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This paper presents an orbital angular momentum 

(OAM) multiplexing communication system employ‐

ing active uniform circular arrays (UCAs) to achieve 

simultaneous five-mode transmission. At 28 GHz, dual-

loop UCAs are implemented in the transceiver, in 

which four UCAs comprising multiple 4×4 microstrip 

subarrays are placed concentrically. The next stage 

of each channel is an active transmitter and receiver 

(T/R) module, which is composed of a beamformer 

integrated circuit (IC) and a feed network. Addition‐

ally, a central antenna with the ability to transmit mode 

0 is integrated. Similar to the active phased array system, 

both the receiving and transmitting modes are recon‐

figurable by adjusting the phase shifter. According to 

specific requirements, the modes of different UCAs 

can be assigned arbitrarily, and the receiving and 

transmitting states of each UCA can be configured 

independently. In this study, a 6-m OAM link with data 

transmission rate of 3 Gbit/s has been successfully 

implemented.

1 Introduction 

The surge in data traffic and the relentless de‐
mand for high-capacity wireless transmission have 
driven researchers to explore innovative techniques to 
enhance spectral efficiency and transmission capacity. 
Point-to-point free-space communication links, par‐
ticularly for indoor, data center, and front-haul and back-
haul systems, offer a promising solution. Among these 
techniques, spatial multiplexing stands out as an effi‐
cient approach to boosting the capacity of wireless 
systems. Multi-input multi-output (MIMO) systems 
(Gesbert et al., 2003) and OAM multiplexing (Gibson 
et al., 2004; Yousif et al., 2019; Zhang et al., 2021) are 
two notable examples that have garnered significant 
attention in recent years.

The fundamental antennas used for generating 
OAM waves include helicoidal parabolic antennas and 
spiral phase plates (SPPs) (Yan et al., 2014). SPPs 
have demonstrated effective wireless transmission at 
60 GHz, achieving a data rate of 32 Gbit/s. Polarization-
division multiplexing (Qiu et al., 2023) and intelli‐
gent surfaces (Cheng et al., 2023; Yang et al., 2023) 
can also be used for OAM multiplexing communication. 
However, their capacity is limited to the generation of 
a singular OAM mode. Planar reflectarrays present an 
innovative alternative to replace the large helicoidal 
parabolic reflector (Tamburini et al., 2015). Meanwhile, 
the UCA is a widely adopted technique for generating 
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OAM waves, offering the capability to generate multiple 
OAM modes by manipulating the excitation phase of the 
integrated front-end module. However, a fixed feed net‐
work within a UCA typically limits its functionality to 
the generation of a single OAM mode (Guo et al., 2018). 
In contrast, UCA antennas equipped with a reconfigu‐
rable feed network can generate multiple OAM modes. 
Nevertheless, these antennas are limited to generating 
one OAM mode at a time (Kang et al., 2019).

Existing OAM multiplexing systems, often using 
passive feed networks, are limited in their ability to 
dynamically switch between different OAM modes 
or reconfigure the receiving and transmitting states. 
These constraints restrict their practical applicability 
in scenarios requiring flexibility and adaptability. To 
address this drawback, this paper proposes a recon‐
figurable OAM multiplexing communication system 
employing active UCAs to enable simultaneous five-
mode transmission.

Our system allows independent configuration of 
both the receiving and transmitting states for each UCA, 
enabling seamless switching between different OAM 
modes. This capability is achieved through the integra‐
tion of active T/R modules, comprising beamformer ICs 
and feed networks. This feature is particularly advan‐
tageous in dynamic environments, where the optimal 
OAM mode for transmission may vary over time.

