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The thermoluminescence of EuGazSa: Er3* crystal was investigated in the temperature range 110-310K at various heating
rates using thermo-lighting curves. The thermal ionization energy, frequency factor were determined and the parameters of
thermo-lighting method (dispersion, resolution, light power) were calculated. It was shown that, the thermoluminescence
intensity increases and the maxima of the emission curves shift toward higher temperatures with an increase in the heating rate

of the samples.
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1. INTRODUCTION

The luminescence of Er®* ions has been studied in
various crystal matrices. Of particular interest is the
emission of Er¥*, due to the intra-center transitions of
4f electrons in thel530-1560nm range [1], promising
for use in fiber-optic communication. Materials
containing Er®* can be used to make planar optical
amplifiers and lasers.

The EuGazSsEr compound belongs to the
extensive class of substances with the general formula
AB,"'C,V! (A=Eu, Yb, Sm; B=Al, Ga, In; C=S, Se, TI)
and belongs to the tetragonal syngony (space group
Fddd), with lattice parameters equal to: a=20.7164,
b=20.4044 and c=12,2004 [2]. The results of photo-
and thermoluminescence studies and the temperature
dependences of the luminescence intensity in
EuGa,S4:Er crystals are presented in [3-8].

The presentedwork is devoted to the study of
thermoluminescence (TL) in EuGa,S4Er®* crystals by
using thermal glow curves, on the basis of which some
parameters of the trap levels and the thermo-lighting
method are calculated.

2. EXPERIMENTAL PROCEDURE

The EuGa,S; crystals were synthesized from
binary EuS and GasS; compounds taken in
stoichiometric ratios in evacuated to ~104+10° torr
quartz ampoules by the solid-state reaction method.
The synthesis was carried out at 1400 K temperature for
10 hours, after which the sample was placed on H,S
medium, which contributed to an improved placement
of Er® ions in the matrix. Thermoluminescence was
investigated according to the method which described
in [9]. The samples were excited with a PRK4 mercury
lamp for 3 min at liquid nitrogen temperature.
Thermoluminescence curves were recorded at various
heating rates in the110-310K temperature range.

3. RESULT AND DISCUSSION

TL spectrum of EuGa,S4:Er3* crystals are given in
fig.1, taken at different heating rates, and fig. 2 shows

131, H.Javid ave, AZ-1143, Baku
ANAS, Institute of Physics
E-mail: jophphysics@gmail.com

48

the general view of this spectrum. It can be seen that
the spectrum has a wide band and covers a temperature
range of 110-310K.
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Fig.1.Thermoluminescence spectra of EuGa:Ss Erd*
(Er=T7at.%) at different heating rates g, K/s: 1- 0.26, 2—
0.67, 3-1.35, 4-1.96.

The position of the maximum temperature Ty, of
the spectrum depends on the heating rate 5: T takes
values of 184, 194, 202, 215K for heating rates of 0.26;
0.67; 1.35; 1.96 KIs, respectively. The obtained
measurement results were analyzed on the basis of the
theory and model described in [10-14], according to
which the observed maxima are characteristic of
ternary alkaline-earth and rare-earth chalcogenides
belonging to the A"B,"'C,V' group. It has been
established that the TL spectra are caused by electron
traps with a quasicontinuous distribution of levels in the
energy range of 0.1-0.3eV. Note that on the TL curve
from the high temperature side at f=0.26K/s, a weak
peak is observed at 221K, which is easily eliminated by
the thermal purification method proposed in [15].

A number of very important parameters of
trapping centers can be determined based on the
obtained experimental results: thermal ionization
energy (Ey), frequency factor (po), TL spectrum half-
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width (d2), etc. From the equation of the thermo-
lighting curve for intensity [9,16].
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Fig. 2. General view of TL spectrum

Where no is the total light sum stored at the capture
levels of given depth; po-frequency factor is
proportional to the frequency of effective collisions
capable of freeing electrons from trapping levels; E; is
thermal ionization energy (capture depth); Kk is the
Boltzmann constant(0.86-10* eV.K'); T is absolute
temperature.

Assuming the presence of levels of the same depth
and without re-sticking of electrons (the
monomolecular nature of the luminescence kinetics),
we can calculate the values of the thermo-lighting
method: dispersion, resolution and luminosity.

According to [9] the method for dispersion

thermo-lighting accept value of D = dTm/dEt which
characterizes how far the maxima of thermo-lighting
peaks T are located from each other.

Under the conditiondl /dT,_; =0 from the

expression (1) it turns out that
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from (2) it follows that
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Here T is the temperature on the decreasing part of the
thermo-lighting peak, at which, fo is the sample
heating rate (K/s); d is the half-width of the spectrum
from the high-temperature side.

Since po is considered constant for a given
phosphor [16] (it varies little with temperature),
according to (5), the dispersion of the method is almost
constant across the entire energy spectrum at constant
ﬂo and 0.

The resolution of the thermo-lighting method is
characterized by magnitude.Neglecting the asymmetry

of the thermo-lighting peaks at and assuming 6~24-,
from (3), (4) and (5), it is obtained that

_ 1 Po 6
R_2Et In[ﬂ0 52] (6)
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From (6) it follows that the resolution of the method is
not constant in the energy spectrum: the resolution
decreaseswith an increase in E:.

For the luminosity of thermo-lighting take value

P=1,/n,. From (3) and (4), neglecting the
asymmetry of the thermo-lighting peaks, we have:

k
In =noBo 3 n (226,) @
accordingly,

a_ g k(P 6
no = f, 2E In(ﬂoﬁzJ (8)

It follows that the luminosity of the method is not
constant in the energy spectrum: with an increase in E,
the luminosity decreases.

