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Abstract: Orbital angular momentum (OAM) carried by the vortex beam provides a new dimension resource in the
spatial domain of light waves, which attracting more and more researching attentions. Since the vortex beams with
different OAM mode values are orthogonal to each other, the OAM mode is introduced into the field of traditional
optical communication, and two new application mechanisms are derived: OAM shift keying (OAM-SK) and OAM
division multiplexing (OAM-DM), which provides a potential solution for future high-speed, high-capacity and
high-spectrum efficiency optical communication technologies. Based on the basic concepts and theories of OAM
beam types and their generation methods, this paper will give a brief overview of typical research cases related to
the application mechanisms of these two communication systems. Three key technologies have been discussed,
including OAM beam multiplexing technology, OAM beam demodulation technology, and turbulence suppression
technology of OAM-based optical communication. Finally, the future developing trends and prospects of OAM-based
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optical communication technology are analyzed and forecasted.
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Fig. 1 Schematic illustration of physical dimension resources of photons

190593-2



https://doi.org/10.12086/0ee.2020.190593

(OAM)[17—19]
(OAM)

20 70
Berry 1617
Allen U8 1992

OAM
exp(ilp)
l OAM
0] OAM Ih

OAM h ( h

27 )
OAM
OAM
OAM

(free space optical FSO)
[19]
OAM
(1] OAM
OAM
OAM
(amplitude shift keying ASK)
(frequency shift keying FSK)

OAM (OAM-SK)-) OAM

OAM

wWDM TDM PDM
OAM (OAM-DM) 0501
OAM FSO
[19]
OAM OAM
OAM

FSO
OAM
OAM
OAM
[19]
OAM FSO
OAM
OAM-FSO
OAM OAM
OAM
OAM

2 OAM NXRHIMAESTEFR
2.1 OAM RHyFHLE
OAM
OAM

OAM-FSO OAM

2.1.1
(Laguerre-Gaussian  LG)

OAM-FSO OAM

[18]

LG (rnpe)= |—22L_ 1 [r2 ML'” 2
pAPPEI= n(p+|l|)'w(z> wz) ) "\ w2
ex —1krz

P 2RGz)

exp[1(2p+|l|+l)arctan[ z

Zr

H -exp(ilp), (1)

k=2mn/A I OAM
p
w(z)=wyl+(z/2,)"  wo
zg=1w, /A L)
(2p+|l|+D)arctan(z/z,)  Gouy LG
2(a) OAM

190593-3



https://doi.org/10.12086/0ee.2020.190593

LG OAM
2.1.2
OAM-FSO
(Bessel) LG
(Bessel-Gaussian, BG)
[51]
rZ
BG(r,0) = ]Z(txr)exp(ilgo)exp(—yj , (2)
a I BG
OAM exp(—r2 /w?)
1#0 ]1 I
2(b)
BG LG

B2 JUAEL

( )
BG
BG
OAM-FSO (2852-55]
2.1.3
LG BG
OAM
2013 Ostrovsky 9
(spatial light modulator SLM)
OAM
(perfect optical vortex POV)
(56-57)
Eperfect(r,q))z6(r—r0)exp(ilg0) R 3)
8(r)
ro POV

Bessel=,

Besseli=3

POV beam (after Fourier transform of BG beams):

# OAM st &. (a) LG k&; (b) POV sb&; (c)BG k&; (d) ik rey VV k25

Fig. 2 Several common OAM beams. (a) LG beams; (b) POV beams; (c) BG beams; (d) VV beams represented by Poincare sphere®

190593-4



https://doi.org/10.12086/0ee.2020.190593

BG
(3) 7]
EBG,perfect(r)¢) _ J-Ooc '[Ozn pBG(P,@) . e—iznprcos(qJ—G) dpd@
koiy oo krp) -
:711 1l J'O J,(ar)], (TPJe v pdp (4)
POV OAM
2(c)
OAM POV
[59-60]
2.14
OAM
OAM
(vector vortex, VV) [61-62] OAM-FSO
[62-67)
[v) {R,oL,}
OAM (2
RN AE (5)
R) L) Lo
weoowt o [R)|L)
[67-68] 2(d)
=1 =3
0,0)
(R,.L,) 0 o
\AY% OAM
[63-66]
OAM
OAM-FSO OAM
BG
POV vV LG
( 22
) OAM-FSO
OAM BG
OAM-FSO POV
POV OAM
OAM
LG BG

POV
BG
POV [59-60]
OAM-FSO
POV
Vv
( OAM-FSO )
2.2 OAM XRBIFZERR
OAM OAM
OAM
OAM [69-73]
OAM
OAM
OAM
[69]
[71-72]
LG
V4
(73]
OAM
OAM
OAM
OAM
(SPP)[74-79] [80-84]
[18, 85] q [86-89] ] [90] [91-98]
[99-105] [106-111]
(SPP)
[74-79]
3(al) h

