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Fig. 1. Flow chart of Ge;j 5As5,Seq45 .S, glasses fabrication.
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Table 1. Compositions and optical parameters (n, Ly, E,

and ny) of Gejy 5A80,S€545 .5, glasses.

Geyy 5Asyy ny/ (10714

Iy/(W-em?)  E,/eV

Segss oSy W-cm™?)
z=0 2.639 3.95 x 10° 1.859 7.411
r=16.125 2.546  14.78 x 10>  1.898 5.498
z = 3225 2.451  21.40 x 10°  1.979 3.679
r=48.375 2378 3529 x 10°  2.069 2.751
z = 64.5 2.261 — 2.347 2.187
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TR Se—Se MIRENIES 255 cmt Aoy [1921-23),

167101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 16 (2021)

167101

F—J7 T, TER R Ge-As-S H1, 344 1370 cm !
BEF ST 14 7 8 R AR 05 53 500 U BT GeS,0(CS) il
GeS, o(ES) PUTH A2 1y 5.0 21201 = ffy HE 45 44 5
JC AsS;) Y As—S $EIR 3 H BLAE 338 cm !}
VT, TS EE As—S 51 T 380 cm ! [T ) f e
P Bl Hh B 12627 S AR B IR BT A R A I
B[R S-S L2 IR BNIETE 490 cm ! BT
I [26,28,29]
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Fig. 2. Raman scattering spectra of Ge;; 5A85,5€4 5,5, glass-

es and their decompositions.
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WAL 2R (Ge—S, As—S Fil S—S) HI%UR %
Wik hn; SR, 5 Se R 45 A Ak Ak 2
(Ge—Se, As—Se Fil Se—Se) A% H1 72 7 /L.
(R, (EFRSCT e B Gey1 5A8945€48 375516.125
SER R R B BEE S—S B e i, I R WITE
PiIE Geyy 5A894Seus S, ZHAK R, MHLL Se F1 S
JiF, Ge F1 As JiEFH MRS S IR +456 midt,
T EE R BTG 3K — A DA R B2 1 A AT LA
TR RS, I Z B 17 P Y 22 SR, B ) E
WAL, TR T Ge, As, Se #1'S Y HL 14
Wk 2.01, 2.18, 2.48 il 2.58, fFLA Ge 8 As J& T
HSEFZRIMEGRES THHS Se i
[i] PR 23545 R (30331,

I X GG FRETEAUNT Geyy 5A89,S€615 4
S, PSR MG HAE B (b RS 17
TR, FoM# T Ge 3d, As 3d, Se 3d F1S 2p #Y XPS
i . T Ge, As Fil S(Se) M9 BLAL L5 5 4,
312, 2o B A RN R B A R TR B H AR . R
Ge Fl As J5 78 f PRy T 19 25 55 7T LA 20, 8 S
2p G R = RS R AR A Y 5 R EE A e
PR R 328 Uk 1) L 4 ) % ;- S-S-S, S-S-Ge/As Fl
As/Ge-S-Ge/As; 5 S 2p JEiEZEM, Se 3d Heikik
25 & 6 M & B AR 4 ff 8 Se-Se-Se, Se-Se-
Ge/As 1 As/Ge-Se-Ge/As —Fh ] B 1) BEHE L5 14,
A3 AnIEl 3(a) A 3(b) iR,

XTFRIE S 2p MG, #E KL 162.3 A1 162.0 eV
20 A 43 P AR AS — N = 45 G RE Y S-S-
Ge/As 45 1 B0 Fl — IR 45 5 BB 1Y As/Ge-S-
Ge/As 5550 B0, 7E Geyy 5As945eq 5,5, BEIE
o, FTEA S 2p SIS L As/Ge-S-Ge/As 4514
F, IFA K S-S-S S5 HLICIAETE. FiE Se/S

