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Fig. 1. The schematic of the OAM sorter based on Mach-Zehnder interferometer: (a) The first stage of the OAM sorter; (b) the first
three stages of the OAM sorter, the gray boxes in each stage represent the interferometer shown in Fig. 1(a) U1; (¢) OAM multi-

plexer/demultiplexer based on interference via cylindrical lens; (d) BER values measured against the received optical power after

OAM demultiplexing for mode [ = 0, line denoted with triangles represents two OAM modes with crosstalk because of mode [ = 1,

while line denoted with squares represents single OAM mode without crosstalk[6l,
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Fig. 2. The principle of realizing OAM mode separation based on logarithmic-polar coordinate transformation method: (a) The

schematic of the experimental setup based on log-polar coordinate transformation method % (b) the scheme of compact OAM

mode demultiplexer based on logarithmic-polar coordinate transformation method®; (c) the optical path of converting the OAM

[51]

state into a transverse momentum state using refractive optical elements®!l.
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Fig. 3. (a) The schematic of the experimental setup of the mode sorter based on refractive beam-copying method®; (b) comparison
between the principle of spiral-polar coordinate transformation method and the principle of the log-polar coordinate transformation

method; (c) the diagram of the optical path based on spiral-polar coordinate transformation method .

Hermite-Gaussian (HG) B 8 R R4E%L (m,
n), 3 3 FH /0 %) 5 (R B AR TS0 AT DA S 2R
WK 4(a) s, XRS5 LRI T 28 1Dt
AR e%, PSS USSR 1l 325 Rt
53 B . MPLC 58 HAT v B 52 2 i AR AL 728 H6t fig
1, B LLRH A e o 1 & 20 iR
i o6 IS PL A AL A3 A A2 TT A R
MPLC B B =8O I OAM B,
If H RSB UA . XIF 4 R 3R,
IR R AR 5 B A MPLC 38 4% 1l LASE BB KR
B OAM B . BT BRS04
DG RGEA EE R, 5T
A AR R A R TR R, Eid
R PR A 7 1 0 MPLC &4, W] LA R Al
I OAM BE ) ZAEEFI R A TR, JoGid {5 ot

Seleriy A SR R B A RIS Bk, WP LR
T RO AT MR, 255 RIS T HDET
HilZhRe, T EE OAM KL, Wos i (o fE R
ALFERE Ty 7= SR, X LETy ik B R AR X A
TR AR L.

2.3 EINETHRE

R T R AR AR T R EE RS
AHER OAM #5252 [H) iy ™ 5 5 4 [l @, 2023 4
Cao & OO $& T —Fogr B RR B9 7 ik, AR HE/IN
W AR 1207 1k B 2 P DGR A5 5 1k Bt B A
THT B /D YN AR B ) T AV D B K i A - T &)
IR AT, FRR X L [R] O IRk 22 MR
S, SRR EAHEI R — SR HER, WAl 4(b) BF
7. B AR, AT B N AR AR

204207-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 20 (2023) 204207

—~
o
N

x maps to m

f‘,' ------------------ 15-344 mm (7 masks X 274 pixels ¥ 8 pm pixels) > [m
£ °u°o°‘ =
Z 00
() =
& %9%%% g =) ::\ O
I 99%%0%es, = S a0y,
& Q
= 0202020208 %,
BRI 0 RN
E 203050, : RN . o
2 03000590059:% o 5 o000, o
- — OO ° o
£ 000300020202020; E o%%, 5
£ 0220502020020, I PO %0%0°0
2 02600200000 0000 ! XS XX
7 020%%0%%0%C: 80 OO0 020 0
Il °u°o°o° 0.0.0.0, =) n 009 © o
S 0,00, () o 5 .0‘0. 000
00,0, 3 T e ©
< ) < G 6% . . o
Z & 5 0:0:0 676 Astigmatic
5 é :o:o:o' mode
= P = R
& :u:u" Spatially E ? Spatially converter
o separated Jocs
;/f,,,,,,? 7777777777777777777777777777777777777777777777777777777777777 > |n co-located
(z,y) y maps to n

Cartesian array (z,y) <

» Hermite-Gaussian (m,n) «—»  Laguerre-Gaussian (p,l)

i (b) Quasi-wavelet conformal mapping =

Multiplexing

Demultiplexing

4 (a) 1T HG/LG BN A5 1 2 1 65 e f 10 00 (b)) WE /Nl LIRS I 75 T8 P 901 (c) 2 TOLAT ST P & I 2% 1 T2 41 | IR

RPN R AR 1 OAM A58 fi 52 ] 190

Fig. 4. (a) Multi-plane optical converter for HG/LG superposition state decomposition/®; (b) the schematic of quasi-wavelet con-
formal mapping®®; (c) low crosstalk OAM mode demultiplexer based on optical diffraction neural network!®l.

