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PHOTOLUMINESCENCE PROPERTIES OF ZnIn;Se4
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The photoluminescence properties of ZnIn2Se4 were studied at 300K by use of confocal laser microspectrometry. For
the first time, edge luminescence with a maximum at 674 nm was observed. Nonlinear intensity dependence of the

photoluminescence on the excitation light is found.
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INTRODUCTION

Compounds A%B3,C5 (A — Zn, Cd; B — In, Ga;
C — S, Se, Te) crystallizing in the space group S2,
attract the attention of researchers in connection with
the possibility of their use in semiconductor
instrument making. Znin,Se; belongs to this defect
chalcopyrite family. It also attracts attention of many
researchers due to its potential application in various
fields such as solar cells [1], memory devices [2], etc.

The photoelectric and optical properties of
ZnInSe, were studied in [3-8]. From optical
measurements, the absorption edge was determined as
1.82 eV for direct transitions and 1.7 eV for indirect
transitions [3]. In [5], the optical absorption of Co
doped and undoped ZniIn,Ses single crystals were
studied. The bandgap values of undoped samples
determined from the spectra were 1.774 eV for direct
and 1.662 eV for indirect transitions at 300 K, and for
doped samples, these values were determined as 1.413
eV and 1.277 eV, respectively. Photosensitive
properties were studied in [4]. Photosensitive
structures based on In / n-Znln,Ses have been
obtained. In this work, the bandgaps of n-ZnIn,Se,4 for
direct and indirect transitions were determined as
Eaqr = 2.1 eV and Eing = 1.62 eV, respectively. The
photoelectric memory effect was discovered in [2],
where this effect is explained by the authors by the
presence of double-charged acceptor levels and makes
it possible for practical application as electro-optical
memory devices. The authors assume that ZniIn,Ses is
a direct-gap semiconductor with a band gap of 1.9 eV.
The optical properties of Znin,Se, films were studied
in [9]. The band gap for direct allowed optical
transitions is determined as 2.065 eV and for indirect
transitions as 1.69 eV. The calculated value of the
band gap is 1.85 eV (DC) and 1.72 eV (DF) for
Znln,Se, [10], for the ZnIn,Ses film from optical
absorption spectra, the band gap is determined as 2.21
eV [11].

Very little is known at present about the
luminescence of Znln,Ses. To our knowledge, the
luminescence properties were studied only in [12, 13]
in the temperature range 55-200 K. The authors
attributed the broad luminescence band at 1.28 eV to
the energy levels formed by complexes | and Vz, or
antisite defects of the Ag, Ba type.
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We have previously investigated the radiative
properties and energy levels in the band gap of
Znlny,Seys in a wide temperature range of 10-300K
[14]. The optical transmission of ZnIn,Se, have been
studied by us in [15]. The optical band gap at 293 K is
defined as 1.72 eV. The transmission spectrum is also
characterized by the presence of an absorption band at
850 nm.

In this work, in order to obtain additional
information about the luminescence properties of
Znln,Se4, we investigated photoluminescence at 300K
using a confocal laser microspectrometer.

EXPERIMENTAL TECHNIQUES

ZnIn,Se, crystals were synthesized by direct
fusion of the initial highly pure components Zn, In,
and Se in a stoichiometric quantities in graphitized
quartz ampoules silica tubes in a vacuum of about
104 mm Hg. pillar. X-ray diffraction measurements
were carried out on a Bruker D8 device. X-ray
analysis of the powder showed that ZnIn,Se,
crystallizes in a tetragonal structure with the space
group SZ and with lattice parameters a = 5.709 A,
c=11.449 A, §=1-c/2a=-0.0027. As can be seen, in
contrast to [16, 17], a slight tetragonal stretching of
the lattice was found, which is rarely found in crystals
of ternary compounds with tetrahedral coordination of
atoms and structures such as chalcopyrite and
thiogallate. Such a stretching of the ZnIn,Se, lattice
was also found in [4, 11, 18]. Figure 1 shows the
X-ray diffraction pattern of Znln,Se,.