Our system is capable of simultaneous five-mode 
transmission, including modes 0, ±1, and ±2. This capa‐
bility not only increases the overall data rate but also 

demonstrates the scalability of our approach. By lever‐
aging the orthogonality of OAM modes, it can effi‐
ciently multiplex and demultiplex multiple data streams 
through a single pair of apertures, minimizing cross‐
talk and simplifying signal processing. This system is 
designed with dedicated antennas for each OAM mode, 
ensuring high isolation and purity; it is successfully 
tested over a 6-m link, achieving a data transmission 
rate of 3 Gbit/s. While the communication distance 
and rate may not be the highest reported to date, our 
focus on reconfigurability, active control, and simul‐
taneous multi-mode transmission distinguishes this 
work from existing studies.

2 System design 

Research on OAM multiplexing in wireless com‐
munication can be classified into five main categories: 
antenna design, beam generation, end-to-end experi‐
ments, signal processing methods, and system studies, 
such as capacity assessments and link budgets. This 
paper will focus on antenna design and end-to-end 
experiments.

2.1 Design of OAM multiplexing transceiver

To achieve a high isolation OAM multiplexing 
communication system, dedicated antennas are indi‐
vidually designed for each OAM mode. Fig. 1 pres‐
ents the schematic diagram of the transceiver system 

Fig. 1  Diagram of multi-mode orbital angular momentum (OAM) transceiver system
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that comprises a dual-loop UCA, an integrated front-end 
module, a beam control board, and a back-end pro‐
cessing module. The front-end integration module pri‐
marily consists of beamforming chips that encompass 
essential functionalities such as attenuators, phase shift‐
ers, and transceiver switches. The next stage of the 
front-end module is the beam control board, which 
involves a field programmable gate array (FPGA) and 
a beamformer network. The beam control board emits 
control signals to switch OAM modes and receiving and 
transmitting states. This ensures that each UCA receives 
signals with known amplitudes, phases, and consistent 
timing. The reception and transmission states, as well as 
the radio frequency (RF) attenuator and phase shifter 
settings for each channel, can be rapidly switched while 
maintaining the selected OAM mode. The back-end 
processing module primarily consists of mixers and facil‐
itates the conversion between intermediate frequency 
(IF) signals (300 MHz) and RF signals (28 GHz).

The transmission and reception of OAM modes 
+1, −1, +2, and −2 are achieved by eight subarrays as 
shown in Fig. 2. These eight subarrays are sufficient to 
produce highly pure OAM beams (Thidé et al., 2007). 
The number of array elements has an additional influ‐
ence on an OAM-generating antenna array, compared 
to that of a regular antenna array, as it determines the 
largest mode the array can generate. In the discrete 
approximation used here, OAM modes with too large 
values of ℓ (|ℓ |⩾N/2), where N is the number of array 
elements, cannot generate a pure rotating phase front 

and a perfect OAM mode. The beam will experience 

distortion and fail to maintain a stable OAM mode 

number across the entire conical intensity maximum 

profile.

2.2 System SNR and antenna metrics

The objective of this study is to facilitate the simul‐

taneous transmission of five streams using OAM key‐

ing signals. The OAM multiplexing is implemented 

in the 27.5–28.5 GHz band over a distance of 6 m. 

Channel coding is required to achieve a signal-to-noise 

ratio (SNR) of more than 15 dB for error-free trans‐

mission. The receiving SNR of each mode is given in 

Eq. (1).

SNR=PT +GT −PL +GR −PN +NF, (1)

