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Fig. 1. (color online) Schematic and device of glass distillation.
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K29 Gl, GAZZIAE I DSC i 2 . i
B b AL (GeTey)oo(Agl)io I Ty =~ 145 °C Al
T, ~ 225 °C, M (GeTey.3)90(Agl)10 M Ty & 145 °C
AT, ~ 218 °C. Hruby 1 Houserova ['? #& | 37
1 #Ada e v L AT Yo ). DSC il 28 AT
(GeTeq)go (Agl)1o BEFAFE M AT ~ 80 °C, W& T
(GeTey.3)90(Agl)10 BEIEI AT (73 °C), FILFEE
Te & &N, PIER TR E AL 2, A T .
HH BT o Ath F RS i 1 B 47 1 B 38 4K 32 1 Gee-As-Se-

Te, GeTe-Agl BB AARE ML 7, FTLLR LS
U b B e 1 T ) 2 AR ARG 1) 58 B -
Fm LA ET

Heat flow/W-g—1

50 100 150 200 250 300
Temperature/C

K2 GT-Agl 3K DSC H
Fig. 2. Diffrential scanning calorimetry pattern of GT-
Agl glass samples.

R GT-Agl PSR AL KR SHL
Table 1. Physical and thermal properties of GT-Agl glass samples.

Glass sample Composition Ty /°C T, /°C Thick /mm Purified Agl
G1 (GeTeq)90(Agl)10 145 225 2 Yes 5N
G2 (GeTeq)90(Agl)10 145 225 2 No 5N
G3 (GeTesq)90(Agl)10 145 225 2 Yes 4N
G4 (GeTeq.3)90(Ag)10 145 218 3 Yes 5N

3.2 IRV IMETHE D

K13 N (GeTeq)oo(Agl)10, (GeTeq.3)90(Agl)10
P B ) 2L b 3L e, v DUBR H GeTe-Agl 3 75
ZLAMEUE PRI 25 wm, AT R LA E
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E 3 - GT-Agl #IINLLAME S
Fig. 3. Transmission of GT-Agl bulk glasses for core
and cladding.
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FE). PSR i (038 T 2 22 57 Y5 BT R o 1) R
(2/3 mm) A [F] R T 'R R A 3.
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H16.3 pom A 5 38 W W At B OHL 8t 41k 20 LA J¢
B 2 T ST R 51 RS, 11,6 pom A AR VIR WSO R
Si—O0, Ge—O ##R 5[ A2 1 19, 13.6 pm 4b IR
i Hy Te—O #4251 k2 it 7. Rk, |1 Si—O,
Ge—0, Te—O %5 g sl 20 A 5 1) 52 A RIS A& T
13—15 pum AL A SR XGRS AN, 22 om AR AL
N Te—Te #2275 TS 2 181 K R YA BR AR
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2 (00 AL A R LA K% VR A Mg A 4 J 3 J5 A1,
R 5 6 BB SRR R P A AL, BB 03 i 2
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15 um 2 6] 2% B4 ) 56 A R, 348 77
ENCTANE S e

60 —G1

IS
S

w
(=]
T

Transmission/%

[
(=]
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\ Ag—0O \

Si—O0 Ge—0 Te=O fa.
Te—Te
O PR | T | T | T S| PR | I |
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B4 GT-Agl BeRRER 20 SMEE Heits (AT 53t L)
Fig. 4. Transmission of GT-Agl glass bulk (purified
and un-purified).

3.4 AglJZRIA XTI BRI RN

B 54 T AR Agl 46 B 3% 58 40 40 38 3 ok
. HAGlLE R A T Alfa aesar 2 & A 7 K
Agl(99.999%), G3 K FH i A2 B fz T k71 2 =) A2 7=
1) Agl(99.99%). MIERE AT LI E H, BT Agl
Ji R RS AN [, >R A ) 7 2 4% 1 3 B
HREZERIBK. ZREFLRAEH, KSR

60

50 F

40 -

30 |

Transmission/%

20f

10 - \
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1 1 1 1
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El5  GT-Agl PEFEM L ANE 6l (Agl 4EEA )

Fig. 5. Transmission of GT-AgI glass bulk (Agl for 5

N and 4 N).

