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Design and Performance of a Low-loss Chalcogenide
Hollow-core Photonic Crystal Fiber at 4.3 pm
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Abstract: The band-gap maps of As,S,, Ge,, Sess Sbys and As, Se, chalcogenide glass fibers at different air-
fillings were analyzed by using the plane wave expansion method,. The results show that when increased
to 0. 75, the photonic band gap and air lines have appeared intersection mode, the band gap is wide, and
an appropriate laser transmission mode in the core of fiber is formed. Under different fiber core diameter,
using the finite element method, the fundamental mode confinement loss and effective mode area of
homemade Ge,, Sey; Sh,; chalcogenide glass hollow-core photonic crystal fiber were systematically studied.
The results show that the confinement loss is the lowest and the effective mode-field area is very small
when the core diameter is 9. 2 pm. By optimizing the structural parameters of fiber, a hollow-core
photonic crystal fiber with low confinement loss (0. 00472 dB/m) and effective mode-field area (58. 046
pm’) at 4.3 pum was obtained.

Key words: Fiber optics; Hollow-core photonic crystal fiber; Plane-wave expansion method and finite
element method ;Chalcogenide glass;Low confinement loss

OCIS Codes: 060.2280;060.2390; 060. 5295

HE&WmE . EEHE SIS & BT (No. 2012CB722703) \H % A ARl 2# 3 4 (Nos. 61177087,61435009) | 7% I 17 5 8 v, Th fE 44 kL M
B3 A AT H (No. 2009B21007) 7% 7 [ SR Bk2 3 4 (No. 2012A610116) F1 7 I K24 T 5 k=7 4 3% 4 W% Bl
E—1EH EMHE (1988 —), B W LW A, F AT 5y 1) A 5 BR BB 2RO T b AR O6 £F 04 45 #4938 3 & M REF %% . Email: dongyangjian@
163. com
SUHGEWAES) it iwh (1974 —) 5 0F5E 5 S, B IT 5 10 20 AN 2R 3% 55 A1 R AR B 35 £F. Email : daishixun@nbu. edu. cn
Wi B H3.2014-06-30; R A HHA:2014-07-23
http . // www. photon . ac. cn

0306003-1



e F

EE

0 35

AT A AT I I A g I R A P I
w2 AR B TR. P 0 T A AR 4 2 H,O f1 CO,
X RASAR S F R RE R S PR E T HBIATE 2.7 pm
4.3 pm YK B A B A LT AN R S Hoh 4.3 um
NP/ AR TR I 3N 26 S L = S R B S S
A 3 DX I) Bt P 2T AN 5 O R B R T &
JE& I /NI R A W 1 (3~5 pm) 51E AT
KV AL LLAMEOL AT T AT S B A A B B 5
ERCE AT B R 5] S AR RO F RO AR
SR A AR A WS AT A0 T ) 3R o A HEAE 43 e b HAT AR
KL AL i B A A7 A6 )™ H T RE BRI . AN Be T rh 2041
WL

i 2R B AE 2L A I B A O R Y i i M Rg (2~
25 pm) | F P B R (2. 0~ 3. 5) KA T HE R (<0350
em D) BEBEA 4y R SRR L E R AT O T
JCEF AR R & SO A B AR 2 TR SR
LT R 8 AR R AR S5 A S AT O A B
R BR A B ALG A KOG £ YRR AL
2003 FF X EFEL T EME T As-S il As-Se H: ik
T R G A (0 21 AL B R RS, 2006 4R I B A —
K YE F 47 B (Photonic Bandgap, PBG) i 2 3¢ 4
2010 4F Desevedavy F 457 3% 31 3f 4] & 7 % & (Tey,
Asyy Seso) 25006 T @b R G 48, O 5 B8 L BT 4
M T H6 T B s 2011 AR ZE B8 5 4R T O 1hg %
FFEE B TG BR 1 B2 6 1Y B &R 25 SO F RO A L TR
fLIANEE Ry 4. 2 pm B RS A R I R 3.1 ~3. 7 pm 1Y
WO BE B 2012 4F X K 2% SFY B T — R R Ge,,
Shy Sy, B 58 3 57 40 2 1E N E 25 808 Al BB EF L H e
10.6 pm AEFREIHIAE/NT 0.1 dB/m #Y R AL (37 T
KT 100 pm®) 6 F fi ik G L.

