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Optical properties of Ga—Ge—Sb—Se chalcogenide glasses
doped with terbium and dysprosium ions, near the fundamental

absorption band edge
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In the paper, results of measurements of the optical response of chalcogenide glasses of the GasGexoSbioSess
composition doped with rare-earth ions Tb>* or Dy**, in the wavelength range of 0.7—1.5 um by the method of
IR spectroscopy are presented. Parameters characterizing the fundamental absorption band edge of the glasses —
optical bandgap energy, Urbach tail parameter and weak absorption tail parameter — have been evaluated. It has
been found that doping in low concentrations (up to 0.3 wt%) does not influence the optical bandgap energy and
optical properties of the glasses in the range of the Urbach tail, but in the range of the weak absorption tail, optical
response of the glasses depends on the activator concentration. Crystallization of the glasses produced by the direct
melting method also depends on the activator concentration. In the glasses doped with Dy**, absorption bands of
the ion are located in the range of the weak absorption tail of the glass that makes possible energy transfer between

the ions and the gap states of the charge carriers.

Keywords: rear earth elements, chalcogenide glasses, bandgap energy, Urbach tail, weak absorption tail, gap

states.

DOIL 10.21883/E0S.2023.01.55511.4083-22
1. Introduction

Chalcogenide glasses (CGs) — are glassy semiconduc-
tors [1], which contain one or more chalcogens (Se, S, Te),
arsenic (As), germanium (Ge), gallium (Ga), antimony (Sb)
and other elements. Chalcogenide glasses are characterized
by low optical losses in the wavelength range from 0.5
to 20 um, depending on the composition of the glass. Rare
earth elements (REE) are elements of the group III of
the Mendeleev’s table of chemical elements with atomic
numbers 21, 39, 57, 58—71: scandium, yttrium, lanthanum
and 14 lanthanides. Terbium (Tb) and dysprosium (Dy) are
lanthanides with atomic numbers 65 and 66. Optical fibers
from CGs, doped with REE ions are used in the design
of infrared (IR) lasers and amplifiers, as well as broadband
radiation sources [2,3]. In the bulk samples of CGs, doped
with Tb**, Pr’* and Ce®* [4], and in chalcogenide fibers
doped with Tb** [5,6], lasing was demonstrated in the
wavelength range 5—5.5um. On the basis of a chalcogenide
fiber doped with Pr’*, a luminescent source at wavelengths
of 4.0—5.5um was created, which was successfully tested
in the fiber-optic sensor system [7].

With extensive studies of the luminescence of REE ions
in various CGs matrices in the mid-IR range, the effect
of the activator on the optical properties of doped CGs
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near the edge of the fundamental absorption band (FAB)
has not been sufficiently studied to date. For the CGs,
this is the range from 0.8 to 2pum in the near IR. In the
same region lie the absorption bands of REE ions, which
are usually used to excite luminescence by available laser
sources. It is well known that the characteristic lifetimes
of energy levels and transition frequencies of REE ions
have different values in CGs of different composition [8].
When studying the shape of the FAB edge of doped glasses
with different concentrations of REE ions, it is possible
to determine the parameters characterizing the electronic
properties of the glasses — the optical band gap energy,
the parameter of the Urbach region and the parameter
of the weak absorption region. These regions, in which
the absorption coefficient decreases exponentially with a
decrease in the photon energy, arise due to the absorption
of radiation with the participation of bound states inside
the band gap of CGs. The bound states of charge carriers
correspond to structural features in the molecular lattice
of CGs: these are homopolar and broken bonds, as well as
unshared pairs of p electrons on the outer shell of chalcogen
atoms [1,9].

