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Abstract—The circular phased antenna array is a common
way to generate waves bearing Orbital Angular Momentum
(OAM) in the radio frequency band, but the directivity of this
antenna is relatively low. To overcome this drawback, in this
paper, we use a Fabry-Perot cavity to enhance the directivity of
an OAM antenna based on a circular phased array of patch
antennas. The Fabry-Perot cavity consists of a ground plane, an
air cavity and a partially reflecting surface (PRS) made of
metallic strips. Simulation results show that the OAM antenna
achieves a directivity of 16.2 dB with an enhancement of 9.2 dB
in E and H planes.

Index Terms—orbital angular momentum,
cavity, circular antenna array, patch antenna.

Fabry-Perot

1. INTRODUCTION

Orbital angular momentum (OAM) has been proposed to
improve spectral efficiency [1-4] in radio communications, by
creating multiple sub-channels of propagation corresponding to
the twisting degree of the electromagnetic wave.

Whereas the phase of a usual plane wave is constant on the
wave front, the phase o of OAM waves undergoes a linear
variation along the angular coordinate ¢ (roll angle): a = {¢,
where £ is an integer called the “topological charge” or the
order of the OAM mode.

In the radio frequency band, a circular phased array is a
common technique for generating OAM waves [1, 5]. It is
generally composed of N antennas, where each one is fed by
the same signal with a £2n4/N phase shift compared to its
neighbor. Some practical constructions are proposed in [6-8].

In this paper, we present a method to enhance the
directivity of an OAM antenna by using the Fabry-Perot (FP)
cavity. A circular phased array of four patch antennas is used
to generate waves bearing an OAM mode £ = 1. This OAM-
wave generator is embedded inside the FP cavity and works at
a frequency of 2.5 GHz.

II.  MODEL OF FABRY-PEROT CAVITY

The model of the FP cavity is shown in Fig. 1. It is
composed of a ground plane which eliminates the back
radiation, a primary source (patch antenna) and a partially
reflecting surface (PRS). When the internal wave rays emitted
by the primary source arrive at the upper PRS, they are
partially reflected back to the cavity and partially transmitted

out. Then, when the reflected rays arrive at the bottom ground
plane, they are reflected again towards the cavity. Here we use
a PEC ground plane and suppose that the rays are totally
reflected at this surface.

To obtain a maximal directivity, the transmitted rays
should all be in phase so that they can make a constructive
interference. According to [9], the thickness of the FP cavity
should meet the following requirement:

c G [,B+(2n+1)n'] (1)

- 4r f, cos

where c is the speed of the light in free space, fj is the working
frequency, f is the phase of the reflection coefficient of the
PRS, n is an integer corresponding to the cavity mode number,
@ is the incidence angle of the rays (see Fig. 1).
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Fig. 1. Model of the FP cavity with PRS

III.  ANTENNA DESIGN

A. Phased Patch Array

Here we intend to use a circular phased array of patch
antennas to generate the OAM wave [7]. For creating an
OAM mode £ = 1 with N = 4 antennas, the phase step between
each element should be 274/N = 7/2 radians = 90°.
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Fig. 2. Configuration of the OAM antenna

The configuration of the OAM antenna is shown in Fig. 2.
The length and width of single patch antenna are 36.5 and 27.4
mm, respectively. The patch array is manufactured on a FR4
substrate with a thickness of 1.6 mm and a relative permittivity
of 4.4. All the patch antennas are probe fed using the same
signal but with an incremental phase shift between each patch.
Fig. 3 presents the reflection coefficient of a single patch
antenna, we can see that it is well matched around 2.5 GHz.
When the radius of the patch array is 50 mm, the magnitude
and phase patterns of the generated wave, observed on a
circular area with a radius of 150 mm lying 50 mm above the
patch array, are presented in Fig. 4 for the main polarization Ex
(see Fig.2). We can observe that the magnitude at the centre is
much smaller than the surroundings and the phase rotates
around the centre with a 2x phase shift in one turn. This shows
indeed that both the amplitude and the phase of the generated
wave correspond to a wave bearing an OAM mode £= 1.
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Fig. 3. Reflection coefficient of single patch antenna
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Fig. 4. Magnitude and phase patterns of the generated wave for the main
polarization E

To show the influences of the array radius on the antenna
directivity, Fig. 4 presents the E-plane radiation patterns with
different array radiuses of 50, 80 and 110 mm. It can be
observed that the OAM waves become more directive as the
array radius increases, but naturally some side lobes appear.
When the array radius keeps increasing, the side lobe becomes
even comparable with the main lobe, which means a strong
loss of energy.