where PT, GT, PL, GR, PN, and NF represent transmit‐

ter (TX) power, TX antenna gain, path loss, receiver 

(RX) antenna gain, thermal noise, and noise figure, 

respectively. In the case of UCA-based OAM trans‐

mission, PL takes the following unique values (Nguyen 

et al., 2018):
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Fig. 2  Front view of OAM spatial multiplexing antenna with simultaneous five-mode transmission architecture
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where Nt, Nr, k, ℓ , λ, and rmn represent the number of 
TX antenna elements, the number of RX antenna ele‐
ments, wave number, the value of OAM mode, wave‐
length, and the distance from element m of TX to ele‐
ment n of RX, respectively. Considering the experi‐
mental environment in this study, we set PT=0 dBm, 
PN=−81 dBm, and NF=6 dB. In particular, PL is set from 
63 dB to 83 dB because it varies according to the param‐
eters of Nt, Nr, ℓ, λ, and rmn. To obtain an SNR of 15 dB 
or higher under the highest path loss condition, which 
is 83 dB (Sasaki et al., 2019), the sum of TX and RX 
antenna gains must be equal to or higher than 22 dBi, 
i.e., GT+GR⩾22 dBi. Therefore, the objective is to 
design antennas with a gain exceeding 11 dBi. This 
study proposes a narrowband 4×4 two-layer microstrip 
array with a gain exceeding 20 dBi. The active T/R 
feed network can also contribute to an additional gain. 
However, an excessively high gain in the T/R network 
may lead to system self-excitation.

Fig. 2 shows the multi-UCAs for OAM multiplex‐
ing, where four UCAs are arranged concentrically. The 
receiving and transmitting systems share the same 
structure, ensuring a symmetrical distribution of waves. 
The UCA consists of 4×4 microstrip antenna arrays in 
subarrays, which is connected to the beam-controlling 
printed circuit board (PCB) via a sub-miniature push-on 
(SMP) connector. Sixteen subarrays are uniformly 
distributed along the circumference in a continuous 
manner. Each OAM mode has eight subarrays with 
an additional central subarray, resulting in a total of 
33 subarrays for the T/R system. The inner loop trans‐
ceiver has a radius of 0.17 m, while the outer loop 
transceiver has a radius of 0.23 m.

2.3 Communication distance

The selection of communication distance is critical 
because different OAM modes exhibit distinct diver‐
gence angles. As the mode number increases, so does 
the divergence angle, which corresponds to the angles 
indicated by the two main lobes of the antenna’s far-
field radiation pattern. Additionally, a larger antenna 
aperture results in a smaller divergence angle. Conse‐
quently, the choice of communication distance must 
carefully consider four factors: the distribution radius 
of the UCA, operating frequency, OAM mode number, 
and divergence angle.

In the proposed system, efforts were made to 
ensure that the energy received by both the inner and 

outer antennas encompasses the majority of the OAM 
energy distribution. To achieve this, a method similar 
to near-field scanning was employed, simulating the 
field distribution of various OAM modes within cross-
sections at different distances. The objective was to 
design transmitting and receiving antennas with iden‐
tical apertures and symmetrical configurations, facili‐
tating seamless switching between modal transmission 
and reception while capitalizing on the benefits of the 
active T/R feed network. Ideally, the OAM field dis‐
tribution emitted from the inner antenna should attain 
its maximum amplitude precisely at the inner position 
of the receiver antenna. Similarly, the transmitting and 
receiving antennas of the outer ring should produce the 
strongest field amplitude at the same location, ensur‐
ing optimal energy transfer efficiency throughout the 
communication system.

In this example, the frequency, UCA size, and dis‐
tance between TX and RX antennas were set to 28 GHz, 
0.5 m, and 10 m, respectively. Since the diffraction 
pattern of the UCA can be approximated as a Bessel 
beam (Tian et al., 2016), the OAM intensity generated 
by the UCAs has different peaks at different distances, 
the distribution of which is given by Eq. (3).

vL ( r, θ, z ) =
λ exp

é
ë
êêêê

ù
û
úúúú( )2πi

λ
r2 + z2

4π r2 + z2

·i−ℓeiℓθ·Jℓ( )2πrD

λ r2 + z2
,

(3)

where Jℓ , λ, and D denote the ℓth-order Bessel function 
of the first kind, the wavelength of the carrier frequency, 
and the radius of the transmitting UCA, respectively. 

