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Fig. 1. Schematic structure of a double-trench assisted 13-

core 5-LP mode fiber.
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Fig. 2. Refractive index profile of adjacent fiber-core.
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Table 1.  The initial fiber parameters.
a/pm by/pm by/pm ¢/pm ¢y/pm A/pm R/um Ay A,
6 2 2 5 4 42 100 0.017 -0.01
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Fig. 8. . The relationship between crosstalk, Ay, Ang of five modes and A; at 1.55 um: (a) The relationship between A; and
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Table 2. The optimal fiber performance.

a/um by/pm by/pm ¢;/pm ¢p/pm /l/um R/P«Hl A A,
8 2 2 4 4 42 100 0.015-0.008

#3050 LP BRI AR AU MDGD
(LPyuLPg)

Table 3. Estimated values of crosstalk, effective
area and MDGD(LP ,,—LPg,;) for 5-LP modes at 1.55

pm.

Modes (g]g(}sggaiz) /ﬁfﬁz 1;;[3&131)/
LP,, 12237 147 0
P, 11476 134 5.855
LP,, 10628 125 13.452
Py, 100.68 87 15.799
LP,, 9281 118 22.314

CRA]ER PR A2 P S R, aniEl 10 FoR, A
1.3—1.7 pm BB, JO5 ] ER 30 Bl 5 2 T R
7E 1.3 pm A& 60 km, LP4, A Ea] ep 4T L)
PEEFAE-140.61 dB 2245, {BAE 1.7 pm &b, LP5; ARk
(s Ta B AL IR B T -66.75 B, 5 ZAE AL it F
o ORFFIR R, S e e PR AR AR Btk A T 1%
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Fig. 12. The relationship between A4, ¥ of five modes and

wavelength: (a) The relationship between Ay and
wavelength; (b) the relationship between 7 and wavelength.

OB AR IARARTE 110 pm? DL b, A DU ELF
ARt REL.

Kl 12(a) FIE 12(b) 435145 i 1 OB h AR
FIA BRI A g AR AE R B TR LR,
M 12(b) BT LA Y, ARt RE0y BERE Il K
KRG HEIR/N, LPgy B R Lt REHE 5 M
R, (B R 1.6 W Lhkm L, 78 1.55 pm 3%
KAb AR AE LM RECH 0.74, 0.82, 0.88, 1.26,
0.93 W Lkm 1, 5 I 0] IR FHIGAE LML .

52 BESHT

2o R BB N AR et R B X AR
(R €0 B L B, AR I A% S e BG4
18 €5, ) R 01 7 S AR 4B At 23 0 B IO W]
FISZIR. (B (D) S5 AT S A TR
SFEOIE L, i (11) XFoR B
_ é d?Re [neg]

d\?

H, e JEEA FIYGHE, Re[neg] £ ST H 1
SR, AR, i (11) 2 R R AR 5 AR
KW E R Ayt £, WniEl 13 Fros. it
AL TR, SUARERR SR = HADGEF Y
EORIRE R RIS R, A LG T3k (3] ikt
MGET, LPy B EHEE KT 5 ps/(nm-km) Z2 45 .
5 A T A T T R R, ELBS R R A
AT

D= ps/(nm - km), (11)

60

50

40

30 F

20

fa#/(psnm—1km—1)

10 -

0 P
~10

112 1?3 114 1?5 1?6 1j7
K /nm
# 13 5-LP M@ SHEKHNER

Fig. 13. Relation between dispersion and wavelength for 5-
LP modes.

