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Fig. 1. Raman scattering spectra of Ge,GagSg,_, glasses and

their decompositions.
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Table 1. Relative ratio of the different structural units derived from the decomposed Raman scattering spectra.
S;Ge/Ga- S5Ge- Ge/GaS, GeS, GeS, GaS, S5Ge-S- S,
Ga/GeS3/% GeS3/% (v)/% (CS)/% (ES)/% (Fy)/% GeS3/% chains/%
GeyyGagSes 0 0 9.43 50.76 12.79 15.31 8.89 2.82
Geos.67GagSes 33 0 0 8.27 54.69 12.84 14.73 9.47 0
Geyg 6GagSea.q 4.98 8.52 7.48 47.36 12.22 11.21 8.23 0
Ge3yGagSg 9.09 11.81 6.04 45.27 10.13 10.61 7.05 0
GegsGagSsg 15.89 13.31 4.62 43.71 8.31 9.01 5.15 0
# 2 Ge,GagSer , I Ge 3d, Ga 3d F1S 2p 1 XPS LS4
Table 2.  The fitting parameters for the decomposed Ge 3d, Ga 3d and S 2p spectra of Ge,GagSg, , glasses.
Structural unit
S-S-S S-S-Ge/Ga GeG/eG/Z;S_ GeS, Gcre(lict/ega GaS, Gie(l;z;otidcra
structure structure
BE/eV 163.13 162.26 161.66 30.51 19.87 19.56
GeyyGagSes FWHM/eV 1.11 1.03 1.13 1.17 — 0.98 0.98
Content /% 4.98 19.17 75.85 100 72.25 27.75
BE/eV 162.13 161.58 30.44 19.86 19.58
Gesg 7GagSes.33 FWHM/eV — 1.12 1.08 1.13 — 1.02 1.18
Content/% 11.97 88.03 100 61.94 38.06
BE/eV 162.25 161.69 30.56 29.61 19.88 19.56
Gegg sGagSpaq FWHM/eV — 1.17 1.09 1.11 1.11 1.05 1.06
Content /% 5.54 94.46 85.41 14.59 53.41 46.59
BE/eV 161.58 30.58 29.81 19.89 19.51
Ge3GagSg FWHM/eV — — 1.09 1.08 0.99 0.89 0.86
Content/% 100 80.98 19.02 44.05 55.95
BE/eV 161.66 30.49 29.72 19.83 19.49
GegsGagSse FWHM/eV — — 1.16 1.07 1.11 0.87 0.89
Content/% 100 73.26 26.74 39.53 60.47

T HRES A S8 B LS IR RS M—M (M—M
[F] H B Y 2R AR 5, 7] e & Ge—Ge, Ga—Ga
&, Ge—Ga)l3239,

Ry TS A M S A 2H R SR L Y Al
SRS TS B, W Ge,GagSgy , BEFEIEAT T
X S FRERE MR, S [R] S5 4L BT T Ry
£ H I XPS L2400, 2055 X Ge 3d, Ga
3d F1S 2p (1 XPS eIk ikdT 7ol G, HIGS
$ein4h 46 (binding energy, BE), R4 58 (full
width at half maximum, FWHM) F14¢ 4544 550
AL T AR XPS 04 BT ALY 1 43 e (content),
N3k 2 g, (AR IS, B T eSS AL A AT
FAAEATE A LT, B BIAFEXS G 7 A kit = AE
S, DR 2 o LT 5 RE S i — i B 22 . 5
&, X IR XPS 4T, STk 1EEm

& XPSOGIBRYARX A2 Ak, IR M s &
RERRG IR {H.