W, Horbr N e TR0 53 IRl O PR . SR T
WA M A AR R B AR, R R A% ek
D H SR

55 S5 AR AR R 4 v v A — X 22 LA
ANIE], /N A WS T3 ¥ S PR b — R — I
WS, X BRI A OAM A5 20 AR Bk e 5 2]
— N ME— PR T, SR T 2R A Y
HS. HRM, W NE AT DLSEI 20k 15 4
HiE (OAM—7 2] OAM+7) 1 OAM fi# & H, I H.

R A B /N F—12.1 dB. X FP 732 0 42 H ol fi
P OAM #E U 2 v i R e Tl AR AL T — o
A RGER, I HEA B 1R 52 P25 5 FALR
EEE) Wi

2.4 ETRITHEZEMEE OAM KX
£H

JEHIE | 1] i 9 M1 A= 2% I W 14 e 175 1

ARIEFEHETRA, 10125 (8] 2 B2 AR X R 3R K. h

204207-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 20 (2023) 204207

TAHBFRDER ZS 4RSS, i MR ERPER) OAM
B E AR AN Al Y. INIE 4(c) B,
T OAM # 2 Ufifp 52 I Y G~ AT S o 22 ) 2 A Y i
53 it G — AU AROR A (00, DL ) figt
SR R, A 1 A B4 Tl o e D' i A
H 23 [T SR AR AR P —P y PRI, B8 e
o3 B AR O C R IS ph T30k AR (S A ) 254
Je 18 3 P 22 U ZERAR ALY, RLIHC AT LA P o 15
IERIZERE . 15 2 TG AT i 22 R AT ) R 4
PE A EE, 2l LASCHF 16 Flt OAM 5L (1=
+1—+8), A ATREdt— 2y Rl Ak, S BE il
PRy TEAT AR EBPERIRAR1E OAM RS = HI.

STt AR AR B S0 e R GE L AR SR
TR, I 7R 8 1 7 SRR AR E M. AH
XHFHINE Tk, FTOe AR B i R 45
HAWZMH. 65, BTt REME 2%
FEFARTR, AT Dt B P n] SE B 26, i
Jo S R O . K, B R RS ME 2
WK, O G2 AR AN K T i e, ke 1
TWHIR R RERIFE. SR, JIIRAFAE—LE Pk R
BTk, BT R BT AR SR L RGN
e VAT AT SEVESE DT . (R, AR AT ] LR
HAEAL G A AR A 0 R GEPERE, TR EE
AT LB R IR RABT. b, TR
SR 28 1) O AML A 2Ufigp 52 e iod 22 J2 A0 B i
LIRS T A M AERE AR, OB (R BOR S fit
THTIYESE.

3 B OLAR R AR R A & ik

B, ZATERE T AR O R
Je e gt a] AN T et . A 15fs 1] i
— SRR LR DT HE Ao, IXLET5 36
B LT XA BEE AR A 73Sl I, LASE B
TG . e 2P (4777 3k MR il A
PE VAN BT Beit s R BAT AN R Hf ML (B 154
TR SR i 8 AN T Py 2 (), SO T RO SR e
D HARZS 5 B A BES . X 675 iR Y
fip S AR AL T — R AT A TRy IR AR

3.1 fEEHESGE

TEid 20 —HERL, ELITR T —RINHAK
il % OAM Zrikds. HISUIR R A o Frelui

FRTA AT LA S BE b 2 BEAN [ A OAM AR5, {H
WAZE] 1/N P SIRABRE], Hrh N & R
1) OAM A EcE. 3T k-8 2R T
J7 22 AT LASE B2 B ARSI 1 N2 HX
P52 BN 2443 BE B B B2 2 AR RS2