5.3 HREREFSH

FEEMAT (Fou) 225D H—4
HESRL, WA 3 AR A SR AU

104208-8


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

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 10 (2021)

104208

PSS N T, R S LR 55 IR 1
HRAR N O

Fem = [Nzl:Acff—m /[ZRCDQ} ;o (12)

Horh, NRLFER, RS2 B (3T
B-LP 5, | = 8), Ay RAFEBIA IR, Rop 12
Z UL AR AR, BhAh, MR E T
(From) € SR Z 0 DBOLEF T Foy (B 55505
BRICEF (Rop M Agge 73991070 125 pm A1 80 pum?) (1
Fox 21, Froy W3R 0

Frem = FCM/ {80/ (31252)} : (13)

AR SC AT BT XU R+ =8 HRDGLT I Foyy FI
Fron 209024 0.41 F1 62.9.

6 £ Xt

A H AR, A Sl R X R B 44 AL
VRS IR GREE AR AN e R I, ) P2 ] 1) KA 4L
Prit R 2 A B e, X — S AR I S
T 74307, WARESERE | I i R/ R X AR
P, XF e R, SR (LP,) M E 3R] LA A
s il T e AR A S R PR, I
DX AT DA S il v PR E e, e ast A fk R e vl A
FEAERARIKT-. 25 AR AR A AR 2 A LS ] s
P, T LATE 3 v i A NA R AT R R g
S X 222 1 2 S0 N R L. 7R GET S PR
SRV m B 2 S INCET Il 2 e, 2
T BHEEA, W H AR 25 —Hh
~0.007, HLIOM 5 AR K, i @i 2 find
KA V1 5 2 B BOL AR A il 1 sl i A v 2%
Gy Wi ASCURETT ) T A AH AT 5 2% 2 -0.008, FE
FEA 4 wm, 7552 bRl 28 rha] L ik 5 i i AR i fa]
AR T AR S R 48 2 Wk B LG B BT i
5 FEL 6 4B T, il & SEGA R BT HERDE
SFIPERE S T I, (0T BRI e AT 3235, O
LHPEREIRIH TR FE B R PN . BRI R —Fh
H BRI ZE R AT b R FE A, TT DU BT PR
HYCAE T IEE S, X T2 B T, BRI
PFE RIS BT 2200 ASCRAE IS Y
FELFSE R BRI B AE X PR ESTE 1070 IR, fR457E
A, AT

7T Zi

AR — P R ) RO RS R G R =0
BEE. N TR AR e, RS B2 FRi
TR T SR i %22, IR sME TR
HI7E 200 pm. A BR TG M REE A IS T
15 R B 2 FOBLY A R 1 56 1) 7 2T LA R RRAIG
P, AL SHT LISRAMIC B et TS5 R
T 7E 1.3 1.7 pm PERIERIN, 7T LISEEL LP,,
LP,,, LPy,, LPyy, LPy 5 MR E (L% 16 1.55
um KA CE LR 60 km, AHEPEF N 5 MR
B4y B -122.37, —114.76, —106.28, —100.68,
~92.81 dB, i3 X RIG AT R 22 19 00T, TR —
LR AL R L T B 2 5 MR R
BORHE 1.6 W lkm L. F B B AHTURLE A
P HE B P22 T AR T HRIVEA SCRTTHIEET, 20t
£F ] R AR B, LA AR i 2
HOGEHER RGN K.

S 30k

[1] Zhang W, Chen H M 2017 Study on Optical Communications
4 26 (in Chinese) [#f5, FAESMS 2017 S {FHIST 4 26]

[2] Takenaga K, Arakawa Y, Tanigawa S, Guan N, Matsuo S,
Saltoh K, Koshiba M 2011 IEICE Trans. Commun. E94B 409

[3] Xie Y H, Pei L, Zheng J J, Zhao Q, Ning T, Li J 2020 Opt.
Commun. 474 126155

[4] Sakamoto T, Saitoh K, Saitoh S, Shibahara K, Wada M, Abe
Y, Urushibara A, Takenaga K, Mizuno T, Matsui T, Aikawa
K, Miyamoto Y, Nakajima K 2018 J. Lightwave Technol. 36
1226