Ge, Ga 1 S J5i7 1y i fa P73 il 02 2.01, 1.81
A1 258034, 4 LIMERAFFEAE 2R, S I 7 2R
2 Befr. i T B R R B AL R 0 4 E A
X I, Z 0% Ge JEFF1 Ga JiLF- 1Y HL G2
25, ¥ S 2p IR = A AR A SR AR A Y,
b 255 BE DR/ IMR YA % B S-S-S, S-S-Ge/Ga
il Ge/Ga-S-Ge/Ga, W 2 7R . 7E GeyyGagSes
AR S5 A RE RS A BT, eI 8 T
S-S-S Z5 M AT (163.1 eV BiflL) 1 S-S-Ge/Ga 4
FPRRTE (162.2 eV B )25 B Ge 7t (Y5 i
B, B LE A RERY S-S-S 45K BATTHI S-S-Ge/Ga
R R IT R RS T AR LU BB T8/ L, JF s TH
KT Gegg7GagSes a3 M GegyGagSey BLHE L4
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SRINT, X T45 5 BEAHXS BRI Ge/Ga-S-Ge/Ga 45
AT (BT 161.6 eV ) WIBEE Ge & Y34
TG fin (1235, 24 Ge 2 EEHEIN ] 32% W, PSS
P S T FH LA Ge/Ga-S-Ge/Ca 4514 B ICIE

A5

GepsGagSes

|

SN Gegg.67GagSes.33

PR OS>

BN Geg.6GagSeo.a
/ PRI

GesaGagSeo

XPS intensity/arb. units

GessGagSse

158 159 160 161 162 163 164 165 166 167
Binding energy/eV

Bl 2  Ge,GagSe, BEHINT S 2 p [ XPS 43+t
Fig. 2. S 2 p spectra of Ge,GagSg,._, glasses and their decom-

positions.
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B, AIE 3 AT LA R B, £ T 30.5 eV Bt X i 1)
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Rur UL, I HLBEZE Ge 75 it A4 36 Jn 1M 328 7 s
1222 H 29.7 eV TS T Ge-Ge/Ga-fHIK S
Fg B, 2 Ge-Ga-S BEIEA1 /3 Ge FrLiAH 29.6%
i, Ge-Ge/Ga-FHXE5 BT IR, [RIREE Ge
B IR . X FEEH T Ge-Ga-S BEH
ZERRZR T S IR i R T IS A, Z AT G iR
T Ge RN S T8 Ge J& 788 Ga J Tz 4
U X Ga 3d 3851, WKl 4 Fs. fi T 19.8 eV
BRI HH BT REAS XU T JE T 1Y GaS, 2548, It LR
% Ge B & PR WIHINTE SR B 5 Ga,Sy 45
P BRI I 45 G RE (ZIFE 20.2 eV [HFIT) A HE BT, M
P EBAR, XK Ga R TH S JiF 2 [A] H faf 2 5
3 AR T . BT AT ) 2 FRfifY S Ji
THBERCRA GaySs I S JF T, iXfiif3 Ga Y
¥ B BE S - L BR i T B S 7 RSB He D
Ga 3d RBEM] (£ T 19.5 eV BRI ) fé RUIKE 72 17 14
i, X EH T Ga R T 5 -3 ZE A Ga 3l Ge i

TR, R Ga-Ge/Ga FHICZE ) AT AT B8, 3k
TXF Ga 3d #ERIMES, 1T LLEIRAE Ge-Ga-S 35
WL ZER R AR Ga JRFEZ L 4 B f I
FETE.

Ge2/1GaSSGg

Geze.67GagSes.33

Gegg 6GagSea.q

GesaGagSeo

XPS intensity/arb. units

GessGagSse

27 28 29 30 31 32 33 34 35
Binding energy/eV
& 3 Ge,GagSgy , BLIEM Ge 3d 1 XPS 4+
Fig. 3. Ge 3d spectra of Ge,GagSgy_, glasses and their de-

compositions.

