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Abstract

Communication Experimental System with 3 X 3 Mode Division Multiplexing
Based on Photonic Lantern

Chen Jiake, Hu Guijun, Han Yueyu

College of Communication Engineering, Jilin University, Changchun, Jilin 130012, China
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A 3 X 3 mode division multiplexing communication experimental system is built based on the pattern
selectivity of photonic lantern pattern mode multiplexer/demultiplexer. The structural diagram and the operating
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principle of the system are given. With an intensity modulation and direct detection system, the transmission of 3X
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4.25 Gbit/s pseudo-random signal in 10 km few-mode fiber is achieved when we use the transmission channels of
—16.6 dBm respectively, the bit error rate of LP,
OCIS codes

LPi;, and LPy;;, modes as the separate channels. The waveforms, eye diagrams and bit error ratio of the

received signal are measured. Results show that when the received signal power is —19.1 dBm, —15.8 dBm,

LP,., and LP;;, modes can reach 10 7.
optical communications; mode division multiplexing; photonic lantern; few-mode fiber
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Fig. 1 Experimental setup diagram for MDM system based on PL
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Fig. 2 Schematic of PL
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Table 1 Insertion loss of each port of PL

Insertion loss /dB

PL No.
LPy LPi. LPuy,
1 2.48 1.74 2.72
2 3.49 1.78 2.65

S5 FR e P AL R AR K EE N 10 km H A RBC A0 FE 19 55 & B BREL FMF, AR C 28000 3% 2
F7R o 2 2 W d core vd ctacaing 77 N R EF S FIAL 2 EAR 31 core ~ 10 caaaing 73 00 10 £ 05 FVAL 2 4 55 58
#2 FMFMEESH
Table 2 Main parameters of FMF

Parameter Value
d core/ pm 13.938
d ctadding/ ppm 125
M core 1.4632
N cladding 1.4571
LP,; mode attenuation coefficient /(dBekm ') 0.25
LP,; mode attenuation coefficient /(dBskm ') 0.27
Mode dependent loss (LP,, & LP;;) /(dB+km™ ") 0.02
Mode coupling coefficient (LPy; & LPy;) /(dBskm 1) —26
LP,; mode dispersion coefficient /(psenm '+km ') 23
LP;; mode dispersion coefficient /(psenm™ '+km ') 24
FMF (95— LB 0 55920 R 56 TARIEK 2 1905 T 2
v =md core/(/1 v n Eore -n ?Iadding )6 (D

T, S YA S B0 TAE I <8 1550 nm B, 3% FMF 9 v=3.696, %0 —4b 14 R E LT 3.823 A
BT 2.405, LI S 60 U K AE 1550 nm K BT, 1% FMFE 323 LP,, Fil LP,, (LP,, » LPy ) PR L () 45

3 LWL
3.1 #EABRANE
T D 2R G A2 i A B 2 i SR ek s
CA*B:PBA/PA (2)
W T (B2B R A2 10 km FMF R4 5 . B0 Z M B AP 0. (2 Cun s A B
A AE BB EABIR A Py B 7E MUX A A BEUHE, DEMUX St B B2 9 th 5 2h 3, 50 mW
Py NfE MUX S k& A SRS, A BEAY A D A 0h mW, B LPo BE7E LP A 1A S 30 B 72
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Fig. 3 Schematic of welding between MUX and DEMUX. (a) Transmission of B2B; (b) Transmission through 10 km FMF
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Table 3 Mode crosstalk of experimental system

Mode crosstalk after
10 km FMF transmission /dB

Mode crosstalk after

Output port o
B2B transmission /dB

Input port

LPy LPi. —14.8 —14.4
LPy LPyy, —16.1 —15.8
LPy. LPy, —14.3 —13.6
LP. LPuy, —13.7 —12.7
LPyy, LPy, —14.6 —13.9
LPyy, LP. —13.2 —11.4

B 3% 3 AT 7E B2B AR M 454N, S B Z M A B R IR F —13.2 dBs &4d 10 km FMF {5 )5 , %5 #5
K Z AR B PR T —11.4 dB. T 10 km FMF f94% A L4 a5 B 4088 K T 0.3 dB~1.8 dB, H:
HOLP S LP A Y R P o ™ L 7E B2B B L T o —13.2 dB, 51 A 10 km FMF J& , #8555 4 4
Iy 1.8 dB MR &R —11.4 dB, fEZFER ARG AR T E A B MUX/DEMUX G2 85 fi b LA K
FMF P, M 3 P vl LLAE L 7E 43 10 km FMF 14 6 J5 o BUAR AR 2 22 8] i 46 =X 58 410 1 e g ok L (H
SRR RS E L G S 5 O TERE .

