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Abstract. The purpose of this work is to study the photoluminescence spectra observed ZnSe:Cr?* and
ZnSe:Fe?* samples, is 6.1-10%° cm™ (sample 1) and 9.83-10* cm™ (sample 3), in samples of ZnSe:Cr,
and in ZnSe:Fe it is equal to 4.65:101° cm® (sample 2) and 7.27-10* cm™ (sample 4) respectively.
Presented a wide luminescence spectrum covering the energy range of range 0.8-1.5 um at room
temperature (T = 300 K)The samples were excited by light with a wavelength of 532nm (Nd:YAG) and
642 nm, and the luminescence spectrum showed maxima for all samples at a wavelength of 974 nm, but
they differed in intensity and half-width. All broad luminescence spectra obtained during measurements
were decomposed into Gaussian components. At the same time, the characteristics of the Gaussian
components were determined: spectral position, i.e. Amax and intensity at these maxima, half-width of
maxima. The results obtained carefully analyzed.
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1. Introduction

At present, a group of compounds is considered very promising as semiconductor
materials of the near future, as evidenced, in particular, by many interesting studies of
these materials (Asadullayeva et al., 2022; Tagiyev et al., 2009; Mursakulov et al., 2022;
Abbasov et al., 2022; Bayramov et al., 2019; Mammadov et al., 2020; Ismayilova et al.,
2021). This is due to the combination of the physical properties of these compounds,
which make it possible to create unique devices for optics, optoelectronics,
acoustoelectronics, nanoelectronics, laser technology, and the detection of ionizing
radiation. At the same time, Recently, interest has increased in studying the effect of
transition metals, including Cr?* and Fe?* ions, on the electronic structure of zinc
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chalcogenides, since they can improve the use of these materials as a working medium
for broadband IR lasers, i.e. based on these ZnSe : Cr and ZnSe : Fe crystals, efficient
laser generation operating at room temperature (T = 300 K) can be successfully
implemented. Radiative are mainly intracenter d-d-junctions described by crystal field
theory (Fedorov et al., 2006; Sorokina et al.., 2002; Mirov et al., 2015; Page et al., 1997;
Balabanov et al., 2019; Kozlovsky et al., 2007; Sugano et al., 1970). The available works
are devoted to the study of the middle infrared (IR) range, mainly at low temperatures.

In this work, we study the photoluminescence spectra observed upon excitation by
semiconductor lasers (Aex = 532, 642 nm) of two chromium-doped ZnSe CVD samples
and two iron-doped CVD samples in the wavelength range of 0.8—1.5 um, i.e. in the near
infrared (IR) range, at room temperature (T = 300 K). All the wide spectra obtained during
the measurements were decomposed into Gaussian components and analyzed.

2. Methods and experiments

Fe and Cr film was deposited on both sides of ZnSe CVD samples by electron beam
evaporation, then diffusion doping was carried out by HIP (hot isostatic pressure)
treatment. Chromium and iron cations replace Zn?* in the crystal lattice of zinc selenide
with the Fe?* and Cr?* charge states neutral with respect to the lattice, and the equality of
the charge states of the matrix and impurity cations contributes to a smaller deformation
of the crystal lattice

The maximum concentration of chromium and iron impurities, determined by the
shift of the absorption edge in the ZnSe:Cr?* and ZnSe:Fe?* samples, is 6.1:10*° cm
(sample 1) and 9.83-10* cm (sample 3), in samples of ZnSe:Cr, and in ZnSe:Fe it is
equal to 4.65-10'° cm™ (sample 2) and 7.27-10'8 cm™ (sample 4) respectively (Abbasov,
2022).

The radiation was recorded using an MS5204i monochromator spectrograph (SOL
Instruments) with a diffraction grating of 1800 lines/mm and detected using an ANDOR
IDUS CCD detector (model DU491A 1.7). The PL spectra were plotted after correction
for the spectral sensitivity of the detecting system.

3.  Results and discussion

The samples were excited by light with a wavelength of Lex = 532 and 642 nm, and
the luminescence spectrum showed maxima for all samples at a wavelength of 974 nm,
but they differed in intensity and half-width. In addition, as can be seen from Fig. 1,2
along with more intense and broad lines with maxima Amax=974 nm, the spectra contain
peaks in the wavelength range 1.26-1.3 um with a weak intensity. In the CVD ZnSe
sample doped with Cr atoms (sample 2), where the concentration of Cr atoms is lower
than in the other sample (sample 1), upon excitation with light Aex = 532 and 642 nm,
different spectra are observed (Fig. 1). The intensity of the maximum Amax = 974 nm
doped with Cr atoms (sample 2), upon excitation with light Aex = 642 nm, has the largest
and minimum intensity upon excitation with light Aex = 542 nm, and for sample (sample
1) the intensity of the maximum Amax = 974 nm upon excitation with light Aex = 542nm
more than when excited by light Aex =642nm.