AT — BB 7 25 0050 F A BROG A, g 6%
WOG RE I BRI A G 2F 2F 8 = AL AR . o) ik R
[Fi) £ L 2% 3 8 A Ay G £ 5k BT L 43 B A A [R] DG 41 45 4 2
W TR . TF5E A 8 2L G As R4 B AR
F Gey Segs Shys 35 58 4E S o6 2F 5 BT A4 BL 09 B R 25008
TBOCL e AR N 0,80, fLIAFE N 3. 5pm,
FEERAREEN9. 2 pm, SHEIL)ZEH 7 0F, 6
T I T ¢ 42 06 Al B o [R) I L 2% I R A 4 A AR e
AR 1A E T 403 pem 7K B OG5

1 AFEMZTRESETEEIEEM
o0 T 4

VEHF T — 2 4 AL A0 e HE 9 00 B R 2
R T WO EE AP 1 02 % FL R TE S S JE

1.1

B AR SALEAR R A8 2 SALTREE A AL 4550
TR ARG IO A f b 7 S AL AR Do s
EAHIZOE AT BE W B 1 58 42 0t 71 B . EL A B AL & B0 ¢
SE PO BE 8 B BR Al 7 25 288 25 AL v A& i o DA T
R 21 A% i 150 FE I D /1N I 21 A 20 7 1 AL

2.605

ol sess
o8se
e

00 e
N U U
S
1 1 1 ’ l. 1 ]
-30 20 -10 0 10 20 30 1.0
X/pm
M1l 2¥tFHBEAFHEEMTE
Fig. 1 Structure schematic diagram of hollow-

core Bandgap PCF

K A FR It 1% (Finite Element Method, FEM) it
BT BB BT B (Gey Seqs Shys ) 25005006 1 OG- 78
4.3 pm A FEBRL S S A BB LA S S N, =
7, A=3.5 ym, D.,.=9.2 ym, d/A=0.80, HEF}
MU 2,77 15 B 7E 4. 3 pm &b, G2 B R 4 () 5
e i A5 2, A N O K B O BB B BR 8 AR A 1 4 PR I AR
DJiES 2 WU NP O DTN e i ) 2 = N R 2 R TR
e RAAEAE TIE WG F 4 BN, 7T Lliz H 7 1|
% & FF 7 (Plane-wave Expansion Method, PWM)™ sk
RGBT EOGE (A B BEOG AT 4540 2 5 A2 Ak
FUAHE DT A5 2 4% Fin R 58 WOt R B AR 40 AR &5 8O
G SIRAEATIE S8

1.0

Qo

20F

0
o
O
- |

Y/um
(o)
B0
~SRGRGR5E0
RORKOIOEOR

6.70818¢-009

-30 20 ~-10 0 10 20 30
X/um
W2 EREGH>A

Fig. 2 Mode-field distribution of its fundemantal mode
1.2 EHERFBAMEZER
WOLRE 7R 25 0O Tl BB LR 27 B s AL b 1%
6+ T 220 W S 2T A kAR AR W AT AR T ) B S 5 o o G BIR 7]

0306003~ 2



TP 45 4.3 o IRHFR AR 2R 25 080 Tl BB AT 45 W DL R PERET 5T

AL T Lh A T 5 S Tm G ) 75 500
_20 2z
In 10 2
K A N & i B B K g JE B BCPT R L Im
Cn) AT ST 5 6 8 3 L 32 F A BR oo ikl 11 5545 310 %
LA T
A R A R

| E|*dedy)”

