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Abstract—This paper is focused on the design of an mm-wave 

phased array. To date, linear polarization is adapted in the reported 
designs of phased arrays. However, linear polarization faces several 
well-known challenges. As such, an advanced design for phased array 
antennas is required that offers circularly polarized (CP) radiation. A 
feasible solution for achieving CP phased array antennas is proposed 
using open-circular loop antennas. To this end, a 3-element circular 
loop phased array antenna is designed to operate at 28 GHz. In 
addition, the array ability to control the direction of the main lobe is 
investigated. The results show that the highest achievable field of view 
(FOV) is 100°, i.e. 50° to the left and 50° to the right-hand side 
directions. The results are achieved with a CP bandwidth of 15%. 
Furthermore, the results demonstrate that a high broadside gain of circa 
11 dBi can be achieved for the steered beam. Besides, radiation 
efficiency of 97% can also be achieved based on the proposed design. 
 

Keywords—Loop antenna, phased array, beam steering, wide 
bandwidth, circular polarization, CST. 

I. INTRODUCTION 
HE demands data traffic has witnessed explosive growth 
over the past few years. Data traffic is expected to continue 

straining the capacity of future communication networks [1]. 
Millimetre-wave phased arrays play an essential role in the next 
generation of wireless communications systems. Specifically, 
the phased array facilitates main beam steering in different 
angular directions [2], [3]. Furthermore, the phased array would 
help to enhance the capacity of cellular networks by improving 
the signal to interference ratio (SIR), which can be achieved by 
targeting the desired users and mitigating the interference 
caused by other users [4]. However, various external factors in 
outdoor environments still limit the applications of mm-wave 
bands in mobile communication systems [5]. In particular, there 
are some key fundamental differences between the mm-wave 
communications and the existing communication systems, 
which adopt lower frequencies. These differences are raised, 
mainly due to the sensitivity of mm-wave communications to 
attenuation factors such as reflectivity, absorption, Faraday 
rotation and orientation [6]. Therefore, to overcome the 
limitation of mm-wave signal propagation, the linearly 
polarized elements can be replaced by CP counterparts [7], [8]. 
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Fig. 1 Geometry of circular loop antenna 

 
The research carried out on loop antennas can be classified 

into two categories. The first is focused on enhancing the 
radiation characteristics of one element such as gain, efficiency, 
circular polarization bandwidth and radiation pattern. On the 
other hand, the second category is focused on designing an 
array antenna in order to achieve the highest field of view 
(FOV) of beam steering with efficient utilization of the CP 
technique [9]. 

In this paper, a one-element CP loop antenna has been 
designed initially at 28 GHz, and thus a wideband performance 
is achieved by introducing a parasitic loop inside the original 
loop [10], [11], where the axial ratio bandwidth has increased 
by approximately 15%, while the gain has decreased by 
approximately 1.1 dBi.  

To that end, a three-elements array antenna is designed to 
achieve high gain and directivity as well as steering the beam 
in different directions.  

The highest value that can be achieved for the FOV of a 
phased array antenna is 100°, i.e., 50° to each side with left hand 
CP radiation during the beam steering. Furthermore, the array 
antenna achieves a wide impedance matching bandwidth of 
circa 25% with a gain of 11 dBi. Parameters observed include 
return losses, gain, CP bandwidth, radiation pattern and main 
lobe direction.  

II. ANTENNA CONFIGURATION 

A. Design of Single-Element Loop Antenna 
Circular polarization can be obtained using a single-feed 

technique. However, the technique may require the perturbation 
of the element’s shape [12]. 
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When the circumference of a normal loop antenna is 
approximately one wavelength, the maximum linear 
polarization radiation appears in the broadside direction. 
However, the broadside linear polarization radiation can be 
changed to a circular polarization wave by perturbing the loop 
element with insertion an air gap along the loop circumference 
[13]. Furthermore, in this structure, the CP bandwidth can be 
significantly increased by using a parasitic inner loop. Since the 
additional parasitic element is placed inside the original loop 
without a direct electrical connection, there is no significant 
increase in the size and complexity of the antenna structure as 
illustrated in Fig. 1. 

The antenna has been fed using a coplanar waveguide port 
(CWP) connected to the outer loop at φ=0. The width of the 
feed l2 and the distance l3 between feed and grounded 
rectangular pads are optimized to be 0.21 mm and 0.16 mm for 
50 Ω matching, respectively. By adjusting the width and the 
positions of the two-loop gaps (φ1, φ2) the required axial ratio 
(AR) can be achieved. The configuration parameters are 
summarized in Table I: The circumference of the outer loop can 
be calculated at the operation frequency of 28 GHz in terms of 
the effective wavelength [14] by calculating, the effective 
permittivity as:  

 
                                       (1) 

 
As such, the effective wavelength can be expressed as: 