In the CVD ZnSe sample doped with Fe atoms (sample 4), where the concentration
of Fe atoms is lower than in the other sample (sample 3), upon excitation with light Aex =
532 and 642 nm, different spectra are also observed (Fig. 1). The intensity of the
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maximum Amax = 974 nm, doped with Fe atoms (sample 4), upon excitation with light Aex
= 642 nm, has the highest intensity than upon excitation with light Aex = 542 nm, and is
also observed for the sample (sample 3), but the intensity of the maximum Amax =974 nm
in the sample (sample 4) is greater than for the sample (sample 3).
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Fig. 1. PL spectra of polycrystalline CVD ZnSe: Cr?* with concentration 6.1-10'° cm (sample 1) and
4.65-10%° cm® (sample 2) respectively when excited by semiconductor lasers (Aex = 532, 642 nm))
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Fig. 2. PL spectra of polycrystalline CVD ZnSe: Fe?* concentration 9.83-10'® cm (sample 3) and
7.27-10% cm® (sample 4) respectively when excited by semiconductor lasers (lex = 532, 642 nm))

More intense bands with a maximum at Amax = 974 nm in the ZnSe:Fe?* spectra are
observed upon excitation at Aex = 642 nm in a sample with a low Fe?* concentration, i.e.
in in ZnSe:Fe?* (sample 4). And in ZnSe:Cr?* samples, this is observed at a high Cr?*
concentration, i.e. in ZnSe:Cr?* (sample 1), also upon excitation with light Aex=642 nm.

The ions of the Fe?* (3d®) atom and the Cr?*(3d*) chromiums have a similar
electronic configuration. It is known that the tetrahedral environment of the legends in
zinc chalcogenides leads to the splitting of the °D singlet level of the transition metal Fe*
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and Cr?* due to the effect of the crystal field on doublet °E and triplet °T> (Fig.3). In this
case, for Fe?*, the ground state is °E, and °T is the first excited state (Fig.3a), but vice
versa for Cr?* (Fig.3b) (Peppers et al., 2015).
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Fig.3. Energy levels and energy transfer mechanisms of Fe?* (a) and Cr?* (b)

Using a light-induced electron spin study (photoexcited EPR), it was shown that the
energy levels of Fe* in the band gap of ZnSe are located at a distance of 1.1 eV above
the top of the valence bands, and for Cr?* -1.9 eV (Surma et al.,1994).

Previously, the authors of (Kozlovsky et al., 2007; Sugano et al.,1970; Ushakov et
al., 2021) reported that the maxima in the spectra were observed at Amax = 974 nm only at
nitrogen temperatures and, according to their results, this emission is associated with
intracenter radiative transitions in Fe?*z, centers between levels with different values of
the spin *T1(*H)—°E(°D), which corresponds to 10267 cm™. The authors of (Kozlovsky
et al.,2007; Sugano et al.,1970) also observed maxima in the wavelength range 1.26-1.3
um at low temperatures and reported that they are associated with the 3T1(*H)—°T.(°D)
radiative transition.

In ZnSe : Cr?* samples (sample 1, 2), radiation is also associated with intracenter
radiative transitions in Cr?*z,  centers between levels with different values of the spin
3T1(CH)—>T2(°D), which corresponds to 10267 cm™. And the authors of (Kozlovsky et al.,
2007; Sugano et al., 1970) also observed maxima in the wavelength range of 1.26-1.3 pm
at low temperatures and reported that they are associated with the radiative transition
ST1(CH)—E.

We observed these maxima at T=300K upon excitation by semiconductor lasers
(hex = 532, 642 nm), which can be taken as subgap excitation for ZnSe:Fe?* and
ZnSe:Cr?*, since subgap excitation can lead to intracenter luminescence of iron

(Kozlovsky et al., 200; Sugano et al., 1970; Kulik et al., 2010). The maxima in the
wavelength range 1.26-1.3 um in the ZnSe:Cr?* (sample 1) and ZnSe:Fe?* (sample 4)
samples upon excitation with light Aex = 642 nm are observed in a doublet form. All this
shows that wide spectra in the wavelength range of 0.8-1.5 um (Fig. 1,2) are not
elementary, and therefore such complex spectra are decomposed into Gaussian
components and, at the same time, the question of the structure of luminescence centers
solved for each of the separated components. It is assumed that the differences in the
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integrated spectra arise only due to a change in the relative contribution of the intensities
of the individual components.

