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Summary 
Generating electromagnetic waves with Orbital Angular 
Momentum (OAM) properties is a fast-growing research subject 
in both radio and optics. This paper describes the generation of 
OAM carrying waves using a circular array of rectangular planar 
monopole antennas. The proposed design combines simplicity, 
compactness, and most importantly very wideband of operating 
frequencies (about 20–160 GHz, bandwidth ratio about 1:8) which 
makes it suitable for future applications. 
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1. Introduction 

Wireless communication technology has developed rapidly 
to meet the demand for high traffic capacities in electronic 
devices. Fifth Generation (5G) technology utilizes higher-
frequency bands in order to provide the large information 
capacities needed to support multi-Gbps information rates 
and collect infinite information broadcasts using the latest 
mobile technology [1, 2]. Prominent technologies include: 
massive multiple-input multiple-output, co-frequency, co-
time, full-duplex, and millimeter-wave (mm-wave) [3-5]. In 
addition, a new and promising means for enhancing the 
communications spectrum efficiency appeared after the 
discovery in the early ‘90s [6] which showed that 
electromagnetic waves can possess orthogonal Orbital 
Angular Momentum (OAM) orders. Since then, there has 
been significant interest in this OAM property in optics and 
lately in radio communications [7-10].  
The conventional way to generate OAM waves over radio 
and microwave bands is by Uniform Circular Array (UCA) 
[11]. The radiating elements of the UCA are usually 
omnidirectional dipoles. Dipole elements are small in size; 
therefore, many elements can be installed in the array to 
produce the desired OAM wave order. This is handy 
especially for generating large OAM orders where the 
number of needed dipoles becomes large. However, one 
typical problem pursuit conventional radio vortex 
generation using UCA is the limited bandwidth of the diploe 
elements. The main challenge in new radio communication 
systems is to design a small-sized antenna with a wideband 
feature that includes the entire accessible band [12]. 

Applying OAM-based solutions in the radio band is a 
challenge by its own as OAM radio waves diverge fast 
when compared to their counterparts in optics. Thus, having 
an antenna able to operate at a wide band including high 
frequencies helps confining the radiation. 
In this paper we present an array for OAM generation; the 
basic elements of the array are rectangular Planar Monopole 
Antennas (PMAs) that are designed to meet the needs of 
wireless communication applications: small size, easiness 
of fabrication, and the wide frequency bandwidth. Among 
PMAs of various shapes, square/rectangular PMAs are the 
simplest in geometry and, in addition, their radiation 
patterns are usually less degraded within the impedance 
bandwidth [13-15].  
The remainder of this paper is organized into the following 
sections: Section 2 reviews antenna configuration and 
mechanism. Simulation results are presented in Section 3, 
and finally, conclusions are drawn in Section 4. 

2. Antenna Design 

2.1 Rectangular Planar Monopole Antenna (PMA) 

Fig. 1 shows the geometry of the proposed rectangular 
Planar Monopole Antenna (PMA) with a trident-shaped 
feeding strip mounted above a 10×10 mm2 ground plane. In 
this design, the rectangular PMA and the trident-shaped 
feeding strip are integrated and constructed from a single 
metal plate (a 0.02 mm thick brass sheet). The rectangular 
PMA is excited at three feeding points 𝐴, 𝐵, and 𝐶 at which 
the PMA is connected to the trident-shaped (or three-
branched) feeding strip. Note also that point 𝐵 corresponds 
to the central line of the PMA, while points 𝐴 and 𝐶  are 
symmetrically located at either side of point 𝐵. 
In this study, all points of the trident-shaped feeding strips 
are 0.1 mm wide. The trident-shaped feeding strip 
comprises a central branch (length ℎ ൅ 𝑑 ) connected to 
point 𝐵  and two side branches of an inverted- L  shape 
connected to points 𝐴 and 𝐶, which are spaced at distance 𝑡. 
Through a via-hole in the ground plane, the central branch 
is connected to a 50 SMA connector behind the ground 
plane for signal transmission. 
The two side branches are identical in shape (a horizontal 
length 𝑡 2⁄  and a vertical length ℎ) and have a height of 𝑑 
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above the ground plane. By adjusting the three parameters 
𝑑, 𝑡, and ℎ, a greatly enhanced impedance bandwidth can 
be achieved for the proposed PMA. For the study with a 
2.8×2.4 mm rectangular PMA, the optimal values of 𝑑 and 
ℎ are 0.1 and 0.28 mm, respectively, while that of 𝑡 is 0.9 
mm, suggesting that points 𝐴  and 𝐶  should be roughly 
located at positions at a distance of about one-third of the 
side length 𝐿 to the left- or right-side edge of the rectangular 
PMA. 
To estimate the lower band-edge frequency of printed 
PMAs, the standard formulation given for cylindrical PMA 
can be used with suitable modifications [15]. Equation (1) 
is calculated for the rectangular PMA [16], for which all 
dimensions are in millimeters. 