190593-5



https://doi.org/10.12086/0ee.2020.190593

(digital micromirror display DMD)®!  SLM

SPP
OAM SPP
SPP OAM (s0-52)
OAM OAM SLM (s4)
( 3(a2) )
( 3(a3))
OAM (SLM)is0-821 SLM

Output OAM beam

2t i
brefo
bk

N g
(\ { ~ Metasurface
¥ {

B 3 (a) FIF $EeA81545 (SPP) (al), FaeAnfss & (a2), L tM(ald)> 4 OAM KR TF; (b) AIAAEX4EH
B4 HG A RALA LG Kk, (b1)2 i HG #Ead 9t A LG X 96 ARY, (02) /2 X b3 B A AR X4t 519,
(c) q #at E R R a9t A% (d) L R &8 A9 A8 %42 OAM LAY, (e) #IRIFIRE 7 £ OAM KA
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Fig. 8 (a) System diagram of high-density OAM demodulation scheme based on improved Mach-Zehnder interferometer combined

with optical geometry transformation ['*¥; (b1) Intensity distribution and demodulation effect of composite OAM beam without
Mach-Zehnder interferometer ['*¥, (b2)  (b3) Intensity distribution and demodulation results measured at two output ports of
A B after introduction of the Mach-Zehnder interferometer; (c) System diagram of OAM beam demodulation scheme based

on improved Mach-Zehnder interferometer combined with composite phase grating!**; (d) Demodulation effect of 25 OAM
modes based on improved joint scheme of Mach-Zehnder interferometer and composite phase grating!™*!
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Table 2 Performance comparison of different schemes of demodulation OAM beams
SPp Diffractive Phase Interference Geometric Mode Machine
optical element hologram /diffraction transformation conversion learning
Cost Low Normal Low Low High Low Low
Speed Normal Fast Fast Normal Normal Normal Fast
Demod.uFation Normal Normal Normal Low High Relatively high High
precision
OAM mode Single Slngle Slngle Single Slngle Single Smgle
/multiplex /multiplex /multiplex /multiplex
Processing ) . ) .
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Systen? Low Low Low Low High High Low
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Fig .9 (a) Classical architecture of CNN——AlexNet. The black squares represent the convolution kernel used to extract image distri-
bution features, after the input image passes through several layers of convolution layer (including activation and pooling operation),
softmax classifier of the fully connection layer calculates the probability of the input belonging to each class respectively, and then rea-
lizes OAM mode classification [*%; (b) Demodulation performance comparison of adaptive demodulator based on CNN, KNN, NBC and
ANN "% (¢) Turbo-coded 16-ary OAM shift keying FSO communication system combining the CNN-based adaptive demodulator!™?; (d)

Improved CNN structure with a view-pooling layer and schematic diagram of the view-pooling layer!"%; (e) Diagram of the coherently
demodulated OAM-SK system based on CNN?®!
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Overview: In recent years, expanding capacity of communication systems has become an urgent problem in the com-
munication field, and the exploration of more communication resource dimensions has become an inevitable trend in
building high-speed communication technologies. Momentum is a fundamental quantity in physics. Besides linear
momentum, structural beam can also carry angular momentum, including spin angular momentum and orbital angular
momentum (OAM). OAM is widely studied in classical mechanics and quantum mechanics. It should be noted that the
OAM carried by the vortex beam provides a new dimension resource for the spatial domain of the light wave. Using the
infinity of OAM mode values and the orthogonality between OAM mode values, OAM-based optical communication
technology has changed the previous situation that optical communication is limited to dimensional resources. There
are two mechanisms in current OAM-based optical communication. The first is to map the digital signal to different
OAM beams and each OAM mode represents one data bit according to the diversity of the OAM modes, which is called
OAM shift keying (OAM-SK). The second is to use the OAM beam as the carrier of the modulated signal and utilize the
orthogonality between different OAM modes to achieve channel multiplexing so as to multiplying the channel capacity,
which is called OAM division multiplexing (OAM-DM). These two communication mechanisms have brought tradi-
tional optical communication technology to a new level. In order to achieve high-quality communication performance,
they are still urgent problems to make the OAM beams’ generator more integrated, and design more efficient OAM
multiplexing and demodulation modules. Here, this paper introduces the basic theory of OAM, and summarizes the
types of OAM beams and their generating schemes. At the same time, the typical research schemes of two application
mechanisms of OAM-SK and OAM-DM in recent years are summarized, and the key technologies such as OAM mul-
tiplexing technology, demodulation technology and atmospheric turbulence suppression technology involved in them
are also described in details.
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