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Chalcogenide glasses as infrared transmitting materials applicable for infrared optics
have received much attention. In this work, glass formation was investigated for mixed
chalcogenide systems composed of sulfur and tellurium, and basic properties of the
obtained glasses were evaluated. From the starting compositions, GegSb4Sis
(60 GeSy - 40 SbS3,5) and GasSbgSis (80 GaSs,s - 20 SbS3,5), glass formation were
investigated for systems, in which a part of sulfur or antimony were replaced by
tellurium as GegSbsySiscTerny or GazsSbs,Sis.Te. . In the former system, glasses were
obtained for the compositions replaced sulfur by tellurium in the range of 0=x<2 (y = 0)
and replaced antimony by tellurium in the range of 0 =y =4 (x = 0), ie. the full
replacement was possible. In the latter system, glasses were obtained for the
compositions replaced sulfur in the range of 0 < z < 2 (w = 0) and replaced antimony in
the range of 0 = w < 3 (2 = 0). Glass transition temperature decreased with increase in
the amount of tellurium. The refractive index for the Ge-Sbh-S-Te glasses increased with
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the replacement of sulfur by tellurium and has a tendency to decrease with the
replacement of antimony. The glasses of the starting compositions without tellurium have
red (GegSbsS13) or dark red (GasSbgSis) colors and are slightly transparent while
tellurium-introduced glasses have no transparency in the visible region. However, the
shift in the absorption edge at the long-wavelength side was hardly observed. Additivity
in the molar volume for the Ge-Sh-S-Te glass system holds. The mechanical properties,
such as shear and Young s moduli were estimated and these values significantly
decreased with the replacement of antimony by tellurium.
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Table 1 Glass transition (7}) and crystallization (T;.) temperatures, density (d) , refractive index (n) at 1544
nm, glass transition (T, va) and softening (7%) temperatures measured with dilatometry,
expansion coefficient (a), and appearance of vitrified GeSb4,Sis./Te..,

Composition Ty T. d n Te™a Ts o
Appearance

x (°C)  (°C)  (g/em’) (°C)  (°C)  (10°K)

0 GesSbaSis 310 - 3.34 2.275 335 381 11.1 -
0.75 GeeSbsSirasTeoss 291 - 341 2320 -
1.5  GeeSbsSissTers 281 - 3.54 2.373 304 365 16.9 =
2.0 GesSbsSi6Ten 275 455 3.63 2.395 -

Y

0.5  GesSbssSisTeps 287 - 3.28 2.263 =
1.0 GeeSbsSi3Te; 272 - 3.28 2.266 .
2.0 GesSbaSisTer 245 - 3.26 2.249 260 322 16.4 =3
3.0 GesSbiSisTes 231 - 3.26 2.242 Az,
4.0 GesSisTes 207 - 3.24 2.239 219 290 353 »

Table 2 Glass transition (T,) and crystallization (7%.) temperatures, density (d) ,
refractive index (#) at 1544 nm, and appearance of vitrified GasSbs.,S?Te,..,

Composition T, T. d n
Appearance

z (°C)  (°C)  (g/em’)

0 GaxSbsS1s 240 354 410 273 &
2.0 Ga,SbsS13Te, 228 333 4.43 2.83 =

w
2.0 Ga,SbeSi5Tez 171 298 3.95 2.69 -~
3.0 GaySbsSisTes 164 289 4.13 ‘
3.0  (Quenched in water) -

a) Silica ample was quenched in water for rapid cooling.
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Figure 1-3 12, &AL DORE DO XRD /8% — v #R$, #F AL L7238 F D XRD /8%
— R N T — %R U720 —F7y Ge-Sb-S-Te (GesSba,SisaTer,) RIZHWT S % Te
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Figure 1 Xwray diffraction patterns of GesSh4S1s.
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Figure 2 X-ray diffraction patterns of GesShy,
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Figure 3 X-ray diffraction patterns of GasShs.
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FEZ TRV T, HEKRDLZ LIk, 22T $TITMEMER LT 5 2 &
BHEPD SN TWD Ge-Sh-S-CsCl 2 H T ATHBENT WS Ge DE 5 E VA
17.1cm?®/mol Z V5 Z & & L7210, G2l & FHEE O 2= DM 33513 0.1cm?3/mol T,
B OEBRRAOFP T, MEMEAL L72e Table 3IZEMEICE o THE LN KW 55D
HENMERE R RS, $7°. Ge-Sb-S-CsCl 2 A T A DK DESEVAEFE, Ge, Sb, Te,
SHARDERTOENMERED AbLETRLTH S, TNHDMHEDIIKIZO W TIIBAEMRET
HCTHHA, Ge-Sb-S-CsCl 77 A D Sh, S DERZE VMR L KT % &, migi. WL,
BHEIZWPLTVD, 2D END, Ge-Shb-S-Te ZH T ATIE, Ge-Sh-S-CsCl #F A2
WART, 92T AICHET I ) FEISE(BREOH T ADTHEN A+ Va0
BEWV)IREICH L EEZ N5,

Table 3 Partial molar volumes (cm?®/mol) of glass components in Ge-Sh-S-Te glass system

Glass system Ge Sb S Te
Ge-Sb-S-Te (This work)® (17.1)» 18.7 15.4 23.0
Ge-Sb-S-CsCI? 17.1 15.5 16.4

