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Fig. 1 Model of Bragg fiber. (a) Cross-sectional diagram; (b) refractive index distribution; (c) light guiding principle (12,>>n,)""
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Parameter Gey,yAsy,SesTeys As,S,
Refractive index n @2 pm 3.2684 2.4268
Transmittance range /pm 2-16 1-8

Conversion temperature T, /C 187 175
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Table 2 First bandgap widths under different &,/d,
d\/d, Width /pm
1/9 0.07
2/8 0.12
3/7 0.17
4/6 0.17
5/5 0.18
6/4 0.14
7/3 0.11
8/2 0.07
9/1 0.04
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fi. Bragg e BA Z A FABEMAE g Ex 4
AT DK O B i 76 28005 v, 44 T O 5 A B4 38 e IR, (HLAE T
20 B AR MER R . AR SR COMSOL Multiphysics
B TG RIR IR Y T AR AR R ELE AL
it M 5 s 0 FE 0 S AL LA TR AR S A AT
B A O, FE 5 B e B OB AT 0 AT ST BT R
() o A RTS8 — O S BOE 2, BCHY R #0950 (
PRI AR N

40m
In(102)
A C BRI FE s Tm () T A3 BT S R 0 356
HOERE T MBI A=6.72 ym \d,/d, =1,

Im(ﬂeff), (1)

@

50 60 70 80 90 100 110 120 130
R /um

M=3, El3(a)% T AR AR 0 4 SR A b
JEEFFE S RIE R, 0T LR G LR i FE Bl R 1) 3
KM/, RN DCF A W . I RA
80 pm W, HAEME £ 0.08 dB/m, £ R K T 80 um Z J5
PAE M2 AL TRk, E3(a) i R T R=
50 pm Fl R=100 pm &b 1y JERIGE 7 73 A, AT DL 2 . Y
R 50 pm B, &6 43 68 & it s 2042 )2 b, e i 5 RE Oy
1.62dB/m; 4 R} 100 pm i}, e E &5 2L h R4
A BEE M 0.0054 dB/m. 5K I LF N T R
JEEF Y 3k U A5 RE , (H IR T T S e S IR & fiE T, I
IE ik £ R=90 pm 1 W R4 242 . W E LT S5
M A=6.72 pm .d,/d,=1 . R=90 pm, 5> ¥r N [6l M T 7
PIAK G LF v g LR FE | BT A A SR A R
WEHCE . H B 3(b) af KL, A A% ' £F 1 #E Bl
A3 J2 H5CEE 38 I i BRI, D0 R Y O A ] AR B L
BN . M 1B = 3, 6 2T 15 AR TR A,
E Bt G M — 20 58, 45 FE 5 IR A Rl B2 2 328 T R/ o
M MO 5 A A 2 B X F R RE (1 5w aT DL 2
. P 3 (a) B R R T M A 1R 3 Y 3 R BE R 4y
Mo MMy LI, BR324 )2 o, Bb it
LA N 1.01 dB/m; 24 M 3HF DG HFED &
% 0.08 dB/m. Ptk , fE VB0 2 )2 B, 75 BEAE 52
0 4] % X 2 R4 FE A AT R =2 R) AT AU, RN g ot A
T8 SR A2 B 3G 0, 7 U 2 1 0 O £F ) 5k HL AR
FEAR 2 B 5 A

1.0

K3 SETaERRESS SR MM #7284k . (a) CHi R W2 (d\/d,=1,A=6.72 ym,M=3) ; (b) CFi M K Z M (d,/d,=1,A=
6.72 pm,R=90 pm)
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Fig.5 Thermal and optical properties of GeyAs,Se;Te,; and As,S, glass. (a) Glass samples; (b) transmittance spectra; (c¢) thermal

expansion curves; (d) refractive index distribution
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Fig. 8 Layer thicknesses and T,/D values of different Bragg fibers. (a) Based on equal thickness glass; (b) based on non-equal thickness

glass
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Fig. 9 Comparison of fiber loss before and after optimization of cladding glass. (a) Fiber loss based on equal thickness glass with light
spot pattern shown in inset; (b) fiber loss based on non-equal thickness glass with light spot pattern shown in inset; (c) loss

obtained by simulation based on structural parameters of actual prepared fiber with electric field distribution shown in inset
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Abstract

Objective

Bragg fibers have multiple unique optical properties such as photonic bandgap light guides, single-mode transmission

over a wide frequency range, dispersion management, and low transmission loss, which make them attractive for broad applications.

