
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of the impedance bandwidth. Therefore, in order to im-

prove the enhanced wideband characteristic, it seems 

worthwhile to investigate wideband antenna elements 

with a wideband feeding network. Related works are 

published in [16] and [17], but they derive the simulated 

results with an ideal feeding network.

In this paper, we propose a wideband folded PMA 

with a wideband feeding network, which consists of a 

Wilkinson power divider, 180° phase shifters, and hy-

brid couplers in order to equalize amplitude and 90° 

phase differences. Details of the proposed PMA and im-

proved performance, such as impedance bandwidth, ax-

ial ratio, and radiation pattern, are presented and dis-

cussed.

Ⅱ. Antenna Configuration

The geometry of the proposed wideband CP antenna 

array is shown in Fig. 1. Proposed antenna is fabricated 
on an RF-35 substrate with a dielectric constant of 3.5 

and a thickness of 0.5 mm. The size of the ground plane 
is 150×150 mm2. The proposed antenna is assembled by 

the four planar monopole antenna elements, which are 
fixed on the ground plane. In addition, due to a wide-

band characteristic, its structure is beveled.
The proposed PMA can be divided into vertical and 

horizontal antenna elements. The lengths of the vertical 
and horizontal elements are H1=19.5 mm (0.13 λ0, 

where λ0 is the free-space wavelength at the center fre-
quency of the 3 dB axial ratio bandwidth) and H2=28.3 

mm (0.18 λ0), respectively. Their lengths depend on 
the lower side frequency band, whereas the widths of 

the antenna element (W1=20 mm and W2=14.1 mm) de-
pend on the wideband characteristic. In the bottom layer 

of the ground plane, the wideband feeding network is 
formed by and composed of the wideband planar balun 

and commercial hybrid couplers [18]. The wideband pla-
nar balun is achieved by a Wilkinson power divider 

with a 180° phase shifter [19]. 

Table 1. Dimensions of the proposed antenna.

Parameters Label Dimension

Vertical antenna width W1 20.0 mm

Vertical antenna length H1 19.5 mm

Horizontal antenna width W2 14.1 mm

Horizontal antenna length H2 28.3 mm

Antenna bevelling α 12°

Dielectric length D1 100 mm

Substrate thickness t 0.5 mm

Antenna port gap D2 56.5 mm

Ground plane length G 150 mm

Fig. 1. Geometry of the proposed PMA having awide-
band feeding network consisting of a Wilkinson 
power divider with an 180° phase shifter and hy-
brid couplers.

  

To generate good circular polarization, the proposed 

PMA has a symmetrical configuration, which is fed by 

equal amplitude power and quadruple phase differences. 

As shown in Fig. 1, the sequential phases of 0°, 90°, 

180°, and 270° are achieved from port 1 to ports 2, 3, 

4, and 5. In order to improve the system performance 

in the antenna part, the configuration of the PMA uses 

the beveling technique for the wideband bandwidth [2]. 

An optimized antenna angle in the antenna element is 

α=12°. Table 1 summarizes the dimensions of the pro-

posed PMA.

Ⅲ. Results and Discussion

To investigate its electrical characteristics, the pro-

posed antenna was designed and optimized using a 3D 
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      (a) Top view      (B)  Bottom view

Fig. 2. Photograph of the fabricated proposed antenna pro-
totype.

  

 

electromagnetic solver (Microwave Studio by CST). The 

photograph of the fabricated antenna prototype is shown 

in Fig. 2. The proposed antenna is fixed by soldering 

the pinwheel-shaped elements shown in Fig. 2(a). The 

wideband feeding network is implemented in the bottom 

layer of the ground plane shown in Fig. 2(b). 

Fig. 3(a) shows the circuit schematic of the designed 

wideband feeding networks. By connecting 50 Ω SMA  

(a)

(b)

Fig. 3. A designed wideband feeding network (a) and its 
measured amplitude and phase differences (b).

connectors in ports 1, 2, 3, 4, and 5, the steady ampli-

tude and phase characteristics of the designed feeding 

network are shown in Fig. 3(b). Although the amplitude 

and phase differences between S31 and S41 or S21 and S51 

are higher at the lower and upper frequency bands due 

to the narrowband characteristics of the Wilkinson di-

vider and hybrid couplers, the wideband CP character-

istic has been retained since the performances of the 

other ports sustain the impedance matching. The trans-

mission loss of the wideband feeding network at the 

center frequency (2 GHz) is about 7 dB, which is meas-

ured by a vector network analyzer.

Fig. 4 shows that the proposed antenna has measured 

an impedance bandwidth of (1.0～2.55) GHz (87.3 %). 

Fig. 4 also shows that return loss in the proposed anten-

na(Case B) depends on that of the feeding network with 

50 Ω terminations in ports 2, 3, 4, and 5 (Case A). 

Fig. 5 shows the measured gain and 3 dB AR band- 

width with regard to the frequency compared to the si-

mulated results for the proposed antenna. The use of the 

beveled planar monopole antenna structure leads to a 

maximum gain of 8.24 dBic. It also shows the 3 dB AR 

bandwidth of (1.05～2.85) GHz (92.3 %). The degrada-

tion of measured gain compared to the simulated results 

at the upper frequency band is caused by the degraded 

operating characteristics of the feeding network in Fig. 

4. The total efficiency of the proposed antenna at 2 GHz 

is around 50 %.

Table 2 shows comparisons between the proposed and 

previous antennas in terms of available bandwidth, gain, 

and physical size. Compared with the previous antennas 

shown in Table 2, the proposed antenna presents the 

largest bandwidth and gain as well as the smallest size.

As shown in Fig. 6, the simulated and measured radi-

 

Fig. 4. Simulated and measured return losses with regard 
to the frequency for the proposed PMA.
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Fig. 5. Comparison between the simulated and measured 
results (gain and AR bandwidth) with regard to 
the frequency for the proposed PMAA.

  

 

Table 2. Performance comparisons between the proposed 
and referenced antennas.

Proposed Ref. [10] Ref. [11] Ref. [15]

Freq. band 
(MHz)

1.0～2.55
(87.3 %)

2.1～2.95
(33.7 %)

2.22～2.64
(17.3 %)

1.75～2.48
(34.5 %)

AR band
(MHz)

1.05～2.85
(92.3 %)

2.15～2.85
(28.0 %)

2.28～2.77
(19.4 %)

1.65～2.14
(25.9 %)

Gain
(dBic)

8.24 5.5 5.5 5

Size
(mm)

H=19.5
L=150

H=10
R=160

H=32
L=220

H=20
L=200

Note. H, L, and R are the height, size, radius of the pro-
posed antenna.

ation patterns of the proposed antenna at 1.4, 2.0, and 

2.5 GHz are plotted. The proposed antenna produces 

right-hand circular polarization (RHCP) in the wideband 

frequency. It also represents a satisfactory axial ratio for 

the z axis direction. 

Ⅳ. Conclusion

In this paper, a wideband pinwheel-shaped planar mo-

nopole antenna with a wideband feeding network for a 

outstanding wideband circular polarized characteristic is 

presented. Although the ground size of the proposed an-

tenna is smaller than the wavelength, the superior wide-

band 3 dB axial ratio bandwidth of 92.3 % and maxi-

mum gain of 8.24 dBic within the operating bandwidth 

are achieved. Due to favorable antenna performance, the 

proposed antenna can be useful for many modern wire-

less communication systems that require wideband circu-

larly polarized radiation patterns.

(a) 1.4 GHz

(b) 2.0 GHz

(c) 2.5 GHz

Fig. 6. Simulated and measured radiation patterns at xz 
and yz plane.
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