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Abstract. Photoconductivity and photoluminescence of layered FeGalnSe, crystals at high
levels of optical excitation have been studied. It has been found out that decrease in the
lifetime at high excitation intensities is due to the high concentration of non-equilibrium
charge carriers generated by high-power laser radiation. The linear nature of the lux-ampere
characteristic of photoconductivity is due to the transition of carriers from the valence band
to the conduction band when FeGalnSe, crystals are excited by the second harmonic of a
neodymium laser. The photoluminescence band may be associated with a transition from
the conduction band to the valence band or with a radiative transition from the trap levels
below the bottom of the conduction band to the valence band.
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1. Introduction

Intensive development of semiconductor electronics
stimulates a detailed study of new properties of already
known substances as well as a search and study of new
semiconductor materials that meet modern requirements.
In this regard, new ternary compounds of the type
A"B,""X,Y" (where A is Mn, Fe, Co, or Ni, B is Ga or In,
and X is S, Se, or Te) containing elements with unfilled
d-shells are of great scientific and practical interest
[1-14]. These compounds have unique physical proper-
ties, which suggests their perspective for manufacturing a
number of new-class optoelectronic devices controlled by
magnetic field. Based on these compounds, Schottky
diodes have been created [6]. Moreover, nanostructures
from Feln,S, and MniIn,S, compounds have been
synthesized [7, 8].

Recent theoretical and experimental investigations
have shown that the mentioned compounds and
heterojunctions based on them are promising for photo-
voltaic, thermoelectric and photocatalysis applications
[9-11]. At the same time, it has been shown in [12] that
these compounds with a spinel structure of the Min,S,
type (where M is Mn, Fe, or Co) have practical
significance as a new type of anode materials for stable
storages of sodium and lithium ions.

The properties of the above-mentioned compounds
can be improved by changing their chemical composition
with cation and anion substitutions. As a result, new
materials with multifunctional electric, optical, and
magnetic properties can be obtained [13, 14]. This evi-
dences the relevance of the research aimed at obtaining
more complex phases and solid solutions based on AB,X;-
type compounds and studying their physical properties.

In this work, photoconductivity and photolumi-
nescence of FeGalnSe, crystals under laser excitation are
investigated for the first time.

2. Experimental

The starting compounds FeGa,Se; and Feln,Se, were
synthesized by fusing stoichiometric amounts of high-
purity elemental components purchased from a German
company Alfa Aesar. Syntheses were carried out in
quartz ampoules sealed and evacuated to a residual pres-
sure of 107 Pa at temperatures 20 K above the melting
point for 8 hours. Then the furnace was turned off.

The single-phase nature of the synthesized com-
pounds was confirmed by X-ray diffraction technique.
Based on the X-ray diffraction data, FeGa,Se, was
determined to have cubic crystallographic structure of
the space group F43m with a = 5.5006 A. Feln,Se, had
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trigonal crystallographic structure of the space group
R3m with the lattice parameters a=4.0219 A and
¢=39.161 A. The obtained characteristics were in good
agreement with the literature data [15].

FeGalnSe, was synthesized by fusing a 1:1 mixture
of the compounds mentioned above in evacuated quartz
ampoules, followed by long-term (500 hours) thermal
annealing at 800 K. The crystallographic parameters of
the FeGalnSe, lattice were determined from the analysis
of the diffraction patterns. It was found that this
compound crystallizes in a trigonal structure (space
group R3m, a=3.9290 A, and ¢ = 38.542 A), which is
consistent with the literature data [15].

X-ray phase analysis was carried out by recording
powder patterns on a “D2 Phaser” diffractometer. Crystal
lattice parameters were calculated and refined using the
EVA and TOPAS 4.2 programs (Bruker, Germany. CuKa.
was a radiation source, the angle range was 5° <260 < 80°,
and the shooting speed was 0.03°x0.2 min). To measure
the photocurrent, plates of the thickness ~0.1 mm were
cut from the obtained crystals. Contacts to the samples
were created by melting indium into the opposite
surfaces of this plate.

A pulsed YAG:Nd laser (L5Q29B) with built-in
2nd and 3rd harmonic generators, designed to generate
radiation with wavelengths of 1064 and 532 nm, was
used as a radiation source. The laser pulse duration was
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Fig. 1. Photocurrent relaxation curve measured at excitation of
the FeGalnSe, samples by laser radiation with #m = 2.33 eV at
300 K. I, quanta/cm?s: 1 — 10%%, 2 — 10%,

10%F

=N

Jy, arb. units

10°
10°

1'01 1I02
1, arb. units
Fig. 2. Lux-ampere characteristic of photocurrent of the

FeGalnSe, crystal at 300 K.

12ns and the maximum power in a pulse was
12 MW/cm?. The duration of photocurrent and laser
radiation pulses were recorded using a technique that
allowed single nanosecond pulses to be recorded on the
screen of a storage oscilloscope (Tektronix TDS-1002B).

3. Results and discussion

Fig. 1 shows photocurrent relaxation curves of the
FeGalnSe, samples measured under excitation by laser
radiation with o =2.33 eV (A =532 nm) at 300 K. The
photocurrent relaxation obeys the following exponential
law:

t

T
’

max

max
f

J; is the value of the photocurrent at time t, and t is the
lifetime of nonequilibrium current carriers, respectively.