The decomposition of the spectra (Fig. 1,2) into Gaussian components is shown in
Fig. 4, 5 and the characteristics of the components are in tables 1,2. As can be seen, the
expansions of the luminescence spectrum for sample (sample 3) upon excitation Aex = 532
and 642 nm are the same, consisting of only two components, respectively, 967, 1029 nm
and 968 , 1031 nm.(Fig.4a, Table 1). And for the sample (sample 4), with the same
excitation, the decomposition of the spectra is also the same and consists of three
components, respectively, 922,965,1018 nm and 922,967,1019 nm (Fig.4b, Tablel). The
amplitude and half-width of the short-wavelength component (922 nm) in both cases are
small compared to the long-wavelength component. A more complicated structure of the
spectrum decomposition in this case is related to the fact that the concentration of Fe
atoms in this sample is low compared to sample (sample 3), which leads to an increase in
the concentration of vacancies in the cationic sublattice.
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Fig. 4. Decomposition of spectra CVD ZnSe: Fe?* (sample 3,4) ; Fig.2) into Gaussian components:
a) sample 3, b) sample 4

For samples ZnSe : Cr?* (sample 1, 2 Table 2), the decomposition of the spectra
observed at the same excitation Aex = 532 and 642 nm gives very close results (Fig.5 a,b),
each decomposition consisting of four component with maxima in the wavelength region:
the first component in the 918— 930 nm, the second in the region of 954-969 nm, the third
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in the region of 1000-1025 nm, the fourth in the region of 1090-1126 nm. Despite the
weak and heavy doping of the samples ZnSe : Cr?* (sample 1, 2) and excitation by various
sources (Aex = 532 and 642 nm), all decompositions of the spectra for the samples ZnSe :
Cr?* (sample 1, 2; Fig.5 ) have a complex structure and, in comparison with the
decomposition of the spectra for the samples ZnSe : Fe?* (sample 3, 4), they exhibit long-
wave mixing in the wavelength range from 1.030 to 1.126 um. In both cases, the
maximum luminescence intensity was observed at weak doping with Fe, Cr atoms, i.e.
ZnSe : Fe** (sample 4) and ZnSe : Cr?* (sample 2) and upon excitation with a
semiconductor laser Aex = 642 nm. It is assumed that under heavy doping and with Fe and
Cr atoms in CVD ZnSe, concentration quenching of luminescence occurs.

Table 1. Characteristics of Gaussian components for the luminescence spectra of samples
ZnSe:Cr?*(sample 1, 2)

ZnSe: Cri™ ZnSe: Cr*™
0Cr:6.1-10! em-? (samplel) nCz: 4.65-10! cm? (samplel?)
Jex =532 | Jpznm Maximum | Half- Jam 1ML Maximum | Half-
(2.33eV) | (eV) intensity | with (eV) intensity with
(nm) (nm)
023 (1.34) | 3900 15 030(1.33) | 4348 22
061(1.29) | 10125 36 069(1.28) | 0653 36
1020(1.22) | 8576 55 1024(1.21) | 6224 26
1092(1.14) | 3509 80 1093(1.13) | 4236 85
ley =642 [ 918(1.35) [ 2350 17 027(1.34) | 5368 34
(1.93eV) | 954(1.3) 6698 66 066(01.28) | 14285 72
1000(1.24) | 10189 06 1025(1.21) | 11880 113
1090(1.24) | 3711 29 1026(1.1) | 5115 187

Table 2. Characteristics of Gaussian components for the luminescence spectra of
amples ZnSe:Fe?* (sample 3, 4)

ZnSe: Fet ZnSe: Fet*
nFe-9 83-101 cm 3 (sampled) nFe: 4 65-10!2 cm? (sampled)
Fex =332 | hoynm Maximum | Hali- Aoy nm Maximum | Half-
(2.33eV) | (eV) intensity | with (eV) intensity | with
(nm) {(nm)
967 (1.28) | 2248 40 932(1.35) | 2504 14
2008 965(1.28) | 4866 3§
2890 58 1018(1.22) | 4198 61
1029(1.21) | 2445 922(1.35) | 2766 14
by = 642 2350 41 7005
(1.93eV) | 968(1.28) | 6698 967(1.38) | 5572 39
10189 59
1031(1.2) | 3711 1019(1.22) 61
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Fig. 5. Decomposition of spectra CVD ZnSe: Cr?* (Sample 1, 2; Fig.1) into Gaussian components:a)
sample 1, b) sample 2

4. Conclusion

For samples ZnSe:Cr?* (sample 1, 2), the decomposition of the spectra, observed at
the same excitation Aex = 532 and 642 nm, gives very similar results (Fig. 5 a, b), and
each decomposition consists of four components: t .e. have a complex structure compared
to the decomposition of the spectra of samples ZnSe:Fe?* (sample 3, 4), where for sample
sample 3 it consists of two, and for sample 4 of three. In both cases, the maximum
luminescence intensity is observed with weak doping with Fe and Cr atoms, i.e.
ZnSe:Fe?* (sample 4) and ZnSe: Cr?* (sample 2) and when excited by a semiconductor
laser Aex = 642 nm. It is assumed that when heavily doped with Fe and Cr atoms in CVD-
ZnSe, concentration quenching of luminescence occurs.
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