3.2 RGMEHEMERENR

B R Py, (LPy Al LPyyy, B = B AL 55 8 43 0 R 3 %k 4.25 Gbit/s O BEALE 5 . & B2B &5 #
10 km FMF & i Ja , D& {5 5 B8 AR B A A8 PR 1 L . 7E 2l 72 op, = OB E 5 i A S D% 0 dBm,
JERIE A PL1L,FMFE B AST S 3%k 0.24 dBm., 4 250 T =455 20 912 B2B Al 10 km &6 5 3% IE .
A LUE L FEL ) 10 km FMF (8455 55 BB &AL B g, 248 . FMF 5] & i 8
RPN SRS T — S,

B 5 4 T4 B2B Al 10 km FMF 1285 5 A LP,, JLP A LP,, B E S IRK ., BT 2800
MR, 7ER 4 o TR S RAFER T Q . Q T AEME il /n I 48 H A%, o] 254 I e il [
Jite, Q A, BRI My SR B R, S5 A K 5 53 4 nTLUE I, B2B 14 4 5 i #5155 X R 1#
LT 10 km FMF £ S IR E FidE . £ 10 km FMF {555 . 4 M55 Q YW /)N, 305 IR & 14 K FF
W BE VRIS A5 5 BEB I R L X 32 B iy TR A B A% i I S 1 % i 52 45 2 ER Y S e LG B2B A% A R,
T G R AL 3 25 F AR LP, 915 S X W Q [HIRAR K TR N LP,, Al LP,,, PS5 5 %R A9 Q fH, i3
BIRE R LPoy M5 5 I O T AL (5 55, X2 T /e FMF A% Sk & v, 07 450 22 [ 9 452 X 5 4 6 ™
L, 5 R R BRI BT 5 A R LP, S S IR B R TR LP S S 4G R3P

4 QAT
Table 4 Q factors

B2B-LPy
15.42

B2B-LP1.
12.32

B2B-LP1y,
13.28

10 km-LPy,;
12.94

10 km-LP;,
10.65

10 km-LPyy,
11.34

Transmission condition

Q factor
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(¢) B2B-LPyy,;(d) 10 km-LPyy,;(e) B2B-LPyy; 5 (D 10 km-LPyy,
Fig. 4 Received signal waveforms after B2B transmission and 10 km FMF transmission. (a) B2B-LPy; ;

(b) 10 km-LPy;; (¢) B2B-LPy1,; (d) 10 km-LPy1, 5 (e) B2B-LPyy,,; (f) 10 km-LPyy,

Kl 5 %4 B2B %45 10 km FMF &5 5 W EIME SR, (a) B2B-LPy ;(b) 10 km-LP, ;
(¢) B2B-LP,,,;(d) 10 km-LP,,, ; (e) B2B-LP,y,;(f) 10 km-LP,,,

Fig. 5 Eye diagrams of received signals after B2B transmission and 10 km FMF transmission.

(a) B2B-LPy 5 (b) 10 km-LPy ;5 (¢) B2B-LPy1.; (d) 10 km-LPy1,; (e) B2B-LPyy, 5 (f) 10 km-LPyy,
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BEA LP, (LPy A LPyy 1) = B 5 MRS R BB IA 2 107 ;48 A 10 km FMF J5 . 80 LP,, (LP,,, Fl
LP,, =B85 5 13 43 B %2 —19.1 dBm ., —15.8 dBm.,—16.6 dBm B}, i FE A G5 3] 10 °, M
T B2B f& i, 7 4 10 km FMF f& i J5 , LPo B0, Py, B 20F1 LPyy, 820 23 5 75 2444 i 1.3 dBm,
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