UDC 621.315.592

V. V. Halyan', I. D. Olekseyuk?, I. A. Ivashchenko’, A. H. Kevshyn!, P. V. Tishchenko?,
M. V. Shevchuk’

'Department of Experimental Physics and Technologies for Information Measuring, Lesya
Ukrainka Eastern European University, 13 Voli Avenue, Lutsk 43009, Ukraine
’Department of Inorganic and Physical Chemistry of Lesya Ukrainka Eastern European
University, 13 Prospect Voli, Lutsk 43009, Ukraine
*Lutsk National Technical University, 75 Lvivska Street, Lutsk 43000, Ukraine
e-mail: halyanv(@ukr.net

OPTICAL PROPERTIES OF THE Ag, Ga Ge_ Er,S

AND Ag,  Ga ,Ge, ErS

271123 27483

GLASSES

Absorption spectra of the glasses Ag28Ga28Ge532Er2S1123 and Ag12Gal2Ge228Er2S483 in the 450-1050 nm
range at room temperature were investigated. PL bands with maxima at 980 and 1540 nm were recorded under laser
excitation with 800 nm wavelength. PL emission mechanism is analyzed from energy transfer processes, taking into
account partial cluster formation of erbium ions and energy transition diagram of Er3-+.
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1. INTRODUCTION

Over the past two decades, substantial
research interest was attracted to the study of the
optical properties of semiconductors doped with
rare-earth metals (RE). This is due to the growing
needs of the industry in optoelectronic devices
operating in the spectral range compatible with
telecommunication gadgets. The most commonly
used RE is erbium that has an intensive emission
band near 1.5 um and low energy losses in fiber
optics at this wavelength. Additionally, erbium-
doped crystalline and amorphous materials can
be used as active media in laser technology [1],
displays, optical amplifiers, photonic devices [2],
non-contact temperature [3, 4] and g-irradiation
sensors [5, 6, 7].

Phase equilibria in the reciprocal system
AgGaS, + GeSe, U AgGaSe, + GeS, were
investigated, and the glass formation region was
determined [8]. An alloy with the composition
Ag, Ga, Ge S, ischaracterized by the largest
transparency window in this system. It was
doped with 0.18 and 0.42 mol.% Er S, (samples

AgZSGa28G6532Er281123
respectively).

In our previous works on these glasses, we
investigated the main structural units of the
glass-forming matrix by Raman spectroscopy,
as well as photoluminescence spectra under ex-
citation by 532 and 980 nm wavelengths [4, 9].
Partial clustering of erbium ions was established
from EPR and static magnetization studies, and
the effect of g-irradiation on glass photolumi-
nescence was analyzed [5].

The objective of this work is to investigate
the absorption spectra and the mechanism of
PL emission under laser excitation at 800 nm
wavelength.

and Ag Ga Ge,ErS

274832

2. EXPERIMENTAL

The alloys were synthesized from elemental
components (Ag, Ga, Ge, Se — 99.997 wt.%
purity, S, 99.999 wt.%, Er, 99.9 wt.%) in
evacuated thin-walled quartz ampoules in two
stages. To prevent condensation losses of the
vapor phase, the free volume of the container
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was thermostated with asbestos cord. The
residual pressure in ampoules was 0.1 Pa.
Initially, the ampoules were heated in oxygen-
gas burner flame for the binding of elemental
sulfur. Then they were placed in a shaft-type
furnace and heated at a rate of 20 K/hr to the
maximum temperature of 1273 K. After holding
at this temperature for 10 hours, the alloys were
quenched into 25% aqueous saline solution at
room temperature. The glassy state of the alloys
was examined by X-ray diffraction at a DRON
4-13 diffractometer, CuKa radiation (Fig. 1).
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Fig. 1. X-ray diffraction patterns of the glasses.

The study of absorption spectra and photo-
luminescence utilized an MDR-206 monochro-
mator with Si and PbS photodetectors. Lumi-
nescence excitation was performed by a laser
at 800 nm wavelength and 400 mW power. The
photoluminescence signal was received from
the same sample surface as the excitation. The
sample thickness was 0.5 mm.

3. RESULTS AND DISCUSSION

The absorption spectra of glasses were
investigated at room temperature in the 450—
1050 nm range (Fig. 2). The recorded absorption
bands with maxima at 520, 550, 660, 805, and
980 nm correspond to the transitions in the f~shell
of Er** ions from the ground state to the excited
states *H, , *S,, “F,, ‘I, , “I , ,, respectively.
The intensity of the absorption bands increases
with erbium content, while their position does
not change. We established in a previous work
[9] that the absorption coefficient decreases
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with the increase in erbium concentration. This
is due to the structural ordering of glass and, as
it follows from Raman spectroscopy studies, to
the decrease in the number of structural units
[S,Ge(Ga)~(Ga)GeS,] and the increase of the
[Ge(Ga)S,] units.

The photoluminescence spectra (PL)
of glasses in the 600-2000 nm range were
investigated at room temperature under
excitation by 800 nm wavelength (Figs. 3, 4).
Two maxima at about 980 and 1540 nm were
recorded in the near infrared spectral region.
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Fig. 2. Absorption spectra of the glasses at room
temperature.

The emission efficiency of the band at 1540
nm wavelength is important for the use in tele-
communication devices. A parameter of the ef-
fective bandwidth (A ) is used since the band
is asymmetrical. It is calculated by the formula
[10]:

jl(ﬂ)dﬂ
L (M)

max

Aﬂ’eff

where I()) is the emission intensity at wavelength
A, I is the maximum emission intensity.