E: and po must calculating firstly to calculate the
values of D, R, P, for which different independent
methods were proposed, one of which is to find them at
two different rates [11,16]. Indeed, having designated
the sample heating rate in 1 in one experiment and in
Tm; the position of the maximum of the emission
intensity at this velocity and, respectively, in g, and
Tm,, the same values for the second experiment will be:

KTyna® .In BiT3 m2 (9)
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Table 1.

The results of calculations using these formulas are given in tablel.
Thermal ionization energy, frequency factor.

TTapamerpsr $1=0,67; Tm=194 $1=1,35; Tm=202 $1=1,35; Tm=202
$2=0,26; Tm2=184 £2=0,26; Tm2=184 $2=0,67; Tm2=194
[f, K/5; Tm, K [f, K5, Tm K ﬁ, Kis;  Tm K
Et, eV 0,26 0,26 0,27
po, ¢t 3,1-10° 3,4-10° 3.4-10°

In [16] and [17], other formulas are given for finding E: and po, namely: E, = AKT_, in which A=15
according to our calculations and 4=15+30 according to [18] and

T E E
In M =— 4+ 1n t (11)
L KT, KT,
The numerical values of E; and po determined from these formulas are given in Table 2.
Table 2.
Thermo-lighting parameters
5, K| TmkK 55, K | EzeV | po, ¢! | D, KieV | Rel P 1
0.26 184 12 0.24 | 1.0.10° 738 32 7.1.10%
0.67 194 13 025 |1,7,10° 775 30 1,7.103
1.35 202 14 0,26 |3.3.10° 775 29 3.3.10°
1.96 215 15 0,28 |5.2.10° 768 27 4,5.10°
28 - ! The thermal activation energy E: was also
- lgI4 determined from the initial increase in the intensity of
2,6 1 the TL curves, which varies with temperature according
2.4 to the 1=10e ®XT law. The dependence of | on T plotted
—_— in Inl coordinates from 1/T is represented by a straight
e 2 line (Fig. 3), the slope of which gives the value E; =
L 0.2-0.3eV. The overlap of nearby trap levels,
1.8 - 1 unfortunately, made it difficult to estimate the
parameters of their capture cross section.
1,6 1 Finally, after the values of E:; and po were
1,4 A TZ
. m
12 - calculated, as well as the half-width 0, = = (3) for
t
L 6I‘< 7'5 which 1=0.5ly , the dispersion (D), resolution (R) and
% 1006-’T i luminosity (P) were calculated using the above

Fig.3. Temperature dependence of the intensity of
thermoluminescence EuGazS4:Er®* (Er = 7 at.%), at
various heating rates g, K/s: 1-0.26, 2-0.67, 3-1.35,
4-1.96.
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formulas (5), (6) and (8) (Table 2).
CONSLUSION

Thus, in EuGa,S4:Er3*
thermoluminescence was

crystals,
investigated at various
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heating rates by using thermal emission curves.The
thermal ionization energy, frequency factor were
determined, the parameters of the thermal lighting

method  (dispersion,
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resolution, aperture) were

calculated. It is shown thatthe thermoluminescence
intensity increases and the maxima of the emission
curves shift toward higher temperatures with an
increase in the sample heating rate.
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G.S. Haciyeva, F.A. Kazimova, T.S. ibrahimova, O.B.Tagiyev

EuGazS4:Er¥* KRISTALLARINDA TERMp-isIQLANMA USULUNUN PARAMETRLORINO
QIZMA SUROTININ TOSIiRi

110-310K temperatur inervalinda vo qizma siirotinin miixtolif giymatlorinde EuGazSa:Er®* kristallarinda termik
isiqlanma ayrilorinin komayi ilo termoliiminessensiya hadisasi 6yronilmisdir.

Termik ionlagma enerjisi va tezlik faktoru hesablanmis, termik isiglanma metodunun parametrlori (dispersiya, ayirdetma
gabiliyyati, isiq siddeti) toyin edilmigdir. Gostorilir ki, qizrma siirotinin artmasi ilo niimunads termoliiminessensiyanin
intensivliyi artir vo liiminessensiya ayrilorinin maksimumu daha yiiksok temperaturlara dogru siirtisiir.

I'.C. 'agxuena, ®.A. KazsimoBa, T.I11. U6parumoBa, O.b.Tarues

BJIMSTHUE CKOPOCTHU HATPEBA KPUCTAJLJIOB EuGazSs:Er®*
HA ITAPAMETPBI METOJA TEPMOBBICBEUNBAHUS

B mmnamasone temmeparyp 110-310K mpum pa3snuuHBIX CKOPOCTSIX HAarpeBa C HMOMOINBIO KPUBBIX TEPMHYECKOTO
BHICBEYMBAHMSI CCIIEI0BAHA TEPMOJTFOMUHECIIEHINS KpucTamios EUGa2S4:Er*. Onpesenenb! sHEprHs TEMIOBOH HOHU3AINHY,
YaCTOTHBIN (DAKTOp, PAcCCUMTAaHBI NApaMeTPhl METOJa TEPMOBBICBEUMBAHHSA (JHUCHEPCHs, pPa3pelIaromas CHOCOOHOCTS,
cBerocuia). IToka3aHo, 94TO ¢ yBeIMYEHHEM CKOPOCTH HarpeBa 0Opas3IloB MHTEHCHBHOCTH TEPMOTIOMHHECLECHIIUN PAcTeT H
MaKCUMyMBbI KPUBBIX CBEUCHHUS CMEIIAIOTCS B CTOPOHY BBICOKHX TEMIIEpATyp.
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