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Glasses of the composition (70—X) mol.% GazSs - 30 mol.% Laz2Ss - X Erz2Ss (at X =0, 1, 3) were synthesized
and the optical absorption spectra at room temperature were studied. Photoluminescence spectra in the 2.53 - 0.73
eV range at 300 and 80 K were investigated. Intense PL maxima at 2.25, 1.88, 1.45, 1.26, 1.13, 0.81 eV were found
which correspond to transitions in the f-shell of erbium ions. The redistribution of the intensity of PL peaks with
temperature was analyzed based on the energy transition diagram of erbium ions.
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Introduction

Chalcogenide glasses doped with rare-earth metals
attract considerable attention of scientists in recent years
[1-4]. The sulfide glasses are characterized by the greatest
transparency in the visible and near infrared range
compared to others. This creates advantages when using
them as light converters [5], active and passive elements
in laser [6, 7] and in sensor technology [8-10]. Germanium
and gallium sulfides are the most common among the
chalcogenide glasses due to the large area of glass
formation and thus a wide range of component and content
variation to attain the optimal composition [11, 12]. In
addition, they are non-toxic and resistant to aggressive
environments.

The introduction of rare-earth metals to the
composition of chalcogenide glass leads to stresses in the
cation sublayer and deformation of the glass-forming
matrix. This is due to the significant difference in the ionic
radii of the cations of the glassy matrix and rare earth
metal (e.g. R(Ga®*") = 0.62 A; R(La®) = 1.15 A [13]).
Local inhomogeneities or crystallization may occur in an
amorphous matrix in the presence of high content of rare-
earth metal. In addition, the concentration loss of the
luminescence may occur when the content of the
activating admixture (Er, Yb, Tm) increases [14].
Therefore, the choice of the optimal composition of the
glass-forming matrix and the content of the doping
admixture is a prerequisite for obtaining efficient
luminophores and media for laser and sensor technology.

We managed to introduce 30 mol.% La,S3 and 1;3
mol.% Er;S; in the glasses in the La,Ss—Er;Ss—Ga,Ss
system. X-ray analysis showed amorphous state of alloys
without any crystalline inclusions (Fig. 1). The objective
of this work is to investigate the photoluminescence
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mechanism of erbium-doped glasses 70 mol.% GaySs —
30 mol.% La,S3 in the visible and near-infrared range at
low (80 K) and room (300 K) temperature.

I. Experimental

The glasses were synthesized in two stages. At the
first stage, high-purity elementary components were co-
melted: Ga (99.999 wt.% of the prinicipal), La, Er, (99.9
wt.%), S (99.997 wt.%, further purified by two-fold
vacuum distillation). The batches were heated in shaft-
type furnace at the rate of 10 K/hr to 400 K, then to 720
K, with 48 hr exposure at these stops, and to the maximum
temperature of 1370 K. After 2 hours atl370 K, the
furnace was switched off to cool. At the second stage, the
samples were crushed into powder in an agate mortar and
transferred to specially made containers of quartz glass
with a neck at 1 cm from the bottom of the ampoule. The
alloys were heated to 1370 K at the rate of 20 K/hr. After
2-hr exposure to this temperature, the samples were
quenched into saturated NaCl solution with crushed ice
[15].

Investigation of optical absorption spectra of the
glasses utilized an MDR-206 monochromator and a
thermostat. The signal was recorded by Si photodetector.
The samples were prepared in the form of parallel-plane
plates 0.8 mm in thickness. Photoluminescence (PL)
spectra were studied using a Horiba Jobin-Yvon T64000
spectrometer. PL excitation was achieved by Ar laser, the
output signal was recorded by CCD camera TE-1024x256
Andor and InGaAs detector.


mailto:Kevshin_A@ukr.net

V.V. Halyan, I.A. Ivashchenko, A.H.

450 T T T

Kevshyn, 1.D. Olekseyuk, P.V. Tishchenko

400 -
350 -
300 -
250 -

200

Intensity, arb. un.

150

100

sol .

10 15 20 25

30 35 40 45 50 55

20, degree

Fig. 1. X-ray diffraction patterns of the (70—X) Ga»S; — 30 La,S; — X Er,S; glasses (numbers denote X)
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Fig. 2. Optical absorption spectra of the glasses (70—X) Ga,Ss — 30 La;S3 — X Er,S; (humbers denote X).

1. Results and discussion

Optical absorption spectra in the range of 480-020 nm
were investigated at room temperature (Fig. 2). Erbium-
containing samples exhibit narrow absorption bands with
maxima at 2.36, 2.28, 1.89, 1.55, 1.27 eV. They
correspond to intra-center transitions from the ground
state to the excited states 2Hiu, *Sap, *For, “lor2, #1112 Of
Er3* ions, respectively. The addition of Er,S; leads also to
an increase in the absorption coefficient in the visible and
near infrared range.

