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Ge-Sb-Se it 7 BHE 17 I\ 9 e e O LD AME S g BEANAT V8 0 B AE e Aokl fE6 2R it v, B
LA (n) REBOCREL () RARBEBARSHL LA A% Ge-Sb-Se BUIEHI n M ¢ N H I, HE T I
W n, ¢, B (d) FATIZIK RE(B) 5 SH dSe RN S S E (r) MNTEBRR. BRI, 3
FAI n B8 d FIE I G K, CRE B IR KT AL VRN, B Bl dSe /B (r) BO3E KT/, 2 Ge & B

[ ER, d BE dSe fI/NEL (r) FIEERTIHG KR, 24 Sh & &

[ E WS, dfE dSe = O HA f/IME. B T-520 d A

n, PEHRTE T Ge, Sb A Se LR 212 pm WBLEIRTET B (Rs), 5N Rge = 10.16—10.50 Cm3/mol,
Rsp, = 16.71—17.08 cm® /mol M Rge = 11.15—11.21 cm?®/mol, 45 d M R; i+ 515 1 n 552048 1w 2
INT1%. BT R B, UATFE] T Ge, Sb M Se JTERAE 2—12 um BB BE /R H7 56 FE IR FE R EK (), 230
N pge = 21.1-—22.6 ppm/K, sy, = 7.2—8.4 ppm/K Fl g, = 90.2—94.2 ppm/K, R 8 Fl o, 1T5H 1521

¢ HIMMA W Z /N T 6 ppm/K.
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24 dSe 19200 F i 41 W 48 Sk 25 (r) 10210
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FORPEHE A IR T TR R BT 2 2L

SR FH 23 0 R R V8 v 119200 1] 2% Ge-Sb-Se 3
. B, BaiE N 6N 1 Se £l Sb 43 I TE 220 °C
550 °C HAEFALEE 1 h, L& FRm &SR A 44
Ji; ARG, KA A 5N I Ge. TilALEE [ Sb Al Se 7E
FEFPREHENCRRE B A0S b a5
EHEBATRGMEL 1 x 1073 Pa b 8%, 25,
W B A VR AR A RO SRR, R
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%1 Ge-Sb-Se BHSHIALAR M2 BHL (dSe)Fi ML L HBHL (1)), 25 °C I 10 pm BKAFHE (010 wm)  LTHE
FH (1o ym) HHHIEREL (G ) B (d) ARBUZIE R (5)

Table 1. Composition, chemical parameter (dSe), topological parameter ((r)), refractive index at 10 um (n10 ym)

at 25 °C, measured ({10 ym) and calculated (¢, Hm) thermo-optic coefficients at 10 ym, density (d), and volume

expansion coefficient (8) for Ge-Sb-Se glasses.

3
Composition dSe (%) {r) (Iol.oogrgs,) (:I:GC 1;Sp;[rf/K) (i)fnp/%) (:l:O.OOBdg/cm3) (£1.5 fpm/K)
GesSbi2Seso 46 228 26071 —12 _11 4.663 78.3
Ge12Sbi2Sers 34 236 25928 4 4 4,656 70.8
Ge14SbiaSery 28 2.4 2.584 26 21 4.652 64.2
Ge16Sbi2Sers 22 244 25764 33 28 4.649 60.6
GeopSbi12Segs 10 2.52 2.5527 41 39 4.631 54

Ges.3Sb12Se64.7 0 2587 2.5182 56 59 4.59 44.4
GeogSbi2Sego -8 2.64 2.5685 58 59 4.635 43.5
GeasSbi2Seqo “14 268 2.6085 61 61 4.665 42.3
GespSbi2Sess —20 2.72 2.6541 67 65 4.723 40.8
Ge16SbaSeso 42 236 24614 5 0 4.448 75.9
Ge1SbgSerg 32 2.4 2.5197 24 22 4.559 65.1
Ge16SbioSess 12 248 26438 49 51 4.76 51

Ge16Sb20.55e65.2 0 2528 2.7218 55 57 4.865 16.6
Ge16SbzaSeqo 8 256 28467 57 59 4.998 45.3

3 %

%

R2ME3 B 743 [ Ge-Sb-Se BUIHAEZ
PP 0. BB n B KGR
BB/, X5 0l S B A A W R C R —
Bl nAAEARBA TN R AR AR E S, it
AT 10 pom 3R 58 IR B 23 BT B 11 47 A

FEWH SR dS e SN 28 S5 S HL () 18]35
BRF. B (a) M 1 (b) 3 &8 T Ge-Sb-Se 3¢
B 5 dSe M (r) MK FR. 4 Ge I & 8 € 1E
16 at.% I, n B8 dSe (3 KT B k), B (r) (95
OR3GO 4 Sb IR BE [ E 7E 12 at.% I, n &
dSe = 0 (B (r) = 2.587) IS H AT f/IMHE, 7£1% 55
M, n B dSe f 25 0 F2 B2 09300 (5K (r) {25 2.587
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FEJE BIBE N AT K. R 145 H 7 Ge-Sb-Se 3% R (r) (R &, T LA HY, Ge-Sb-Se B 15 (1)
LE 10 pm KR0S RE ¢, %N 25—100 °C O R E B dSe B3GR T gk )N, BE (r) B34 K T
P 3. B2 (a) AT 2 (b) 2 B2 1 T ¢ 5 dSe 1.