               𝑓௅ሺ𝐺𝐻𝑧ሻ ൌ ଻ଶ

௅ା௛ା
ೈ
మഏ

                                     (1) 

 

 
(a) Rectangular PMA. 

 

(b) Trident-shaped feeding strip. 

Fig. 1 Geometry of the proposed rectangular PMA with a trident-shaped 
(three-branched) feeding strip. 

2.2 Antenna Array for OAM Generation 

Electromagnetic waves carrying OAM exhibit helical 
phase-fronts at propagation. This owes to the azimuthal 
dependence of the spatial phase distribution ൫𝑒௝௟∅൯ of these 
waves, where 𝑙 is the OAM order ሺ𝑙 ൌ 0, േ1, േ2, … ሻ, and 
∅ is the azimuthal angle. A singularity exists at the wave 

center along the axis of propagation where the field 
vanishes due to destructive interference [17]. 
To generate the phase profile of the OAM wave we arrange 
an array of the rectangular PMA elements described in the 
previous section. A sufficient number of elements ሺ𝑁ሻ 
should be used in the array such that |𝑙௠௔௫| ൑ 𝑁

2ൗ  where 
𝑙௠௔௫ is the maximum OAM order provided by the array. To 
enforce the phase profile of the OAM wave, the elements 
are distributed over a circular circumference and each 
element should be excited by a constant phase offset from 
its neighbors. The needed phase offset to generate a wave at 

an order 𝑙 is 
ଶగ

ே
𝑙. 

The complete design is shown in Fig. 2 for an array 
including 9-radiation elements. This design is theoretically 
able to produce OAM orders: ሼ0, േ1, േ2, േ3, േ4ሽ.  
 

 
Fig. 2 Circular array configuration including 9-radiation elements. 

3. Results and Analysis  

Numerical simulation results are presented to demonstrate 
the design capabilities of the antenna. The first part of the 
results shows the radiation characteristics of one antenna 
element. In the second part, multiple elements are arranged 
to produce an OAM wave. The simulated results are 
obtained using Computer Simulation Technology (CST) 
Microwave Studio. 

3.1 Rectangular PMA 

Prototype of the proposed rectangular PMA with a trident-
shaped feeding strip was designed and simulated. The 
simulated results of the return loss for the case with the 
proposed trident-shaped feeding strip is shown in Fig. 3. 
The size of the rectangular PMA was chosen to be 
28×24 mm2, resulting in an impedance bandwidth (10 dB 
return loss) with a lower edge frequency of approximately 
20 GHz. In addition, by selecting the parameters 𝑡, ℎ, and 
𝑑 of the feeding strip to be 0.9, 0.28, and 0.1 mm, 
respectively, the upper edge frequency of the impedance 
bandwidth obtained was found to be greater than 160 GHz. 
This wide impedance bandwidth of 140 GHz makes the 
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proposed antenna very promising for application in the new 
standard of broadband wireless 5G frequency bands (mm-
wave)  [18, 19]. 
The proposed trident-shaped feeding strip was found to 
have a frequency ratio of 1:8 for the impedance bandwidth 
obtained. This behavior can be largely attributed to the 
achievement of a more uniform current distribution in the 
rectangular PMA [see Fig. 4], like in the three-branch 
feeding design studied in [14]. 
The radiation characteristics of the proposed PMA were 
also analyzed. Fig. 5 plots the simulated radiation pattern at 
20 GHz. The gain variations in the azimuthal plane ሺ𝑥 െ 𝑦 
plane) is greatly dependent on the operating frequency, 
mainly due to the wide bandwidth of the rectangular PMA. 
Fig. 6 shows the simulated antenna gain for frequencies 
across the impedance bandwidth obtained. For frequencies 
up to approximately 40 GHz, the antenna gain 
monotonically increases from about 1.5 to 7.0 dBi. For the 
higher frequency portion of the impedance bandwidth, 
however, the antenna gain varies over a relatively smaller 
range of 6.9–7.1 dBi. 
 

