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PHOTOLUMINESCENCE OF CasGazS7:Eu?* COMPOUND
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The photoluminescence (PhL) properties of chalcogenide CasGazS7:Eu?* semiconductors in interval of impulse laser
excitation from 10 up to 10° VVt/cm? at room temperature are studied.

PhL of Ca4Ga2S7:Eu?* compound at excitation by radiation in range 450-575nm is characterized by essential
dominance of the band in the spectrum on 660 nm. PhL of CasGazS7:Eu?* compound on wave lengths 560 nm and 660nm
damps at constant times 258 nsec and 326 nsec correspondingly.
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INTRODUCTION

The preparation of high-production devices for
visualization and illumination which are able to
compete with traditional systems requires the creation
of luminophors with specific properties. This
necessity causes to development of new materials or
optimization of already existing luminophors.

In this aspect the triple alkaline-earth
chalcogenide semiconductors of 11-111,-V14 (11-Ca, Ba,
Sr; 11-Ga, Al; VI-S, Se) type activated by rare-earth
elements are perspective ones. In present, luminophors
of above mentioned system activated by Eu ions
attract investigators’ attention, as they have properties
required for comparably new technologies of plane
screens, screens of inorganic electro-luminescence
devices, including color TV and light sources [1 — 5].

Ca,Ga,S7:Eu?" compound belongs to the group
of high-performance luminophors with general
formula CanGa,S,:RRE (RRE is rare-earth element)
where n=4,56,..., m n-3 [6]. The compounds
activated by 4f elements in M — Ga — S(Se) system
can be active medium of semiconductor lasers,
luminescence lamps, color displays and other systems
of information mapping [7 — 9]. These compounds
have the forbidden band width 3,0-4,4eV and
effectively transform the electric field energy,
roentgen and ultraviolet radiations, and also electron
beams in visible light. The excitation spectrum of
given compounds covers the region from vacuum
ultraviolet up to 500 nm.

The investigation results of luminescence and
optical properties of the crystals of Ca;Ga,S; type
activated by Eu ions are shown in [10, 11]. The
chalcogenide semiconductor CasGa,S7:Eu?* can be
perspective luminophor for lighting devices on the
base of InGaN-LD, however its spectral characteristics
aren’t studied enough. For establishment of usage
possibility of this luminophor in such devices, it is
necessary the study of its spectrum stability and
radiation effectiveness in wide interval of excitation
levels which is dedicated the present paper.
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In the given paper the measurements of
photoluminescence (PhL) spectra in the dependence
on temperature and excitation level, excitation
spectrums of photoluminescence and time-resolved
photoluminescence spectra.

1. EXPERIMENT TECHNIQUE

The crystal samples CasGa,S; are synthesized by
solid-phase reaction of binary compounds CaS, Ga;Ss3
and EuFs; at temperature 1400K taken in
stoichiometric ratios in graphitized quartz ampoules
evacuated up to 10 millimeter of mercury.

The obtained polycrystals are grinded with
following deposition on quartz planes. The excitation
spectra of photoluminescence (EPhL) are measured at
excitation by monochromatic radiation of xenon lamp
at temperature 300 K. The influence of excitation level
on spectra and PhL efficiency in interval 10 -10°
Vt/en? is analyzed by integral PhL spectra of samples
at excitation and 50 nano-sec impulse radiation of
InGaN-LD on wave length 405 nm.

The investigation of damp Kkinetics of PhL
micropowder Ca,Ga,S7:Eu* (5 %) is carried out at
excitation by radiation of fourth harmonic of
femtosecond Yb:KYW-laser on 260 nm at room
temperature.

2. RESULTS AND THEIR DISCUSSION.
CasGa,S7:Eu?* (5 at.%) compound as a result of
electron transitions in ions of Eu?*- activator has PhL
in yellow-red range in the form of two wide radiation
bands with maximums on 560 and 660 nm at
excitation by radiation on wave length 337 nm at
room temperature (Fig.1., curve 1).

The excitation spectra of short-wave band of PhL
micropowder Ca,Ga,S7:Eu?* (5 at. %) near 560 nm
presents itself the wide band overlapping range from
250 up to 500 nm with maximum on 345 nm
according to Fig.1 (curve 1"). EPhL spectrum on 660
nm presents itself two wide bands overlapping
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spectral ranges from 250 up to 350 nm and from 400
up to 625 nm with maximums on 265nm and 470nm
correspondingly, as it is shown in Fig.1 (curve 2').

The essential differences of excitation spectra of
PhL bands near 560 nm and 660 nm allows us to
change the luminescence color of CasGa;S7:Eu?*
compound choosing the pumping source. As a result,
PhL of CasGa,S7:Eu?* compounds at excitation by
radiation in range 450-575 nm are characterized by

1.0

significant dominance of the band in the spectrum on
660 nm in correspondence with Fig.1 (curve 1).