Agl JFURL, Yo 35 38 (7 i e 70 BL L BT & e 0 #8
AIRKIETE. B 620 I T PR B AR b 1) S e
Fi, IR A mT DUR HY R 25 AgT B3 (G 1) 1R
st H 2B &R ee s, Mk, (RAEE Agl B
(G3) KR MR RERSR , X LERAL 72 R H /e Agl 4l
FEASFITT SR, ARAEFE R Agl tPAFAE S 2 o0 il )i
(1< Ag, 5 R8BI SRR BB A% R X 850 °C,
)8 Ag LRI Ge—Te BEHE M 25, 175 = 38
TROCHITE SRR, BRIORCHE AR 1 SR i B K&
R G4, ARGERE Al IRk 8 73 5 1 sl LAt AR
JERAR RS 0 SR R A R RO AR R T
RPN, BT PR R A RERHA.

I o
oo i

K6 GT-Agl BIErEa1SLIE (Agl 2 AR)
Fig. 6. GT-AgI glass bulk (Agl for 5 N and 4 N).

3.5 RALMSHEHFEE

BT BB L, il T O EL A TR, SR
JEAE B R 22 B AT R 2. T R R B R IR
72 250 °C, LR 22T E /2 210 °C, BAh 221 7%
I DA T SRR BT ) % SRR A ) L S EAR L
H2 1, N (GeTey 3)90(Agl) o, BLEH S
N (GeTey)go(Agl)1o. FEEFHILERISEANE T BT,
BB e ARy = T o
i, d A ER, neore M neaa 77 9 88 AT
&), Hd =200 um, A = 10.6 um M, 5 AT
BV = 1511, %64 3 FF 2 BER A%
d =30 pm, A = 10.6 ym &}, IFHAHRV = 2.27,
BV BB 1A 3] FLREAL i S A

Kl 8 GeTe-Agl &5 £ &5 ¥ )t £ ) v 11 K&,
JK A% 2 A 500 /% (VHX-1000E, H 4% Keyence).
B9 A SR FH AT v 0 45 1) O £F TR I Ol 2F KB
N1.3 m). MEHE, %64 1 T AR B BT A
5.5—15 um, H AP T BT X-H R340 (X R
7~ Te, Ge BUH A G ) WIS IS K T S AFFERI R AL
HMATESEBFE; b, IIZRTE 14.5 pm BHE A SRIE
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B JE SR, XRMEKZ B 7R3 (Ge—Te,
Te—Te) WL 51 & . Rt Z 4b, JU-F#&A H Al
248 R ATV, A AT A SRR BE A R 1Y) Si—O ], L

3.75 0.40
_ Gl

0.35

Refractive index

0 5 10 15 20 25
Wavelength/pm

BT (RTIR) GT-Agl it - BL T & R AL
Fig. 7. (color online) Measured refractive indices of the

fiber core and cladding glasses, and the calculated NA.

100.00 pm

E8 GT-Agl uefuniii & (500x)
Fig. 8. Cross-section of GT-Agl fiber (500x).
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) \
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Fig. 9. Attenuation of GT-Agl fiber (GeTes.3)90
(Agl)10/ cladding (GeTes)90(Agl)10).-
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Abstract

When infrared (IR) is over 12 pm, conventional chalcogenide (ChG) fibers are confused by the multiphonon absorp-
tion of Se, and novel glass materials for far-IR have become one of hot research points in recent years. Here, a novel ChG
glass and fiber for far-IR without containing Se/As is well investigated. The glasses GeTe-Agl are purified by distillation
and synthesized by melt-quenching method. The thermal properties and the infrared transmissions are reported. The
step-index fiber, fabricated via a novel extrusion method, exhibits excellent transmission at 8-15 pm: < 24 dB/m in
a range of 8-15 pm and 15.6 dB/m at 10.6 pm. The influences of oxygen contaminant and the purity of Agl on the
glass transmission and fiber attenuation are discussed. Structural and physical properties of GeTe-Agl glass system are
studied with differential scanning calorimetry and ellipsometer instrument. Optical spectra of GeTe-Agl glass system are
obtained by spectrophotometer and infrared spectrometer. Main purification process with oxygen-getters (magnesium)
is disclosed. The fiber attenuation is measured by the cut-back method with a Fourier transform infrared spectrometer.
The lowest loss of this fiber can be reduced to 15.6 dB/m at 10.6 pm. The results show that these glasses are well trans-
parent in a wide IR window from 1.7 to 25 um, and these glass fibers can transmit light up to 15 pm, thus the GeTe-Agl
glass system is one of good candidates for far-IR. The fiber attenuation can be reduced effectively by the reasonable
purification and novel extruded-processing. These environment friendly fibers are suited for far-IR applications, such as

greenhouse gas sensing and the power delivery of CO2 laser.
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