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Abstract As the remaining frontier for increasing the communication capacity of optical fibers, multi-core fibers
with space division multiplexing have attracted much attention in recent years, with many solutions proposed for
expanding the capacity and improving the transmission speed. This paper comprehensively reviews the basic
properties of multi-core optical fibers, especially in non-optical-fiber communications and sensing applications. We
focus on the main issues related to multi-core fibers, namely, inter-core coupling and crosstalk problems, the
transmission and bending characteristics of the fibers, fan-in/fan-out and connection technologies, the taped fiber
coupling technique for multicores, and other dominant problems in optical fiber communication technology. A new
hollow elliptic multi-core polarization-maintaining fiber is discussed as well. In a series of examples, we finally show
how multi-core fibers are applied in high-power fiber lasers and fiber interference, emphasizing their applications in
various sensing fields.
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Fig. 2 Schematic of fiber prepared by suppressing inter-core crosstalk using groove refractive index profile® .

(a) Refractive index distribution of single core of multi-core fiber encircled by low refractive index; (b) schematic of

cross-section structure of 7-core fiber with core refractive index showed in Fig. 2(a); (c) schematic of cross-section

structure of 6-core fiber isolated by groove wall with low refractive index; (d) micrograph of cross section of ultra-

low crosstalk 7-core fiber corresponding to Fig. 2(b)
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Fig. 3 Fiber prepared by circumferential assisted crosstalk suppression method”**” . (a) Refractive index distribution of

single core of multi-core fiber encircled by air holes;

(b) schematic of cross-section structure of 7-core fiber

corresponding to Fig. 3 (a); (c) schematic of cross-section structure of 6-core fiber isolated by air holes wall;

(d) micrograph of cross section of ultra-low crosstalk 6-core fiber corresponding to Fig. 3(c)
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Fig. 7 Change of refractive index caused by bending of multi-core fiber. (a) Refractive index distribution of

straight silica optical fiber; (b) effective refractive index distribution of bent silica optical fiber
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Fig. 13 Multi-core fiber splitting scheme based on quartz
capillary stack. (a) Quartz capillary with etched
(b) cross-sectional view of

single-core fibers;

stacked 7-core fibers
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Fig. 14 Schematics of deformation of typical tapered fiber and light-field power distribtuion of core. (a) Relationship between

fiber deformation and taper length; (b) schematic of light-field power distribution of tapered fiber core
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Fig. 15 Schematics of two typical light splitting/coupling mechanisms based on multi-core fiber tapered coupling.

(a) Multi-core fiber tapered coupling with central core; (b) multi-core fiber tapered coupling without central core
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Fig. 16 Typical two-core, three-core, 4-core,

and 7-core fibers with central core
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Fig. 18 Excitation coupling characteristics of two-core fiber and single-mode fiber. (a)-(c) Physical processes of optical field

coupling in fusing taper at melting point; (d) process of light-field coupling from single-mode fiber into two cores of

two-core fiber through taper region; (e) energy in each core as a function of taper diameter
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Fig. 20 Schematics of preparation method of hollow elliptic multi-core polarization-maintaining fiber.
(a) Preparation of fiber preform; (b) preparation of fiber drawing
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Fig. 22 Mode characteristic curves of hollow elliptic multi-core fibers. (a) e=1, circular core; (b) d=2 pm, elliptic core
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Fig. 23 Shape and structure of elliptic fiber core
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6 LML Z 8oL

6.1 ZMEREINESEARTHEGE

HEEFHOLE R HTHOGH R K R EE Ty m 2
— MR PRSCAF BOLARE RO T By7F TR H
By 38X i LA B At 45 5 LA E A . AR AR
UL HOGHS 0 & o A8 v, BEoR 4 1 B 37 1
R P [ ORI A A S R N SR R R
HOHIZ T HOCH R B AT R T 2 R4
P23 A1 TR TR 4345 1) 2 056 4F

&l 25Ca) F1 25 (b) 43 il Sy ML i 45 4 [ %) 22 0k
JEEF 19 235 46 FN AT 5 2R 5 T A B | 25 (o)
FIT7R A 6 0t .23 HIT 14 2R M [ 81 22 005 O £F 1 B
B A

il A 2k I 2] 05 Y 21 SR T 1 2 HE AR D' 2F T o
il & T2, B ek I RAF R MCVD J5 i %)

LR HEAT R B A% U B T S 3R O et X 3 i W
DURUZ B BT 75 ROSE I £F 008, ;XA 270 B & 2l
AL 3R 1) O £ 008 T A R 2R AT A R
B T S TR AR A 5 SR S R A A e A
A7 S R IR AE I A AL OB R 4l A S AR DT L D
T o ¥ B S0 T ) A4 4 9 RS 4 B8 D B 44 14 19 °F
If0, BB WA DB 0 [a] B 4 7T LAAd A —HESF
O s I S o S D OB e gl R 1 A
2 05 T R R HE AR E T B i Al oA B N,
P 26 Ca) JiT 7 . TR {000 48 [0 Ak T 30 35 A A 4 ) i 2
A L2 AT, DU IR B 5 25 0 TR RN & A2 8
KA . FE R G EF 7, 6T £F T il 4 1) — ity iF
Frbesh i HOB B — A HEAR o 05— 5 17 R GE A
e, DLk SR oG EF 7E S o A b i T I A R N
V) BT 7= A A . i S G A A R I 51 0 SR S
KENE 26 (D) iR,

170612-13



Wt 5ot T o R

n(r) Refractive index profile

n

ny

©
LRI LR APERE SN 2 86 EF . () BS54 5 (b) 7 3 R FH 28 T8 5 (o0 6 588 . 23 JE A AE #1458 1 G 25 R i T

Fig. 25 Typical linear-array multi-core fibers. (a) Cross-sectional structure; (b) schematic of refractive index profile;
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enlarged photograph of core
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Fig. 27 Linear-array multi-core fiber for high-power fiber lasers. (a) Rectangular-array multi-core fiber;

(b) air-cladding linear-array multi-core fiber
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Fig. 28 Linear-array multi-core fiber for laser output reshaping. (a) Splicing of linear-array multi-core fiber to single-mode

fiber; (b) output beam after propagating 2 mm from splicing point; (c) output beam after propagating 55 mm from

splicing point
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Fig. 29 Ring-array multi-core fiber. (a) Cross section; (b) refractive index distribution
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Fig. 30 Far-field interference patterns of bending sensor based on 4-core fiber. (a) Cross section of 4-core fiber;

(b) far-field pattern at 820 pm; (c) enlarged photograph of far-field pattern
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