The obtained damp kinetics of PhL bands with
maximums on 560 nm and 660 nm of CasGa,S7:Eu?*
(5 at.%) solid solutions are presented in Fig.2. The
constants of damping times near 560 nm and 660 hm
are 258 nsec and 326 nsec, correspondingly.
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Fig.1. PhL spectra (curves 1 and 2) and excitation PhL (curves 1’ and 2")
CasGazS7:Eu?* (5 at.%) compounds on wave lengths of excitation 337 nm (1) and 467 nm (2) and registration
560 nm (1") and 660 nm (2') at room temperature.
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Fig.2. Damp kinetics of PhL bands with maximums on
560 nm and 660 nm of CasGa2S7:Eu®* (5 at%)
solid solutions at dex = 260 nm and room
temperature.

CasGa,S7:Eu?* (5 at.%) compound has PhL in
yellow-red range in the form of two wide radiation
bands near 564 nm and 654 nm at temperature 10 K
and excitation by continuous radiation on wave length
405 nm in correspondence with Fig.3 (a). Note that
Eu?* ions in different matrixes have wide bands of
absorption and radiation. The radiation with wave
length from ultraviolet up to red luminescence is
observed in the dependence on matrix structure which
is activated by Eu?* ions [12]. 4f(3S)) configuration is
main unexcited state of Eu?* ions and 4f%5d
configuration is excited state of Eu?* ions. The
intensive luminescence in yellow (564 nm) and red
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(654nm) spectrum region is caused by 4f55d—4f(8S),)
electron transitions in Eu?* ions.

The temperature increase from 10K up to 300K
leads to widening of radiation bands of CasGa,S7:Eu?*
compound near 564 nm and 654 nm, blurring of their
structure and the shift on 5 nm and 8 nm in short-
wave side, correspondingly. The integral intensity
decreases on 40%.

The significant stability behavior of PhL
spectrum of CasGa;S7:Eu** compound in interval of
excitation level from 10 Vt/cm? up to 2.2-10° Vt/cm?
by impulse 50 nsec radiation of InGaN-LD on wave
length 405 nm that is seen in Fig. 4(a), is observed
[13]. PhL efficiency of Ca;Ga,S7:Eu** compound
saves its constant value in wide interval of excitation
level from 10 Vt/cm? up to 2-10* Vt/cm? as it is seen
in Fig.4 (b). The reversal efficiency decrease on 40%
takes place with further increase of pumping up to
4-10° Vit/cm?.

PhL Kinetics of Cas;Ga,S7:Eu?* compound at
room temperature and excitation level 2.2 uJ/cn? by
impulse radiation of Yb:KYW-laser on wave length
260 nm and duration 140 fsec is described by two
exponents with decay times 60 nsec and 240 nsec in
correspondence with Fig.5. The further increase of
pumping level up to 36 pJ/cm? leads to insignificant
decrease of constant time of fast component up to 57
nsec. The presence of fast component in kinetics of
PhL damping of CasGa,S7:Eu?*compound at
excitation by intensive laser radiation of femtosecond
duration, is caused by the presence of cross-relaxation
process that is character for semiconductor matrixes
activated by Eu?* ions.
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Fig.3. PhL spectra of CasGa2S7:Eu?*(a) compound and dependence of integral intensity of its PhL on temperature in interval
10 — 300K at excitation by radiation on wave length 405 nm with power density by order 1Vt/cm? (b).
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Fig.4. PhL spectra of CasGaz2S7:Eu?* compound at different excitation intensities 10 (1), 102 (2), 102 (3), 10* (4), 10° (5),
2.2-10° Vt/cm? by LD radiation on wave length 405 nm (a) and dependence of PhL integral intensity on excitation
level at 300 K (b).
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10%4 T;r It is shown that Ca,;Ga,S7:Eu?* (radiated in
di N — 15 yellow-red range) is the high-efficiency luminophors
= \‘“a at excitation by UV-blue radiation of LD and LED
'-% 1024 ™ (Light Emitting Diode) and have the high stability of
: \\, the form and position of PhL spectrum in the
o ~n, excitation level interval up to ~10* Vt/cm? with further
1014 L reversal PhL efficiency decrease that makes them
perspective ones for the use in the capacity of

luminophors excited by radiation of commercial

0001020304050607080510 AlGaN and InGaN lasers and light-emitting diodes for

I, usec formation of sources of coherent and non-coherent
radiation of “white” color with high values of colored
Fig.5. PhL damping kinetics of CasGazS7:Eu?* characteristics [14 — 16].
compound at temperature 300K and excitation The given paper is supported by Science
different levels by impulse radiation of Development Foundation under President of the
Yb:KYW-laser with duration 140fsec on wave Republic of Azerbaijan — Grant Ne EIF-BGM-3-
length 260 nm. BRFTF-2*/2017-15/01/1-M-04.
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