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5.25--9.5 pm, 1.8 dB/m @10.6 pm). 1987 4 In-
agawa 25 11 4% 1) Geqs5 AsaoSers Teso T AL E LT
LT 10.6 pm AL ) B AIKHFE (1.5 dB/m). 1989
4F Nishii 45 101 3873 7 GAST 40 45 My e £F (45 %
Geas AsapSeas Teso /Tl JZ GeagAssoSesoTeao) I
EH1#£0.6 dB/m @8.5 um. 20124 Yang ['7] il %
1 GAST HEEIHL (47385 GeggAsgoSergTess/ LIZE
GegoAsgoSersTeso) HIEARAFE )Y 3—4 dB/m@6—
10 um, 5.5 dB/m @10.6 um. F| HAi AL, EH
K IAEHFE (< 1 dB/m) TLLAMEELFH0E.

AKX} g 4l Ge-As-Se-Te # 5 4K R ) 1] &
T2 @47 7 W5, 4 H1 T GersAsosSersTeys,
GegoAsgpSersTeqs Fl GeggAsigSesgTeso X = Ft 4H
Iy WL AN e 2 e v, BT T AN [E) 58 TR ) 0 3 3
ZLAME DGR e, R B RS S TN
) GAST B 2F Pl i, & IRAE B N Sl 7 B
6 B S5 R IR AR 21 AP G £ 1 R A8 (0.46 dB/m
@8.7 pm).

2.1 IEEBHERETE

fifi A% S5 00 0 ab - A U8l ) % T 4l
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Mg B¢ AL Rk}, d5 2% A 0 4 0 i fn 2818 S
FKEWS h, RGHEBH T KEEREZ RTH)E
BENTHFE, 7/£160 °CFT45 h. ¥ % BT
FH A 25 BT LGAS 1 PR B 5 B0\ o1 A 3 o 1) 26 1R
BN B A, TR R RN AR 2R A
In# (120 °C) BAE R JERER T AR Bk, HAKT
1073 Palf, FHBCSEEE WG NS o R AT
ZM. 2 h NTHEFI 1000 °C FFARIR 5 b, FR X4
G — AT A AL, AR SE R R B W iR Al

N FRAZ A BEAT B (850 °C) 44 20 h DL _E, 7%
TRAEEE W 1R, ISR E, B
AR I A A TR AT XA A B S NGB K AR AR L
4 h (TERRHIR L T, fiir) 555 12 h FE 2 %0, FTl
U BRI TR GAST BHSEE. 1 P I HE V) E i
Fr, WU E A S AT MR, R A B 1)
il 7R A T, AR PR 223 bR
pAa DR

Vaccumize Ge, As, Se, Te+Al(Mg) GeAsSeTe glass

K1 SRR ErEE

Fig. 1. Schematic of the glass distillation.

2.2 IBFEmAVIIR A

K F 48 [E Bruker D2 %4 X 5} £ i7 4 4% (XRD)
IR B 3 A o 1 X 5 A AT o TR R A T
1T 4151 96 3 F Perkin-Elmer Lambda 950 43¢
B E 0, W 5 R 2 4002500 nm; £L40 % i
St ik F Nicoklet 380 e BL 21 41 5 1% A I &, I
B0 & 4004000 em . BRI EE B0 B S
oK A DIL402C 24 #4 % ik 00 3, 38 3 Bl 2
251600 °C. Jt£F ) A% i 3 #8 Ml K H T 4k
%, MRAX 28 N Nicoklet 5700 £LAM B4

3 £RE5H®
3.1 IEIBAUIIRM R

LIRS AN MBS EMEL L, WK
TRl BLUR ILBE A Ge JC 3R & B HISE IN, BCHEAE
f Ty (B A2 B2 ) B W3R 5. GersAsasSeqs Teys
W) T, 9187 °C, GeggAsagSersTeys I T, A
203 °C, GeggAsyoSezTezo B T, 7272 °C.

#1 GAST BERE RS XS5
Table 1. Composition and parameters of GAST glass samples.