ME["dzdy "
K E G EF i i L % ) L 3
1.3 XFERMEERE

A F 5 R [ 4T S5 S B 7 3 38 A R X BT 33 1 9 7 BR
FEEF ) BT B L o £ S A5 B i 453 FE A0 B R
THT AR 5 W 5 6 B = RS () 440 ) B R B 8 0 A R
Yo B A R, HoA As, S, Fil As, Se, BE B & 9 A 1A
B BT PR RE AL B 0 B R B % L 40 A0 3 2ok Y 1 43 5 R
0.6~8 pmAll. 0~12 pm, 55 = F g S5 % A H] /Y T
As R AL Ge,y, Seqs Sbys B & B3, 21 41 5% 3 365 R
1.0~12 pm"™ . = F R [A) 41 50 B 28 Bl 585 44 0 76 R TR I
KR T SR gk 1.
F1 =SMEBELARREKWTHE

Refractive indexes at different wavelengths

Loss= Im(ng) X 10°(dB/m) [@))

A= m’) (2

Table 1
for three glasses

Wavelength/pm 2 3 4 5 6

2 HEEMEITEER

2.1 BRAFHEEATHTHEESNE

X 5 BRE F O 2R e AR R D KA
FEAE TG4 B s ol T AR A5 42 fi A U R 0 A 46 AR
LT 1 e Ak 45 4 2 4k, 8 S s Y T Dk R T R 4 A
RN [ 5 B 3 ) S T B R B 5 A S i AR AR R
AR A S A RN d/A=0.60,0.75,0. 90 (¥
W BREE A, AN 3. FTLAE H Y d/A T 0. 60 B, = Ff
I [T B B 00 G 4T T N A s Rk S R R 2 A A
ZEHR A WO B A7 T8 1 5 42y B o R 1 £F 205 v AN A7 7E
SR d/A SR T 0. 75 B, R ARG s R L
57 R P BT PR A 5 i R LA BT R A kL i
B £ s S fL s B AT O s i — 2 KR s K
WARE d/AEF] 0.90 B, =Fh BT = K& 5
Bt Pl AR 22 8 H AR 22 (H A7 B 58 B 340 T AR A L XA B T
JeRE R AE 2 AL ML K. SR R d/A SR
T 0L T S G EF I 28 S 5 Bt I A 28 X8 i 3% 335 4 G
LA BN As, S, 3| As,Se, #1FD B BB 58 26
-l B T 1 AR A — AR AR Ty 1) B 2 i LA PR B
W AR AE N R — R AR B S AR I L BE A A U
TR d/A P 2 RS R R A 28 KA TC B A
B 58 46 F A BRI Wi B AR, 4k S238 K d/ A B, JEAIAE X
B ) g U — Ak A 3 )y ) RS B

As; Sy 2.427 2.415 2.412 2.405 2.403
Gey, Segs Sbys 2.626 2.612 2.606 2.602 2.599
As; Se; 2.825 2.795 2.782 2.780 2.778
12 12 12
L » I o L
> 10 | 510 | 2 10k -
2 L = | g |
2 g g
z 8t & 8t & 8
g = o -
=] - q'.\]) + > 3
"E 6 = 6 = Nogl /’%/
<
T T / § I / E I
E 41 z 4t S 4}
Z - - L
9 ) . . . 2 . L L 2 . . . L
2 4 6 8 10 12 2 4 8 10 12 2 4 6 8 10 12
Normalized constant Normalized constant Normalized constant
(a) As,S;,n=2.410,d/4=0.60 (b) As,S,,n=2.410,d/4=0.75 (c) As,S;,n=2.410,d/4=0.90
12 12 12
7 10F § 10 s 10
= 8} = 8 = 8F
o =)
= I g st i _/
> N
5 | g | ——-"’/ g L
E 4f Z 4t A S
Z L s L
2 2 2