Photoluminescence spectra in the visible and near
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infrared range at room temperature and at 80 K were
investigated (Fig. 3, 4). The PL intensity clearly increases
with increasing Er,Ss content. Intense maxima at 2.25,
1.88, 1.26, 0.81 eV and lower-intensity bands at 2.52,
2.36, 1.53, 1.45, 1.18, 1.13, 1.00 eV were recorded at 300
K (Fig. 3 a, 4 a). A redistribution of the emission intensity
occurs at low temperature of 80 K, resulting in high-
intensity maxima at 2.25, 1.45, 1.26, 1.13, 0.81 eV, and
lower-intensity PL bands at 2.52, 2.36 , 1.88, 1.53, 1.00
eV. All the emission maxima at room and low temperature
correspond to the transitions in the f-shell of erbium ions.
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Fig. 3. Spectra PL of glasses (70 - X) Ga,Sz — 30 La,Sz — X Er,Sz in the visible range (numbers denote X).

It is convenient when confronted with a large number
of emission bands to analyze the PL mechanism using a
diagram of energy transitions in Er®* ions (Fig. 5). The
excitation of samples with 2.54 eV energy promotes
erbium ions from the ground state to the excited state *F.
Due to small energy distance, erbium ions can then non-
radiatively relax to the states 2Hiy, and “Szn. Low-
temperature samples exhibit strong PL emission with
maxima at 2.25 eV (transition Sz, — *l1572), 1.45 eV (“Szp2
— 4|13/2), 1.13 eV (2H11/2 — 4|11/2) which indicates hlgh
concentration of erbium ions in the states %Sz Ta 2Hip.
The last two transitions (*Szz — *l132) and (*Hiwz — *l11r2)
cause high concentration of erbium ions in the states *l132
Ta *l112. These create intense bands at 0.81 eV (transition
1z — *l1sp2) and 1.26 eV (*liz — *lisp).

The concentration of erbium ions in various excited
states changes with increasing temperature. This is caused
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by the changes in the phonon subsystem of the glass
matrix with temperature. As a result, the probability
of energy exchange between erbium ions which are in
different excited states increases. Consequently, the role
of cross-relaxation process (CR) increases, therefore
leading to higher concentration of erbium ions in the states
*Forz and *l11/2:
2Hawz + *lazz — *Forz + *la1r

The intensification of cross-relaxation processes leads
to an increase in the intensity of red PL (1.88 eV) and to
lower intensity of infrared bands with maxima at 1.13 and
1.45 eV. Therefore, we associate the low-intensity PL
bands with low concentration of erbium ions in those
excited states which correspond to radiative transitions to
the states with less energy.
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Fig. 4. Spectra PL of glasses (70 - X) GaSs — 30 La2Ss — X Er,Ss in the near infrared range (numbers denote X)
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Fig. 5. Energy level diagram for Er** ions.
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Conclusions

The absorption spectra of glasses (70 - X) GazS; — 30
La;Ss — X ErpS3 (X =0, 1, 3) at room temperature in the
range of 2.60-1.22 eV were investigated. The samples
with erbium show narrow absorption bands with maxima
at 2.36, 2.28, 1.89, 1.55, 1.27 eV, corresponding to intra-
center transitions from the ground state *l1s to excited
states 2Hip, *Sap, *Fop, *loz, *liz of Er®* ions,
respectively.

PL spectra in the range of 2.53-0.73 eV were
investigated at 300 and 80 K. All recorded emission bands
are associated with transitions in the f-shell of erbium ions.
The changes in the intensity of PL bands with increasing
temperature are associated with changes in the phonon

subsystem of the glass-forming matrix which result in the
redistribution of erbium ion concentration in various
excited states.
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®oroaominecuenuis crexona 70Ga2Ss — 30LazSs neropanux Epoiem

Cxionoesponelicokutl HayioHansHuti mexuiunui ynigepcumem imeni Jleci Yxpainxu, npocn. Boxi, 13, JIlyyvk,
43025, Vipaina,e-mail: Kevshin_A@ukr.net

Cunrezosano creia (70-X) mol % GazSs - 30 mol % LazSs - X Er2Ss (mpu X = 0, 1, 3) ta gocmimkenHo
CIIEKTPU ONTHYHOIO IOTJIHHAHHSA 3a KIMHATHOI TeMmrepaTypH. [IpoaHai3oBaHO CHEKTpH (OTOIMOMIHECLECHLIIi B
niamazoHi 2,53 - 0,73 eB npu remmeparypi 300 ta 80 K. Beranosneno inrencuBHi @JI makcumymu 2,25, 1,88, 1,45,
1,26, 1,13, 0,81 eB, mo Bianosigarots nepexoaam B f-obomonui ionis Ep6iro. Ha 0CHOBI giarpamMu eHepreTHuHuX
nepexoiB B ioHax EpGito mpoaHasi3oBaHO Mepepo3nofii iHTeHCHBHOCTI Mix Mmakcumymamu OJI mpu 3miHi

TeMIepaTypu.
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