 
Fig. 3 Simulated return loss for the proposed antenna shown in Fig. 1 
with 𝐿=28 mm, 𝑊=24 mm, 𝑡=0.9 mm, ℎ=0.28 mm, and 𝑑=0.1 mm. 

 
Fig. 4 Simulated surface current distributions for the proposed antenna 

studied in Fig. 1; 𝑓 = 20 GHz. 

(a) Vertical pattern. (b) Horizontal pattern. 
 
Fig. 5 Simulated far-field directivity radiation patterns at 20 GHz for the 

proposed antenna studied in Fig. 1. 
 

 
Fig. 6 Simulated antenna gain for the proposed antenna studied in Fig 1. 

 

3.2 OAM 

Following the configuration in Fig. 1, 9-radiation elements 
are placed to form a circular array of radius 25 mm. By 
appropriate feeding of the elements an OAM wave of 
certain (up to fourth) order can be generated. The 
amplitudes of the feeding signals are the same for all 
elements. The phases of the feeding signals are different and 
are related to the OAM order as mentioned before. 
The OAM properties of the generated wave are 
demonstrated for the third order (𝑙=3) through phase and 
amplitude distributions in Fig. 7(a) and Fig. 7(b), 
respectively. In Fig. 7(b), the change in the amplitude color 
from blue to red indicates an increase in the field value. The 
deep blue at the center indicates a null. The phase 
distribution in Fig. 7 (a) shows three full 2𝜋 cycles which 
agrees with theoretical predictions of OAM waves. 
For further comparisons, in Fig. 8 three field plots are 
obtained in the direction of propagation for the circular 
array at different frequencies. All cases are for the same 
OAM order of three and have the same array radius. The 
beam produced by the low frequency diverges faster. The 
reduction in the size of the hollow, or null, region in the 
center of the beam produced by the high frequency is clear 
evidence of the focusing of the beam attained by increasing 
the frequency. 
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(a) Phase distribution. (b) Normalized amplitude 
distribution. 

Fig. 7 Phase and amplitude distributions of OAM wave of third order 
(𝑙=3). 

 

(a) 20 GHz. 

(b) 40 GHz. 

(c) 80 GHz. 

Fig. 8 Normalize values for beams in the direction of propagation at three 
different frequencies for OAM wave of third order (𝑙=3). 

4. Conclusion 

A rectangular PMA using a trident-shaped feeding strip for 
achieving a very wide impedance bandwidth has been 
proposed. The proposed antenna can be easily used for 
providing OAM-carrying waves in a certain region in space. 
A very wide impedance bandwidth of about 120 GHz (about 
20–160 GHz) has been achieved for the proposed antenna, 
which makes it very promising for application using OAM 
techniques. 
A transmitting array in the form of the conventional circular 
array was used. The simulations verified the conclusion 
drawn in the theoretical derivation: an OAM-carrying wave 
was generated at the far field; the field phase and amplitude 
distributions were in agreement with those predicted 
theoretically for an OAM-carrying wave. Focusing the 
radiation could be beneficial to limit the interference by 
operating at a higher frequency within the wide bandwidth 
supported by the antenna. 
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