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Fig.1 (a) Scanning electron microscope photographs and normalized plot of the spectrum!*); (b) Scanning electron microscope photograph and fiber loss

spectrum® ¢
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Fig.2 Scanning electron microscope photograph and fiber loss spectrum!®
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Fig.4 (a) Scanning electron microscope photograph; (b) Fiber loss spectrum
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Fig.5 (a) Transmission and loss spectra; (b) Transmission spectra for different bending-diameters; (c) Bending losses; (d) Scanning electron microscope

photograph!'"!

122 #EREKRE SR

2018 4F, Z )2 FOBTRZS I A HEA T AT LT,
Horp 7 R RS R 25 0 B £F FE 1512 nm 38 K Ab 9 4
FEIRF] 2 dB/km'"™?, 23 S5 YA L AL NS FE I AN
WA, 2022 AR BUZ IR EE 598 T 0.174 dB/km
() AP FE, 5 A B BRSO AR R AR AR Y ™, ik
Hb, PR T A5 O ET i MRS 37 - B S
P, 28 W CEF R 2L Ak i A S St T — AN Y
SER VLT TR

2019 4, 4270 K 2% Mariusz Klimezak %5 A R 38 Hif
il T — B E RO R 2 G EF (A 6 ). SE5
UERA, 2 EF 0] DLSEERAE 3.5~4.2 um B9 HP 2040 Be AL

@

50 pm

10
10°
10?
10!
10°

= Original structure

= Equal capillary thickness

Confinement loss/dB-m™!

Simulation

2000 2500 3
Wavelength/nm

000 3500 4000 4500 5000

Bending loss/dB-m™!

Bt H 24 Al 242 A 40 mm B, 4 um AL ARG
M AE A 0.5 dB/m, &5 i1 242 4 15 mm B, 25 i 451 #E
5 dB/mM, AT L, i RO IR S R A A
ZLAM I Be B s b S MR Be, b LS i RO
P A W GEF 78 vh 2L AP SR ) WF 5 5 g AR AL T S 56
WA

Bt 25 2 U G EF FE Hh 20 AN B I R T A St 2, T
DAFS 3] —NTE W 9 4598, 7 2 I 4 Ak PR 453 FE 2 Bk
32 S R 2, A P A0S i B, RO RE |5 S i
fro BRI, i — 20 PR AR SO RE 1 7 15, 4R 98
2RI R AME BL ST 1 BRI BEF BiFE R A
EIES- 9@

70 |(© Liw3.6m
31
60 r Be(r)l?il?nsg radius:
50 | —40 mm
——30 mm
40 ¢ ——20 mm
30 FIN — 15 mm
20 —12.5 mm
10 ¢
0

2 600

2000 2100 2200 2300 2400 2500
Wavelength/nm

20230132-5



sy ok TAR
%5 www.irla.cn % 52 %

- 30 (e) Lina-3.6m
T tber D 25 + 5 loops
2 Transmission spectra E Bending radius:
2 | ——LEUKOS+OSA g2 2 t —40 mm
=] A —LEUKOS+FTIR > —30 mm
Q —NKT+FTIR 3 15 | ~——20 mm
2 h ':0 - —15mm
é | Reference spectra: -5 10 | \*\M —12.5mm
15) | - - - LEUKOS+FTIR
= “‘— - - NKT+FTIR g 5 e \/\.\\M\
. Measurement |
2000 2500 3000 3500 4000 4500 5000 3500 3600 3700 3 800 3900
Wavelength/nm Wavelength/nm

K6 (a) AT B A (b) A RITTINE O B IRGEHIFER; (d) 125035 (o). (e) ZlhbFERE"
Fig.6 (a) Scanning electron microscope photograph; (b) Finite element method simulation of the fiber confinement loss; (d) Transmission spectra;

(c), (¢) Bending loss spectrum!'*!
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Tab.1 Summary table of soft glass-based hollow-core fiber

Mid-infrared . Advantages/
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Mid-infrared hollow-core fiber technology:

status and development trend (invited)

Zhang Yifan, Hong Yifeng, Sheng Yulin, Wang Yingying"
(Micro-structured Optical Fiber Group, Institute of Photonics Technology, Jinan University, Guangzhou 511443, China)

Abstract:

Significance Mid-infrared optical fiber is an important tool in the field of mid-infrared optics with applications in
mid-infrared laser generation and transmission, biomedical detection, environmental detection and other fields.
However, traditional mid-infrared optical fibers suffer from fabrication difficulties and poor chemical stability of
substrate materials, substantially limiting their developments. Compared with solid-core fibers, hollow-core fibers
release the dependence on the substrate materials. By constructing microstructures in the cladding, light is
confined, in the central air core, thus providing an ideal transmission channel with low loss, low dispersion, low
delay, low nonlinearity, and high damage threshold. It opens a new path in the development of mid-infrared
fibers.

Progress This paper reviews the development history, research status and application prospects of silica-based
and soft glass-based mid-infrared hollow-core fibers in terms of fiber structure, fabrication method, material
absorption and transmission performance. By numerical simulations, we show the relationship between absorption
loss and confinement loss with core size, wall thickness and wavelength in silica-based single-ring structure and
nested tube structure anti-resonant hollow-core fiber. It provides design guidelines for the low-loss mid-infrared

anti-resonant hollow-core fiber.
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Conclusions and Prospects Compared with mid-infrared (MIR) solid core fiber, MIR hollow-core fibers (HCF)
have overcome the material absorption of silica in the mid-infrared band, expanded the guiding window of silica-
based HCF, and realized low loss light transmission in the mid-infrared band. The characteristics of low
dispersion, low delay, low nonlinearity and high damage threshold make more advantageous in the field of mid-
infrared laser. Although the bending loss of MIR-HCF is continuously reduced by iteration and optimization of
the fiber structure, there is still a certain gap between them and solid core fiber, which will be an important
research direction in the field of mid-infrared hollow core fiber in the future. Currently, mid-infrared hollow fibers
have a wide range of applications in the fields of mid-infrared laser generation and transmission, biomedical
sensing, communication and other fields. In addition to silica materials, many soft glass materials (such as sulfide
glass and tellurite glass) have inherent low material absorption properties, which provide more material choices
for the preparation of MIR-HCF. In the future, the development of MIR-HCF will continue in improving the
fabrication technology, optimizing the fiber structure, broadening the transmission window, reducing the
attenuation and be applied to various fields.

Key words: mid-infrared;  silica-based hollow-core fiber;  soft glass-based hollow-core fiber;

light-guiding window;  fiber loss
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