The photoluminescence spectra were recorded on
a Nanofinder30 confocal laser microspectrometer
(Tokyo |Instr., Japan). Nd: YAG laser with the
wavelength of Ae=532 nm and a maximum power of
10 mW was used as an excitation source. The
radiation detector was CCD camera (1024 x 128
pixels), cooled by thermoelectric method to -100°C,
operating in the photon counting mode. The
experiments were carried out at room temperature.

DISCUSSION OF THE RESULTS

Fig. 2 shows the spectrum of Raman scattering
of light in Znln,Ses. The spectrum consists of eight
lines at 68, 87, 100, 133, 168, 193, 204, 240 cm.
These values of the frequencies of vibrational modes
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coincide with the frequencies determined from the
spectra of IR reflection and Raman scattering of light

from [19-21]. For comparison, Table 1 presents the

Frequency values (in cm?) of vibrational modes of ZnIn,Se4
Mode This work [19] [20] [21]
symmetry
R OR OR OR R
E 68 - 67/68 68 67
E 87 86 85/85 87 86
B, 100 100 101/104 102 99
A 133 135 - - 132
E 168 165 164/165 - 167
E, B, 193 - 196/203 - 193/199
E, B, 204 204 - 202
E, B, 240 242 213/242 221 212/242
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Fig. 1. X-ray diffraction pattern of Znin2Ses
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Fig. 2. Raman spectrum of ZnInzSes
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| values of the frequencies of the vibrational modes.

Table 1.
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Fig. 3. Photoluminescence spectrum of ZnlnzSes
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Fig. 4. Dependence of the photoluminescence intensity on the intensity of the exciting light in ZnIn2Ses

Figure 3 shows the photoluminescence spectra at
different intensities of the exciting light. As can be
seen from the figure, the spectrum consists of a band
at 674 nm (~ 1.84 eV) with a half-width of ~ 60 nm,
the half-width and position of which does not change
with the intensity of the exciting light. A sharp rise of
the band from the short-wavelength region and the
position of the maximum suggest that this is edge
luminescence. The stretched shape of the long-
wavelength part of the spectrum indicates the presence
of an impurity band in ZnIn,Ses in the 850-900 nm
region. The band at 850-900 nm is associated with
impurity levels caused by antisite defects, which are
characteristic for crystals of the A2B3C$ class [22].

| The temperature dependence of this impurity
luminescence band was investigated by us in [14].
This emission band, in terms of the position of the
maximum, slightly differs from the broad
luminescence band observed in [12, 13] at 1.28 eV. In
[12], the dependence of the intensity of this emission
band on the excitation level was also investigated, and
it was revealed that the dependence is characterized by
superlinearity; I, ~ I.;*, at high temperatures (200K),
and at low temperatures (90K), this dependence turned
out to be linear (Ip,~ I22°).
Figure 4 shows the dependence of the
photoluminescence intensity on the intensity of the
exciting light. As can be seen from the figure, the
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dependence has a nonlinear character I, ~ IZ.. It can
be assumed that the emission band is associated with
an interband radiative transition.

CONCLUSION

By using confocal laser microspectrometer, edge
luminescence in Znln,Se, with the maximum at 674
nm (1.84 eV) at 300 K has been detected for the first
time. A quadratic character of the dependence of the
luminescence intensity on the intensity of the exciting

light has been established. This study of the emission
properties shows that ZnIn,Ses is promising material
for use in optoelectronics.

ACKNOWLEDGMENT

This work was supported by the Science
Development Foundation under the President of the
Republic of Azerbaijan — Grant Ne EIF-BGM-3-
BRFTF-2+/2017-15/02/1

[1] F.J. Garcia and M.S. Tomar. n-CdS/p- ZniIn,Se,
thin film solar cell. Thin Solid Films, 1980 v. 69,
137-139.

J. Filipowicz, N. Romeo and L. Tarricone.
Photoelectrical memory effect in Znln,Ses- Solid
State Communications 1980, v. 38, 619-623.
J.A. Beun, R. Nitsche and M. Lichtensteiger.
Optical and electrical properties of ternary
chalcogenides. Physica, 1961, v. 27, 448-456.
A.A. Vaipolin, Yu.A. Nikolaev, V.Yu. Rud,

YuV. Rud, E.I. Terukov. Photosensitive
structures on ZnlIn2Se4 single crystals. Fizika i
texnika poluprovodnikov, 2003, v.33, N4, 432-
434,

Sung-Hyu Choe. Optical energy gaps of undoped
and Co-doped ZnIn,Se, single crystals, Elsevier,
Current Applied Physics, 2009, v.9, 1-3.