2 4 6 8 10 12 2 4
Normalized constant

(d) GeyySegsSb,5,n=2.605.d/4=0.60

Normalized constant

(€) GeySeqsSb,sn=2.410,d/4=0.75

8 10 12 2 4 6 8 10 12
Normalized constant

() GeyySesSbys.n=2.410,d/4=0.90

0306003~ 3



EE

12 12 12
L . ot
g 10f 2 10} 2 10t
[} = Q
= F = =
& 8r c; 8 & 8r
=] L o =]
3 9 0[3] //
= 6f 5 6F = 6r
< - - <
£ I g /% I
S Ar z 4F S 4r
) . , . . 5 . . L . 2 . N . .
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12

Normalized constant

(2) As,S3,n=2.781,d/4=0.60

A3

Normalized constant

(h) As,S,,n=2.781,d/4=0.75

Normalized constant

(i) As,S,,n=2.781.d/4=0.90

TRERMHMIE S AE TR TN R>AH

Fig. 3 Band-gap maps of three different refractive indexes and three different air-fillings

HE— ARG A S i 19 B 25 R 5 B R A AE
B4 A 5 K B B B I R AR S S k. B’ 4 BT As 3
%ﬂ Ge, Seg; Shys Jlbglﬁ}%ﬂ@%@ﬁ%ﬁ

12
210
(=]
2
g —
g 8
=}
X
ER
Z 4 |

2

2 4 6 8 10 12
Normalized constant
(a) d/4=0.80
12

Normallzed frequency
(o)) =]

2 4 6 8 10 12

Normalized constant
(b) d/4=0.85

A 4 % [S/%’ 5}‘% Geso Segs Sbls 717}’ )H’
Fig. 4 Band—gap waps of Ge,,Seg; Sbys

K 4Ca) H, B O o A T — A AR pA =
5.1.064 2/ . A=4.3 ym, n=2.605, A=3.50 pm,
d/A=0.80; F 4(b)H,pA=5.6,1=4.3 ym,n=
2.605,A=3.84 ym, d//A=0.85. A[UEH Y d/AN
0.80 F1°0. 85 I , 47 B [&] ) 25 L £k 5 7 B P A 52 DX 8%
%, HH IR 90 B 39 1% G £F 45 K RE 5 T L7 25 <AL

AL AR B 3L 38 JH TAL i 4. 3 pm 85 T R B0 fE 4.
2.2 BERAFERAFRFBEMEREZERITE
MRl BB UL 45 2R L 3 O T i SE A R AR S
ARG AR AL O K AL T 4.3 pm
b AR P 4 TR B AR I I A=3.5 pm, d/A=
0.80, e Gey Seqs Sby i R B I8 £ 57, i3 I 2 (D A=
() V528 WO T4 B 6 2T (1 B o] 452 6 i1 56 455 7 A
T B G LT A B ] 401 FE A0 AT R 3 T BB 25 £ S
SAL BRI AR 4n &5, B AR, Dy, =8.5 pm
Bf, Loss = 0. 022 dB/m, A, = 75. 7 uym’; D, =
9.5 umfit, Loss=0.057 dB/m, A, =55.318 ym*, %
A EHB N S SE ] D, =8.6~9.6 ym,
MK 6,149 D,,,.=9.2 pm i, Loss=0.004 72 dB/
m, Ay=>58.046 pm’ GELFLFER = ALl :S=
nr’ =66.476 pm®) , 't £F 1Y B 1l 35 FE AN A AR 3 Tl AR
Y90y B ARAE - 3 W TR X IV 45 4 B0 7 R OG5 b L 15
IO AR 3L T 62T TE LY 58 40 1 B
25 TGl RO £ A B T 450 A6 A HE AR AR 37 1 AR
ot P K Ay AL MW 7. A=3.5 pm,
D...=9.2 pm.d/A=0.80 & i LK1= 3. 6~4.6 pm.
HE AT MIA=3. 7pmif . Loss=23137. 52dB/m, A, =
734,876 ym’;1=4.5 pm i}, Loss=30 067. 35 dB/m,
Aqr=929. 348 pm®. 3X P FP K B O TE L EF b g R
HHRAE UL E K TFAE 4.3 o Ab B FEBCIRFE (M 22 7 3L
0 A BRI UL T K TR I RS w A AL
U, T LA BT 2% B 30 18 06 AN A2 6 78 0 58
LT AT BRI L RZOG A 1) 850 S iR IE F AL Dk
K 3.7 pm A, Spm (06, 6 G EF B ALY 52 420k
T B AT O AR ik R B e T B 2 s R AL
e A% iy — B R 29 5 O BE 2 4 W R A3 1 U
1717 76 125 5 347 [] 3] 5 £F 2F 0t 25 AL b s s ol 2 1 BR o
FUFE RN BRI 1 BVAR K A& A T TR0 e A5

