28 3 ,2015 7

Vol.28 No.3, July 2015 JOURNAL OF NINGBO UNIVERSITY ( NSEE )

- ASQS3

, 315211
) - s As:S;
1550 nm ,
: TN253 tA : 1001-5132 2015 03-0078-06
(Photonic Crystal Fiber, PCF) , ,
, 3.5um 12~18 pm, (2.0~3.5),
(<350 cm™ ),
[3]'
) , PCF
. PCF
. PCF . Monro
[2] . ( ) 2000
PCF Ga-La-S PCF.
5 5 ASQS€3 ASZS}
2 um, (3~ PCF , 2006
5um ) (8~ PCF*1. 2006
12 um ) Perfos
PCF, G35G€208b10865 PCF,
. , @A, A . d
( ) ) 0.63. PCF
1 2015-03-06. : http://journallg.nbu.edu.cn/
: 61377099, 61177087 ; 2013A610118 ; NCET-10-0976 ;
151 ( ) PY2012015 .
1988 . E-mail: jiangchen2007@163.com
* : 1954 . E-mail: nieqiuhua@nbu.edu.cn



3 5 - Ast3 79
(
PCF R 1/3).
. ASZS3 , ASsz,
[7-9]
1550 nm
1
1.1 ,
-1 AsyS;3 5
As  99.999%,S  99.9%. ,
2x10™ Pa
850 1
20h
y4a As)S; ,  AsS3
. 8h s 6 mm.
2 mm,
16 mm s
1.2 PCF

te1

ASzS3 PCF




%0 2015

0.2 mm, d 0.95mm, . (3)
A 1.48 mm, R=d/41=0.95/1.48= PES ,

PES ) PCF

3 3
Ast3 PCF 5 ASzS3 PCF
8 mm PES
1.75 mm ( 4, ,
335 . 5 ASZS3 PCF : 335 ,
4 6 0.5 m-min"". 15m, 300
1.75 mm , 5(b) pm. 6 , 7
3 , 2
12 (50, 335
S(d) 3 ASzS3
PCF 300 um
PCF , 5
' 6
3mm PES :
" 315
10 h; PES
(D
.(2) PES




3 N - Ast3 81
, 10 10 ,
, 8 2~8 um )
8 70% 12131 As,S5
, PCF
i 2.1mm
4 mm
&
14
8 3 Ast3 PCF
2
2.1
(Nicolet380)
As,Ss 2.5~25 um RS
, 9 )
60%,
10 pm.
2.9 um OH Wl s-H
40pum " 6.3 um
H,0 M As-0 2.2
10.8um AsyS;
. 200x10° PCF . 1892 Rayleigh
Mg AlICl; ,
, 9 . 9 , Bessel ,
H,O S-H OH , (Helmbholtz)
As-0O PCF,
. As,Ss 2~8 um Bessel
70% ( ), ,
PCF [14].

, As,S;

E = [4,J(kin)+B,H,(kir)]

m=—uw



82 2015
exp(im¢,)exp(if3.) 13 12 ,
) 13 ,
E.= Y [4,J (ki) +B,H, (k)]
exp(img,)exp(if3.), , 50 um
k= ="k =k’ - )"
;M , n=1;
4500 1
n- , n-=2.41; k~=2n/A 4000
! I 3500 F
Hy. 5 30001
1, 2500
11 2000 |+
1 A=1.48, d/A:O'&i , 3.6~4.6 um 1500
50 ps:(nm-km)", 1000 . . : .
3.7 um. -100 -50 0 50 100
/m
100} AAAAAAAAAAAAAAAAAAAAA 13 PCF
o---------A,.-Aff -------------------------- 3
-100} AA ASZS3 >
a a =148, =0.64
2200 la 70%. ,
1 1 1 1 1 1 - 3
34 36 38 40 42 44 46
/m Ast3 .
300 pm, A=1.48, d/4=0.64, 3.6~4.6 um
11 As,S;PCF -1
50 ps-(nm-km) ", ,
23 3.7 um. ,
1550 nm PCF
12
12 , ,

12

(1]

(2]

(3]

(4]

Limpert J, Liem A, Reich M, et al. Low-nonlinearity
single-transverse-mode ytterbium-doped photonic crystal
fiber amplifier[J]. Optics Express, 2004, 12(7):1313-
1319.