(r, θ, z ) refers to cylindrical coordinates, where r and 

θ are the radius and azimuthal angle at the RX plane, 
respectively, and z is the distance between the TX and 
RX UCAs. In this design, the electric field is polar‐
ized in the y-direction and propagates along the z-axis. 
Fig. 3 illustrates the magnitudes of the Bessel distribu‐
tion electric field with different modes in the line y=0 
on the cross-section plane, 10 m from the antenna.

From the TX perspective, this allows different 
OAM modes to be transmitted using different UCAs 
to avoid the null region at the RX antenna. Each sub‐
array contributes one OAM mode, which is fed by an 
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independent channel. This also enables the transmis‐
sion of multiple sets of the same OAM mode. From 
the RX perspective, multiple UCAs provide increased 
freedom, enabling the RX antenna to receive most of 
the energy. Our transmitting and receiving antennas 
share an identical structure, which not only reduces 
manufacturing costs but also ensures symmetry.

Based on the aforementioned conclusions, the 
system sets the communication distance within a range 
of 6 m to 10 m. Despite sacrificing communication 
distance, it attains the benefits of seamless switching 
between transmit and receive modes and high energy 
utilization efficiency, making it more suitable for practi‐
cal duplex system applications. Given that the presented 
system primarily serves as a verification system for 
OAM communication, considering the impact of OAM 
multipath effects and OAM purity, we have determined 
an experimental distance of 6 m. In future work, we 

will focus on enhancing design and experimental meth‐
odologies for long-distance communication.

In contrast to other studies, the communication 
system distance reported in this paper does not exhibit 
notable superiority. As such, future research should pri‐
oritize enhancing communication distance. Approaches 
to increase the communication distance include enlarg‐
ing the antenna aperture, augmenting the number of 
channels, enhancing the RF link gain, special beam 
shaping, lowering the noise coefficient, and imple‐
menting algorithmic compensation for restoring the 
OAM field.

2.4 Phase calibration of UCA

As shown in Fig. 4a, an open waveguide probe 
is scanned along a circular trajectory using a vector 
network analyzer (VNA) and a scanning frame. At a 
distance of three wavelengths from the surface of the 
antenna array, phase measurements are conducted for 
each element, after which the digital phase shifter is 
calibrated to excite signals with uniformly distributed 
phase differences corresponding to the OAM mode 
number. The results before and after phase calibra‐
tion are shown in Table 1. The phase intervals after 

Fig. 3  Simulation of intensity distributions of transmitter 
(TX) signals. Frequency: 28 GHz; radius of TX loop-1 and 
loop-2 UCA: 0.17 m/0.23 m; distance between TX and receiver 
(RX): 10 m

Table 1  Comparison of phase calibration results for eight channels

Before calibrating

After calibrating

ℓ

+1

−1

+2

−2

+1

−1

+2

−2

Forward transmission coefficient (degree)

CH1

113

56

−22

75

1

6

−88

143

CH2

−123

−167

−43

92

47

−44

0

47

CH3

169

126

96

−81

87

−85

91

−44

CH4

165

156

106

65

139

−134

176

−129

CH5

−5

64

−113

56

−173

179

−94

143

CH6

108

93

−4

−121

−129

135

2

51

CH7

−129

88

−20

−137

−85

96

89

−36

CH8

−28

−39

53

−1

−48

51

176

−142

Taken from data captured by vector network analyzer (VNA) at 28 GHz

Fig. 4  Diagram of near-field phase calibration (a) and photo 
of near-field measurement scenarios (b)
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calibration are not strictly equal due to the limited pre‐
cision of the digital phase shifter and the possibility 
that the scanning plane may not be perfectly parallel 
to the array surface.

The state after phase calibration is recorded as a 
standard excitation file, and different OAM modes are 
switched as needed. In the next section, OAM modes 
are mapped to different UCAs based on this, and near-
field measurements are performed at a greater dis‐
tance using a scanner, as shown in Fig. 4b. The cali‐
brated results exhibit a non-uniform phase interval dis‐
tribution; however, the simulated phase distribution 
of the calibrated OAM mode incorporates the phase 
error within the prescribed tolerance range. Subse‐
quently, this distribution is compared with the ideal 
phase distribution, revealing that inter-modal interfer‐
ence caused by a ±10° phase error is attenuated to less 
than 30 dB.