Ge crystal (cubic, diamond- type) 13.6

Crystal

Sb, antimony 18.2

Te, tellurium 20.4
S, sulfur 15.5-16.7

a) The root mean square deviation was 0.1 cm*/mol.
b) The partial molar volume of Ge was fixed at 17.1 cm?/mol in the least square fitting.
c¢) Reference 10).
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Figure 4, 5 12Z NN, Ge-Sb-STe (GesSby,SisiTern,) RICBWTS % Te TEIRLTH
T AL L7230k, BXUYSh % Te Tt L TH 7 AL L 723U oW, RIMECoE B
AR MVERT, EBELOEMTDH EHEOWIMIIAE- T EIk RO IRk E
I2¥ 7 b L7z0 Ge-Sb-S5RA T A (GesSbySis 777 A) DRW Wi 1d, i FHid b v
THEDNY K& FII T 5 Sh 5s i &, (HEFTOR M ALY F2 FISEEKT
5 ShopMBICEoTHRTFLEZZIONT VS, TOH T A LT, Te ~DEHIZ X
5Ty WU EREMICZ Y 7 b L7z, fiEo Ty Shicttb o T, Te D#LEA. MiTE 77
DFy T BLOEEHEOR P AONY FEEICKE CHEGSLTVLEEZONL, —T,
Ge-Sb-S R H T AZBIT 2 RERMOWNiiZ, 77 AHICAHPE LTEENL VY
=7 ALY O MRS (Ge-O MHHIRED) 12 X AW X - TIEITRE SN D, FERE Te
TEIRELTHRERMBIGGEHED ST N Ladh o7z $72. Sb % Te CHEIELIZV T
ATl B E OIS T 14 um A5 18 um OHPH O & M3 HH N L 7= (Fig. 5 F0) o
ZNUE. COEEHPAIEINE SO Sh-0 12 & WL (17.6 um) DD L7272 TdHh 5.
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M7z TOXD BEALZRET 57200121 BT AT 25T (1 F ¥) OFFEIRE
R WEEOMWE WS M ETZJM\?&#&)ZM ZhIZDoWwTIE, KET 5 Xray
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5, GeShb-STe RGN NI V5 AD Te DNk 3d BF D% Y 7 Mk, ©)& Te(3ds,,
571.8 eV) L BE{b 7 WV TeO,(3ds,/2, 577 .4 eV) D (3d5/2, 574.6 - 575.2ev)f~w)z> ek
M EEIN TS W, —J, GeTe #5 k= SboTes #ii ik Tldy 3ds/3 DHEMLT L)L F —
FNFEN, 571.4eV,570.8eVCTHYN, & Te DTN LY HEZANVF—AIZTT7 P LT
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WABRIZEDARIBENTVE W, T%bb, TeldShEFULIICHA A & LTIRA
IETFHEINE W, L L, TedZH T AR TR T BE1E Sh ICHRTEH W 2D, 5
YT BWT, BTl &) BB N0 EZ 5N5,

Table 4 Shear modulus, Young's modulus, bulk modulus, and Poisson ratio of vitrified GesSb,S1s.Te.,

Composition Shear modulus ~ Young’s modulus  Bulk modulus  Poisson ratio

(GPa) (GPa) (GPa)
0 GesSbsSis 7.59 19.3 14.3 0.274
1.5 GeeSbsSissTer s 7.80 19.8 14.4 0.270
Y
1.0 GesSbsSisTe; 7.43 18.9 13.6 0.269
2.0 GesSbaSisTes 6.82 17.4 13.0 0.277
3.0 GesSbiSisTes 6.77 17.2 12.5 0.271
4.0 GeeSisTes 6.14 15.7 12.0 0.281
4. BHYIC

AN A H 5 A REIETT B 72D ALY A5 A GesShaSis(60GeS, - 40ShSs2) «
Ga>SbsSis (80GaSs /2 - 20SbS;/») & HIFSHL & LT, S F 721 Sb % Te THHRKEH: L 724
T TVIVREINTIT VRTH I AR EMEL 2. S5 Te ~NOE T,
10-15% FHE L THEEDPRATRTHT IANR/ LN, —F. ShH 5 Te ~NOEMEDY;E,
GesSbySis Tldy TXTTe TEEX 22 TH (GesSisTey) T AL L 720 F72. GaSbsSys
T, 30% LA LD Sbh % Te Tl & A 2 728118 (GasShsS15Te;) TH AT AL L7z Te ~D
BIIZX > T, 77 ABBIREIIMT Lz 2. HHEEMOBIGGIZE L RERICY
T T AHEN BEREMOWIUGEIZIZEAEZAL L ad ol BT ADONFEN R E
(Optical window) 133 o720 L22L, ShORDNICTe BEAT LI LIZE 5T, Sb
DEEZRMYEELTENHREL 2 5,

HT AL BE LA TO S 721X Sh 1235 Te D KiEHEAGIXZ. SEDH Sho
TIHBREV, ZOZE XN REANTT VRATART, T AL E LT Te I3,
FBRITHEDOS L0 b, FERICBWTHEICHFEET S ShIZaWwidas&Z L Tnah I EN
FREIND, FEE. XPSHIZE L ) Te ld Cationic IZF ¥ =3I L TWAhHEEZ LN TV,
oz EiF, S8 REINVATVRTH I AR ERET S ECEELRKIHICRS &
EzZbhbh,

5. BiEs

AR, R 28 4E BE A2 B 13 N H ASHUAY T4 8 T4 78 B & ORFZE Bk % <2 )
TN DTH 5B, FEEOBREAI LI Y EFLE L EF 5, 7SV AT a—kC
X 21 IS O W TR, EEFIR AR £ v ¥ — odeR E 2 i B i
REICR D F Lz WL ETE 3. 2B, ARUFZEIE. B LIEMMER AR b T35k
WFFERHE AT AR AT 29 4R FEAS T O REFEK OB LR LO—ME LThREINZD O
Th b,
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