If the transition frequencies inside the band gap and the
transition frequencies in REE ions coincide, then at the
moment when radiation is absorbed at the Urbach tail or at
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Table 1. REE content in glasses according to the ICP-AES results

Measured Deviation Nominal
REE | REE content, | from weighted | mass concentration-
wt% quantities, % | concentration C, wt%
< 0.00001 0 0
0.112 £0.002 13 0.1
Tb
0.226 4+ 0.005 12 0.2
0.331 £0.007 11 03
< 0.0001 0 0
0.108 £ 0.002 11 0.1
Dy
0.211 £+ 0.004 2 0.2
0.310 £ 0.007 2 03

the weak absorption tail, the non-radiative energy transfer
between REE ions and bound states in the band gap of
CGs [10,11] is possible. The study of the parameters
characterizing the FAB edge of doped CGs will make it
possible to find out whether energy exchange between
bound states and REE ions is possible, and also to establish
whether zone-zone transitions and transitions inside the
band gap of glass depend on the ion concentration. Such
studies are important for optimizing pumping and increasing
the quantum yield of luminescence.

In this paper, studies of the shape of the FAB edge for the
CGs composition GasGe;oSbigSess, doped with ions Tb3+
and Dy3* (ion content from 0 to 0.3wt%) are presented.
The glasses were obtained by direct melting of especially
pure substances: Ga, Ge, Sb — 6N, Se — 5N, Tb and Dy —
3N [12,13]. The loading of the glass components was
carried out in the air and without additional cleaning. The
charge was melted in evacuated quartz ampoules at a
pressure of 1073 Pa and a temperature of 850°C for 5h
in a rocking furnace. The hardening was carried out
in the air To relieve mechanical stresses, the samples
were annealed at a temperature of Ty + 30°C (Ty — glass
transition temperature) for 30 min. Thus, two series of the
glasses composition GasGeyoSboSeqs were obtained, doped
nominally 0, 0.1, 0.2, 0.3 wt% by Tb and Dy, in the form
of cylindrical rods weighing 15—40g, diameter 9—12mm
and length 50—80 mm.

The REE content in the obtained glasses was determined
by the Inductively Coupled Plasma - Atomic Emission
Spectroscopy (ICP-AES) [14]. The analysis was per-
formed on an iCAP 6300Duo polychromator spectrometer
(ThermoScientific, USA). For this purpose, glass samples
weighing 100—150 mg from the central part of cylindrical
rods were used. The content of terbium and dysprosium in
synthesized glasses, determined by the ICP-AES method,
differs slightly from the set value (Table 1). This is

due to a large error (4—30mg) weighing of small REE
concentrations.

The glass samples with which the transmission spectra
were measured in the mid-IR range on the Tensor 27
IR Fourier spectrometer were cut into rods with a length
~20mm. For measurements near the FAB edge with
absorption of more than 10cm~!, disks with a thickness
of 1 mm with plane-parallel sides were made of glass rods
polished on both sides. The spectra were measured using a
Perkin Elmer Lambda 950 spectrometer in the wavelength
range of 0.5—1.5um in the mode of measurement of
directional transmission and directional reflection (without
an integrating sphere). The micro-heterogeneity of the
glasses (the presence of crystals and heterophase inclusions
of micron size) was determined by optical microscopy. Mea-
surements were carried out on an Axio Imager microscope
M2m with a monochrome camera, sensitive in the visible
and near IR ranges, in transmission and reflection modes.

To determine the parameters of the FAB edge of the
studied glasses, the technique described in [15] was used.
For each sample with a given concentration of the REE ion,
the spectral dependences of the absorption coefficient and
refractive index in the wavelength range 4 = 0.5—1.5um
were calculated and determined: the optical band gap
energy (Eg), the parameter of the Urbach tail (Ey) and
the parameter of the weak absorption tail (Ew).

2. Measurement results

Fig. 1,a,b shows the transmission spectra of T(1)
measured for undoped samples of the composition
GasGeySbypSess, and for samples of the same composition
doped with Tb3* and Dy** with C = 0.3wt%. It can
be seen that the absorption bands of the doped samples
correspond to the wavelengths of transitions between the
energy levels of terbium or dysprosium (Fig. 1,¢,d). The
intensities of the absorption bands of these transitions
are different according to the different absorption cross-
sections of the REE ion [16]. The observed absorption
band in the region A = 4.5—4.6 um in the spectra of both
doped and undoped glasses arises due to the presence
of a Se—H bond due to the presence of impurity hydro-
gen [17].

