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Photoluminescence of solid solutions GaSi-xSex<Er> 0.1at% (X=0.20) irradiated with
gamma-quanta
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Abstract: It has been investigated the photoluminescent properties of undoped and rare-earth element
erbium - doped solid solutions GaSixSex<Er>0.1at% irradiated with gamma-quanta. Erbium doping
reduces the photoluminescence intensity in solid solutions. After irradiation D, = 100 krad, the
photoluminescence intensity increases. An increase in the photoluminescence intensity in irradiated solid
solutions is explained by a decrease in the concentration of centers responsible for the fast recombination
channel and associated with lattice defects.
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1. Introduction

Recently, chalcogenide semiconductors activated by rare earth elements have been
intensively studied. Doping of semiconductor materials with rare earth elements gives them
photoconductive and luminescent properties [1-3]. The increased interest in these compounds is
caused by the fact that, despite the strong defectiveness, they have high photosensitivity to
visible, ultraviolet, X-ray, and gamma radiation [4, 5]. The nature of luminescence in the visible
region of the spectrum and, in particular, green luminescence, despite a huge number of studies,
is still a subject of discussion. Taking this circumstance into account, this work presents the
obtained experimental data, which makes it possible to develop an approach to understanding the
nature of luminescence in GaS1-xSex<Er>0.1at%.

2. Methods of the experiment

The effect of y-radiation with an energy of E=1.33 MeV and a dose of D, = 0, 30, 100
krad on the photoluminescence properties of solid solutions GaSixSex<Er>0.1at% was
investigated. The investigated solid solutions with a resistance of 10° ohm at room temperature
were grown by the Bridgman method. Erbium doping was carried out during the growing
process. The samples were irradiated using a Co®® installation at room temperature. The
photoluminescence spectra of the studied samples were recorded on an SDL-1 spectrometer. The
spectrometer consists of a double monochromatic with replaceable diffraction gratings, an
illuminator with a DRSH-type lamp, a capacitor, energy receivers and an amplifier-recording
device. A high-pressure mercury lamp DRSH-250-3 and DRSH-500m is used to excite
luminescence. The sample is placed in a holder and illuminated by a powerful monochromatic
flux, which is isolated using a light filter (337.1 nm) from the spectrum of a mercury lamp. The
energy receiver in the spectrometer was an FEU-39A and FEU-62 photomultiplier tubes. The
emission curves were recorded by a KSP-4 electronic self-searching potentiometer.
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3. Results and Discussion

The photoluminescence spectra of solid solutions GaS:xSex undoped and doped with the
rare-earth element erbium at 77K in the wavelength range from 420nm to 620nm were studied
(Fig. 1). At nitrogen temperature in solid solutions, the maximum of the intense band is 540nm.
In addition to the main intense emission band, there is also a band with a maximum of about 495
nm. The maximum observed in the luminescence spectra of solid solutions is probably due to the
transition of electrons from the conduction band to acceptor levels, which are 0.22 and 0.43 eV
above the top of the valence band.
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Fig. 1. Photoluminescence spectra of solid solutions GaSi«Sex 77K before irradiation.

In erbium-activated solid solutions GaS1.xSex, the photoluminescence intensity decreases
and narrower lines appear in the spectrum, which are related to intracenter transitions of
introduced rare-earth impurities (Fig. 2.) After irradiation with y-quanta with a dose of 30 krad
(Fig. 3.), new high-intensity radiation peaks appear in the 550-560nm region in solid solutions
GaS1.xSex<Er>0.1at%.
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Fig. 2. Photoluminescence spectra of solid solutions GaS:,Sex<Er>0.1am% at 77K before irradiation.
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Fig. 3. Photoluminescence spectra of solid solutions GaSixSex<Er>0.lam% at 77K after irradiation
D,=30 krad.

Irradiation with a dose of D=100 krad (Fig. 4) leads to an increase in the line intensity in
the range of 550-560 nm. The increase in the green luminescence intensity can be explained by
the decay of bound Frenkel pairs in the sulfur sublattice, which, together with the separated
pairs, are formed upon gamma irradiation of the samples. The appearance of new lines and a
change in the relative line intensities known for the studied samples are interpreted as a
consequence of the migration of defects arising from the displacement of sulfur atoms and their
binding to rare-earth ions. At T=77K, free S, and Vs arise in the sulfur sublattice due to the
decay of bound Frenkel pairs. Si defects are responsible for increasing the intensity of the green
luminescence band.
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Fig. 4. Photoluminescence spectra of solid solutions GaSixSex<Er>0.lam% at 77K after irradiation
D,=100 krad.
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The redistribution of the photoluminescence intensity in the range of 0.520 - 0.600 um is
due to the transfer of energy to the rare-earth centers in the activated crystals. The observed
number of bands in the spectrum and their narrowness give reason to believe that Er*3 ijons
occupy mainly one position in the studied samples, forming the main erbium center. Along with
the main Er*® - center, complexes consisting of Er*® ions, intrinsic crystal defects, or
uncontrolled impurities can form in the studied samples. This is evidenced by the results of a
study of photoluminescence, which allowed several erbium centers. The existence of several
types of erbium centers in these crystals is associated with the substitution of impurity ions for
various regular positions in the crystal lattice and various mechanisms for compensating the
excess charge.