At low excitation intensities (I ~ 10 quanta/cm?s),
the photocurrent relaxation curve reveals fast
recombination processes (Fig. 1, curve 1). Using the data
of this curve, the lifetime of non-equilibrium current
carriers, is estimated to be t; = 258 ps. With an increase
in the intensity of the excitation radiation
(1 ~ 10** quanta/cm®s), the lifetime of non-equilibrium
carriers significantly decreases, t,=135pus (Fig. 1,
curve 2). This decrease is apparently due to the
substantial increase in the concentration of generated
non-equilibrium charge carriers (t ~ 1/An, where An is
the concentration of non-equilibrium charge carriers).

The lux-ampere characteristic (LAC) of photo-
conductivity of the FeGalnSe, crystals is shown in Fig. 2.
As can be seen from this figure, the LAC of
photoconductivity is linear. It should be noted that the
band gap of the FeGalnSe, crystal is not determined. But
since Eq= 1.55 eV for Feln,Se, at room temperature [4],
Eq of the FeGalnSe, crystal should be close to this value.
Excitation of the FeGalnSe, crystals by the second
harmonic of a neodymium laser (Zw=2.33eV and
ho > Eg) induces transition of carriers from the valence
band to the conduction band and, hence, the LAC of
photoconductivity becomes linear.

where J is the maximum value of the photocurrent,
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Fig. 3. FeGalnSe, emission spectrum under excitation by the
second harmonic of a Nd:YAG laser (A = 1064 nm).
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Fig. 3 shows the emission spectrum of the
FeGalnSe, crystals under excitation by the second
harmonic of a YAG:Nd** laser (A= 1064 nm). The
spectrum reveals one narrow band with a maximum at
1156 nm (1.07 eV), covering the wavelength region of
1145...1170 nm. The photoluminescence band may be
associated with transitions from the conduction band to
the valence band or with radiative transitions from the
trap levels below the bottom of the conduction band to
the valence band [16, 17]. We note that a narrow band
with a maximum at 1259 nm was also observed in the
1255 to 1265 nm wavelength range of the emission
spectrum of a FeGalnS, single crystal [16].

4. Conclusions

In this work, photocurrent relaxation, lux-ampere charac-
teristic of photoconductivity and photoluminescence of
layered FeGalnSe, crystals excited by the second
harmonic of a pulsed YAG:Nd** laser were experimen-
tally investigated for the first time. The lifetime of non-
equilibrium current carriers was determined. It was
shown that the decrease in the lifetime at high excitation
intensities is due to the high concentration of non-
equilibrium charge carriers generated by powerful laser
radiation. The observed linear region in the lux-ampere
characteristic of photoconductivity is due to transitions of
carriers from the valence band to the conduction band
when the FeGalnSe, crystal was excited by laser
radiation with %® =2.33eV. The photoluminescence
band may be associated with transitions from the
conduction band to the valence band or with radiative
transitions from the trap levels below the bottom of the
conduction band to the valence band.
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Jesiki onroenexkTponHi BaacTuBocTi kpucrajiB FeGalnSe, npu s1azepHomy 30y/mKeHHi

N.N. Niftiyev, F.M. Mammadov, A.O. Dashdemirov, R.M. Mamedov, M.B. Babanly

Anorauis. JJocmimkeHo GoTonpoBimHICTh i PoToMOMIHECHIEHITiI0 B mapyBaTtux Kpuctanax FeGalnSe, mpu Brcoxmx
PIBHSAX ONTHYHOTO 30y/mKeHHS. BcTaHOBIIEHO, 1110 3MEHILCHHS 4acy KUTTS IIPH BUCOKUX IHTEHCHBHOCTSIX 30y/IKEHHS

3yMOBJICHE BHCOKOIO KOHIIEHTPAII€I0 HEPIBHOBAXHUX HOCIIB  3apsny,

TEeHEPOBAHUX TOTY)XKHAM JIa3epHUM

BUNPOMiHFOBaHHAM. JIIHIHHUN XapaKTep JIFOKC-aMIepHOT XapaKTePUCTUKH (OTOTPOBITHOCTI BUKINKAHO TEePEeX0JaMH
HOCIIB 3 BaJCHTHOI 30HM B 30HY MpPOBiIHOCTI mpu 30ymkeHHi kpuctaniB FeGalnSe, npyroro rapMoHiKoO
HeomuMoBoro Jasepa. Cmyra (oTodroMiHECIEeHIli MOXKe OyTH TOB’S3aHa 3 MepexoJaMH 3 30HH IPOBITHOCTI Y
BaJICHTHY 30HY 200 3 BUIIPOMIHIOBAJILHUMH IIEPEX0/IaMH 3 PIBHIB ITaCTOK, L0 JISKATh HIDKYE JHA 30HU IPOBIHOCTI, Y

BaJICHTHY 30HY.

KurouoBi caoBa: xpucranmu FeGalnSe,, mazepre 30ymkeHHS, (OTONPOBIAHICTH, penakcamis (OTOCTpyMy, IJIFOKC-

amIIepHa XapaKTepUCTUKa, (POTOIIOMIHECHEHITIs.
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