+180°

Fig. 5. E-plane radiation patterns with different array radiuses

B.  Phased Patch Array in Fabry-Perot Cavity

It has been demonstrated that the FP cavity is able to
enhance the directivity of an antenna [10, 11]. Along this way,
we would like to embed the OAM antenna inside the FP cavity
to improve its directivity of the main lobe, as shown in Fig. 6.
Because the OAM waves are more directive with a bigger
array radius, here we choose an array radius of 110 mm.

To realize a good directivity, the wave rays need to be
reflected enough times inside the FP cavity, therefore the
dimension of the ground plane and the PRS should be large
enough. In our design, the ground plane and the PRS both have
a dimension of 600 mm X 600 mm. The PRS is made of a set
of periodic metallic strips which are manufactured on a FR4
substrate with a thickness of 1.6 mm and a relative permittivity
of 4.4. The period and width of the strips are 20 and 4 mm,
respectively.
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Fig. 6. Configuration of the OAM antenna & FP cavity

According to (1), the cavity thickness depends on the
working frequency, the phase of the reflection coefficient of
the PRS and the incidence angle of the wave rays. From Fig. 5
we can see that when the array radius is 110 mm, the angle
value corresponds to the maximum directivity is at £15° for the
main lobe, so the value of the incidence angle here is 15°. We
simulated the PRS alone and found that the magnitude and
phase of its reflection coefficient were respectively 0.944 and
0.97. By substituting these values into (1), we can calculate
that the thickness of the FP cavity for the cavity mode n =0 is
equal to 59 mm at a working frequency of 2.5 GHz.

We have varied the cavity thickness to optimize the
antenna directivity, the results are shown in Table I. We can
observe that the maximum directivity of the OAM antenna
changes slightly with the cavity thickness, while the angle
value corresponding to the maximum directivity maintains at
11°; the OAM antenna achieves a best directivity of 16.2 dB
with a cavity thickness of 58 mm, which is the final value we
have used.

TABLE 1. MAXIMUM DIRECTIVITY VALUE AND POSITION OF OAM
ANTENNA WITH DIFFERENT CAVITY THICKNESSES
Cavity Thickness (mm) Max Directivity (dB) | Position (°)
59 14.6 11
58.5 15.7 11
58 16.2 11
57.5 15.5 11

Fig. 7 presents the 3D radiation patterns of the patch
antenna array (array radius equals to 110mm) with and without
FP cavity. We can observe a null in the center which is one of
the characteristics of the OAM waves. In addition, with the use
of the FP cavity, the antenna directivity is enhanced and the
side lobes are significantly suppressed at the same time.

To give a better view of the influence of the FP cavity on
the OAM antenna directivity, we make a comparison of the E-
plane radiation patterns in Fig. 8. It can be seen that with the
use of the FP cavity, the antenna directivity increases in E-
plane, from 7 to 16.2 dB. The maximum directivity is obtained
for angle of 11°.

dB(DirTotal)

9. 2767E+B8E
. 6. 2759E+008
3.2752E+008
2., 7436E-B3L
-2. 7264E+00R

-5.7272E+E08
-8, 7Z50E+000

-1.1729E+@E1

. -1, 4730E 031

-1.7730E+081

-2.8731E+881

-2.3732E+881

-2.6733E+081

-2, 9734E+8E1

-3, 2734E+8E1

-3.5735E+201
dB(DirTotal)

1, B226E+801

. 1, 2715E+881

9. 204 3E 4220

5. B933E+2E8

2. 1823E+600

-1, 3267E+208

-4, B397E+BE8

-§, 3507E+220
. -1, 1862E+081
-1,5373E+081

-1, 8&84E+231
-2, 2395E+281
-2, S9AGE+EEL
-2, 9417E+231
-3, 2925E+2@1
-3, BYZIE+EEL

Fig. 7. 3D radiation patterns of the OAM antenna (array radius equals to
110mm): (a) without FP cavity; (b) with FP cacity
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Fig. 8. Comparison of E-plane radiation patterns of the OAM antenna with
and without FP cavity (array radius equals to 110mm)

IV. CONCLUSIONS

In this paper, we have presented a method to enhance the
directivity of an OAM antenna by embedding it inside a FP
cavity. This OAM antenna is based on a 4-element circular
phased patch array with an array radius of 110 mm and works
at 2.5 GHz. Influences of the FP cavity thickness on the
antenna directivity are studied. The OAM antenna finally
achieves a directivity of 16.2 dB with an optimized cavity
thickness of 58 mm.
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