Optical pumping of glasses doped with Tb**, is usually
performed in the absorption band with 1 =2um, and
infrared luminescence occurs from the levels F4 and ’Fs
at wavelengths 3 and 5.1um. For glasses doped with
Dy**, pumping is usually performed in the near IR
range in absorption bands with 1~ 0.8 [18], 0.9, 1.1
and 1.3um [19], and luminescence is observed at wave-
lengths 3.2 and 4.6um. In the CGs doped with Tb**
and Dy**, there are other radiative transitions at other
wavelengths in the mid IR [8], which are not shown
in Fig. 1,¢,d.

Transmission spectra measured near the FAB edge trans-
mission T(A) and reflection R(1) of the samples of glasses
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Figure 1. Measured transmission spectra of samples of undoped glasses of the composition GasGexSbioSess and samples of the same
composition doped with Tb ** (a) and Dy** (b). Energy levels and wavelengths of transitions of Tb ** (c) and Dy*" (d).
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Figure 2. Measured transmission and reflection spectra (inset) of samples of undoped glasses of the composition GasGezSbioSess, and

samples of the same composition doped with Tb*" (a) and Dy*" (b).

of the composition GasGeyoSbigSess, and also samples
of the same composition doped with Tb3* and Dy’*
with C=0.1, 0.2 and 03wt%, are shown in Fig. 2.
Noises in the wavelength range 0.8—0.9um are associ-
ated with the operation mode of the spectrophotometer
(switching of gratings in the spectrophotometer, as well
as changing the source and detector of radiation). In the
T(A) spectra of samples doped with Tb3*, there are no
absorption bands in the spectral region under consideration.
In the T(1) spectra of samples with Dy** characteristic
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absorption bands with minima at wavelengths 0.9, 1.1
and 1.3 um, corresponding to the absorption transitions of
the ion are shown, respectively: 6H15/2 — 6H5/2 +6F7/2,
®Hys/2 — ®H7/2 + ®Fo)2, *Hisja — SHojn + °Fi1/2 [20)].

It can be seen from the graphs in Fig. 2 that at a
given wavelength in samples with Tb?*, transmission and
reflection increase with the growth of concentration C.
In the samples with Dy**, the transmission is expected to
decrease in the absorption bands with an increase of C. The
transmission between the absorption bands of the undoped
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Figure 3. Images of samples obtained in the near IR range for undoped glasses of the composition GasGeaoSbioSess (a, b) and doped

Tb*" (¢) and Dy*" (d), C = 0.3 wt%.

samples is less than that of the doped ones, as in the spectra
shown in Fig. 1.

To explain the revealed features in the measured spectra
of samples with different concentrations of REE ions,
studies of the microstructure of glasses were carried out.
Fig. 3 shows microscopic images of samples obtained in
the near IR range. The figure clearly shows, as established
in [13], GeSe, crystals, and the content of such inclusions
in undoped samples is noticeably greater than in the doped
ones. In the undoped samples from the series with terbium,
the diameter of the observed crystals is 3—55 ym, and from
the series with dysprosium — 2-36um (fig. 3,a b).
Accordingly, the number of inclusions is equal to 8- 10*
and 9-10*cm™3. The scattering losses in the wavelength
range 1—7 um, determined by the method described in [21],
were 160 and 40dB/m. In the sample doped with Tb>*
ions with C = 0.3 wt%, the diameter of crystal inclusions is
also in the range of 3—55 um, but the number of inclusions
is 3-10*cm™3 is significantly lower than in the undoped
sample. The scattering losses are 40 dB/m. In the sample
with Dy** at C = 0.3 wt%, the diameter of inclusions in
the range 3—16 um, is less than in the undoped one, as is
the number of inclusions 4 - 10* cm~3. The scattering losses
are 15dB/m.

