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Effect of Sb on Structure and Physical Properties of GeSb,Se;.,
Chalcogenide Glasses
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Abstract: GeSb,Se,., (x=0.4, 0.8, 1.2, 1.6, 2.0) chalcogenide glasses were prepared by the melt-quenching technique, and
the effect of Sb on glass structures and physical properties were systematically investigated. Raman spectra of these
glasses show that the glass structure gradually changes from Se chains or Se rings dominated to SbSe;/, pyramids
and GeSey, tetrahedra cross-linked, and the degree of cross-linkage of glass network improves with Sb content in-
crease. Meanwhile, the glass transition temperature, density, elastic moduli, and refractive index increase with Sb
content increase. The transmittance spectra indicate that replacement of Se with Sb leads to gradually reducing the
optical bandgap.
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Table 1 Glass transition temperature (Ty), density (p), average molar volume (¥), shear elastic modulus (C;), compression elastic
modulus (), refractive index (n), direct optical band gap (Eqpq) and indirect optical band gap (E,q) of GeSb,Se;.. glasses

GeSb,Se;., T,/ C p/ (grem™) 7/ (cm*mol™")y C;/(0.1 GPa) C./ (0.1 GPa) n Eypa/ eV Eqpi/ eV
x=0.4 118.9 4.479 17.93 64.346 186.783 2.529 1.64 1.54
x=0.8 139.9 4.613 17.87 66.633 205.459 2.610 1.58 1.47
x=1.2 159.0 4.758 17.78 71.225 228.572 2.702 1.53 1.42
x=1.6 183.1 4.873 17.75 77.619 241.562 2.803 1.47 1.37
x=2.0 243.8 5.009 17.74 82.945 251.312 2.933 1.42 1.32

B IR . 256 N 3R T 8GeSb, Ser., BT
HHK
25 BEFRIEFAFRFE
Kl4(a)F14(b) 43 7] b GeSb,Se;., B %I F ] L
LA ANE I AL AN E e o W AT LA H,
GeSb, Ser., FIHEMIET K N60% A4, FEiL W 11U
FE12) 800 nm~16 pm. Fifid Sby & HHE N, BeriE
BERWE K B, ML KR AR, FIRL AR
W 320 1) B K T 1 B B . AR 42 M Taue 7 R 128,

Transmittance / %

600 800 1000 1200 1400
Wavelength / nm

50F

Transmittance / %
=
=

Wavelength / um

Kl 4 GeSb,Se;., BHITE (a) 1] WL ZL AP X IA(b) 21 A1 X 355 H)
L

Fig. 4 Transmittance in the region of Vis-NIR (a) and IR (b)
of GeSb,Se;_, glasses

A LA ok 3B 3 W M2 PR A7 B A B LA B PRI 2 R,
Ak
aHv=Bhv-E,)" (1

A, ot SWIBUHCI R 5L, hwid T REs, BEYS
i AR I EHL, Eopor Y6570 B, mACER T O
WL R, m=1/2R12 53 S 5o I3 15 70V SR AT 1 a) 22
FVFRAT -

BISFIZ 1 7R T GeSb,Seq., B 1 H # KT O
oy B A T G s Bl . Bl A S s N, 3¢
TR i 1) T IR e 27y BB T) B2 B O e 2 i B 41
80/ B JEL DR T RS2 P T B I 5 A AL IR O . SbEr
I N5 O Y 26 AT IR B I, A PR AR R
b AT s B B N 22 . TR, St 1581 5p
M7 R 3 R T A%, T RE R s, B Sbig i
B 3T PR BN I Se T, BN BB R G AN
Titfe T, RO v 7 S ) B Ok B Al B2,
THOC A BN, BRARN 2 =he/E,, , T
Ao~ he e AR B o B e A Ok
A, T B ) A KR

PSR LT A6 1% (B 4(b))HF, 2.8F16.3 pmid i
W HO-HZR TS L, 4.5F013 pmid (W e 2 5l
I IA - Se-HA Ge-O 4% it 2%, 3 it J5URL 1) 42 4l At
B B AR AR AR T KR BRI T 2 i, o %
LR

3 4t

K H il s bR v 121 46 T GeSb,Ser, (x = 0. 4,
0.8, 1.2, 1.6, 2.0) R ¥ R, FFxhH 2t figy i
FEMEIEAT T 200, 45 RRWIBEAE Sbig i X Se 7,
GeSb,Ser. 34 75 W £ 25 #4) )\ 1 SeE Fil Se A 44 il 4 A%
b HHAH TLAT R () GeSea o VY THI AR F1SbSes , — A HE 4 1)
BodL A 5. AR, B Sb N, B
AR B SRR RN R RO, BRI
ST B R o



1222

WL MR

i %5 29 %

K s

5000

4000

3000

/ (eV-em™)

2000

2

(athv)

1000

0
Lr 12 13 14 15 16 1.7 18
hv/eV

(ahv)2/ (eV-em™)?2

14 15 1.6 1.7 1.8
hv /eV

GeSb,Ses., B (ahv)® F hv(FH T-H8) K16 & 12 (a)

K (ahw) ' F1 h 156 2 1 25 (b)
Fig. 5 (a) The plots of (ahv)* vs hv (photon energy) and (b)
the plots of (ahv)"? vs hv of GeSb,Se;., glasses

SE Bk

(1]

(2]

(9]

EGGLETON B J, LUTHER-DAVIES B, RICHARDSON K.
Chalcogenide photonics. Nat. Photonics, 2011, 5: 141-148.
LUCAS P, RILEY M R, BOUSSARD-PLEDEL C, ef al. Advances
in chalcogenide fiber evanescent wave biochemical sensing. Anal.
Biochem., 2006, 351(1): 1-10.