0306003~ 4



TP 45 4.3 o IRHFR AR 2R 25 080 Tl BB AT 45 W DL R PERET 5T

120 | 'GeyySeqsSbys

100 |

Effective mode-field area/um?
D x®
(=) (=]

I~
(=]

/" \\,/A

1.0
—O— Effective mode-area

—w— Loss

/N

0.8

40.6

0.4
402

40

Loss/(dB-m')

1 L

-0.2

6.5 7.0 7.

5 Dewe=06.5~1
ot 4 IR ] 45
B &

Fig. 5

When D, =

5 8.0 85 9.0 95 100

/um

core

0.0 pm At 5 Gezo Segs Sbys & % ok F 4 |7
MAZBEGERMEA L ARG T N

6. 5~10. 0 pum , Gey Seg; Shy; hollow-

core PCF relation of confinement loss and effective

mode-field area with different fiber core diameter

1057 GeySegsSh,
901

751

60

Effective mode-field area/pum?

45

. T
#,_/ ~_ / 1,

R ANIYAN

. 0.4
—O— Effective mode-area

—V¥— Loss

5

10.2

Loss/(dB-m')

1-02

8.6 8.8

Dore

4F IR ] 451 4 Ao
4

6 When D,

PCF relation

Fig.

=8.6~9.

-0.4
9.0 9.2 9.4 9.6

D, r/pm

6 pm Bt 5 Gezo Segs Shis & % 6 F 4 [ 8
HR MG ERMASTEEN T AAE

=8.6~9.6 um,Ges, Ses; Shys » hollow-core

of confinement loss and effective mode-

field area with different fiber core diameter

1200 - 6
o —O— Effective mode-area {
E 1000 p T05%sSbis  _y— Logs .
3 o]
g 800 4 =
= o) Tg
2 .
T 600 y 138
S] =)
=} F— —
g 400 | v 42 X
£ 3
3 200 + 118
&2 —
s w\O—O\O-—o\
0t S~y VY —y—v— 10
3.6 3.8 4.0 42 44 4.6

|7 2=3.7~4.
MR A A
%

Fig. 7 When A = 3.
PCF relation

Wavelength/um

‘um H’j’ Geyo Segs Shis 2 % 7%*?’ % F‘%’ 7’5'2{
QIR N T S e

7~4.5 pm, Gey Ses; Sby; hollow-core

of confinement loss and effective mode-

field area with different wavelength

3 #Hit

AR SCHE B PR [F] A R B3 2 4 SO [RDG £ A
W3R, B T Hos BRUE B 't 27 AR B i 0 #8 B AR
PR QR AR S O o B 3 e 1 A ok
B B0 T L 2 R A 8 ot A BR A H 2 B B OE
JEHRINTE As FEH Ge,, Seys Shys B 22 3 58 4 Ky 641
SLA R BT — M T A TR R AR R E T
WK 4.3 pm A0 Y 5 T 3RO R AR R R S SO T
WERRGL. Wk PWM il FEM bt 454 % &,
M E 43 pm FHEMBHBFELARE . Y A=
3.5 um,D,,.=9.2 pm, N,=7, d/A=0.80,7 As ¥
TR R Geyo Seqs Shys BEHE G LF H T fE A=4. 3 pm
A 1 BT 45 FE Ry 0. 004 72 dB/m 8523 AL /N TG AR £F
TR 58. 046 pm’. BFFT S5 R R RS BB R a0
I BOG AR iE T AR 5 4.3 pem A0 1 55 DR O,