E. Fortin and F. Raga. Low temperature
photoconductivity of ZnIn,Ses and CdIn,Sey,
Solid State Communication, 1974, v.14, 847-
850.

P. Manca, F. Raga, and A. Spiga.
Photoconductivity of Znln,Se, and ZnlIn,Tey,
Short notes, phys. stat. sol. (a), 1973 v.16, KIO05.
P. Manca, F. Raga, and A. Spiga. Trap
distribution and photoconductivity in Znln,;Ses
and Znln,Tes, Nuovo Cimento, 1974, V.19 B,
N1, 15-28.

M.M. El-Nahass, A. Gusti, B. Dakhel and

H.S. Soliman. Growth and optical properties of
Znln,Se, films, Optica Pura Y Aplicada, 1991,
V.24, 117-125.

S. Reguieg, R. Baghdad, A. Abdiche,

M.A. Bezzerrouk, B. Benyoucef, R. Khenata, and
S.  Bin-Omran. First-Principles  Study of
Structural, Optical, and Thermodynamic
Properties of ZnIn,X, (X = Se, Te) compounds
with DC or DF Structure. Journal of Electronic
materials, DOIl:  10.1007/s11664-016-4831-
8 2016.The Minerals, Metals & Materials
Society.

M.M. El-Nahass, A.A. Attia, G.F. Salem,
H.AM.AI, M. Ismail. Effect of vacuum
annealing and substrate temperature on structural

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(0]

[10]

[11]

Received: 30.03.2021

11

and optical properties of ZniIn,Ses thin films,

Physica B, 2013, 425, 23-30.

E. Grilli, M. Guzzi, and R. Molteni,

Luminescence of ZnlIn,Ses crystals. Phys. stat.

sol. (a), 1976, 37, 399-406.

M. Guzzi and E. Grilli. Localized levels and

luminescence of  AB,X, semiconducting

compounds, Materials Chemistry and Physics,

1984, v.11, 295-304.

[14] H. Hahn, G. Frank, W. Klinger. Z. Anorg.
Allgem. Chem., 1955, v.279, 241.

[15] R. Trykozko, J. Filipowicz. Japan. J. Appl. Phys.
(Suppl. 19-3), 1980, v. 19, p.153-156.

[16] T.G. Kerimova, I.A. Mamedova, Z. Kadiroglu,
N.A. Abdullayev, M. Feldman. Temperature
dependence of photoluminescence of ZniIn,Ses,
AJP_Flzika (MTCMP-2018, Baku) 2018,
v.XXIV, N2, 33-36.

[17] T.G. Kerimova, S.G. Asadullayeva,

A.G. Sultanova, I.LA. Mamedova. AJF, Fizika,
2007, v. XII1, 4, 126-127.

[18] H.P. Trah and V. Kramer. Crystal structure of

zinc indium selenide, ZnIn,Se, Z. Kristallogr.,

1985, 173, 199.

V. Riede, H. Neumann, H. Schwerv, V. Kramer,

I. Gregora, V. Vorlicek. Infrared and Raman

Spectra of ZnlIn,Ses, Cryst. Res. Technol, 1993,

v.28, N5, 641 — 645.

H. Haeusele. FIR und Ramanspektren von

terndren Chalkogeniden des Galliums und

Indiums mit Zink, Cadmium und Quecksilber,

Journal of Solid State Chemistry, 1978, v.26,

367-376.

G. Attolini, S. Bini, P. P. Lottici, C. Razzetti.

Effects of Group 111 Cation Substitution in the

Raman  Spectra of Some  Defective

Chalcopyrites, Cryst. Res. Technol. 1992, v.27,

N5, 685-690.

[22] A.N. Georgobiani, S.1. Radautsan,

IM. Tiginyanu. Wide-Gap H-11-V14
semiconductors:  optical and photoelectric
properties and potential applications, Fizika i
texnika poluprovodnikov, 1985, v.19, 193-212.

[12]

[13]

[19]

[20]

[21]



