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Thus, the experimental results obtained, as well as the proposed physical model of the 
structure of a cluster of nickel atoms, show that not only a new physical phenomenon has 
been discovered - the diffusion of clusters of impurity atoms in semiconductors, but also 
the possibility of controlling the state of clusters in semiconductors. This makes it possible 
to create a new class of photonic materials with bulk superlattices based on semiconductors 
with ordered clusters, which has unique functional capabilities for creating a new genera-
tion of optoelectronic, nanoelectronic, photoelectric devices and sensors of physical quanti-
ties. A more comprehensive study of their physical properties can open a number of new 
physical phenomena that do not exist not only in doped semiconductor materials, but also 
in semiconductors with clusters of impurity atoms. 
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Spectral dependences of transmittance (T) and wavelength modulated transmittance (ΔT/Δλ) of 
As2S3 layers doped by manganese (Mn) of different concentrations (0 � 0.5 %) were investigated at 
temperatures from 10 K to 300 K. Photoluminescence bands at 1.762 eV, 2.107 eV and 2.282 eV 

due to transition ( ) ( )4 4 4 2 4 6 4
2 1 1, 4  ( ) ( )

g g g g
A F E G T G A F→ →  and 4 6

2 1g g
T A→  of Mn ions, 

respectively were observed at argon laser excitation. On the luminescence spectra the ab-

sorption bands of electron transitions ( )6 4 4 4
1 1( )

g g
A F T G→  were recognized. The magni-

tude of refractive index (n) of Mn (0.1 % and 0.5 %) ions doped As2S3 layers in low-energy 
range (1.6�1.9 eV) does not change at temperature decreasing from 300 to 10 K. 

Key words: chalcogenide glasses; optical spectroscopy; manganese doping; refractive 
index; interference spectra. 

INTRODUCTION 

Chalcogenide glass-like materials attracts an attention of researchers and used as opto-
electronics elements in the systems of analytical remote IR spectroscopy and as well as in 
telecommunications and nonlinear-optics [1]. The glasses activated by transition metal 
manganese were investigated as phosphors. Manganese ions incorporated in the glass ma-
trix lead to the changes in optical properties and photoluminescence (PL) of material. The 
sell-to-shell emission of manganese ions (especially divalent ion) has a practical interest 
due to Mn2+ ions are the most effective electroluminescent impurity in glasses [1, 2]. 
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For receiving information about impurity ions behavior in a glass structure the corre-
sponding changes of embedded optical characteristics were investigated by methods of 
Raman and infrared spectroscopies, edge absorption and x-ray spectroscopy [3�6]. In the 
region of fundamental absorption the incorporated impurities strongly affect the slope and 
the magnitude of the weak absorption tail. The impurities incorporated in glass matrix de-
press some lines attributed to matrix defects. This indicates the interaction of activators 
with the glass matrix. In this case, the maximums near the absorption edge may shift to the 
short-wavelength region (Dy, Sm) or to the long-wavelength region (Mn) [2, 5]. 

Manganese ions embedded in a glass matrix are luminescence centers and can have 
various valences (from +2 to +4). These materials possess well pronounced emitting char-
acteristics from blue to red spectral range (depending on the charge state). In some glasses 
(borate) the both chare states Mn3+ and Mn2+ can be simultaneously [7, 8]. In silicate and 
germanate glasses, the manganese ion have the charge state +2 and situates in octahedral or 
tetrahedral environment [9]. The Mn2+ and Mn4+ ions have been identified as activators of 
luminescence. An investigation of x-ray stimulated oxidation of Mn2+ ions in phosphate 
glasses shows that Mn2+ ions plays the role of a sensitizing additive [10]. The Mn2+ ions 
practically do not dye glass in the visible spectral range but the Mn3+ ions impart the violet 
color to the irradiated glass due to the emerging absorption band of the Mn3+ ions in the 
green region of the spectrum [8]. The study of Mn2+ ion local environment in various struc-
tures is the subject of a significant number of papers [10�17]. This is due to the fact that the 
Mn2+ ions have an intense electron paramagnetic resonance signal and are easily detected 
in a glass matrix. 