X RS, XPS 2RI B R
3050 nm PR ZH(E S (FEARm LR
A A TR AR & REAE), MHL2EUOGRE
A DAR O 38 AR AR 40 IR 3 RN 301 4 Dy THT Y

FE, X H A T A AT o . AL, TRk R A
SFF GR84S P A BB B, 1) 2 3 URRAIE
WERRFEA S, BT H 2l R R 1R 2 g T L
B, ATLUE I, Ge,GagSgy, SRS HITL S BUMLIE Y
SHIERLE SRS XPS i & BT Es i S R Y
HEEA L B, 1A Ge-Ga-S JLHEFEM Y
it Ge 1S 43 FZELL 4 2 FLALAYIE
AFAE, X RE L Mott 1“8 N B (N NIEHR
JAIER A U R BT T AL, SR T A FR
N Ga JiT (FZLL 4 FAIE R NEARJSSR.
PRI, 80 335 1Y ~F- S B2 4 (mean coordina-
tion number, MCN) X H: 4y BEM: BT #E 174 i B A2
R 2. X B MON 5 O 2 BB B 1 45 )
A TC A0S HA H B A 53 ek B2 s AR SR H:
W, HPIEH RS Ge STRIIGM, &/ S—S [H
e Bl A 25 4 B TR B e D, AT LT 58 e
fil. w5, BT Ga R & s EREm, Ge [R5
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AN, 2SS FEEE R, — B3R A
ST SRZS T, 2 3 T BB R K L
Bt S3Ge-GeSg 25 1 5. 5T Fll S3Ge/Ga-Ga/GeS; 4
FMIRITH A, RIS Ge & & ROIG INmHE m, M
T S SN AAN 53 B 53 )2 B B4 B9,

GenyGagSes

19.5

Tiiee?

Geagp.67GagSes.33

Gegg 6GagSe2.4

GesaGagSeo

XPS intensity/arb. units

GessGagSse

20 21 22 23
Binding energy/eV
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Abstract

In this paper, the structures of chalcogenide glasses Ge,GagSoy , (7 = 24%, 26.67%, 29.6%, 32% and 36%)
at a fixed Ga atomic content of 8% are studied by high-resolution X-ray photoelectron spectroscopy and Raman
scattering spectra. In order to quantify the evolutions of the different structural units in Ge, GagSg, , glasses, the
number of double peaks in the Ge 3d, Ga 3d and S 2p spectra are determined by iterative fitting method, the
binding energy and the full width at half maximum of each peak, and the relative ratio of the integral area of
each decomposed peak to that of the whole area of the X-ray photoelectron spectroscopy are thus achieved. On
the other hand, the Raman scattering spectra of Ge,GagSgy , glass are decomposed into multiple Gaussians
based on the structural units. We use the iterative method to simulate the position of peak center, full width at
half maximum, and height of each Raman peak. By analyzing the evolution of each unit structure in the glasses,
it is found that the network structure of glass network is mainly formed by S atom bridging the tetrahedral
structure of GeS, and GaS,. The S chains or rings structural units are formed in Ge, GagSgs glass, indicating
that S atoms are in excess in the chemical composition of the glass, so there are enough S atoms around Ge and
Ga atoms, forming heteropolar Ge—S and Ga—S bonds. With the gradual increase of Ge content, S chains or
rings structure units rapidly disappear in Geyg ;GagSgs 33 glass. The Ge—Ge homopolar bonds in the ethane-like
structure S;Ge —GeS; and the M— M (Ge —Ge, Ga —Ga or Ge —Ga) homopolar bonds in the
S3Ge/Ga—Ga/GeS; structure simultaneous appear in the GeyysGagSgrs glass, and the number of structures
increases gradually with the increase of Ge content. This is mainly due to the insufficient number of S atoms in
the Ge-Ga-S glass. Once S atoms are lacking, the excess Ge and Ga atoms can only combine with themselves to
form the homopolar bond M— M. It can be concluded below. Firstly, Ge and Ga atoms appear mainly in the
form of 4-coordination, while S atoms occur mainly in the form of 2-coordination in the chalcogenide glasses of
Ge,GagSgy ,- Secondly, the existence of M—M bond leads the nanophase to separate, and the ordering degree of
glass network structure to decrease .

Keywords: chalcogenide glasses, structure, X-ray photoelectron spectroscopy, Raman scattering
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