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Abstract

We have designed an optical separation device called dual-area mirror for the
data link of orbital angular momentum (OAM) multiplexing. Experiments
show that the OAM multiplexed beams can be switched by using dual-area
mirrors, using OOK to modulate four channels separately to form two inputs,
channel A and channel B. There are two OAM beams that are multiplexed in
each of channel A and channel B, using a spatial light modulator (SLM) to
convert the OAM multiplexed beams in each channel. One of the beams is
converted into a Gaussian beam, and then separated by a dual-area mirror, so
as to realize the switch of a beam carrying different data in the two channels.
Then these channels are detected. The waveform indicates that the switch is
successful, and the measured optical power indicates that the dual-area mir-
ror can reduce the bit error rate in the communication links. In addition, the
device reduces the experimental cost, is easy to implement, is easy to inte-
grate, and increases the angle between the separated beams.
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1. Introduction

Multiplexing multiple data channels as a method to increase system capacity has

been widely used in optical networks [1] [2]. In recent years, a new method has

emerged, that is, the use of orbital angular momentum (OAM) beams to carry

data information for multiplexing [3] [4] [5] [6]. Because the OAM beams with

different topological charges (/) are orthogonal to each other [7], the specific
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modes of OAM can be used as the routing and switching identifiers in optical
networks [8] [9] [10]. In a mature communication system, an important index to
improve the flexibility and practicability of the system includes flexible conver-
sion and manipulation between channels. At present, the research focus of OAM
optical communication includes this routing technology for end-to-end signal
transmission path conversion [11] [12]. When different data streams are mod-
ulated to different OAM modes in the OAM multiplexing system, switching the
data information carried between the OAM modes can increase the flexibility of
data processing and management in communication links [13]. Generally, OAM
multiplexing communication systems in free space are mostly static and point-
to-point links. However, the application of OAM to achieve reconfigurable net-
work functions in a multiuser environment has more advantages. Therefore, it is
an important development trend in the future to selectively manipulate different
OAM data channels and realize OAM-based reconfigurable optical networks
[14] [15] [16] [17].

Common methods for separating the coaxially transmitted OAM beam from
Gaussian beam, for example, 1) Using a beam splitter (BS) and pinholes to sepa-
rate [18], this method requires many experimental devices, the construction of
the optical path occupies a large area, is not easy to integrate, and the BS loses a
lot of optical power; 2) Using a SLM to load a specially designed grating for se-
paration [19], this method is difficult to experiment, the separation angle be-
tween the OAM beam and the Gaussian beam is small, the cost is high, and the
optical power loss of SLM is also large. In this paper, we propose a new method
of beam separation, which also realizes the selective combination of OAM beams
from input to output. We demonstrate experimentally the reconfigurable optical
switching based on OAM. Using the reflective spatial light modulators (SLMs)
and the designed dual-area mirrors [20], the OAM multiplexed beams are con-
verted, spatially separated, recombined, restored to the initial state, and finally

sent to the output.

2. Concept and Principle

Figure 1(A) shows the dual-area mirror. The inner area and the outer area are
two independent areas, and any angle difference can be formed between them.
In the experiment of this paper, we set the inner area radius to r = 1.5 mm and
the outer area radius to R = 15 mm according to the Gaussian spot radius of 0.9
mm. Figure 1(B) shows the separation of a Gaussian beam and an OAM beam
transmitted coaxially. The intensity distribution of the OAM beam is a donut
shape with zero intensity at the center [10]. When different OAM modes are
multiplexed, they will be in the same position in space [20], and the Gaussian
beam will always be located in the center of the OAM beam when it is transmit-
ted coaxially with the OAM beam. When the coaxially transmitted OAM beam
and Gaussian beam are emitted to the dual-area mirror, the Gaussian beam will
be emitted to the central area and the OAM beam will be emitted to the outer
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Figure 1. (A) Dual-area mirror and (B) Principle of separating multiplexed beams.

area. Since the exit angle of the light beam is equal to the incident angle when
the beam is reflected, the separation can be completed by adjusting the angle
between the inner area and the outer area of the dual-area mirror.

Figure 2 shows the principle of OAM-based optical switching. The different
size of each ring in the two channels indicates that the topological charge of each
OAM beam is different, and the different color of each ring indicates that the
data carried by each OAM beam is different. Load the corresponding phase dia-
gram to the OAM multiplexed beams in channel A and convert one beam to be
switched into a Gaussian beam, the other beam still carries the OAM state be-
cause the topological charge is not converted to 0. Finally, the Gaussian beam is
separated from the OAM beam. Do the same operation to channel B as channel A.

The Gaussian beam separated from channel A is introduced into the OAM
beam of channel B, and the Gaussian beam separated from channel B is intro-
duced into the OAM beam of channel A. The recombined beams are transmitted
coaxially, and the multiplexed beams in channel A and channel B are converted
back to the initial topological charge states by loading the corresponding phase
diagrams. By comparing before and after switch, all OAM states have not
changed. We switched the data carried by the beam 4 in channel A and channel B.

This type of optical switching experiment has no theoretical limit on the
number of channels and the number of OAM beams multiplexed in each chan-
nel. And the more the number of channels and the multiplexing number of
OAM beams in each channel. The more options for switching, the more flexible
the entire system, and the easier it is to build a large-scale OAM-based optical
network. As shown in Figure 3.