WA= —Fh B RO PR BT AR, 7T L
3 A0 L 37 ek AT SR AR DT A DG A AE A
SEPLXF OAM 14335 [3-751. 2009 4F, Karimi 5% [70)
FIH AT 3 B (g i) BRe e 17 —Fh e
B0 A A A2 ELA B I R AT A TR IE D' OAM
M7, WE 5(a) Frs, 2E MRS Z —UE R, q
Fr AU 43 2 — P R A . St AR SR AN R B,
WA 532 nm L R#ik TEMy, BOCARAER >
WOCHAE R > T CHAE R > WO AR E R > O R AR
R > WOCHAE Ry > WO HAE S > WO HRAE >0
WAE R A, 3 P53 2 — U R G itk
BNEERESATE. SR5, JeaGE o B ki ie
. FESr SR ST N B R A [EDG E f
Y53 22— ARk A T A6 IR L, 2),
1L, —2), |R, 2), |[R, —2). FfiJF, X 4 RZE
& q Ak R, 4), |R, 0), |L,0), |L, 4).
E— DT DU o3 2 — U R, X RS a3 e iy
|H, 4), |H, 0), |V, 0), [V, —4). Hrh, [H, 4) H
|H, 0) i mdlesr i astetan, mi (v, o) # |V, —4) 4
WU T g FBOPERT, SRR SR A
MREEA AT FHEE M EE (m = 0 M
m = 4). TR aE B T L, XA AT
DL 2L EATTS [ A4 ) 43 A 2R 743 25, DATTRE 2
A m =0 HFOICEEF m = 4 BIINR X 42K,
IR TR 4 ARG A BERLIE R 32 Rl
SEROEE. SEEIHA LS R B, X E R T 10°
F, 23 BERCR N 50%, 4% HBE KT 106 B, J3 ik
BN 10%. SR T3 i A B PT 8 32 0L 1
R Ry sE ), SR MR e ], B g A
A i 07 TR 0 DR R R o AR IRTE S
TEAF AT REANTE T BUB AR R 4L

SOMR A LR — R T A i e A ik A%
Y5, 3 O ) 0 e S BN [ 908 e D' A 1Y
A3k =790 2015 4F ) Lei 48 P2 R T —FP 44 M3k
SO TR DGR SRR, Bl 5(b) Br, 4w
PRI IR 2SO A5 5 261 7 dmA A, SCIE T
H2FAE S MR . BART S, @ 2w
HIT YR TR GRS 23k 250 I e 2 T

204207-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 20 (2023) 204207
(@) ’ 45° g-plate 450 o‘g‘b& (©)
< I Laser / » / ‘50\
L _l " QWP ppg Fiber holder
Temperature ¥ s\" = / ‘L:’ D2
Mg o il
- ' D1 Power meter Objective

3
Femtosecond laser

(b) £=0 w l==-9 (==-3 (=3 (=9 =0 Few mode fiber
R ik N
%:/)M i \l‘mml“dlm. P 7/“\\%' . Bhotoresist
A | Ml b i ’! §“W/A. Coverslip , "—/
U —— i ity — ¥ s —Oil
W1 s TA ]
W a0
Sr L%
KN | wh
() R —
E-beam Spin- EBL expose
—p
evapotation coated and
800 nm TiO, PMMA developing R peam
== Cr === TiO, evaporation l
mmm PMMA ——ITO glass 23 nm Cr mask
e T e O e N e L e
IEEN BEASA
Remove RIE Remove
Cr etching PMMA
Bl 5 (a) 6T A9 SAM A5k # ol OAM %% % 25 [ 10 (b) S6F 15 @B 4T OAMIR ) & FI A 11 Fi 2 ] 5 38 1 7% 2% 1] 22

(c) BEFXOE T 62 HEARTE G 27 2 T 38 358 BE B 7 258 P 0%, () 67 v, 7 S 200 o vk T 1 ) o v a2 ] )

Fig. 5. (a) The schematic of SAM-OAM mode converter’; (b) the schematic of free-space optical communication based on Dam-

mann grating for OAM (de)multiplexing®?; (c) the details of fabricating vortex gratings on the surface of few-mode optical fibers

using two-photon lithography®”; (d) flow chart of producing metasurface based on electron beam etching/®!l.
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Fig. 6. (a) Phase distribution of Pancharatnam-Berry photonic device®; (b) the schematic of the nanoantenna of single-layer met-

asurface for terahertz OAM multiplexing®'; (c) the schematic of the photocurrent measurement for optical beams carrying OAM .
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Fig. 7. (a) De/multiplexing of OAM beams carrying information and de/multiplexing of polarization [%l; (b) 1.6 km free-space link
in the city of Erlangen and the corresponding experimental setup/!®?l; (c) experimental setup for characterizing the generated OAM
beam!'%!; (d) experimental setup of OAM-SDM-WDM data transmission!'%”; (e) experimental setup of the optical fiber communica-

tion system for OAM multiplexing, including a transmitter, an OAM, de/multiplexer and a receiver®.
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Abstract

Vortex beams have attracted extensive attention in recent decade due to the carried optical orbital angular
momentum (OAM). Vortex beams carrying different OAM modes are orthogonal to each other, and thus have
become highly promising in realizing high-capacity optical communication systems. This review is to introduce
the fundamental principles of optical OAM mode demultiplexing, recent advances in the fabrication techniques
and emerging applications in high-capacity optical communications. First, this review introduces the
development history of the working principle of OAM mode demultiplexer. Subsequently, a variety of
preparation techniques and emerging applications of OAM mode demultiplexing are discussed in detail. Finally,
we provide an in-depth analysis and outlook for the future trends and prospects of the OAM mode

demultiplexer.
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