 
                                    (2) 

 
where  is the free-space wavelength Finally, the 
circumference of the outer loop should be approximately equal 

 in order to get the main beam in the broadside direction, 
i.e., 

 2 ≃                                    (3) 
 

TABLE I 
DIMENSIONS PARAMETERS OF THE ANTENNA 

Symbol Quantity Value 
R1 outer loop radius 1.34 mm
R2 parasitic loop radius 0.9 mm 

t1 outer loop width 0.065 mm
t2 parasitic loop width 0.17 mm
l1 pads length 1.84 mm
l2 transmission line width 0.21 mm
l3 the gap between the transmission line & pads 0.16 mm
w1 pads width 0.74 mm
w2 the width between the pads & outer loop 0.3 mm 
a0 antenna thickness 0.035 mm
h thickness of the substrate 1.524 mm
t reflector thickness 0.04 mm

Subx substrate length 9.2 mm 
Suby substrate width 7.75 mm 

Δφ1 outer loop gap 35 deg 
Δφ2 parasitic loop gap 5 deg 

  

 
Fig. 2 The geometric configuration of 3-elements circular loop 

antenna array 

B. Design of 3-Elements Array Antenna 
To achieve a high gain and electronic beam steering with 

circular polarization, a phased array is considered. Fig. 2 
demonstrates a uniform linear array of three identical elements, 
and the spacing between the elements is chosen as λ/2. The 
proposed array is placed on a Rogers RO4003C substrate 
having a size of 20.9×29 mm2, with a thickness of 1.524 mm 
and dielectric constant of 3.55. The printed circular loops and 
substrate are mounted above a square copper plate that acts as 
a reflecting ground plane with a thickness of 0.04 mm. In this 
study, we also aim to minimize the mutual coupling between 
the elements and decrease the side lobes level. These factors 
can be considered as a source of impairments that affects the 
wireless system performance considerably. In addition, the 
required phase excitation of each element is obtained from the 
array factor. A waveguide port for each individual element is 
designed using the CST Microwave Studio. As such, the phase 
shift is changed from 00 to 3600 in order to obtain the desired 
beam direction.  

III. RESULTS AND DISCUSSION  
Fig. 3 presents the simulated axial ratio and the gain of the 

wideband CP loop antenna with and without the parasitic inner 
loop. The axial ratio bandwidth is defined when AR≤3 dB and 
has been increased from 7% to 14.5% when the inner loop is 
incorporated. The gain of is decreased by approximately 1.1 dBi 
for the coupling loss between two loops. The results indicate 
that the parasitic loop plays an essential role in utilizing the 
bandwidth efficiently. This can be attributed to the outer loop 
that creates one minimum axial ratio point. On the other, the 
inner loop produces an additional minimum AR point. The 
suitable combination of the two minimum axial ratio points 
results in a significant improvement in the CP bandwidth. 

Fig. 4 illustrates the simulated return losses, where it can be 
observed that the operating frequency range of S11≤−10 dB 
extends from 24 GHz to 31 GHz, which indicates that the 
proposed antenna offers a wide impedance matching bandwidth 
of circa 25%.  

In order to reduce mutual coupling between adjacent 
radiating elements, the distance between the elements has been 
chosen to be	 . . Fig. 5 indicating the return losses of the 
mutual coupling parameters for the proposal array, where it can 
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be noted that the mutual coupling at the operating frequency is 
approximate -25 dB. 

Fig. 6 demonstrates the axial ratio and the radiation 
efficiency with an AR bandwidth of 15%. The results also 
demonstrate a radiation efficiency of circa 97%. The highest 
achieved FOV value is 100°, i.e., 50° to the left and 50° to the 
right. In addition, LHCP is achieved during the beam steering 
as illustrated in Figs. 7 and 8.  

 

 
Fig. 3 Gain and the axial ratio of a single element with and without 

parasitic loop 
 

 
Fig. 4 Return losses of the proposed 3-elements array antenna 

 

 
Fig. 5 Mutual coupling of the proposed array 

 
Fig. 6 Axial ratio and the radiation efficiency of 3-elements array 

antenna 
 

 
(a) 

 

 
(b) 

Fig. 7 Beam steering of the 3-elements array antenna in E-plane from 
(a) 00 to +500 (b) 00 to -500 
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(a) 

 

 
(b) 

Fig. 8 CP of the 3-elements array antenna in E-plane from (a) 00 to 
+500 (b) 00 to -500 

IV. CONCLUSION 
The design of a 3-elements phased-array circular loop 

antenna has been proposed in this paper in order to achieve a 
CP radiation. The results demonstrated that the main beam can 
be efficiently controlled to steer the beam in a CP mode, where 
the scanning angle is up to ±500. This is achieved by changing 
the excitation of the elements. A LHCP radiation is obtained 
during the beam steering with an axial ratio bandwidth of circa 
15%. The results demonstrate that the radiation efficiency of an 
array can achieve circa 97% with an antenna array gain of 11 
dBi. 