[6] Mori T, Sakamoto T, Wada M, Yamamoto T, Yamamoto F
2014  Optical Fiber Communications Conference and
Exhibition (OFC) San Francisco, CA Mar. 09-13, 2014

(6] Kumar D, Ranjan R 2018 Opt. Fiber Technol. 41 95

[7] Sasaki Y, Takenaga K, Matsuo S, Aikawa K, Saitoh K 2017
Opt. Fiber Technol. 35 19

[8] Yuan L B 2019 Laser. Opt. Pro. 56 170612 (in Chinese) [5li5r.
¥ 2019 HOLSLHF#IERE 56 170612]

9] Tu J J, Qiao X H, Long K P 2017 Acta Photon. Sin. 46
0106001 (in Chinese) IR, FF 55K, FErF 2017 JL 154l
46 0106001]

[10] Zheng S W 2014 Ph. D. Dissertation (Beijing: Beijing
Jiaotong University) (in Chinese) [ 3C 2014 42~ {7 8 3C
(dbmt: JemtsgimRey)]

[11] Takenaga K, Arakawa Y, Tanigawa S, Guan N, Matsuo S,
Saitoh K, Koshiba M 2011 Conference on Optical Fiber
Communication (OFC) Los Angeles, CA Mar. 06-10, 2011

[12] Koshiba M, Saitoh K, Kokubun Y 2009 IEICE Electron.
Express 6 98

[13] Xia C, Amezcua-Correa R, Bai N, Antonio-Lopez E, Arrioja
D M, Schulzgen A, Richardson M, Linares J, Montero C,

104208-9


http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.13756/j.gtxyj.2017.04.008
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1587/transcom.E94.B.409
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1016/j.optcom.2020.126155
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1109/JLT.2018.2797361
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2018.01.002
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.1016/j.yofte.2016.09.017
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/LOP56.170612
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.3788/gzxb20174601.0106001
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
http://doi.org/10.1587/elex.6.98
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 % 3R Acta Phys. Sin. Vol. 70, No. 10 (2021)

104208

[14]

(17]

(18]

Mateo E, Zhou X, Li G F 2012 IEEE Photonics Technol.
Lett. 24 1914

Xu M N, Zhou G Y, Chen C, Hou Z Y, Xia C M, Zhou G,
Liu H Z, Liu J T, Zhang W 2015 Acta Phys. Sin. 64 234206
(in Chinese) [# Mg, FIRERE, MRk, @il =, ERB], FHE, X
FERE, R, 3K T 2015 PIEIEHR 64 234206]

Jang S S, Liu Y, Xing E J, 2015 Acta Phys. Sin. 64 064212
(in Chinese) [ZHIF, XUHE, /R4 2015 HyBE-E4l 64 064212]
Pei L, Wang J S, Zheng J J, Ning T G, Xie Y H, He Q, Li J
2018 Infrared and Laser Engineering 10 35 (in Chinese) 321,
E@Ib, KB, TR, MTE, AR, AR 2018 LAMGH0E
T## 10 35]

Cao Y, Shi W H, Yu X S, Zhao Y L, Zhang J 2017 Acta
Photon. Sin. 46 45 (in Chinese) [#J&, iffite, /ML, #X ik
F, 3RS 2017 Yo F2E3R 46 45]

Gruner-Nielsen L, Sun Y, Nicholson J W, Jakobsen D,
Jespersen KG, Lingle R, Palsdottir B 2012 J. Lightwave
Technol. 30 3693

(19]

(20]

21]
22]

(23]

(24]

(25]
[26]

104208-10

Zhao J J 2018 Ph. D. Dissertation (Wuhan: Huazhong
University Science and Technology) (in Chinese) [ 2018
2R (RO AP RHE )

Liu J Y 2015 M. S. Dissertation (Beijing: Beijing Youdian
University) (in Chinese) X2 2015 B2 3¢ dLat: 4t
FUHERL AR