S % 3k
[1] ZHANG Xin, GUO Yi-zhong., WAN Xin-min,

Simulation of early warning and detection capability of ballistic

et al.

missile in boosting phase based on infrared characteristic[J].
Shipoard Electronic Count Ermeasure, 2010, 33(5) . 92-95.
ok #E, AR, TTH, . ST LA I B R S Bl 4 B
T R e 7 05 LT ). AT HL XL, 2010, 33(5): 92-95.
XIE Xu-fen, REN Zhi-bin, CAO Xiao-yan, et al. Model
building and analyses on infrared radiation characteristics of
plume of missile [ J .
Engineering , 2009, 36(4) . 70-74.
WEY, AR, M, % KT PR A 20 AN R e
BEEAYHTLT]. e TR, 2009, 36(4): 70-74.

EDGAR F J,KLLAUS S. Investigation of temperature and gas

concentration distributions in hot exhausts (airplanes and

(2]

exhaust cruise Opto-Electronic

[3]

burners) by scanning imaging FTIR spectrometry[ C]. SPIE,
(S0277-786X), 2005, 5979(10) :365-376.

DAI YU Xing-yan.
chalcogenide glass photonic crystal fibers [ ] ].
Optoelectronics Progress, 2011, 48(9): 1-10.
BB, AT R B RO F MRS e e LT ],
5t 2k, 2011, 48(9): 1-10.

SHAW L, SANGHERA J, AGGARWAL 1, et al. As-S and
As-Se based photonic band gap fiber for IR laser transmission
[J]. Optics Express, 2003, 11(25); 3455-3460.
SANGHERA ] S, SHAW L B, PUREZA P. et al.

properties of chalocogenide glass fibers [ ] J.

progress  of
Laser &

[4] Research

Shi-xun,

#ot

[6] Nonlinear
Journal of
Optoelectronics and Advanced Materials, 2007, 1(08); 2148-
2155.

DESEVEDAVY F, RENVERSEZ G, TROLES ], et al.
Chalcogenide glass hollow core photonic crystal fibers[]].
Optical Materials, 2010, 32(06): 1532-1539.

LLI Shu-guang. Band-gaps of the chalcogenide glass hollow-

[7]

[8]
core photonic crystal fiber[J]. Chinese Physics Letters, 2011,
55(28): 114204-1~114204-4.

LIU Yong-xing, ZHANG Pei-qing, XU Yin-sheng, et al.

Preparation of GejzoShgSes, chalcogenide glass and designing for

9]

a low-loss hollow-core photonic crystal fiber at 10. 6 ym[]].
Acta Optica Sinica, 2012, 32(10): 1016004-1~1016004-6.

XA, HHEG . VPR . 55, Geso SbsSes B 7 3% 35 1) ] £ 2
H 10,6 pm ARIFE S HOE TR BROICL LT ], Jb2E 2B,

0306003~ 5



P/ R S 4

(10]

[11]

[12]

[13]

[14]

[15]

[16]

2012, 32(10); 1016004-1~1016004-6.

ZHANG Chi, HU Ming-lie, SONG You-jian, et al. An Yb-
doped large-mode-area photonic crystal fiber mode-locking
laser with free output coupler [J]. Acta Physica Sinica .
2009, 58(11). 7727-7733.

kb, SIS, KA EL . A B HRA DR RO
ARG B OG AR LT ). W FE A4, 2009, 58(11): 7727-
7733.