Thus, according to Fig. 3, as a result of doping glasses
of the composition GasGe,oSbjoSegs with REE ions at a
concentration of C = 0.3wt% the number of crystalline
inclusions has decreased compared to undoped glass. Since
measurements on a spectrophotometer in the near-IR range
were carried out without an integrating sphere, the values
of T and R of samples with different concentrations of
REE ions are determined not only by the reflection and
absorption of radiation in glass samples, but also by
the scattering of radiation on crystalline inclusions. The
scattering contribution is smaller in samples with fewer
crystal inclusions, i.e. with a higher concentration of REE
ions. For the same reason, in glasses with Dy** between
the ion absorption bands, the scattering is less in doped
samples.

3. Definition of the FAB edge parameters

3.1. Method of processing measurement results

According to the methodology described in [15], a two-
dimensional model of a plane light wave incident on a plane-
parallel glass plate was used to calculate T and R taking into
account multiple reflections from the sample surface with a
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Figure 4. The FAB edge of CGs: / — Tautz region; 2 — Urbach
tail; 3 — weak absorption tail.

thickness of d. As a result of solving the system of equations
for T and R, an expression for the attenuation coefficient can
be obtained:

1 (TP=(1=RP+ /4T + (1 -R2 —T2)’
a_——1n< T ();

d
where a = a? + a°, a® — absorption coefficient, @®> —
scattering coefficient.

Since in the spectrophotometer, when measuring reflec-
tion, unpolarized radiation falls on the sample at a small
angle ¢ = 8°, the Fresnel formula for the S-polarization
wave was used to calculate the refractive index n (at small
angles, the reflection coefficient practically does not depend
on the polarization of the radiation), and expression is

obtained
1 + vV R12 > : .2
n= cosz<p<7 + sin” . 2
\/ 1—-+VRps )
Here R;; — the coefficient of reflection from one face of

the plate is defined as

0.5
Rp=——(T?+1+2R-R?
12 2—R( + 1+

~JAR-2R+(1+2R-R+T2R).  (3)

The obtained expressions allow us to calculate the
spectral dependences of the absorption coefficient and the
refractive index from the values of T and R, obtained in the
measured spectra.

The optical properties of the CGs near the FAB edge are
determined by the structural features of the energy zones.
As in all non-crystalline semiconductors, there are bound
states of charge carriers inside the CGs band gap due to
the absence of long-range order in the molecular lattice and
the presence of defects (homopolar bonds, broken bonds)
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and impurities. Therefore, the dependence of the CGs
absorption coefficient on the photon energy hv (h — Planck
constant, v — radiation frequency) near the FAB edge
(Fig. 4) has an exponential decay region — the Urbach
tail. The specificity of CGs is the weak absorption tail [1,9].
In the region hv > E; (Tautz region), the absorption
spectrum is described by a parabolic dependence:

B(hv — Ey)?
aa: ( ~ g)’ (4)

where B — is the proportionality coefficient.
In the region Eg < hv < Ey (Urbach tail), the absorption
spectrum is described by an exponential function:

aa_agexp<hvE_UEg), (5)

where Ey — parameter of the Urbach tail, Eg — photon
energy at the boundary of the Urbach tail and the weak
absorption tail, ay = a®(hv = Ey), and Eg actually corre-
sponds to the high-frequency edge of the Urbach tail.

Unlike other non-crystalline semiconductors, CGs at
hy < Eg have a third region — a weak absorption tail.
The absorption spectrum here can also be approximately
described by an exponential function:

(hv - Eg) )
a = ay exp s
Ew

where Ey — parameter of the weak absorption tail,
ay =a?(hv = Eg). Usually ay ~ 1em™L.

The CGs band gap energy can be determined by plotting
the dependence In(a?) = f(hv) [15]. The linear sections
on this graph correspond to the Urbach tail and the
weak absorption tail, and the slope of these lines can
be used to find the parameters Ey and Ew. By the
high-frequency edge a® = ag of the linear section of the
Urbach tail, the value of Eg can be determined. Since in
FAB a4 ~ .10°—10* cm~!, the exact value of Eg is usually
obtained from measurements of the optical characteristics
of submicron films. For samples of greater thickness, the
measured values @ are much smaller. So, for the CGs
samples with a thickness of 1-2mm, it is not possible
to obtain the values of @® > 10?cm™! [15]. The Tautz
method [22], which is often used to determine the band
gap energy, gives accurate values of Ey only for single-
crystal semiconductors with a sharp FAB edge. For the CGs,
this method does not allow to obtain a sufficiently accurate
result, and therefore the value of Ey is determined at a given
absorption level. First, an approximate value of Eé is found
for some measured value of aé, and is then recalculated for
a given value ag by the formula