2 PIEEUDLE MEILIE A NS BIT R R

Table 2.  Relative ratio of the different structural units derived from the decomposed Raman scattering spectra.
Ge Ge As As Ge Ge
Sea/y Seqy Ses o/ % Se-Se/% As-Se/% S32/% S4/2 S4/20 As-S/%  S-S/%
(C8)/%  (ES)/% (CS)/%  (ES)/%

Geyy 5Asy,Seqy 5 14.79 7.52 45.36 9.28 23.05 0 0 0 0 0
Geyy 5As945€48 375916105 10.24 6.97 36.36 6.27 21.57 5.96 2.35 7.63 2.65 0
Geyy 5A8945€39 95539 95 4.98 4.63 25.65 2.09 19.08 16.26 9.47 11.92 5.61 0.31
Geyy 5A8945€16195545 375 0.94 2.20 13.92 0.58 16.84 26.16 11.94 19.16 7.47 0.79

Geq1 548245645 0 0 0 0 0 41.64 14.55 29.21 13.52 1.08
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Fig. 3. (a) S2p spectra of Ge;;5As9,Seqs5 .S, glasses and their decompositions; (b) Se3d spectra of Gej; sAsySegys .S, glasses and

their decompositions.
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P o — > 1 S AT R, 1A Ge JiRF 5
HA YA Ge 456 B 1917 B0 2 JL-F- A 7]
RE L S TE T o0 A 5 A BT I AR AR O, 0K T
A1 Ge3d JETE MR TE LI GeSey o PIHIALEHY
1 Ge-Ge-HH K45 H4 31X W Fh 25 4 BT, 53— Jr i
As A =AM R 1 SR AR Y B As-3Se/S,
As/Ge-As-2Se/S Fil 2As/Ge-As-Se/S. 5 Ge 3d ii%

K0, [REISFTA 9 As 3 5 AsSey), il
ZERAN As-As-FHRZEH). Ge 3d 1 As 3d 3% M HAy
fiff U S0 % L [ 4 () FNED 4(b). Horp i 31.3 0
42.9 eV BHTIMIRINE GeSe/S, o PUEIFAFT AsSe/S;
SRS T B FERL A I AR oI AT AR Ho A
SEHBOTHTCIE S AU G IS, i
T Z BT L IR B SCEE: v) DA Z AN T, X S hE
SRS T A5 R AR —EL

XPS 5% H i 2 [] B 45 74 B0 K O 1z 1Y)
254518 (binding energy, BE) ., &4 (full width
at half maximum, FWHM) Fl1425 44 B0 (1 £
T ARG XPS W S A H 43 L (content), WEE 3
4.

M\ S I Se F 45 44 B TT 1) 32 B T8 AR DL 2R
M T S 1 Se #BE 2 Bz, BT B BS R F bk
IR T HA. X 536 2 R[4 B TTid T
WIS S & R & AL 25 RARVI 5. o
BT 3% 2 13k 3 th S—S Fl Se—Se MY 2,
ATLLEIL S JF5 Ge Fl As JAFHI45 & U B0
AT Se J&F A1 (Ge T As) 454 n B (1) 85
1w, BIRTE Geyy5Asy,Seqy s .S, BHESIR RN S H
Se J ¥ s s AR ], H 2 P BURDEIE AT XPS
Tk 4 Rk R, [RIAEE S—S AR ARXT Ul
ZUNT Se—Se §E. WD, 7E Geyy 5As048€45 375516195
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Ger1.5A8245€64.5

e

Gen1.5A8245€48 375516125 Gen1.5A8245€48 375516125

(a) Geq1.5A8245€64.5 (b) :
31.3 42.9
,/’ '\W

R il

Gei1.5A8245€32.25532.25 Gey1 5A8245€32.25532.25

Ger1.5A8245€16.125545.375 Ger1.5A8245€16.125545.375

XPS intensity/arb. units

XPS intensity/arb. units

Gei1.5A824564.5

Ge11.5A824564.5

e

29 30 31 32 33 34 35 41 42 43 44 45 46 47
Binding energy/eV Binding energy/eV

4 (a) Geyy5A894S€54.5 .5, TS Ge3d 1Y XPS 43 ; (b) Geyy5A800S€64.5 .S, IS As3d [ XPS 43
Fig. 4. (a) Ge3d spectra of Gejy 5AsySegss .S, glasses and their decompositions; (b) As3d spectra of Gejj 5As9,Seg5 .S, glasses and

their decompositions.