In the present work optical properties, edge absorption (transmission), photolumines-
cence and spectral dependences of refractive indices of glassy As2S3 doped with manga-
nese ions were studied. The changing of above-mentioned properties was investigated at 
temperature range 300�10 K and at different concentration of manganese impurity. 

EXPERIMENTAL METHODS 

The bulk chalcogenide As2S3 glasses were made from initial elements of arsenic and 
sulfur (5N purity) by traditional melting method with quenching. The adding of transition 
metal impurity (Mn) into mixture of initial components was used for receiving of doped 
crystals. The synthesis process taken place in the quartz ampoules vacuumed to 
10−4�10−5 Torr and deposed into the horizontal or vertical furnaces with vibrational and 
rotational mechanisms. Depending on glass composition the synthesis temperatures varied 
from 700 °C to 1100 °C and the synthesis duration was from 24 to 70 hours. After the syn-
thesis the ampoule with liquid compound was quickly cooled (hardening) in air, in cold 
water or in liquid nitrogen. The nominal concentration of manganese ions was in the limits 
0.01�0.5%. The color of received glasses varied from yellow-red (for undoped As2S3) to 
black (for As2S3 glass doped with Mn). Thin films of glasses with different thicknesses 
were made by vacuum deposition on glass substrates. 

Absorption (transmission) and wavelength modulated transmission spectra were meas-
ured on MDR-2 spectrometer with linear dispersion 7 Ǻ/mm and aperture 1:2. The low 
temperature spectra were measured in LTS-22 C 330 optical cryogenic system. Photolumi-
nescence spectra were registered by double large-aperture spectrometer SDL-1 (aperture 
1:2 and linear dispersion 7 Ǻ/mm). The input and output slits of monochromators do not 
exceeded 70 μm i.e. the measurements resolution was ~ 0.5 meV. All optical spectra meas-
urement systems are computerized. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

It is known that intracenter emission from the rare-earth ions levels in materials 
(glasses), especially divalent manganese, is of practical interest because manganese ions 
are the most efficient electroluminescent impurity [16]. Especially successful is the use of 
manganese ions with other rare-earth elements. According Ref. [2] absorption bands of 
manganese ions are observed at 393, 400 and 413 nm and it can be attributed to next 

electron transitions ( ) ( ) ( ) ( )6 4 4 6 6 4 4 6 1 6 4 4
1 2 1 2( ) ( )6  ,   A S T D A S E G and A S T G→ → → , 

respective. The absorption of Mn2+ ions in the region of 450�465 nm is absent, therefore 
for luminescent properties; ions of other rare-earth elements are introduced into the system, 

for example, Eu3+ with an absorption band at 465 nm ( )7 5
0 2F D→ . The excitation of such 

system by light of wavelength range 450�465 nm is possible due to energy transfer from 

europium level 5
2D  to manganese level ( )4 4

2T G . This indicates that there is an exchange 

of electrons between the levels of different rare-earth ions. 

  

Fig. 1. Spectral dependences of absorption 
coefficient (K) and of refractive index (n) 

of As2S3 glass doped with Mn of 0.5% 
concentration measured at different temperatures 

Fig. 2. Spectral dependences of transmission 
coefficient (T) and of wavelength modulated 
transmission (ΔT/Δλ) of As2S3 glasses doped 

with manganese of 0.5 % concentration measured 
at temperatures 300 K and 10 K 

With temperature decreasing the edge absorption spectra are changes as one can see in 
the insert of Figure 1. These spectra were measured for thin layers of As2S3 doped by 0.5 % 
Mn. At low energies in these spectra the slope of the absorption curves changes with tem-
perature. The slope of the curves becomes minimal at temperature 10 K. At energies 
E < 2.3 eV the absorption curve is shifted toward higher energies when temperature de-
creasing. The same behavior takes place and for the spectral dependences of refractive in-
dex. In the energy range E > 2.3 eV the absorption graphs tend to energy of 2.5 eV, Fig. 1. 
Absorption magnitude in this region is formed by the electron transitions between manga-
nese ions levels. 