4. Conclusion

The performed investigations allow us to conclude that doping with erbium leads to the
appearance of a series of emission lines in the visible region of the spectrum. The detected
luminescence bands of solid solutions GaSixSex<Er>0.lat% are the result of intracenter
transitions in the Er *3 ion.

After irradiation with y-quanta, free Si and Vs appear in the sulfur sublattice due to the
decay of bound Frenkel pairs. S; defects are responsible for an increase in the intensity of the
green luminescence band.

References

1. R.S. Madatov, T.B. Taghiyev, S.A. Abushev, Sh. P. Shekili, A.R. Mobili. Optical and
photoelectric properties of layered single crystals irradiated with y-quanta. (in Russian),
Neorgonichesuie materiali. 2008, vol.14, Ne4, pp. 396-399.

2. ASh. Abdinov, N.M. Mehdiyev, R.F. Babayeva, R.M. Rzayev, R.M. Ismayilov.
Photoluminescence of indium and gallium selenide single crystals doped with dysprosium.
(in Russian), News of Azerbaijan National Academy of Sciences, series of physical-
mathematical and technical sciences. 2003, Ne5, p. 143-147.

3. B.G. Taghiyev, O.B. Taghiyev, S.A. Abushev, G.Y. Eyyubov. Electrical and photoelectric

properties of GaS: Er, Yb single crystals. (in Russian), Fizika. 2007, s, X111, Ne4, p. 85-88.

E.l. Yarembash, A.A. Eliseev. Rare earth chalcogenide. (in Russian), M. Nauka,1975, p. 260.

A.M. Gurvich. Introduction to the physical chemistry of crystal phosphors. (in Russian),

M.Mir.1979. p. 221.

o s

OOTOJIOMHUHECHEHIMUSA TBEPABIX PACTBOPOB GaSi-xSex<Er> 0,1a1%
(X=0.20) OBJIYYEHHbBIX TAMMA- KBAHTAMHA

P.C. Maparos, T.Bb. Taruesn, A.3. AdacoBa

Peztome: ViccnemoBanbl  (DOTONOMUHECIICHTHBIX ~ CBOWCTB — HEJICTUPOBAHHBIX M JIETHPOBAHHBIX
pelKo3eMebHBIM JIEMEHTOM 3pOreM TBepAbIX pacTBOpoB GaSixSex<Er> 0,1a1t% oO0MydYeHHBIX ramMma-
kBaHTamu. JlerupoBaHue 3SpOHEM YMEHBIIACT WHTEHCHBHOCTH (DOTOTFOMHHECIICHIIMM B TBEP AbIX
pactBopoB. Ilocie ob6mydenuss Dy=100kpas HWHTEHCHBHOCTH (DOTONIOMUHECICHIINN YBEIMYHUBACTCS.
YBennueHne MHTEHCUBHOCTH (DOTOITIOMHHECHEHIIMH B OOJYYEeHHBIX TBEPIBIX PacTBOpax OOBSICHIETCS
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YMCHBIICHHUEM KOHICHTpalU HCHTPOB, OTBETCTBCHHBLIX 3a KaHall 6BICTpOﬁ peKOM6I/IHaHI/II/I, CB3aHHBIX,
¢ AeeKTaMH PEIICTKH.

Knioueswie cnosa: n3nyueHns, THTCHCUBHOCTD, (DOTOTIOMUHECLIEHIINS, JIETUPOBAHUS, SHEPTUsl.

QAMMA KVANTLARI iLO SUALANDIRILMIS GaS1xSex<Er>0,1at%(x=0,20) BORK
MOHLULUNUN FOTOLUMINESSENSIYASI.

R.S. Madatov, T.B. Tagiyev, A.Z. Abasova

Xiilasa: Qamma kvantlari ilo siialandirilmig tamiz va nadir torpag elementi erbi ilo agsqarlanmig GaS1xSex
bork mohlulunun fotoliiminessensiya xasssolori todqiq edilmisdir. Bark mohlulu Er ilo asqarladiqda
fotliiminessensiyanin intensivliyi azalir. Dy=100krad doza ilo stialandirdigda fotoliiminessensiyanin
intensivliyi artir. Siialandirilmis GaixSex<Er> bark mohlulunda fotoliiminessensiyanin intensivliyinin
artmasi qofos defektlori ilo alagali olan siiratli rekombinasiya morkazlorinin konsentrasiyasinin artmast ilo
izah olunur.

Acar sozlar: Stialanma, intensivlik, fotoliiminessensiya, asqar, enerji.
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