%3 Geyy 5Asy,Seqy s .S, BiFEM Ge3d, As3d, Se3d F1 S2p Y XPS MG ZEL
Table 3.  The fitting parameters for the decomposed Ge3d, As3d, Se3d and S2p spectra of Ge;; 5As0,Seq, 5 .S, glasses.

Structural unit

As-As- Ge-Ge-
Se-Se-  As/Ge-Se- S-S- As/Ge-S-
AsSe/S : GeSe/S,
Ge/As Ge/As Ge/As Ge/As sSe/ 32 related eSe/ a2 related
structure structure
BE/eV 54.9 54.5 43.0 31.3
Geyy 5A8945¢eq,;  FWHM eV 1.11 1.13 — — 1.03 — 1.01 —
Content /% 18 82 100 100
BE/eV 55.0 54.6 162.1 42.9 31.3
Asy,
Genshsn  pwiny ev 1.10 1.18 — 1.12 1.03 — 1.10 —
Seys 375516.125
Content/% 13 87 100 100 100
BE/eV 54.9 54.5 162.4 162.1 43.0 314
Geyp 5Asy
G pWHM/ eV 1.09 1.11 1.21 1.23 1.15 . 1.04 .
Sess 2553225
Content/% 11 89 6 94 100 100
BE/eV 55.0 54.6 162.3 162.0 42.9 31.2
Asy,
Genshsan pwiny ev 1.11 1.14 1.25 111 111 — 1.14 —
Sei6.125548.375
Content/% 8 92 12 88 100 100
BE/eV 162.3 162.1 42.8 31.3
Geyy 5A854564 5 FWHM/ eV — — 1.21 1.12 1.03 — 1.09 —
Content/% 16 84 100 100

BEIEFE A KB S—S BERAELE, T Se—Se o5 Ge Ml As Ji7454 i, XS5 EMZHE
SEAT IR M BAE Geyy 5A8945€16.1055 48 375 B FE Ah 45 TPEZESTA K (TEZ RIS UL EAR
R R . A S—S FEHLH Geyy 5Asy,Se48375 KNI EFE).

S16.125 2 A4 FPASE A, X — 1 0 T LA A £E XHETEAR I, TIeR 2 P& hg s i
Geyy5Asy,Segy 5 SHFEEH T, S EH Se Ji 75 FR I3 1T FRIT 3 718 1 45 1 .0 A9 AH X B, i o
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2 3P XPS & 7R IEERT I 045 F BT A L B
PYANEE T RS A A A2 R FRT ) SE P i,
N F Rt TR S5 7 vk B PRI R A
SEAERTCRYBIURR A AN [R], DTS B 2 ik
1 XPS I35 445 H BT R A B A
SEA AR AEJZ, FoATTAT LA W A i T B 1 43
Bréati R A B, AEBEE LS o a5 S5 BT
AR AR At — 0. T TOTER 1Y R T Bk
TSN ES R A AL RT DL Z AT, X B 25 5 ik
n 1 Ly, SEHPERPE BT AR AL

i AR n 2 BT B N BB A B T i Ak
RN HE L PO 1556, 7E Geyy 5As9Seqys oS, B
AR T BEEABIREOLT, BT RARR S
(1) Se(12.57 A3) B THALREEA S(9.72 A3)
PITAR, S EES N T A R T A B T OB AR
SRR, HR, TEB IS S5 PR35 — B BT
BEH Se JELTBWiHL S i1 Fr U, AR 5T ot
BN S I TR N2 S B E RERU . 25 BT
R, BE YRR S SR, n LT 240
TR ARGE R T, B o BB R B
A =B AR MR, M5 2, B n B (R E
TH ng BR/NETL BERE S IR A SEN, Iy, 1Y
Bt TG IR R T 2 A e
B Ge —S(133.0 kecal/mol), As-S(90.7 kcal/mol)
FI S—S(101.6 kecal /mol) ()5l 5 B 3 15 Tk 2
Ge—Se(115.8 keal/mol), As-Se(22.9 kcal/mol) Fl
Se-Se(79.0 keal /mol) P,