The transmission ability of a traditional hollow Bragg fiber is restricted by air-core collapse and structured-cladding deformation during

optical fiber preparation. Even under tiny fiber cladding deformations, the bandgap can be violently degraded. All solid-state structures

have been proven to solve the core collapse and cladding deformation problems of hollow Bragg fibers. Therefore, an urgent

requirement exists to develop novel fiber structures and effective fiber fabrication methods to improve fiber transmission capability. In

this study, an all-solid Bragg fiber with a chalcogenide glass core is fabricated via a compensated-stacking extrusion technique to
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address the challenge of hollow-core deformation in traditional Bragg fibers. The fiber consists of three pairs of uniform periodic
cladding and low-loss windows in the range of 410 pm. This experimental data can assist further study regarding mid-infrared
bandgap-controlled fibers and unlock new directions for the development of high-quality laser transmissions or optical sensors in the

mid-infrared region.

Methods In this study, we first establish a theoretical model for all-solid-state Bragg fibers. Mid-infrared chalcogenide glasses
Ge,Asy,SesTei;and As,S,are chosenas high- and low-refractive-index cladding materials. The large difference in the refractive index
between the alternating-layer materials helps to form the widest photonic bandgap. Two groups of fibers based on equal- or
compensated-thickness glass are prepared for comparison. The cross sections, transmission loss values, and near-field energy

distributions of these optical fiber types are calculated and analyzed.

Results and Discussions According to the simulation results, the optimal structural parameters of all solid-state chalcogenide
Bragg fibers are obtained. The experimental results show that optimized stacking extrusion based on compensated-thickness glass is
the simplest and most effective method for improving fiber structural uniformity. The cross-sections of the all-solid Bragg fiber based
on equal-thickness glass [Figs. 7(a)-(c)] show that the core and innermost cladding are irregularly elliptical, with a large difference in
the thickness of the three pairs of periodic claddings. The thickness of the layers ranges from 10 pm to 600 pm, which significantly
differs the simulation results [Fig. 8(a)]. The fiber cross-sections based on thickness-compensated glass [Figs. 7(d)—(f)] show that the
fiber structure is highly circular, without deformation, and no obvious defects such as bubbles or holes are observed at the interfaces
of adjacent layers. Three pairs of periodic claddings have similar thicknesses in a 6-meter-long fiber, and the average ratio of each
layer thickness to the fiber diameter is approximately 3: 100 for an entire fiber length with 6 m length [Fig. 8(b)]. It is proven
experimentally that it is feasible to solve the problem of uneven claddings and deformational cores using thickness-compensated glass.
The average loss of fibers based on equal-thickness glass is 4 dB/m—6 dB/m, however, the uneven fiber structure results in light
propagation in the cladding [Fig. 9(a)]. The fiber based on thickness compensated glass has four low loss windows [Fig. 9(b)]. For
good light transmission effect, the light is confined in the core and almost no energy leaks into the cladding.

Conclusions Bragg fibers based on the principle of effective omnidirectional reflection achieve high-power transmission at specific
wavelengths by tuning the structural parameters of the claddings; however, some problems remain. In this study, an all-solid-state
Bragg fiber with a chalcogenide glass core is fabricated using a compensated stacking extrusion technique to solve the problem of
hollow core deformation in traditional Bragg fibers. Ge,,As,,Se;;Te,; and As,S, glasses are doped as high- and low-refractive-index
cladding materials, respectively, and an all-solid-state chalcogenide glass Bragg fiber with three pairs of periodic cladding layers is
successfully fabricated via compensated stacking extrusion. The superior structural uniformity of the prepared chalcogenide Bragg
fibers 1s verified by comparing the cross-sections of the front, middle, and end of the Bragg fibers. Three pairs of periodic claddings
have similar thicknesses in a 6-meter-long fiber, and the average ratio of each layer thickness to the fiber diameter is approximately
3: 100 for an entire fiber with length of 6 m. The light spot pattern proves that the optical fiber has good light transmission ability.It is
proven experimentally that it is feasible to prepare chalcogenide Bragg fibers using the extrusion method. In future, our research will
further improve the extrusion mold and conditions aiming to develop higher performance photonic crystal fibers based on chalcogenide
glass.

Key words fiber optics; all solid-state; Bragg fiber; chalcogenide glass; stacking extrusion method
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