G1 Gei1sAsa5Se15Teqs 3 No No No
G2 GeisAs25Se15Tess 187 i 4 Yes 500 No
G3 GeggAsagSersTeqs 003 4 Yes No Yes
G4 GeggAsagSersTeys 6 Yes 400 No
G5 GesgAsigSesoTeso 272 1.1 2.5 Yes 500 No
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Fig. 2. XRD pattern of GeggAsaoSer1sTeys glass sample.
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Fig. 3. Thermal expansion curves of GAST glass samples.

3.2 HIBRLIIMET LD

B 4 4 GeggAsagSers Teys Fll GesgAsioSesoTesg
WIS 2L/ 1. H A GeggAsapSers Teys
T 41 A #0103 K AE 1410 nm Fff 32, Se/Te Eb 4
= IR W I T a | e SN S

#, GesoAsioSesoTeso 3 38 1 T 41 44 1k 3 K 72
1100 nm I, 124K R B B A R 47204
PERE, HAE LA E KA R T 22 pm BLE, E
A 45% LA L, 7E 11 pm IS S RIE B T &
KAE, & 00 2 5 U8 T P9 AS B A ol 1 )5
(2.5/6 mm) MERMMIDICARZ N ZE 7. ZPIEAE R
£ 15 um 2 J5 i i ZE 08 R FF A2 T Se-Se [ %
ARG,
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Fig. 4. Transmission of GAST bulk glasses.

3.3 RRFIXNBEIBLLIINE T K& AR

B 5 40 T SRR i SR A HT T 20 AM s 1.
RN AL B FE M AE LA BT 61 EAAAE LA
B S 0 2% o I AT W AT — AN s IR ALY 2.9 16,3 pim
Ak OH B 9% 3 51 & Y W e e, 4.5 pum Ak ) Se—H
AR B0 51 RS AU, 8.1 um AR Ge—O R 3)
S Mg, 8.9 FT15.4 pum Ab () As—O IR 3h
g1 W R Y g, PL K13 pm &b ) As—O, Ge—O,
Se—O il Te—O HEA5 L ALY 8 GRS 1), Jl i il
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Fig. 5. Transmission of GAST glass bulk (purified and
un-purified).
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Fig. 6. Transmission of GAST glass bulk with different

oxygen-getter.
FA R PN B 5 15 R BBV 2R 5t BA K&
VI Mg B ALSE 4 J& 38 J5 77, SR 5 4 35 30 i e} 3
RZERAiAL, AR 1 L3k JUAS 2% o W WA U (2n
K6 i), 10— 14 pm 2 8] 595 A AR IS 58
VR B AN T 3R A1 1 (328 5 20 i 2

K6 25t T 38 SR AR SR A SR AN R 8RB
o naE Se—H 8 (4.5 pm 4b) Al As—H (5 pm &b)

*x2

Table 2. Parameters of

B AR e JeR R < R R A i SR A AR e
IRFUK TR T B, B AT HY 33— H
(I, a2 MOR BT, W2 51N AL-O 5l
A (BEIEHE 12 pm B, SRS FRHE. 5
A, FE il 2% AF T SRR A SR SRR A B R AR S
PERCHTIN A1/ Al O3 R A 4%, X JZ 5B 780 9258
BERR RO BRI BE, E75 3% 1 A SR 451
B TR sl b T AR TR 1 AR A . X
PFE G o 7 E G IR A T . A MR B A 0
e S 7 AR SEANG

AL S H R ITFEE

B il 4% HY B 40 Ah Ok £ I B/ B AR T

Bl N5 1, At 4 5y GeggAsagSersTeys, )2

GegoAsgoSerrTeys, BIASH LK 2. RIENA =

—— - R RTdNA (AHFEER), ™

d =130 pm, \ = 10.6 um i, IHHAIHV ~ 5.37,
LT SR 2 AR

3.4

N SHER

the optical fiber.

Glass system Ncladding Ncore
D m D i m A NA
Core /Cladding core/I cladding/I at 10.6 ym  at 10.6 pm
GegpAsaoSeisTess/ GeagAsapSerrTeqs 130 650 3.115* 3.126 0.011  0.068651

7 Noladding 2 MRYE ncore (SEPRINEAE) FIBFELL S LLBIH S MIAS.

Bl 7 GAST & umii B (500x)
Fig. 7. Cross-section of GAST fiber (500%).