#2 25 °CHI Ge-Sb-Se #HA1E 2, 4 F1 6 pm MSEIHTH ZH (nmea) s HTHITHZE (near) KIHWZE (6)
Table 2. Measured (nmea) and calculated (nca) refractive indices at 2, 4 and 6 um at 25 °C, and the

deviations (§) of nca) from nmea for Ge-Sb-Se glasses.

Composition Refractive index at 2 pm Refractive index at 4 pm Refractive index at 6 pm
Tmea Ncal 5/% Nmea Neal 8/% Nmea Neal 5/%
GegSbi2Sego 2.6353 2.6195 —0.60 2.6191 2.6060 —0.50 2.6145 2.6012 —0.51
Ge12Sb12Sers 2.6202 2.6166 —0.14 2.605 2.6018 —0.12 2.6006 2.5967 —0.15
Ge14Sb12Se7s 2.6138 2.6148  0.04 2.5977 25993  0.06 2.5928 2.5941  0.05
Ge16Sb12Ser2 2.6104 2.6137  0.13 2.5921 2.5976  0.21 2.5865 2.5922  0.22
Ge20Sb12Sess 2.5880 2.6032  0.59 2.5698 2.5859  0.62 2.5639 2.5802  0.64
Ge23.3Sb12Se64.7  2.5543  2.5764 0.87 2.5364 2.5585 0.87 2.5303 2.5528 0.89
Ge26Sb12Seq2 2.6044 2.6091  0.18 2.5863 2.5896  0.13 2.5803 2.5835  0.12
GeagSb12Seqq 2.6478 2.6315 —0.62 2.6272 2.6109 —0.62 2.6208 2.6044 —0.63
GeszpSbi12Sess 2.6964 2.6750 —0.79 2.6726 2.6526 —0.75 2.6658 2.6456 —0.76
Ge16SbsSego 2.4864 2.4835 —0.12 2474 24721 —0.08 2.4698 2.4681 —0.07
Ge16SbgSers 2.5442 2.5540  0.38 2.5317 25402 0.34 2.5277 2.5355  0.31
Ge16Sb16Sess 2.6818 2.6922  0.39 2.6618 2.6731  0.43 2.6555 2.6669  0.43
Ge16Sb20.8Sep3.2  2.7611 27706  0.34 2.7415 2.7479  0.23 2.735 2.7408  0.21
Ge16Sb24Seso 2.9000 2.8793 —0.71 2.8702 2.8526 —0.61 2.8615 2.8443 —0.60

#3 25 °CH Ge-Sb-Se BIHTE 8, 10 112 pm MISEMHTHF (nmea )« IFHITH . (nea) KHRE (5)
Table 3. Measured (7mea) and calculated (nca1) refractive indices at 8, 10, and 12 pm at 25 °C, and the

deviations (§) of nca) from nmea for Ge-Sb-Se glasses.

Composition Refractive index at 8 pm Refractive index at 10 pm Refractive index at 12 pm
Nmea  Tcal /% Nmea  Tcal 6/% Nmea  Tecal 6/%

GegSbi2Sego 2.6112 2.5968 —0.55 2.6071 2.5929  —0.54 2.6023 2.5866  —0.60
Ge12Sb12Sers 2.5971 2.5920 —0.20 2.5928 2.5874  —0.21 2.5876 2.5807  —0.27
Ge14Sb12Se7s 2.5889 2.5893  0.01 2.584  2.5844 0.01 2.5781 25774  —0.03
Ge16Sb12Ser2 2.582 2.5872  0.20 2.5764  2.5820 0.22 2.5697 2.5748 0.20
Ge20Sb12Sess 2.559 2.5749  0.62 2.5527 2.5691 0.64 2.5452  2.5616 0.65
Ge23.3Sb12Se4.7  2.525  2.5474 0.89 2.5182  2.5412 0.91 2.5099 2.5336 0.94
Ge26Sb12Ses2 2.5751 2.5776  0.10 2.5685 2.5708 0.09 2.5604 2.5626 0.09
Ge2gSb12Seqq 2.6154 2.5982 —0.66 2.6085 2.5909  —0.69 2.6004 2.5823  —0.70
GeszpSbi12Sess 2.6605 2.6390 —0.81 2.6541 2.6310 —0.87 2.6465 2.6218 —0.93
Ge16SbsSego 2.4661 2.4641 —0.08 2.4614 24610 —0.02 2.4557 24545  —0.05
Ge16SbgSerg 2.5242  2.5310 0.27 2.5197  2.5268 0.28 2.5143  2.5200 0.23
Ge16Sb16Sess 2.6503 2.6612  0.41 2.6438  2.6547 0.41 2.636  2.6472 0.42
Ge16Sb20.8Seg3.2  2.7291  2.7343  0.19 2.7218 2.7263 0.17 2.7129 2.7183 0.20
Ge16Sb24Seq0 2.8547 2.8369 —0.62 2.8467 2.8273  —0.68 2.8373 2.8185 —0.66
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PO R (¢) MRS B RO R B (C) AT 7%
te. ATBALEH, ¢ 5 2 M w Z /N T 6 ppm/K,
b5 S0 W & i 22 A Y, X R B A R AF
VL. R ER R H Tk
1k 3% 35 GeaoSbi5Seqs HI ¢, M4 (2) XA B CH
43 ppm/K, X 5 il i B AL EdE (39 ppm/K) AH
Y, XL R K, Ge-Sb-Se fift R B 1 ¢ vl i
D EAF RN B AT AT B o B HO P