WANG Dou-dou, WANG Li-li.
birefringence topas photonic bandgap fiber at
frequency[ J]. Acta Photonica Sinica, 2014, 43(6): 06 ~
0606002-5.

EET, FRFL ARAFE R BT KK 2% Topas J& 74 Bl
1], e P24, 2014.43(6) . 06~0606002-5.

CAO Feng-zhen, ZHANG Pei-qing, DAI Shi-xun, et al. 3~

5 Microns chalcogenide photonic crystal fiber with broadband

and high

terahertz

Low loss

ultra-low flattened dispersion[J]. Acta Photonica Sinica .
2014, 43(6): 06~0606003-6.

RS, SRR g, M), 4. 3~5pm T AN 6 WO
FOE T RMAOLLF ], e, 2014, 43(6): 06~0606003-
6.

BRECHET F, MARCOU J, PAGNOUX D, et al. Complete
analysis of the characteristics of propagation into photonic
crystal fibers, by the finite element method[J]. Optical Fiber
Technology, 2000, 6(2): 181-191.

MENG Jia, HOU Lan-tian. Analysis of the special hollow-
core photonic crystal fibre by finite element method [ J].
Chinese Physics B, 2008, 17(10) . 3779-3784.

HAXHA S, ADEMGIL H. Novel design of photonic crystal
fibres with low confinement losses, nearly zero ultra-flatted
chromatic dispersion, negative chromatic dispersion and
improved effective mode area[ J]. Optics Communications .
2008, 281(2) . 278-286.

YT Chang-shen, DAI Shi-xun. Design of a novel single-mode

[17]

[18]

[19]

[20]

[21]

0306003~ 6

large mode area infrared chalcogenide glass photonic crystal
fibers[J]. Acta Physica Sinica, 2013, 62(8): 84206-1 ~
84206-7.

Gy B R, S, I R R 4T AN B R B O R AOk
FEIHHFEL)]. W H R, 2013, 62(8): 84206-1~ 84206-
7.

DAI Shi-xun, CHEN Hui-guang,
Halcogenide glasses and their infrared optical applications[ J].
Infrared and Laser Engineering , 2012, 41(4) . 847-852.
W, PRE), FRE, F MR R HAEIIOEER
G R L], AN SROL TR, 2012, 41(4) :847-852.
CARLIE N, ANHEIER NC JR, QIAO HA,

Measurement of the refractive index dispersion of As;Se; bulk

LI Mao-zhong, et al.

et al.

glass and thin films prior to and after laser irradiation and
annealing using prism coupling in the near- and mid-infrared
spectral range[ J]. Review of Scientific Instruments, 2011,
82(5): 53103-1~ 53103-7.

LIU Yong-Xing, ZHANG Pei-qing, XU Yin-sheng, et al.
Dispersion properties of Gey Shys Segs chalcogenide glass
photonic crystal fiber for mid-IR region[ J]. Acta Photonica
Sinica, 2012, 41(5); 516-521.

KUK %, BRBENE . PR AR, 25, Geao Sbis Sess B 2 B E G T i
WOLLr By e sh e iR LT ], e T A3k, 2012, 41(5) . 516-
521.

CAO Ying, NIE Qiu-hua, XU Tie-feng,
properties and structure of Gesg ShsScss-10 Sey glasses[ ] 1. Acta
Photonica Sinica, 2010, 37(007): 1153-1157.

E%v %H{ﬁéy f%%jﬁmév /:J{: GeszbbS(Ge’ 0 Sex }&f%/%éuﬁlﬁ\?'—
Bt 585001, ST, 2010, 37(007); 1153-1157.
WEIBLEN R, DOCHERTY A, HU J. et al. Calculation of

the expected bandwidth for a mid-infrared super continuum

et al. Optical

source based on As;S; chalcogenide photonic crystal fibers
[J]. Optics Express, 2010, 18(25): 26666-26674.