To alleviate the influence of multipath effects, 
the experimental scenario of this paper elevates the 
antenna as far from the ground as possible, ensuring 
that the lower edge of the antenna is 1.5 m above the 
ground. Based on a simple assessment, the cross-
interference of multipath effects on the main OAM 
mode can be minimized to less than 15 dB in coordi‐
nation with the absorbing material plates on both sides. 
As the number of OAM modes is relatively small and 
the impact of non-line-of-sight (NLoS) is relatively 
minor, its influence is temporarily disregarded in this 
experiment.

3 OAM spectrum measurement 

The near-field data allow us to assess the errors 
in amplitude and phase distribution of the generated 
OAM beams, which is crucial for understanding the 
fidelity of the OAM modes and ensuring the accuracy 
of our communication system. By comparing the mea‐
sured data with theoretical predictions, we can identify 
any deviations that may result from imperfections in the 
antenna design or transmission medium. The purity of 
the OAM modes is a critical metric for the performance 
of OAM-based communication systems. By analyzing 
the near-field distributions, we can evaluate the purity 
of the generated OAM beams. For instance, in our study, 
we observed that the amplitude distribution of the 

second-order OAM beam is not perfectly uniform, indi‐
cating potential imperfections in the generation process.

To observe the purity of the emitted electromag‐
netic vortex waves and the OAM spectrum, it is neces‐
sary to establish an experimental environment capable 
of testing the near field. As shown in Fig. 4b, a two-
dimensional motion controller is used to move the open-
ended waveguide probe within a plane parallel to the 
antenna’s aperture. After achieving the desired posi‐
tioning, amplitude and phase data of the electric field 
are recorded using a VNA.

In the near-field measurement and communica‐
tion experiments, the outer UCAs (UCA1 and UCA2) 
are configured to receive and transmit OAM modes ±2, 
while the inner UCAs (UCA3 and UCA4) are config‐
ured to receive and transmit OAM modes ±1. The cen‐
tral array receives and transmits plane waves.

The measured transverse electric field magni‐
tude and phase distributions for the first-order and 
second-order OAM beams are shown in Fig. 5. Figs. 5a, 
5c, 5e, and 5g show the magnitude distributions in the 
xoy-plane at a distance of 6 m, while Figs. 5b, 5d, 5f, 
and 5h show the phase distributions.

The near-field measurement results provide valu‐
able insights into the performance of our OAM multi‐
plexing communication system. Quantitatively, it is 
observed that the field strength maximum energy radii 
for the modes ±1 and ±2 at a distance of 6 m are approx‐
imately 100 mm and 138 mm, respectively. The ampli‐
tude distribution on the loop of the second-order OAM 
beam is not uniform. This discrepancy may arise from 
variations in output power among different channels of 
the T/R chip or potential distortions caused by bend‐
ing in the coaxial line. To mitigate systematic errors and 
compensate for loss disparities, the T/R boards undergo 
calibration using a VNA. Due to the limitations in 
attenuator accuracy (±1 dB) and phase shifter accuracy 
(±11.25°), complete consistency across all channels is 
unattainable. These values align well with the modal dis‐
tribution discussed in Section 2.3 for a distance of 10 m, 
indicating that the majority of the energy is confined 
within the aperture distribution of the receiving antenna. 
This confirms that our system design enables efficient 
energy transmission over the selected communica‐
tion distance. The phase distributions in the near field 
exhibit a fork-like pattern, indicating potential misalign‐
ment between the measurement plane and the emitting 
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antenna aperture. Attitude sensitivity poses a common 
challenge in OAM testing, and the presented phase data 
represent raw measurement results. Although com‐
pensating for angular errors post-measurement could 
enhance accuracy, it requires a standard OAM generator 
and planar calibration system, which are unavailable 
under our experimental conditions. Instead, this work 
employed mechanical parallel calibration methods to 
ensure that any misalignment between the measurement 
plane and the antenna aperture does not exceed 2° , 
thereby minimizing its impact on our measurements.