Ey = Eg + Eu In(ag/ag). (7)

The parameters Ey and Ew are determined by the slope
of the linear sections of the dependence In(a?) = f (hv),
respectively, at the Urbach tail and at the weak absorption
tail.
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Figure 5. Attenuation coefficient depending on the photon energy calculated for samples of undoped glasses of the composition
GasGeySbioSess (solid lines) and doped with Tb*" (@) and Dy’ (c). The figures (b) and (d) show the areas highlighted by rectangles

in figures (a) and (c).

3.2. Optical properties of glasses near the
FAB edge

Fig. 5 shows the dependences of the attenuation co-
efficient on the photon energy E, calculated by for-
mula (1) for all test samples. Due to the limited
sensitivity of the photodetector, it was not possible to
obtain values @ > 100cm™' when measuring the spectra.
We note that in the spectral region under consideration,
the value of @? in samples with Tb’* is determined
only by absorption of glass (Fig. 5,4, b), and in samples
with Dy3* — by absorption of both glass and dysprosium
ions (Fig. 5,¢ d).

In Fig. 5,a,d it can be seen that both at the Urbach tail
(E > 1.4eV) and at the weak absorption tail (E < 1.4¢V)
at a given photon energy, the attenuation coefficient is
greater for the undoped glasses than doped glasses (for
glasses with Dy**, regions outside the ion absorption bands
are meant), and in samples with Tb3* for a given photon
energy, the attenuation coefficient decreases with the growth
of C. In the samples, doped with Dy3*, the joint absorption
of glass and ion at the weak absorption tail leads to a more
complex dependence of a(C) outside the absorption bands.

In ion absorption bands a is expected to grow with its
concentration.

The estimates of scattering losses given above in
the description to Fig. 3 allow us to determine the
value «° and, thus, to establish the contribution of
absorption to the values of the attenuation coefficient
in Fig. 5. So, for undoped samples from the series
with Tb** @® = 0.37cm ™!, and for undoped samples from
the series with Dy** @®=0.1cm~!. In the sample
doped with Tb?* ions with C = 0.3 wt%, o = 0.1cm™!,
and in a sample with Dy’* of the same concentration
a®> =0.03cm™!. Then at the wavelength 1um for samples
from the series with Tb** we get a® = 0.41cm™! (un-
doped) and a® =0.03cm~! (doped with C = 0.3 wt%),
and for samples from the series with Dy’* at a
wavelength of 1.05um between ion absorption bands
a®=0.70cm™! (undoped) and a® =0.16cm~! (doped
with C = 0.3wt%). The obtained values a? allow us
to conclude that the absorption is higher in undoped
samples.

Fig. 6 shows the spectral dependences of the linear
refractive index of the studied glass samples near the FAB
edge, calculated by the formulas (2) and (3). At the

Optics and Spectroscopy, 2023, Vol. 131, No. 1



Optical properties of Ga— Ge— Sb— Se chalcogenide glasses doped with terbium and dysprosium ions... 19

a

2.76

Tb, C wt%

2.72
(Y
2.68 s
N N
2.64

2.60

2.56

Figure 6.

b
2.76 -
3 Dy, C wt%
e 0
2.72 8, |
S, wereens (0.2
Noseen,
2.68 ‘-:.- . 0.3
2.64
260F T : : :..' f.’.‘ '.\'-lq c®ee
L RN NG
2.56 |
0.8 1.0 1.2 1.4
A, um

Spectral dependences of the linear refractive index calculated for samples of undoped glasses of the composition

GasGeySbioSess (solid lines) and doped with Tb** (&), and Dy** (b).

3r  Tb,Cwt%
0

ceveces ().1

In a

1.4
E, eV

1.6

W
L |

Dy, C wt%
0

[\
L |

ceveces ().1

In o

E, eV .