Limpert J, Schreiber T, Nolte S, et al. High power air clad
large mode area photonic crystal fiber laser[J]. Optics
Express, 2003, 11(7):818-823.

[11. , 2011, 48(9):1-10.

Shaw L, Sanghera J, Aggarwal I, et al. As-S and As-Se

based photonic band gap fiber for IR laser transmission[J].



ASZS3

83

Optics Express, 2003, 11(25):3455-3460.

[5] Sanghera J S, Shaw L B, Pureza P, et al. Nonlinear
properties of chalcogenide glass fibers[J]. International
Journal of Applied Glass Science, 2010, 1(3):296-308.

[6] Brilland L, Smektala F, Renversez G, et al. Fabrication of
complex structures of holey fibers in chalcogenide glass
[J]. Optics Express, 2006, 14(3):1280-1285.

[7] Lee E, Taylor E. Two-die assembly for the extrusion of
glasses with dissimilar thermal properties for fibre optic
preforms[J]. Journal of Materials Processing Technology,
2007, 184(1):325-329.

[8] Savage S D, Miller C A, Furniss D, et al. Extrusion of
chalcogenide glass preforms and drawing to multimode
optical fibers[J]. Journal of Non-crystalline Solids, 2008,
354(29):3418-3427.

[91 Tao G, Shabahang S, Banaei E H, et al. Multimaterial
preform coextrusion for robust chalcogenide optical
fibers and tapers[J]. Optics Letters, 2012, 37(13):2751-

2753.

[10] Lafond C, Couillard J, Delarosbil J, et al. Recent
improvements on mid-IR chalcogenide optical fibers[J].
Proceedings of SPIE 9070 Infrared Technology and
Applications, 2014, 9(7):601-606.

[11] Katsuyama T, Satoh S, Matsumura H. Scattering loss
characteristics of selenide-based chalcogenide glass
optical fibers[J]. Journal of Applied Physics, 1992, 71(9):
4132-4135.

[12] Snopatin G E, Shiryaev V S, Plotnichenko V G, et al.
High-purity chalcogenide glasses for fiber optics[J].
Inorganic Materials, 2009, 45(13):1439-1460.

[13] Churbanov M F. High-purity chalcogenide glasses as
materials for fiber optics[J]. Journal of Non-crystalline
Solids, 1995, 184:25-29.

[14] ; ; ,

1. , 2013,
62(8):84206-84216.

Fabrication of Infrared Photonic Crystal Fiber Based on As,S; Chalcogenide
Glass Extrusion and Stack: Research

JIANG Chen, NIE Qiu-hua’, WANG Cui, ZHU Qing-de, LIU Shuo, LIAO Fang-xing,
WANG Xun-si, DAI Shi-xun, SHEN Xiang
( Lab of Infrared Material & Devices, Reaserch Institute of Advanced Technology, Ningbo University, Ningbo 315211, China )

Abstract: Photonic Crystal Fiber (PCF) is currently popular for their superiority of high power laser

transmission, fiber amplifier, fiber laser and so on. Chalcogenide glass is a new kind of infrared (IR) glass fitting
for IR fiber application, which possesses the good transparence in IR (1-20 um), high refractive index, high
non-linearity, low phonon energy, adjustable components and good glass stability. Multi-pole method is first

utilized to optimize the structure and properties of the PCF, then a combined fiber fabricating method is adopted
based on extruding and stacking of the As,S; chalcogenide glass. With this novel technique, a faviform PCF is
obtained with three-layered circle-holes. The dispersion property and zero-dispersion spot are calculated and

simulated on the basis of the multi-pole theory, and a near IR CCD is applied to observe the real type of the laser
light transmission in the PCF with a wavelength of 1 550 nm. The size of the mode field and energy distribution
in the fiber core are recorded and analyzed in a detail manner. The overall results may be of good help in

validating the photon controlling theory and uncovering the truth of IR light transmitting effect in the IR PCF.
Key words: chalcogenide glass; infrared; photonic crystal fiber; structure design; fiber fabrication



