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# 1 Ge, Se, Te LR FEAIFES B
Table 1.  The basic characteristic parameters of Ge, Se, and Te elements.
JLE BN ®E/(grem?®)  BEERFE/(gmol ) EEREE/ (cmPmol ') HLfiMEPauling scale Wik /eV i/ (kcal-mol 1)
Ge 4 5.33 72.63 13.63 2.01 0.67 37.78
Se 2 4.81 78.97 16.42 2.55 1.95 44.04
Te 2 6.22 127.6 20.50 2.10 0.33 33.00
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GeggSegy_,Te, glass.
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HEfE/ (kcal-mol ™) 49.54
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Fig. 1. (a) The relationship between (a/w)? and hv corres-
ponding to the direct band gap of GeySegy ,Te, series
glasses, and the optical band gap value of each glass; (b) the
relationship between the theoretical bandgap, the optical
bandgap and the Te content.
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Fig. 2. (a) Normalised Raman spectra of GeyySegy ,Te,
series glasses; (b) Raman spectral curve fitting of GeyySes,

Tes, glasses.
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Table 3. Possible vibration modes and frequency

positions of GeyySeg, ,Te, series glasses.

Wavenumber/cm ! Vibrational mode

145 v (Te)—Te-Te—(Te)
151 Vys (Ge)—Te—Te—Te—(Ge)
154 vy (Ge)—Te—Te—Te—(Ge)
157 v (Ge)—Te—Te—(Te)
164 v (Ge)—Te—Te—(Ge)
145 v Ge—Se; j;Tey ),

160 v Ge—SeysTey s

170 v Ge—SeyyTe; s

194 v, Corner-Sharing Ge—Sey/,
211 v, Edge-sharing Ge—Sey,
299 Vs Ge—Sey )y

208 Vys (Ge)—Te—Se—Te—(Ge)
210 v (Se)-Se—Te—(Ge)
211 v, (Ge)—Te—Se—Te—(Ge)
212 Vys (Ge)-Se—Te—Se—(Ge)
219 v, (Te)—Te—Se—(Ge)
222 v, (Ge)-Se—Te—Se—(Ge)
245 v -(Se—Se),- long chain
252 Vs Se—Se—Se

263 v (Se)-Se—Se—(Ge)
270 v Se—Se
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Te FrikiyAsfbiasy, T ULHEE Te SRR, T,
Je EIHEREAL, B ETHEBEZER/N, 24 Te & &8
T 20% B, T, PR AR, D336 109 245 Bl 5 50 A
B 1 T AR R TS B R 1 AR b T A R — I,
24 Te S RBURIN, B0 Tey B3, AR, &
LR 2B 4.16% 1) Se—Te i (44.2 kcal /mol),
1M Se—Se % (44.04 kcal/mol) 7 FLIU M\ Te, B 35
() 33.33% T [% % 29.16%, KA Ge—Se # 7 LA
A AR (2) 2R AR - S B RE G K, S 3L

T, FJt. B4 Te S it#E— DR, Se—Te i
Feitt—2P 1K, Se—Se i LB HTRAIL, 5 [A] iy
WA —FB5 Te J& 5 Ge Mk (35.55 keal /mol),
M F P L Te—Te ## (33 keal/mol), HE# Te
THMK, Ge—Te 5 Te—Te HEM KR H
PN, 253V o0 B A DR A 1 2 B R DN
i Se—Te H BT GTRK A1 8 AE IS AL, B A
PIREREREAR, T T, FEAR. P2 GHEIESS, Tey 3¢
WAL Se—Te BERATARMA I, 24 Te J5i7 34k
3t 10% B, Se—Te B8 Ml 2 i) [bj 3#F — 0 34 5%
Se—Se BEH A WA WL FRAR, [F] I T 4 1 30 S AR B
B9 Ge—Te, Te—Te HEIFRI N, 33X — M 4% 4544 19
T T R SRR AR AL, SIS T, i1k
B AHLTY.

170
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160 |
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150

Glass transition temperature/°C

145

0 5 10 15 20 25 30
Te content/%
Kl 3 GeySeg ,Te, RIVBIIHY T, B Te & & 197451k
Fig. 3. The relationship between the T, of GeyySeg ,Te,

series glass and the Te content.

PR R R B R B g £ R ]
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AR, Te 5 Se WJFEF A4 5 BB HAAIRIZ RS
PR JEAWTIG R, X YT Te BRI S5 BE /K ot
i (A Se 1Y 1.6 f%). 5 BEHY Km0 3 1 45 R 2
P14 KB K ) Lorentz-Lorenz ¢ R 2 BT KB T 3%
ST A 5 0 B TE ARG, DRI R % B R 4R =
RYEEAT IR B A T-Be. 1A, Te my3E s
RN BEES BB DIEE K, X RS Te A LRI
PRI LDIMY OHLME. X RN BIES S EP &
P R RO DG, &l 4(d) s, %% R Rl
N REIGTTH, L5 B0 B RPN, SEHER)
B R? = 99.95%, 33X T 25 B o BE 2 i ] A
1y, LR T
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Abstract

Infrared imaging systems are being updated towards greater performance as well as lighter and smaller
devices. Developing infrared materials with special properties is a critical for enhancing the performance of
optical systems as well as miniaturizing devices. Chalcogenide glass becomes a popular option for advanced IR
materials due to its component-property tunability. Se—based glasses such as GessAs;sSess, GejgAsySes, and
AsySeqp, which completely cover the mid- and long-wave infrared windows, are the most typical materials used
in infrared equipment. However, these classical materials can no longer meet the requirements of high-
performance imaging systems, and adding more elements such as Te, Ga, Sb, and Ag to enhance the
performance is a reliable way to solve this problem. By analysing the structure and properties of the
GeggSegy e, glass system, the law of its structure and properties evolving with Te content is illustrated. The
obtained typical results are shown below. With the increase of Te content, the glass transition temperature (7})
increases and then decreases, which is caused by the network structure and the average bond energy; the

density and refractive index increase in an approximately linear gradient; the Abbe number gradually increases,

while the Vickers hardness hardly changes with Te

content; the fracture toughness decreases with the Te %Z i:g -

content increasing. Aiming at the problem that the § § ig:

average coordination number is unable to evaluate the . 2.7k

glass systems composed of two or more elements from :: gg:

the same main group, a theoretical bandgap-glass 24t

property evaluation system is successfully established. 3 g 13(5): 0

The functional relationships among parameters such as = § 105 + P

density, refractive index, Abbe number, and fracture < NE . . . = -

toughness, and theoretical band gap are established for \UHE g:;: '_4—’—‘//.

GeggSegy e, glass system as shown in the summary k% 02f e . . .

figure, which can be used to rapidly evaluate the glass 1.2 1.3 14 15 16 1.7
Eth/eV

components and properties.

Keywords: infrared materials, chalcogenide glasses, theoretical bandgap, glass property
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