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Fig. 1 TCAH-MC-FM-MOF structure. (a) Cross section of TCAH-MC-FM-MOF; (b) effective refractive index
distribution of TCAH-MC-FM-MOF
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Table 1 Initialization parameters of TCAH-MC-FM-MOF
Parameter ri/pm ry/pm a /pm b /pm K /pm A /pm D /pm c /%
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Fig. 2 Cutoff conditions for LP;; and LP;, modes
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Fig. 3 Relationship between ICXT and structural parameters of TCAH-MC-FM-MOF. (a) Relationship with K ;
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K6 Z#h FM-MCF B, () E5M KA FM-MCF; (b) TA-FM-MCF; (¢) AT-FM-MCF; (d) TCAH-MC-FM-MOF
Fig. 6 Cross section diagrams of various FM-MCF structures. (a) Traditional step-type FM-MCF; (b) TA-FM-MCF;
(c)AT-FM-MCF; (d) TCAH-MC-FM-MOF
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Fig. 7 1CXT comparion of LP; mode for four fiber Fig. 8 Effective refractive index of 5-LP modes
structures
# 2 TCAH-MC-FM-MOF #4555t
Table 2 Determined structural parameters of TCAH-MC-FM-MOF
Parameter r1/pm ry/pm a /pm b /pm K /pm A /um D /pm c /%
Value 3.5 7.2 12 18 26 10 62.5 8
1650 nm B TEFI . 5 B A 20T 3 % 4k £33 OEMBLS LP, AT R
PR HAHARAE 20 2 18]G ST 53R 22 (An ) BT Table 3 Effective refractive index of high order
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B nro AHEBPIAEIY Anue 435100 21077, LP,, 1. 45192822989532
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FF 15107 8 5% SRR 20 o B o . B
% TCAH-MC-FM-MOF i 4 MDM
FIILPT o LSRR LP,, 1. 44507859480461

FIRGEESR,

K9 5-LPARRAEIK, (a)~(e)LPy LP;; .LP,y LPy, . LP;
Fig. 9 Mode field maps of 5-LLP mode. (a)-(e) LP,, LP,,, LP,, LPy,, LPy
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Theoretical Study of Four-Core Five-Mode Microstructured Optical Fiber
with Low Crosstalk and Large Mode Field Area
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Yan Xin, Wang Fang, Zhang Xuenan, Cheng Tonglei

State Key Laboratory of Process Industry Integrated Automation, College of Information Science and Engineering,
Northeast University, Shenyang, Liaoning 110004, China

Abstract

Objective This paper proposes a novel trench and crosses airhole-assisted multicore few-mode microstructured
optical fiber (TCAH-MC-FM-MOF) to meet the demand for space-division multiplexing system and mode-division
multiplexing system for large-capacity, multichannel communication fibers, the structural parameters of which are
optimized using the finite element method (FEM). After optimization, the designed fiber can support the stable
transmission of LPy,, LPy;, LP,, LPy, and LP;; modes at the operating wavelength of 1550 nm, and the effective
mode fields are 113.14, 159.70, 174.43, 104.91 and 192.74 um®, respectively. The intercore crosstalk of these
five modes is less than — 40 dB, and the relative core multiplexing factor is 62. 722. Compared with its existing
counterparts, this fiber has lower crosstalk and a larger mode effective field area. It is expected to meet the needs of
large-capacity and multichannel transmission of the communication systems.

Methods This paper proposes TCAH-MC-FM-MOF as a good candidate for large-capacity, multichannel
communication fibers. The cross-section and refractive index profile are shown in Fig. 1. The FEM optimizes the
fiber structure to achieve the best performance based on the mode and power coupling theory. The intercore
crosstalk formula of the four-core optical fiber is derived via theoretical analysis for a more accurate crosstalk
calculation. The relationship between multiple structural parameters and fiber performance is exploited to achieve
low intercore crosstalk and large field area. The initial fiber parameters are continuously optimized, and a set of
satisfactory structural parameters is listed in Table 2. To demonstrate the advantages of TCAH-MC-FM-MOF
designed in this paper, the performance of four types of multicore and few-mode fibers with different structures is
compared by evaluating the intercore crosstalk LP;; at the transmission distance of 100 km at 1550 nm. The results
demonstrate that TACH-FM-MCF-MOF has the lowest crosstalk value and the best performance, as shown in Fig. 7.

Results and Discussions Achieving low crosstalk and a large mode field area in multicore and the few-mode
microstructured optical fiber is critical for improving transmission capacity and overcoming nonlinear effects. The
core size, core spacing, and doping concentration are adjusted to achieve the best performance under the premise of
ensuring 5-LP mode transmission. Low refractive index grooves are added around the core to prevent beam leakage,
and the width of the grooves is optimized to prevent crosstalk between the cores, as shown in Fig. 3 (¢). As shown
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in Figs. 4 (a) and 4 (d), the core size and core doping concentration are appropriately selected to achieve a large
mode field area. After optimizing the structural parameters, the simulation demonstrates that the designed TCAH-
MC-FM-MOF has low crosstalk, a large mode area, and good bending resistance, with a relative core reuse factor of
62.722.

Conclusions TCAH-MC-FM-MOF proposed in this paper exhibits the characteristics of low crosstalk, large mode
field area, and good bending resistance. When transmitting 10 km at 1550 nm, the designed TCAH-MC-FM-MOF has
its intercore crosstalk of all modes suppressed less than 40 dB, and the effective mode field area greater than
100 pm®. The effective refractive index difference of all the 5-LP modes meets the weak coupling condition, the
crosstalk between modes can be ignored, and the relative core reuse factor is 62.722. Compared with other kinds of
multicore few-mode fiber structures also highlights TCAH-MC-FM-MOF’ s advantages in suppressing interphase
crosstalk and alleviating the restrictive relationship between low crosstalk and large mode field area. Combined with
SDM and MDM technology, the proposed TCAH-MC-FM-MOF is expected to meet the urgent demand for large-
capacity, multichannel transmission systems.

Key words fiber optics; microstructured optical fiber; multicore fiber; few mode fiber; area of mode field; inter-
core crosstalk
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