REFERENCES  
[1] Niu, Y., Li, Y., Jin, D., Su, L. and Vasilakos, A., 2015. “A survey of 

millimeter wave communications (mmWave) for 5G: opportunities and 
challenges. ˮ Wireless Networks, 21(8), pp.2657-2676. 

[2] Naqvi, A. and Lim, S., 2018. “Review of Recent Phased Arrays for 
Millimeter-Wave Wireless Communication. Sensors, ˮ 18(10), p.3194. 

[3] Wanner, S. “Phased Array System Design ˮ. (Ames, Iowa): (Iowa State 
University), pp.7-76, 2008 

[4] P. Ngamjanyaporn, C. Phongcharoenpanich, P. Akkaraekthalin and M. 

Krairiksh, "Signal-to-interference ratio improvement by using a phased 
array antenna of switched-beam elements," in IEEE Transactions on 
Antennas and Propagation, vol. 53, no. 5, pp. 1819-1828, May 2005, doi: 
10.1109/TAP.2005.846759. 

[5] A. N. Uwaechia and N. M. Mahyuddin, "A Comprehensive Survey on 
Millimeter Wave Communications for Fifth-Generation Wireless 
Networks: Feasibility and Challenges," in IEEE Access, vol. 8, pp. 62367-
62414, 2020, doi: 10.1109/ACCESS.2020.2984204.  

[6] Gao, S., Luo, Q. and Zhu, F., 2014. “Circularly Polarized Antennas. ˮ 1st 
ed. Chennai, India, pp.1-28. 

[7] Rong-Lin Li, Fusco, V. and Nakano, H., 2003. “Circularly polarized 
open-loop antennaˮ. IEEE Transactions on Antennas and Propagation, 
51(9), pp.2475-2477. 

[8] Zhang, L., Gao, S., Luo, Q., Young, P. and Li, Q., 2017. “Wideband Loop 
Antenna with Electronically Switchable Circular Polarization. ˮ IEEE 
Antennas and Wireless Propagation Letters, 16, pp.242-2 

[9] N. P. Lawrence, B. W. -. Ng, H. J. Hansen and D. Abbott, "5G Terrestrial 
Networks: Mobility and Coverage—Solution in Three Dimensions," in 
IEEE Access, vol. 5, pp. 8064-8093, 2017, doi: 
10.1109/ACCESS.2017.2693375. 

[10] R. L. Li, J. Laskar and M. M. Tentzeris, “Wideband probe-fed circularly 
polarised circular loop antenna ˮ. IEEE in Electronics Letters, vol. 41, no. 
18, pp. 997-999, 1 Sept. 2005, doi: 10.1049/el:20052315. 

[11] RongLin Li, G. DeJean, J. Laskar and M. M. Tentzeris, "Investigation of 
circularly polarized loop antennas with a parasitic element for bandwidth 
enhancement," in IEEE Transactions on Antennas and Propagation, vol. 
53, no. 12, pp. 3930-3939, Dec. 2005, doi: 10.1109/TAP.2005.859917. 

[12] Rong-Lin Li, Fusco, V. and Nakano, H., 2003. “Circularly polarized 
open-loop antennaˮ. IEEE Transactions on Antennas and Propagation, 
51(9), pp.2475-2477. 

[13] X. Yang, B. Shao, F. Yang, A. Z. Elsherbeni and B. Gong, "A Polarization 
Reconfigurable Patch Antenna With Loop Slots on the Ground Plane," in 
IEEE Antennas and Wireless Propagation Letters, vol. 11, pp. 69-72, 
2012, doi: 10.1109/LAWP.2011.2182595. 

[14] Balanis, C., 2005. “Antenna Theory (Analysis and Design). ˮ 3rd ed. 
Hoboken, New Jersey, pp.231- 371. 

2D Farfield (f=28GHz, Phi=0, LHCP)

0

30

60

90

120

150

180

210

240

270

300

330

0 2 4 6 8
0

2

4

6

8

02468
0

2

4

6

8

(0 deg)
(5 deg)
(10 deg)
(20 deg)
(30 deg)
(40 deg)
(50 deg)

2D Farfield (f=28GHz, Phi=0, LHCP)

0

30

60

90

120

150

180

210

240

270

300

330

0 2 4 6 8
0

2

4

6

8

02468
0

2

4

6

8

(0 deg)
(-5 deg)
(-10 deg)
(-20 deg)
(-30 deg)
(-40 deg)
(-50 deg)

Powered by TCPDF (www.tcpdf.org)

401International Scholarly and Scientific Research & Innovation 15(12) 2021 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ro

ni
cs

 a
nd

 C
om

m
un

ic
at

io
n 

E
ng

in
ee

ri
ng

 V
ol

:1
5,

 N
o:

12
, 2

02
1 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
12

33
9.

pd
f

http://www.tcpdf.org