4 AE Ge-Sb-Se WA FABIKI TR M BRI E (Ry) M HRIE R HK ()
Table 4. Calculated elemental molar reflectivity (R;) and their thermal coefficients (¢;) in Ge-Sb-Se glasses.

Wavelength/ Rge/ Rsy/ Rse/ Pae/ osb/ ®se/
pm cm3-mol—1 cm3-mol—1 cm3-mol~1! ppm-K—1 ppm-K—1 ppm-K—1
2 10.50 17.08 11.21 22.6 8.4 94.2
4 10.36 16.90 11.19 21.8 7.7 92.1
6 10.32 16.85 11.18 21.5 7.4 91.0
8 10.28 16.81 11.17 21.3 7.3 90.7
10 10.22 16.73 11.16 21.2 7.2 90.4
12 10.16 16.71 11.15 21.1 7.2 90.2
d, FIAE1% M 7 WX n 34T T, Ge, SbAISe 7T
5 o& % FRAE 212 um B EE IR T LR B R H o
A

1E Ge-Sb-Se B, LM AfT i 26 n FE B d (1)
R HGOK, #ot R CREIARRR K R 8 G K
ML ALZE T/, 2 Ge & & [ 52 I, dBf dSe 1)
8 /INE (r) B3 RT3 K, 24 Sb S & [ E i, dAE
dSe = O H AT i /MHE. Ge, SbAISe LHRAE2
12 pm BB BE 2R 3 34 R 73 93) 9 10.16—10.50,
16.71—17.08 f111.15—11.21 cm?/mol. T R; f

BN 21.1—22.6, 7.2—8.4F190.2—94.2 ppm/K. ¢
5 B p; Z 1AV AE BT I 08 2 0% &R, UL AT £ 6
ppm/K i 7 A ¢ #EAT A%,
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Abstract

Ge-Sb-Se chalcogenide glass is environmentally friendly, and has wide infrared transmitting window, high optical
nonlinearity, as well as good mechanical property. These make it a good material for infrared transmission and non-
linear optics. In optical designs, the refractive index (n) and thermo-optic coefficient (¢) of the glass are key technical
parameters. In order to predict and tailor the n and ¢ of Ge-Sb-Se glass, compositions with different chemical and
topological features are prepared, their n, ¢, density (d) and volume expansion coefficient (3) are measured, and the
composition dependence of the parameters is systematically investigated. The chemical feature of the glass is quanti-
fied by the percentage deviation of the composition from the stoichiometric ratio and denoted as dSe. The topological
feature is represented by the mean coordination number (r) of each atom in the composition. It is shown that the n of
Ge-Sb-Se glass increases with d increasing; the ¢ decreases almost linearly with 8 increasing; and the 8 decreases with
dSe decreasing or (r) increasing. When the Ge content is fixed, the d increases with dSe decreasing or (r) increasing;
when the Sb concentration is fixed, the d has a minimum value at dSe = 0. Based on the measured d and n, the molar
refractivity (R;) of Ge, Sb and Se elements in a spectral range of 2-12 pm are calculated. The obtained value of Rqe is
in a range of 10.16-10.50 cm3/mol7 Rsp in a range of 16.71-17.08 cm3/m01, and Rge in a range of 11.15-11.21 cm3/m01.
When the R; and d are used to compute n of any composition, the discrepancy between the calculated value and the
measured one is less than 1%. According to the measured ¢ and (3, the thermal coefficients of the molar refractivity (¢;)
of Ge, Sb, and Se elements in a wavelength region of 2-12 um are computed. The optimal value of pg. is in a range of
21.1-22.6 ppm/K, psp, in a range of 7.2-8.4 ppm/K, and ¢ge in a range of 90.2-94.2 ppm/K. When the ¢; and 3 are
used to compute ¢ of any composition, the discrepancy between the calculated value and the measured value is less than
6 ppm/K.

Keywords: optical materials, chalcogenide glasses, molar refractivity, volume expansion coefficient
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