A weak feature x1 at energy 1.776 eV is observed in wavelength modulated transmis-
sion spectra in long-wavelength range (see Fig. 2). We believe that electrons transitions 

from levels ( ) [ ]( )4 4 4 2 4+
2  of Mn ions 1.764 1.778 eV) 0( 2g gА F Е G→ −  are appeared in this 

region. At energies E > 2.5 eV some features x2 (2.61 eV), x3 (2.76 eV) and x4 (3.15 eV), 
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x5 (3.31 eV) and x6 (3.5 eV), fig. 3 were 
observed in the wavelength modulated 
transmission spectra. 

The maximum x2 observed at energy 
2.61 eV is more probably attributed to 
the absorption by electron transitions 

from levels ( ) ( )6 4
1 1А S Т G→  of Mn2+ 

ions (2.395 eV, [12]). Transitions 
4 4 4 4

2 2( ) ( )
g

А g F T F→  of Mn4+ ions 

(2.413 eV [20]) are also observed in the 
same spectral range. The maximum x3 
(2.76 eV) is believed to be due to elec-
tronic transitions from the 

( ) ( )6 4
1 2А S Т G→  Mn2+ ions levels 

(2.799 eV, [13]) or ( )4 4 2 2
2 2( ) gА g F T G→  

transitions of Mn4+ ions (2.761 eV [20]). 
According data of Ref. [11] the most intensive absorption band of manganese with maxi-
mum around 405 nm (3.06 eV) is a superposition of bands of the next energy transitions 

( ) ( ) ( )6 6 4 4 6 6 4
1 2 1 ,  ( ) A S T D A S E G→ →  ( )6 6 4 4

1 2 ( )and A S T G→ . Observed absorption 

band x4 (3.15 eV, fig. 3) is more probably associated with transitions 

( ) ( )6 6 4 4
1 2 A S АЕ D→  of Mn2+ ions (3.141 eV [16]). The maximum x5 at energy 3.31 eV 

is due to the transitions 4 4 4 4
2 1( ) ( )

g
А g F T F→  Mn4+ ions (3.308 eV) and x6 by transitions 

( ) [ ]4 4 4 4
2 1( ) ( ) 3.498 eV  20

g
А g F T F→ . 

CONCLUSIONS 

When photons with an energy range of 2.65�2.89 eV (argon laser lines) are absorbed, 

an excitation mechanism is realized, the transition of electrons from 4 4 4 4
1 2to( ) ( )

g g
A F T G  

levels (Mn2+ ions) or from ( ) ( )4 4 4 4 4
2 2( to  Mn ns) io

g g
A F T G + . Charge carriers migrate 

nonradiatively between ion levels. The recombination of electrons from ( )4 4
2gT G  to 

4 4 6 4
2 1or ) )to( (g gA F A F  levels appears as a luminescence band at 2.282 eV. At energies of 

2.127 eV, a weaker luminescence band associated with transitions ( )4 4 6 4
1 1 ( )g gT G A F→  is 

observed. At energies of 2.192 eV, a narrow dip (absorption band) is detected on the con-
tour of a wide band of luminescence spectra. This feature is associated with an absorption 
of emitted energy (photoluminescence) by electron transitions between levels 

( )6 4 4 4
1 1( )

g g
A F T G→ . 

Fig. 3. Transmission (T) and of wavelength 
modulated transmission (ΔT/Δλ) spectra of As2S3 

layers (d = 1.5 μm, curve β) and nanolayers 
(d = 350 nm, curve δ) doped with Mn of 0.5 % 

concentration measured at 10 K 
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