ARSI Geyy sAsq,Seqy 5 .S, B A
FNEAEARRLITT R B[R] 5 . XA R T 4
Ho AT I AR ] - ThT e S BOG LT AR . B
Se F R AYHINN, n L LZMEIE I, AT LIRS Bh3RAT]
BT AL sy, I RA A o, 55—J7 ), @ ek
AR Y By AT AR ny A1 1y, S5 BEARE .
W, Se BEPIETCHARLF HYARANBOCHRSS; M S Fe3
AR, (2 ng AHXSEAR. BT, fESE ThiR &
BCH Se F1 S Ji, A AU AL, 7EREAR Ly, FOHT
$E TR .

4 % #

Zliiugiﬂféf‘fi G611_5ASQ4S(364_5 ﬁ%ﬁ@ﬁé
B, I8 S IR T 5 L B AR Geyp 5A8945€64 5 g
Y Se 5T, AR MBI L. dil 4 7— &5

Geyy 5AS945€645 S, B 5 , I H ) PR e 1247
K550, N R, BEAE AR R Se S L
AL S T BEEEH B, n A1 ny, i HLBEEEAY I,
1R s, HE— 25 F P2 OGS e o
R OXPS R TR B 58 254 . 45 R S5
(Ge—Se/S, As—Se/S) TEBE (5 3= Tz, S &
T AR SeJ& 7 R & 15 5 Se M 3¢ 1 1k 2
(Ge—Se, As—Se fil Se—Se) B>, 5 S H
KL FHE (Ge—S, As—SHIS—S) Bk %,
55 Se SLAb~AEEA EL, S JLAb 2R B0 30 B 5K, AT
A Ge ik As JRFHE S SR T 45 & . N
Se fil S #b ) JE e A, BT LAZEBEEE N, S 5 Se HY
AHE R T B B AR F A5 A A AR Ak L B R
I UL, B BE A R A 3R i 45N fh 2 B 2 T 1) B
22BN AL EE R R,
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Effect of substitution of S for Se on structure and physical
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Abstract

In this paper, chalcogenide glasses Ge;j 5AsoSegus .S, (2 = 0, 16.125%, 32.25%, 48.375% and 64.5%) are
prepared and their optical properties are studied in order to select the best components for the use in optical
devices. The values of laser damage threshold, refractive index, and third-order nonlinear refractive index, as
well as the absorption spectra of the glasses are measured. The results show that the linear and third-order
nonlinear refractive indices of the glass decrease gradually, the glass optical band gap increases gradually, and
the laser damage threshold increases continuously after the high threshold component S atoms have been
introduced gradually. We further investigate the structural origins of these changes in physical properties by
Raman scattering spectra and high resolution X-ray photoelectron spectroscopy. By analyzing the evolution
process of different structural units in the glass, it is found that the heteropolar bonds (Ge—Se/S, As—Se/S)
are dominant in these glass network structures, and compared with Se, and that Ge and As prefer to bond with
S. As the ratio of S/Se increases, the number of chemical bonds related to Se (Ge—Se, As—Se and Se—Se)
decreases gradually, while the number of chemical bonds related to Se (Ge—S, As—S and S—S) increases
gradually, which has little effect on the change of the topological structure of glass. It can be concluded that the
main reason for the change of physical properties of glass is the difference of the strength between chemical

bonds in the glass structural system.
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