The OAM spectrum can be calculated by mea‐
suring the amplitude and phase of the electric field 
using the near-field test results shown in Fig. 5. The 
measured OAM spectrum is presented in Fig. 6, cal‐
culated by Eqs. (4) and (5).

aℓ ( r, z ) =
1

2π
∑
ℓ=−∞

+∞

aℓ ( r, z )· exp ( iℓφ ) , (4)

where the helical harmonic exp(iℓφ) is the eigen 

wave function of OAM with the complex coefficient 
aℓ . Thus, the intensity of the ℓth-order helical har‐
monic is:

Cℓ ( r, z ) = ∫
0

+∞

| aℓ ( r, z ) |2rdr. (5)

Additionally, the influence of NLoS paths becomes 
more significant at greater distances. However, reduc‐
ing the communication distance solely to improve 
purity is not feasible due to the OAM spatial filtering 
effect, which causes a significant portion of the energy 
to be reflected within the inner region instead of being 
fully received by the antenna. This is pivotal for grasp‐
ing the likelihood of cross-talk between OAM chan‐
nels and refining system design to alleviate such inter‐
ference. The envelope of the OAM spectrum follows 
the Singer function, resulting in lower isolation between 
contiguous OAM modes compared to other modes. 
In this study, the measured isolation of all modes is 
below 10 dB. Moving forward, optimization efforts 
will be focused on modes with inadequate isolation, 
with a primary emphasis on enhancing the design of 
feed networks and refining calibration methodologies 
to achieve an isolation level exceeding 10 dB for all 
modes.

Fig. 6  Measured OAM spectrum of proposed system with 
four non-zero OAM streams: (a) TX mode +1; (b) RX 
mode +1; (c) TX mode +2; (d) RX mode +2

Fig. 5  Measured transverse electric field intensity of generated 
OAM modes +1 (a), +2 (c), −1 (e), and −2 (g); measured 
phase distributions with OAM modes +1 (b), +2 (d), −1 (f), 
and −2 (h)
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4 Communication experiment 

The same OAM configuration from the previous 
near-field measurement was applied, with the outer UCA 
configured to receive and transmit OAM modes ±2, 
the inner UCA for OAM modes ±1, and the central 
array receiving and transmitting plane waves. For the 
same OAM transmission mode, different modes were 
used to receive and measure the power in the inter‐
mediate frequency, using a spectrum analyzer. The 
results were normalized and organized into Table 2. 
The matched OAM mode showed higher power in the 
intermediate frequency than the mismatched mode, as 
shown in Fig. 7.

This experimental platform uses a data acquisi‐
tion card and an arbitrary waveform generator. The com‐
munication setup is shown in Fig. 8. The arbitrary 
waveform generator directly generates an intermedi‐
ate frequency signal (300 MHz), radiated at 28 GHz 
through the upconverter and T/R board. Similarly, the 
receiving antenna performs post-processing on the 
received signal through down-conversion and T/R. 
The waveform of the data at the transmitting end is 

shown in Fig. 9a, while the waveform received at the 
receiving end is shown in Fig. 9b. The sampling rates 
of the arbitrary waveform generator and the data acqui‐
sition card are 1.2 GS/s and 1.25 GS/s, respectively. 
At the input of the frequency conversion daisy chain, 
up- or down-converters that are cascaded through a 
coaxial line are used to convert the input signal of 
300 MHz to 28 GHz. In the proposed system, the 
data acquisition card collects 512 kS of data, which 
are then sent to the upper computer. MATLAB is used on 
the computer to demodulate the collected data, recover 
user data, and display the constellation diagram. The 
error vector magnitude performance is measured with 
quadrature phase shift keying (QPSK), 16-QAM, and 
64-QAM waveforms in RX mode. The experimental 
results of the OAM communication data streams of the 
five modes at the receiving end are shown in Fig. 10. 
The error vector magnitude contributors include exter‐
nal components such as PCB-based transmission lines, 
cross-polarization of the antenna, OAM mode purity, 
antenna orientation angles, and bonding wires.