3. Experiment

Figure 4 shows the optical path of the OAM-based optical switching experiment.
All light sources are He-Ne lasers with a wavelength of 632.8 nm, and all data
sources are generated by signal generators. The data source 1 in channel A is sent
to SLM1 and converted into an OAM beam with 4 = +2. The light intensity is
shown as (a) in Figure 4, and (al) is the interferogram of (a). Data source 2 is sent
to SLM2 and converted into an OAM beam with 4 = +6, the light intensity is as

shown in (b). Use BS1 to combine beams to form OAM multiplexing,
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Figure 2. Principle of OAM-based optical switching.
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Figure 3. OAM-based networks constructed under different number of channels and dif-
ferent number of OAM multiplexed beams.
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Figure 4. Experiment setup (Pol, polarizer).

(¢) is the light intensity of the OAM multiplexed beams. Use SLM3 to convert /
into a Gaussian beam, while 4 is still an OAM beam, and they are transmitted
coaxially as shown in (d). The topological charge of 4 has also been converted, as
shown in (d1). The dual-area mirror 1 separates the OAM beam from the Gaus-
sian beam, as shown in (e). Channel B and channel A are more like mirror ma-
nipulation. The difference is that the topological charges of the two OAM mul-
tiplexed beams in channel B are 4 = +2 and / = +8, and they carry different data
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sources.

Recombine the Gaussian beam (f) separated in channel A with the OAM
beam (G) separated in channel B, as shown in (H). Recombine the Gaussian
beam (F) separated in channel B with the OAM beam (g) separated in channel
A, as shown in (h). Use SLM7 and SLMS to restore them to the initial OAM
states. Since the OAM beams with different topological charges are orthogonal
when they are superimposed, we use the polarizers to filter the multiplexed

beams, and connect the detectors to the oscilloscopes for detection.

4. Experimental Result

Figure 5 shows the signal waveforms of channel A and channel B collected be-
fore and after optical switching. We distinguish four signals by waveforms of
different frequencies. Different OAM beams and their corresponding signal
waveforms are identified by the same color. In channel A, beam 4 = +2 is mul-
tiplexed with beam 4 = +6, and in channel B, beam 4 = +2 is multiplexed with
beam / = +8. The data they carry are displayed by multichannel oscilloscopes. In
output A, we can see that the beam 4 = +6 in channel A is recombined with the
beam 4 = +2 in channel B. In output B, we can see that the beam 4 = +8 in

channel B is recombined with the beam /4 = +2 in channel A. It shows that the

data carried by the OAM beams with the topological charge of +2 in channel A

Channel A Output A
N=+2&12=+6 3=+2&12=+6

Output B
NnN=+2&I4

Figure 5. Waveforms collected before and after switch.
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Figure 6. Received optical power under different methods. (Bef, before; Aft,
after; Sep, separation; Dam, dual-area mirror).

and channel B are successfully switched, and compared with the output and in-
put, the OAM state has not changed.

We use the two separation methods mentioned in Section 1 and the method
proposed in this paper to carry out the experiments in turn, and the collected
received optical power is shown in Figure 6. The experiment measured that the
average power of the Gaussian/OAM beam in channel A before separation is
1230.6 uW/1163.8uW, the average power after separation using dual-area mirror
is 1159 pyW/921.2uW, the average power after separation using SLM is 777.2
UW/717.4uW, and the average power after separation using BS and pinholes is
451.6 WW/394.4uW.

The average power of the Gaussian/OAM beam in channel B before separa-
tion is 1232.4 pW/1165.2uW, the average power after separation using dual-area
mirror is 1160.2 pW/923uW, the average power after separation using SLM is
778.6 uW/719.8uW, and the average power after separation using BS and pin-
holes is 452.4 pW/397.8uW. It can be seen that the experimental effect of using
the dual-area mirror is the best, and the loss of optical power is the minimal. In
reconfigurable data switch, with the decrease of optical power loss, the bit error
rate will decrease [3]. Therefore, the dual-area mirror can improve the transmis-

sion quality of the optical communication links.

5. Discussion

We propose a method to separate the coaxially transmitted Gaussian beam from
OAM beam using a dual-area mirror, and use this method to realize an OAM-
based optical switch experiment. The results show that the device we designed
can greatly reduce the optical power loss, thereby reducing the bit error rate of

the communication links. And the method greatly reduces the experimental cost.
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If SLMs are used in the beam separation part to replace the dual-area mirrors,
then we need 10 SLMs and 6 BSs to complete the experiment in Figure 4. If we
use beam splitters and pinholes instead of dual-area mirrors, we need 8 SLMs, 8
BSs and 4 pinholes to complete the experiment in Figure 4. Our method only
needs 8 SLMs, 6 BSs and 2 dual-area mirrors to complete the experiment. As we
all know, the price of mirrors is cheap. At the same time, it also has many ad-
vantages. For example, it is easier to integrate, can separate beams at a large an-
gle, and can be applied to a variety of OAM reconstruction scenes. Therefore,
the research results of this paper contribute to the construction of large-scale
and flexible OAM-based optical networks.
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