Figure 7. The logarithm of the attenuation coefficient depending on the photon energy calculated for samples of undoped chalcogenide
glasses of the composition GasGeaSbioSess (solid lines), and doped with Tb*" (a), and Dy** (b).

FAB edge, the refractive index of all samples decreases with
wavelength, which corresponds to the normal dispersion of
the glass, but samples with Dy** have areas of anomalous
dispersion (in Fig. 5,b these areas are highlighted by
rectangles), which correspond to ion absorption bands at
A=~009,1.1,13um.

The refractive index of samples with Tb3* at the Urbach
tail (4 < 0.8um) increases with the ion concentration,
and at the weak absorption tail, there is no obvious
dependence on C. For the samples with Dy3* at the Urbach
tail, the refractive index of the undoped sample is less
than that of the doped ones, but no obvious dependence
on C was revealed both at the Urbach tail and at the weak
absorption tail.

Calculated by the Moss formula [23] value of the linear
refractive index in the low-frequency limit (v — 0) for the
mean value of Ey = 1.91eV (Table. 2) is ny = 2.55, which
is in good agreement with the values of n presented in Fig. 6
for large A and with the literature data [24].

2*  Optics and Spectroscopy, 2023, Vol. 131, No. 1

3.3. Determination of parameters characterizing
the FAB edge

The dependence of the function Ina on the photon
energy (Fig. 7) allows us to distinguish the Urbach tail and
the weak absorption tail for each sample. It can be seen that
for samples with Tb**, these regions are well approximated
by linear functions, the slope of which can determine the
parameters Ey and Ey. Samples with Dy?* have ion
absorption bands at the weak absorption tail. In this case,
the approximating linear function is constructed from the
dependence sections outside the absorption bands. The
calculated values of Ey and Ey are presented in Table 2.

We note that at the Urbach tail, due to strong absorption,
the scattering contribution is insignificant. Therefore, the
values of Ey can be determined by the formula (7), by
the absorption level ag = 10° cm~!. For the glasses doped
with Dy3*, the value of Eg was determined by the level of
ag =70cm™", and for the glasses doped with Tb**, by the
level of oy = 50 cm~!
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Table 2. Parameters of the edge of the FB glasses

Activator concentration (ag :Egi’()?c]m’l) Eu, eV | Ew, eV
0wt% Tb** 1.92 0069 | 0.72
0.1 wt% Tb** 191 0.066 | 0.69
0.2 wt% Tb** 191 0.067 | 048
0.3 wt% Tb>* 191 0.066 | 0.26
0 wt% Dy** 1.92 0.067 | 0.84
0.1 wt% Dy** 1.90 0.065 | 020
0.2 wt% Dy*" 191 0.067 | 035
0.3 wt% Dy*" 1.90 0.065 | 033

According to the results presented in Table 2, the
values of Ey and Ey vary within 1%, with a change
in the concentration of REE ions, which is within the
measurement error of the spectra. It can be concluded that
these parameters practically do not change when doping
glasses of this composition with an ion concentration up
to 0.3wt%. At the weak absorption tail, the attenuation
coefficient is determined by the contribution of both
absorption and scattering of radiation in the glass. The
values of the parameter Ey differ by more than 50%
for the undoped and doped glasses (Table 2, Fig. 8),
and Ew is greater for the undoped samples. In samples
with Tb3T, the value of Ey decreases with increasing ion
concentration.