After completing the constellation display, the 
data acquisition card is controlled for data collection. 
This process cannot fully collect the transmitted data, 
and the collection interval can be approximated as the 
demodulation time of the upper computer. Due to the 
randomness of the data collection starting point, the 
data are accurately demodulated, and it is necessary to 
determine the starting position of each frame of data. 
At the same time, to balance the collection rate, an 
all-zero sequence is added before the pilot sequence 
to estimate the data frame’s starting position. In this 

Table 2  Normalized power measured by signal analyzer on 
intermediate frequency (IF) band

RX mode

−1

+1

−2

+2

0

IF power (dB)

TX mode=+1

0

−10.9

−11

−5

−25.3

−1

−9.4

0

−16.2

−17.6

−11.8

+2

−10.4

−10.8

0

−6.8

−20.6

−2

−14.8

−11.8

−10.7

0

−11.6

0

−8.4

−18.2

−5.6

−5

0

Data taken from Agilent spectrum analyzer E4447A

Fig. 9  Transmitting (a) and receiving (b) waveform

Fig. 8  Communication measurement setup

Fig. 7  TX OAM mode-checking: an 11-dB difference in 
intermediate frequency (IF) power. The TX mode is +1 while 
the RX UCA is −1 (matched) and +1 (mismatched)
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experiment, the data frame consists of an all-zero 
sequence, a pilot sequence, and a user data sequence, 
with a ratio of 49512׃14׃.

The OAM multiplexing communication experi‐
ment is summarized in Table 3. The active T/R employs 
a phase shifter and attenuator chip instead of the Butler 

matrix as the feed network. Compared to the commu‐
nication system mentioned in the reference paper, the 
system designed in this paper has the advantages of 
simultaneous multi-mode transmission and reception, 
transmission-reception state reciprocity, and flexible and 
reconfigurable OAM mode.

Fig. 10  Constellation diagrams with five streams (0, ±1, ±2) simultaneous communication

Table 3  Comparison with other OAM multiplexing communication systems

Reference

Yan et al. (2014)

Tamburini et al. (2015)

Yan et al. (2016)

Nguyen et al. (2018)

Lee et al. (2018)

This paper

Method

SPP

Parabolic reflector

SPP

UCA

UCA

UCA

Frequency

28 GHz

17 GHz

60 GHz

74.5 GHz

28 GHz

28 GHz

Propagate distance

2.5 m

150 m

15 cm

7 m

10 m

6 m

OAM mode

±1, ±3

0, ±1

±1, ±2

0, ±1, ±2, ±3, ±4

0, ±1, ±2

0, ±1, ±2

Speed

32 Gbit/s

33 Mbit/s

8 Gbit/s

3.2 Gbit/s

200 Gbit/s

3 Gbit/s

Type of feed network

Passive

Passive

Passive

Passive

Passive

Active

SPP: spiral phase plate; UCA: uniform circular array
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5 Conclusions 

A 6-m OAM link is designed to enable the simul‐
taneous transmission of five OAM streams, achieving a 
transmission rate of 3 Gbit/s. There is still significant 
room for improvement in this communication system. 
In this experiment, the communication rate is primarily 
limited by the relatively small intermediate frequency 
bandwidth. Both the frequency conversion module and 
T/R module have a large gain margin. Future work may 
involve designing longer communication links, address‐
ing the OAM divergence angle, and exploring its poten‐
tial for high-speed and long-distance communication.
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