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Fig. 1 Block diagram of 2>X 2 mode division multiplexing transmission system based on photonic lanterns
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Table 1 Parameters of three—port mode selective photon lanterns

Parameter ValueW
Wavelength coverage/nm 1450~1 640
Type of FMF Two-mode graded fiber
Polarization dependent loss/dB <<0.5
Mode extinction ratio/dB >15
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Table 2 Parameters of graded two—mode fibers

Parameter Value

Core diameter/pm 20

Cladding diameter/pm 125

Operating wavelength/nm 1450~1 700

LP,; mode dispersion coefficient/(pssnm ™ '*km ') 21.2
LP,, mode dispersion coefficient/(pssnm™'skm ") 20.5
LP,, mode attenuation coefficient/(dB<km ') 0.19
LP,, mode attenuation coefficient/(dB<km ') 0.20
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R3 RTFUEIM2EERGHNEMER(BL.dB)

Table 3 Crosstalk matrix of directly linked system with photonic lantern 1 and photonic lantern 2 (unit: dB)

Output port

Input port 1 5 3
1 0(3.25) —13.85 —10.7
2 —8.46 0(6.48) —2.97
3 —9.43 —2.75 0(5.83)
2 —3.45 —1.70 0(7.54)
3 —14.99 0(4.31) —7.53
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Fig. 2 The influence of few—mode polarization controller on SXR, and SXR,
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Fig. 3 Change of BER with SXR
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Fig.4 Variations of BER-FEC with the difference between incident optical powers
4 T, U5 E 1A A SR 2 —2.40 dBm, Bl AP,=—1.00 dB i , i 18 A9 BER 35 3] ¥ 45
A BER=1.25X 10", B S2 3 A5 5 [7] B 38 15, B AT A9 A SR 6 2 23R 25 AN 8 K, A 0 19 8065 1ih 26 43
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Fig. 5 The BER-FEC curve of two channels dependent on the received optical power

4 RAHEZREZRDHT
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0.20 dB/km B 75 FH AL LF (FH S S50 4 2) , DB LR B2 120 ko MASCHER S B R, 6 27 1 2 0
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2) {7 38 1 et 41 B € IR 1

XA 418 A7 5 % 6 £ 04 A A B €2 HBOR: IR B BB DR IR S 4 5L AT DGD S 8030R . AR B 1 S5 50 4%
fF e BRI 7O AT 1Y 2XX 100 Gb/s DP-QPSK {5 % MDM & 4¢ 1, 43 il i% 4% 100 m . 200 m . 300 m F0
12 km Y PR AR G 2R (R C S 80 35 2) , P A B A5 T 1 DGD o S5 b I8 75 Ji 4 2 1 4% PR 15 T, F0
To HEASARAE o AR F B 19 DGD B A BOG 2R L i K B R b an 2 4. B 38 4 al 1, LP, A2 DGD B
RUEFFTE 4 ps 247, LP BN DGD FE A& 5 JL A K 10 ps 2247, A& % 12 km B4 81 ps. AT UL, LP,, 4%
A AFIE M DGD 2 ik BRI MDM &R Gl {5 M fe A9 S 22 2. A TR IO 27 308 15 &R 40 b fie w0 e 41k
L0 A A 8 A S 7 422 Wi i #5542 %5 ( Constant Modulus Algorithm, CMA) ™75 H 3 - %o i 41 A5 (7, i ik
TTAME . CMA RE F 3l DCJC 38 5515 38 09 28 4, 1) 3 26 5 5 BAT B0 1H 5 1 R 50 5 PN IR — R 5 5 4
5 B e — AR T AL, BV P 2 RS 5 A A2 TRl s M A T rh S L bR 4

x4 FARALEXAKERFHNEENDGD (R ps)
Table 4 The DGD parameters of two channels in different FMF lengths (unit: ps)

Transmission distance/km

Transmission channel

0.1 0.2 0.3 12
Channel 1 4 2 3 3
Channel 2 7 8 9 81

3) R 2 1k 5

SLE A 12 ke ARG AT S5 8 R R A Al 4R S A A S0 R G A TR B PRR A BT R S
BHFR T M T, M Z B0 FRE T K2 3dB, M Tl Ty 3E AR A 2R84k, i X (3) A (4) Al 1, SXR, AT SXR, 12>
AR HE T 29 3 dB. BT T B2 BR AR G, B3 0 — i 4K 0 D RO 2F I, I8 R /0 A5 i i 428 1 4 o 52 30 &R
Ak T /N B PUIR S S L I SXR, F SXR, 2 FEAIK, 518 5 64T 19 35 5 D R A8 SR —H, fil 40, /% %0 5 km
1 3 98 R FCH 0.20 dB/km WY /D BB ER | I8 8 /DB (i i 45 1l 2 0 52 30 R AL T i/ N R HPOIRS G, T M T 3 A
A AR, SXR, 1 SXR, & TR 0.2X5=1dB.