GAI X, HAN T, PRASAD A, et al. Progress in optical waveguides
fabricated from chalcogenide glasses. Opt. Express, 2010, 18(25):
26635-26646.

WANG T, GAI X, WEI W H, et al
measurements of the third order nonlinearity of chalcogenide
glasses. Opt. Mater. Express, 2014, 4(5): 1011-1022.

SAVAGE J A, WEBBER P J, PITT A M. An assessment of
Ge-Sb-Se glasses as 8 to 12 pum infra-red optical-materials. J.
Mater. Sci., 1978, 13: 859-864.

WEI W H, WANG R P, SHEN X, et al. Correlation between
structural and physical properties in Ge-Sb-Se glasses. J. Phys.
Chem. C, 2013, 117(32): 16571-16576.

VARSHNEYA A K, MAURO D J, RANGARAJAN B, et al.
Deformation and cracking in Ge-Sb-Se chalcogenide glasses
during indentation. J. Am. Ceram. Soc., 2007, 90: 177-183.

WEI W H, FANG L, SHEN X, et al. Crystallization kinetics and
thermal stability in Ge-Sb-Se glasses. Phys. Status Solidi B, 2013,
250(1): 59-64.

GU Y F, SONG Z T, ZHANG T, et al. Novel phase-change material
GeSbSe for application of three-level phase-change random access
memory. Solid State Electron., 2010, 54(4): 443-446.

Systematic z-scan

[10]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27]
(28]

[29]

[30]

TINTU R, NAMPOORI V P N, RADHAKRISHNAN P, et al.
Reverse saturable absorption in nano colloidal GeysSbirSeg
chalcogenide glass. J. Non-Cryst. Solids, 2011, 357(15):
2888-2891.

ZHANG X H, GUIMOND Y, BELLEC Y. Production of complex
chalcogenide glass optics by molding for thermal imaging. J.
Non-Cryst. Solids, 2003, 326: 519-523.

IVANOVA Z G, CERNOSKOVA E, PAMUKCHIEVA V, et al.
Studies on Ge,Sbs.Seqy glasses by differential
calorimetry and thermomechanical analysis. Thermochim. Acta,
2000, 345(1): 13-17.

ABDEL-RAHIM M A, MOHARRAM A H, DONGOL M, et al.
Experimental studies of the Ge-Sb-Se system. J. Phys. Chem.
Solids, 1990, 51(4): 355-359.

SHARMA P, RANGRA V S, SHARMA P, et al. Far-infrared study
of amorphous Geg17Seps3.Sb, chalcogenide glasses. J. Alloy.
Compd., 2009, 480(2): 934-937.

JACKSON K, BRILEY A, GROSSMAN S, et al. Raman-active
modes of a-GeSe, and a-GeS;: a first-principles study. Phys. Rev. B,
1999, 60(22): R14985.

PETIT L, CARLIE N, RICHARDSON K, et al. Effect of the
substitution of S for Se on the structure of the glasses in the system
Gep23SboorSo70.Se..  J. Phys. Chem. Solids, 2005, 66(10):
1788-1794.

HOLUBOVA J, CERNOSEK Z, CERNOSKOVA E. Sb,Sejgo.x
system (0 < x < 8) studied by DSC and Raman spectroscopy.
Optoelectron Adv. Mat., 2007, 1(12): 663-666.

WANG Y, MATSUDA O, INOUE K, et al. A Raman scattering
investigation of the structure of glassy and liquid Ge,Se;.. J.
Non-Cryst. Solids, 1998, 232: 702-707.

GUERY G MUSGRAVES J D, LABRUGERE C, et al. Evolution of
glass properties during a substitution of S by Se in GeySbi>Sep.Se,
glass network. J. Non-Cryst. Solids, 2012, 358(16): 1740-1745.
TICHY L, TICHA H. Covalent bond approach to the
glass-transition temperature of chalcogenide glasses. J. Non-Cryst.
Solids, 1995, 189(1/2): 141-146.

BICERANO J, OVSHINSKY S R. Chemical-bond approach to the
structures of chalcogenide glasses with reversible switching
properties. J. Non-Cryst. Solids, 1985, 74(1): 75-84.

WANG T, WEI W H, SHEN X, et al. Elastic transition thresholds in
Ge-As(Sb)-Se glasses. J. Phys. D: Appl. Phys., 2013, 46(16): 165302.
WANG R P, SMITH A, LUTHER-DAVIES B, et al. Observation
of two elastic thresholds in Ge,As,Se..., glasses. J. Appl. Phys.,
2009, 105(5): 056109.

FELTZ A. Amorphous Inorganic Materials and Glasses. Weinheim:
VCH, 1993: 48, 110-115.

SCHUBERT E F, KIM J K, XI J Q. Low-refractive-index materials:
A new class of optical thin-film materials. Phys. Status Solidi B,
2007, 244: 3002-3008.

KITAMURA N, TOGUCHI Y, FUNO S, et al. Density and
Refractive-index of Densified Silica Glass. Hot Isostatic Pressing -
Theory and Applications, 1992: 117-122.

YOU X Z. lonic polarization. Chin. Sci. Bull. 1974, 9: 419-423.
TAUC J, GRIGOROV R, VANCU A. Optical properties and
electronic structure of amorphous germanium. Phys. Stat. Sol.,
1966, 15: 627-637.

YANG Z Y, TANG G, LUO L, et al. Glass formation and properties
of GeSe,-Ga,Se;-MX (MX is alkali halide) chalcohalide glasses.
Mater. Res. Bull., 2008, 43(12): 3596-3600.

SANGHERA J S, AGGARWAL 1 D. Development of
chalcogenide glass fiber optics at NRL. J. Non-Cryst. Solids,
1997, 213: 63-67.

scanning