The calculated AL, values for the glasses
are 63 and 66 nm for Ag Ga, Ge, ErS . and
Ag ,Ga Ge, ErS . respectively. Clearly, not
only PL intensity increases with erbium content
but also does the effective width of the emission
band. Additionally, the A values for the exci-
tation at 800 nm is higher for these glasses than

for the 980 nm excitation [11].



In our previous work [9], the excitation of
these samples by 980 nm wavelength yielded in
the visible range a green (520 nm) and a red (660
nm) PL band. However, no PL was detected in
the visible spectral range when excited by 800
nm wavelength.

This is due to the fact that anti-Stokes PL
(under 980 nm excitation) is associated with the
absorption of two photons by Er** ions which
are promoted from the ground state I, to the
excited state *F,  (*I ., +hn,, —*  +hn, —
‘F_,) with subsequent non-radiative relaxation
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Fig. 3. PL spectra of the glasses excited with 800 nm
laser (600—1050 nm range).
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Fig. 4. PL spectra of the glasses excited with 800 nm
laser (1400-2000 nm range).

the excitation at 800 nm has higher energy
compared to 980 nm, the absorption of two
photons promotes erbium ions to the excited

state °H,, (*,,, + hn,, — *l,, + hn, — *H, )

9/2 15/2

located above the absorption edge (Fig. 2) in the
conduction band.

The emission mechanism in these glasses can
be determined from the transition chart for Er**
ions (Fig. 5). Erbium ions in the state ‘I , are
promoted due to absorption of 800 nm photons
or energy transfer (ET) from adjacent ions in the
state ‘I, , to the state *H, . These erbium ions can
non-radiatively relax to the state ‘S, ). However,
erbium ions can not relax non-radiatively to
lower energy states because of the large energy
gap and low phonon energy (about 300-400 cm™
[9]). Excited states “I | , and *I , , which yield PL
bands with maxima at 980 and 1540 nm result

from cross-relaxation CR , CR, (Fig. 5):
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Fig. 5. Diagram of energy levels in Er’* ions.

Therefore, an important role in the PL mech-
anism is played by the energy exchange (ET or
CR) between the neighboring Er** ions. Such
processes are typical of erbium ions which are
involved in the formation of clusters [12]. It
was established in our previous work [5] that
clusters of up to 10° erbium ions form in the
Ag,,.Ga  Ge , S —Er S, glasses.
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4. CONCLUSIONS

Absortion  spectra  in  the
AgZSGa28G6532Er2SIIZ3 and AgIZGa12G6228ErZS483
were investigated. Recorded absorption bands
with maxima at 520, 550, 660, 805, 980 nm cor-
respond to the transitions in 4f intra-shell transi-
tions from the ground state to the excited states
*H, .. *S,,, ‘F,,, ‘L, ‘I, ,, respectively. Stokes
PL with maxima at 980 and 1540 nm was re-
corded upon laser excitation at 800 nm wave-
length. A model explaining PL emission mecha-
nism was elucidated from the energy level dia-

gram of Er*" ions.

glasses
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ONTHUYHI BIACTUBOCTI CTEKOJ Ag, Ga, Ge_ Er,S TA Ag Ga Ge ErS,,

Hocnimkeno cnekrpu noruHanns crexon Ag, Ga, Ge  ErS = rta Ag Ga Ge ErS, . B mia-
na3zoHi 450 — 1050 um 3a KiMHaTHOT Temrieparypu. 3adikcoBano cmyru DJI 13 makcumymamu 980
ta 1540 HM npu 30ymKeHHi JiazepoM 13 goBxkuHOK0 xBuil 800 HM. Ha ocHOBI mporeciB 0OMiHY
EHEPTi€r0, BpaxOBYIOUHM YaCTKOBY KjiacTepu3allito i0HiB Epbiro Ta miarpamy eHepreTUYHUX Iepe-
xofiB B ionax Er*, mpoanainizoBaHo MexaHi3m BuripominroBanus OJI.

KurouoBi ciioBa: criektp noruHaHHs, GoToNMOMiHECHIeHIIis, i0H EpOito, kiacTepu3artis, Mexa-

HI3M BUIIPOMIHIOBAHHS.
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ONTUYECKUE CBOMCTBA CTEKOJI Ag, Ga,Ge_ Er,S . M Ag, Ga Ge, ErS

271123 27483

Hccnenosanbl cniekTpel moriomenus crekon Ag, Ga, Ge  ErS . u Ag Ga Ge, ErS, . B

nuanaszone 450 — 1050 am mpu KoMHaTHOM Temrieparype. 3adukcupoBano mosock OJI ¢ Makcumy-
Mamu 980 u 1540 uM ipu Bo30y>k1eHnH Ja3epoM ¢ JutrHoi BorHbl 800 HM. Ha ocHOBe mporieccoB
oOMeHa SHepruel, yunThIBast YaCTUYHYIO KJIacTepU3alliio HOHOB 3pOus U AMarpaMMy SHepreTrye-
CKHUX TepexoioB B HoHax Er’’, mpoananm3upoBan Mexanusm u3mydeHus OJI.

KuroueBble cioBa: criekTp noriouieHusi, GOTONIOMUHECIICHIINS, HOH 3pOus, KiIacTepu3aius,
MEXaHU3M U3ITy4eHUSI.
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