K700 GAST B A5 F) ' 21 1) T 1), TSR A
500 % (VHX-1000E, H 4% Keyence). H T #f
JERER B TR LIRS BT O A AT, K8
FrinAs o Ae . B AT I iz 4 T
PEWE BT 15 5—12 pum, HH14.5—5.0 pmAbH T
FF1E Se—H M1 As—H $8 (R WS W T 52 1 DG 474

AN B IE S VERE, BT Se IR ¥ AL S 1
PR2N 51 I 2 75 IRO™ EFR ] 112 pm PLAME
WALANE. BRUEZAh, JUT- A oAt 2% 5 U
e, WA A E BEHTOR Y Si-O 1, HAR (KA #e

16

14

—
[ V)

—
(=)

Attenuation/dB-m~!

Wavelength /pm
8 GAST Ot £F i # & (45 GeaoAszoSers Tess /3
GegpAsaoSer7Tess)

Fig. 8. Attenuation of GAST fiber (core GeagAszpSe1s
Teys/ cladding GeapAsgoSei7Teqs).
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90.46 dB/m(8.7 um), BAAFE < 1 dB/m (7.2—
10.3 pum), 7£ CO WOL K KA HI#E 5 1.31 dB/m
(10.6 pm), X2 HFi A 1L E NS A THRIE K] GAST
VLSS I 2L C A I SR AR AR AR, [7] BF H FE SR IE
7 Inagawa % M) 4546 ——40%— 50% ) Te &
A ELT 920 10.6 pm A RMEHTAE.

4 % B

T ) & AN [F 4L I GAST iR R B HS, K
W7 ZHEBEBERAEGEE RN LI ELTE
F(1.1—22 pm) AR 038 3 &, 2 v 41 4k
(5—12 pm) TAER BB AR S £F M kL. SR )5, B
FU 1 O HH S5 2% J5 0k 35 58 1) 325 3k MG 4T (R B AR 52
Wi, FF R HOE A R BRFE I 41 A R BB 1) 2% 11 7 v
T2, J8 I 25 ) 25 70 0 R 30 e R A 2R U S5 AR
afAb R, SRS TR S E I GAST i RIEH. &
JE KT BRI A BB R T2, LI 7K AR
FEH BA e BT A /M eF il %, Hinken
0.46 dB/m @8.7 um, 1.31 dB/m @10.6 pm, B4k
f&F 1 dB/m @7.2—10.3 um. BbAbh, B BEHE4l
T EREEE AL % T2 — 20, GAST
LT I FEA Btk — D PRI, AT AR AR 204k
FAE EICHT B 25 M L1 A G A I U DL B COo OB
o A B A S B W S A R RT AR B i
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Abstract

With the development of infrared optics, low-loss waveguide materials are required. Especially, low-loss optical fiber
development for far-infrared application has become a focus. Chalcogenide Ge-As-Se-Te(GAST) glasses and fibers for
far-infrared light are prepared and investigated in this paper. The thermal properties and the infrared transmissions
are reported. The influences of oxygen and hydrogen on the glass transmission and fiber attenuation are discussed.
Low-loss GAST fiber with a structure of fine core/cladding is reported by a novel extrusion method (0.46 dB/m at
8.7 um, 1.31 dB/m at 10.6 um, base loss being under 1 dB/m from 7.2 to 10.3 pm). Here, the glasses are prepared
by traditional vacuum melt-quenching and vapor distillation method. Structure and physical properties of GAST glass
system are studied with X ray diffractions and thermal expansion instrument. Optical spectra of GAST glass system
are obtained by spectrophotometer and infrared spectrometer. Main purification processes with different oxygen-getters
(magnesium and aluminum) are disclosed. The fiber attenuation is measured by the cut-back method with an Fourier
transform infrared spectroscopy spectrometer. The lowest loss of this fiber can be reduced to 1.32 dB/m at 10.6 pm,
as it has a structure of GezoAszoSe1sTess core and GezgAsapSer7Tess cladding. The results show that these glasses are
well transparent in a wide infrared window from 1.1 to 22 pum, and these glass fibers can transmit far-infrared light
up to 12 um, thus the GAST glass system is one of good candidates for far-infrared transparent materials. The fiber
attenuation can be reduced effectively by the reasonable purification and novel extruded-processing. These fibers are

suited for the power delivery of CO; laser.

Keywords: GeAsSeTe, chalcogenide glass, far-infrared, low-loss
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