Qiu J C, Liu H K, Tian X X 2008 Acta Photon. Sin. 37 297
Wang W C, Sun C Y, Wang N, Jia H Z 2020 Opt. Commun.
471 125823

Takenaga K, Sasaki Y, Guan N, Matsuo S, Kasahara M,
Saitoh K, Koshiba M 2012 2012 IEEE Photonics Society
Summer Topical Meeting Series Seattle, WA, USA August 27
2012 p191

Begum F, Namihira Y, Razzak SMA, Kaijage S, Miyagi K,
Hai NH, Zou N 2007 Opt. Rev. 14 120

Liu M, Yang J, Zhu T 2015 JETP Letters 102 274

Wan X, Wang Z Q, Sun B, Zhang Z X 2020 Opt. Quantum
Electron. 52 289


http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.1109/LPT.2012.2218801
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.234206
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.7498/aps.64.064212
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/IRLA201847.1002001
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.3788/gzxb20174602.0206002
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
http://doi.org/10.1109/JLT.2012.2227243
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=GZXB200802021&DbName=CJFQ2008
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1016/j.optcom.2020.125823
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1007/BF02919411
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1134/S0021364015170075
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
http://doi.org/10.1007/s11082-020-02414-5
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. 70, No. 10 (2021) 104208

Double-trench assisted thirteen-core five-mode fibers with
low crosstalk and low non-linearity”

Li Zeng-Hui?  Li Shu-Guang®?’ Li Jian-She!?  Wang Lu-Yao!
Wang Xiao-Kai'? Wang Yan?  Gong Lin?  Cheng Tong-Lei?
1) (State Key Laboratory of Metastable Materials Science & Technology, Key Laboratory for Microstructural Material
Physics of Hebei Province, School of Science, Yanshan University, Qinhuangdao 066004, China)
2) (School of Information Science and Engineering, Yanshan University, Qinhuangdao 066004, China)
3) (State Key Laboratory of Process Industry Integrated Automation, School of Information

Science and Engineering, Northeast University, Shenyang 110004, China)

( Received 2 November 2020; revised manuscript received 30 December 2020 )

Abstract

Information technology has an increasingly strong demand for high-speed and large-capacity optical fiber
networks. Space division multiplex(SDM) is a new generation of optical fiber communication technology which
can be several times in communication capacity higher than the wavelength division multiplexing systems. In
this paper, we present a kind of 13-core 5-mode fiber with double trench structure to meet the demand for high-
speed and large-capacity information transmission in the future. In order to solve the crosstalk problem in SDM,
a double-trench structure is adopted to better limit the light energy in the fiber core, thus reducing the
crosstalk between cores and modes. The crosstalk and transmission characteristics of multi-core fiber are
calculated and analyzed by the full vector finite element method and coupled power theory. After the
optimization of structural parameters, the fiber can stably transmit LPy;, LP;;, LP4;, LP(, and LP3; in the band
of 1.3-1.7 pm; when the signal is transmitted at the 1.55 pm for 60 km, the inter-core crosstalks corresponding
to the adjacent fiber cores in the above five modes are —122.37 dB, —114.76 dB, —106.28 dB, —100.68 dB and
—92.813 dB, respectively; the effective refractive index difference between adjacent modes is greater than
1.026 x 1073; inter-core and inter-mode crosstalk can be effectively suppressed. The corresponding non-linear
coefficients of the 5-modes are 0.74 W lkm!, 0.82 Wlkm'! 0.88 Wlkm? 1.26 Wlkm' 0.93 Wlkm!,
which can maintain low non-linear transmission. The structure of fiber is simple and compact, and the preform
can be fabricated by vapor deposition method and stack method, then the 13-core five-mode fiber with low
crosstalk and low nonlinear can be further drawn, which can be used in a long distance high-speed and large-
capacity fiber transmission system.

Keywords: space division multiplex, a double-trench, low-crosstalk, low non-linearity
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