HEHRE 4.1 795 ) 2538 W] A, 2 () B S0 B 15 0 2 5 0 iR i A% i, LP 158 50 f5 1 19 SXR B £ 8 dB LA I, T
S T RE 8 38 3 1) B K SXR,=13.81 dB, R4 1 SXR L AL AR 2 Jy 5.8 dB. #% bR LA, R 2 &
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0 0.20 dB/km WY R A BOGEF (AHCS 0035 2) , W &R 45 6B 8 MIMO—free 1% i (1) e K BE 2524 5.8/0.2=
29 km, 2428 30 km. 5 5 10 R 3O EF X AR SCRT A Y D BOEEF R 100 Gb/s DP-QPSK AR 5 #E 47 19 14 53 25
B3 Ak BB 25 G AT BE AL A A BE
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B P R LR, R FH R R SE 00 3R 40, 3 2 IS T A8 R ] LS B 3X 3B B R 55

#5 MIMO-free MDM 3L 38 45 R b %5
Table 5 Comparison of MIMO-free MDM experimental results

Year Modulation format of signal ~ Baud rate/(Gbes™") Transmission mode Transmission distance/km Reference

2017 00K 4.25 LP,.LP,,, 10 [17]

2017 OOK 10 LP,.LP,.LP, 20 [18]

2018 OOK 20 LP,.LP, 151.5 [19]

2022 DP-QPSK 34 LP,.LP,.LP, 10 [20]

2022 DP-QPSK 100 LpP,.LP,, 30 This article
5 it

TR AR EE MO T AR U /R 2 R S T 2 X2 1) MIMO-free #2535 HIE 5 & 48, #I
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Hi L, AL LP,,, PO 25 I8 0915 £ S BOE il R AL R MG T MEREZ IR 71518 2 /(5 & Itk g , el s
TC R A% i 2% A 9 SXR, 29K T 8 dB ; 248 5 B B A5 5[] I 3 15, 7 s AR Ol Zh R A 25 AN BB KR 24 P,
FILP,, BB A 3 15 53 H 40 51k 14.25 dB A1 13.81 dB B, 515 X 15 RGEAH L, 215 Jo iR 65 B (T~ P A (5 1
BT A 5000 R 1.40 dB RN A.76 dB. 430 Br T OGEF 3 0 i 41 55 €0 IR RS 2 B 0 X o 1A% i R e 1 52
W), ik B R A2 PR R 0PI S E 1 AD BEOG ET AR i BE 25 0 30 ke, 36 TR B B 0 N s A 4R IR
5% ik
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High Speed MIMO—-free Transmission Experiment of Mode Division
Multiplexing System with Photonic Lanterns

TANG Shenglong, WU Baojian, YAN Wei, WEN Feng, ZHAO Tianfeng
(Key Laboratory of Optical Fiber Sensing and Communications, Ministry of Education, University of Electronic
Science and Technology of China, Chengdu 611731, China)

Abstract: With the continuously increasing demand for optical network bandwidth, high-speed data
transmission and large—capacity optical fiber communication technologies are being developed to meet the
goal. In Mode Division Multiplexing (MDM) systems, the orthogonal fiber modes are made advantage of
carrying different user information in the form of Multiple—input and Multiple—output (MIMO) channels. In
the case, both the system spectral efficiency and transmission capacity can be effectively improved by
means of MIMO digital signal processing technology. At the same time, to save the system cost and reduce
complexity of implementation, more attention is being paid to low—complexity MIMO technology, or even
MIMO-free MDM high-speed signal transmission, with applications to short=distance application
scenarios such as optical access networks, data centers, and supercomputer interconnections.

On the other hand, the mode multiplexer/demultiplexer, as a key component for MDM
communication systems, are required for a low mode-dependent loss and mode crosstalk as possible. Their
performance parameters can directly affect the system's bit error rate and the difficulty of algorithm
compensation at the receiver. There are several kinds of mode multiplexers, including those of free space
type, optical waveguide, fiber coupler, and photonic lantern. Free—space multiplexers have some
advantages in mode purity and mode crosstalk, but are limited by complex optical platforms. The
multiplexing/demultiplexing scheme based on the waveguide structure has large connection loss with few—
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mode fibers since the width of the optical waveguides is much smaller than the core radius of the few—mode
fibers. The other two multiplexer/demultiplexer are in the form of fiberization and capable of seamless
connection to few—mode fiber systems. Among them, the commercially available Mode—selective Photonic
Lantern (MSPL) mode multiplexer, as a passive optical device, has the advantages of simple structure,
low insertion loss, and multi—port input. The MSPLs are also compatible with other technologies such as
wavelength division multiplexing, polarization multiplexing.

In the paper, we focus on the high—-speed signal transmission capability of MIMO-free Mode Division
Multiplexing (MDM) system constructed by the 3-port MSPLs, where each mode channel carries a Dual-
polarization Quadrature Phase Shift Keying (DP-QPSK) signal at a bit rate of 100 Gb/s. The state of the
Few-mode Polarization Controller (FMPC) used in the experiment can be accurately characterized by the
Signal-to—crosstalk Ratios (SXRs) of LP, and LP;, mode channels. The relationship between the Bit
Error Rate (BER) and the SXRs is measured by adjusting the FMPC. The experimental results show that,
no bit error after forward error correction can be achieved when the SXR of each mode channel is more than
about 8 dB. When the SXRs of the two channels are respectively 14.25 dB and 13.81 dB, the
corresponding degradation of received optical power relative to the back—to—back transceiver system are
1.40 dB and 4.76 dB at the BER threshold of 107, respectively. The effects of fiber attenuation,
polarization mode dispersion and mode crosstalk on the high speed transmission system are analyzed, and
the transmission distance limited by crosstalk is estimated to be about 30 km for the few—mode fiber system
of interest. Compared with the technologies reported so far, the research in this paper has the highest
channel rate, and indicates that the MIMO-free crosstalk limited distance is about 30 km. The 2X 2 high—
speed MIMO-free mode division multiplexing experiment is carried out before. 100 Gb/s DP-QPSK has
higher requirements on the SXR of the channel. Using the same experimental system, appropriately
reducing the channel data rate can achieve 3X 3 mode division multiplexing system.

Key words: Optical fiber communication; Mode division multiplexing; Signal-to—crosstalk ratio; Photonic
lantern; Dual polarization—quadrature phase shift keying
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