4. Results and discussion

As a result of the studies, it was found that doping
of chalcogenide glass of the composition GasGeyoSbigSees
with terbium and dysprosium ions with a concentration of
< 0.3wt% practically does not affect such parameters of
the FAB edge of the glass as the Urbach energy and the
optical band gap energy. This means that the presence
of ions and crystalline inclusions in small concentrations
does not affect zone-zone transitions, which determine
the value of Ey. Transitions of charge carriers involving
bound states near the edges of the valence band and
conduction band, which determine the value of Ey, also
occur independently of the crystals content and activator.
This is due to a significant difference in the value of
Ey ~ 1.9eV obtained for this glass, and the energy of
REE ion transitions at wavelengths greater than 0.8 um
(Fig. 1,¢ d), not exceeding 1.55eV. Meanwhile, according
to the results obtained, such transitions occur in the region
of weak absorption of glass, where the main differences
in optical properties at different concentrations of the REE
ion are revealed. In particular, it was found that doping
of glass leads to a decrease in the parameter of the weak

absorption tail. Estimates of the contribution of scattering to
the calculated values of the attenuation coefficient obtained
from microstructural analysis allowed us to conclude that
the absorption coefficient is greater in the undoped samples.

Since the weak absorption tail corresponds to transitions
between bound states of charge carriers inside the band
gap, it can be concluded that the distribution of bound
states in the band gap depends on the concentration of
the activator, which is a consequence of structural changes
during glass doping. As noted in [14], in the glasses of
the Ga—Ge—Sb—Se system, Ga and Se atoms form GaSe4
tetrahedra, and the Ga—Se bond is closer to ionic than
other heteropolar bonds, such as Ge—Se, Sb—Se, Ge—Sb. A
certain number of homopolar bonds Ga—Ga should also be
taken into account. During doping, trivalent REE ions are
grouped near GaSey tetrahedra and actually act as charge
compensators. This can lead to a decrease in the density of
bound states in the band gap and, accordingly, a decrease
in the absorption coefficient at the weak absorption tail of
the glass.

With respect to micro-dimensional crystalline inclusions,
it can be assumed that, compared with the glassy state of the
same composition, their electronic properties are manifested
in a decrease in the probability of transitions at the Urbach
tail, and the band gap energy is comparable to Eg of glass.
The presence of such crystals in the glass matrix leads to the
scattering of radiation, and it is found that the concentration
of crystals and, accordingly, the scattering is greater in the
undoped glass of the composition under consideration.

One of the possible reasons for the presence of crystals in
undoped chalcogenide glasses is the presence of an oxygen
impurity in the form of Ge—O, which is the germ for the
growth of GeSe; crystals. More electropositive REE bind
oxygen [13] and inhibit crystal growth.

The study of two systems of doped glasses revealed
differences in the optical response near the FAB edge,
depending on whether the REE ions have absorption bands
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Figure 8. Parameter Ey depending on the ion concentration
for samples of glasses of the composition GasGeySbioSess doped
with Tb*" (H) and Dy** (D).
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in this region. Thus, at the weak absorption tail of glasses
with Tb*, the absorption coefficient is determined only by
transitions between bound states inside the band gap of the
glass, since there are no ion absorption bands here. When
pumped at a wavelength of 2 um, terbium ions practically
do not interact with the glass matrix. It should be noted,
that it was in optical fibers made of glasses with Tb>*
that the generation of laser radiation in the mid IR range
(at wavelengths 5.25 and 5.38 um) was first obtained [5,6].
Glasses with Dy?* have absorption bands at the weak
absorption tail of the glass. Therefore, when pumping at
wavelengths less than 2 um, energy transfer between ions
and bound states in the band gap is possible. It can
be assumed that it is for this reason that terbium ions in
selenide glasses have a luminescence lifetime in the mid IR
range several times higher than that of dysprosium ions [4].

5. Conclusion

It has been found, that doping of chalcogenide glasses
of the composition GasGeyoSbjpSegs with terbium and
dysprosium ions in low concentrations (up to 0.3 wt%)
practically does not affect the optical properties of the
glasses at the Urbach tail and the bandgap energy, but
at the weak absorption tail, the optical response of the
glasses depends on the concentration of the activator.
In particular, in this region, at a given wavelength, the
absorption coefficient is greater for undoped glass (outside
the absorption band of the REE ion).

It is shown that in glasses with dysprosium in the region
of weak absorption, the optical response is formed not only
by the glass matrix, but also by transitions between the
energy levels of dysprosium ions. The possible transfer of
energy between ions and bound states in the band gap of
glass can lead to the extinction of luminescence, which must
be taken into account when developing laser devices based
on such glasses.
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