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The spectra of optical transmission, photoluminescence, photoluminescence excitation,
as well as the temperature dependence of the photoluminescence intensity for GSO,
G(Y)SO, G(Y)SO:Ce single crystals with different yttrium content, are obtained. The
yttrium additive (15 mol per cent) is found to increase the photoluminescence intensity by
about 10 % and crystal transparency in the UV and visible spectral regions.

IlosyueHBI CIEKTPHI ONTHUUYECKOTO IIPOIYCKAHUS, (POTOJIOMUHECIIEHI[UN, BO30YKIEHMIS
(POTONIOMUHECIIEHITNN, a4 TaKie TeMIepaTypHas 3aBHCHUMOCTh MHTEHCHBHOCTU (POTOJIOMUHE-
cuennuu moHokKpucrasiaoB GSO, G(Y)SO, G(Y)SO:Ce ¢ pasiuyHbIM COAEp:KaHUEM UTTPUA.
VYceranosiaeno, uro gobaBKa UTTPUS B KoamuyecTBe 15 Mou.% yBeIMYMBAET MHTEHCHBHOCTH
doronoMuHeceHy npudaunsuTeabuo Ha 10 % u mpospauHocTh KpucTaniaoB B Y® u Bugu-

MOiT obslacTu cHekTpa.

1. Introduction

Gd,SiOg:Ce (GSO:Ce) stands in a specific
position among the lanthanide orthosili-
cates. It is used as a fast scintillator to
detect y quanta in nuclear research as well
as in the positron emission tomography. A
poor mechanical strength is a considerable
drawback of those crystals that often re-
sults in the failure thereof during the grow-
ing. A typical failure type of GSO:Ce is the
delamination (up to the complete cleavage)
along the perfect cleavage plane (100). To
eliminate that drawback, insertion of yt-
trium in an amount of 10 to 20 mol. % into
GSO:Ce was proposed [1].

The optical characteristics of those crys-
tals were not studied in detail. In [2], the
transmission spectra of GSO and G(Y)SO
were studied, however, the authors have re-
stricted themselves by a narrow wavelength
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range of 380 to 460 nm; no singularities
have been found in the UV spectral region.
In this work, the optical transmission and
luminescence are investigated within a
broad range (210 to 700 nm) for G(Y)SO,
G(Y)SO:Ce (0.6 mol. % Ce) single crystals
at different yttrium concentrations (10, 15,
20 mol. %). The work is to elucidate the Ce
and Y impurity effects on the crystal tran-
sparence as well as the Y effect on the lumi-
nescence and spectral composition of
G(Y)SO:Ce crystals.

The crystals were grown by Czochralski
technique in an inert medium [3]. The
grown crystals had the space symmetry
group P2/, (the GSO structure). The plate-
shaped samples of 10x10x1 mm?3 size with
polished surfaces were used in the studies.
The X-ray structure of the G(Y)SO crystal
samples was examined using a Xcalibur-3
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Fig. 1. Transmission spectra in UV region for
G(Y)SO ang G(Y)SO:Ce samples with differ-
ent Y concentrations. I, GSO (Y- and Ce-
free); 2, G(Y)SO (10 mol. % Y); 3, G(Y)SO:Ce
(10 mol. % Y, 0.6 mol. % Ce); 4, G(Y)SO:Ce
(15 mol. % Y, 0.6 mol. % Ce); 5, G(Y)SO:Ce
(20 mol. % Y, 0.6 mol. % Ce).

single crystal diffractometer (Oxford Diof-
fraction; MoKo emission, A = 0.71073 A,
graphite monochromator, a Sapphire-3 CCD
detector, ®/6 scanning in the 26<90° range,
the absorption being taken into account
using equivalent reflections). The structure
was calculated using SHELX-97 and WinGX
software. The unit cell parameters were re-
fined using the Rietveld method to diffrac-
tion patterns from powdered the same crys-
tal samples using a Siemens D500 powder
diffractometer in the Bragg-Brentano ge-
ometry, the angular range being
5°<20<140°. The corresponding results ob-
tained by single crystal method were used as
the initial data for the Rietveld refinement.
The transmission, luminescence excita-
tion and emission spectra were measured
using standard methods. For low-tempera-
ture measurements, a vacuum chamber with
fluorite windows was used. The measuremnt
apparatus comprised a light source (includ-
ing a DDC-300 lamp and an incandescence
one), two DMR-4 monochromators, a
vacuun chamber and PMTs (FEU-100). The
apparatus is shown schematically in [4].

2. Results and discussion

Fig. 1 presents typical optical transmis-
sion spectra of the GSO, G(Y)SO and
G(Y)SO:Ce (0.6 mol. % Ce) samples with
different yttrium concentrations. The inser-
tion of yttrium (10 %) into the GSO matrix
results in a general increase of the trans-
mission (curves I, 2). Moreover, some
change occur in the spectrum. So the weak
absorption bands at 220 and 230 nm disap-
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Fig. 2. Transmission spectra in visible region
for G(Y)SO ang G(Y)SO.Ce samples with dif-
ferent Y concentrations. Curves are numbered
as in Fig. 1.

pear almost completely, while the absorp-
tion in the 245 and 272 nm bands inherent
in gadolinium [5] increases noticeably. The
causes thereof are still unclear, so a special
study is necessary to elucidate them. In the
same work, an increased transmission of the
crystals due to Y insertion has been ob-
served. A comparison of spectra for G(Y)SO
and G(Y)SO:Ce samples with the same yt-
trium concentration (curves 2 and 3, respec-
tively) evidences that the Ce3* insertion
into G(Y)SO causes considerable changes. So
the transmission value in the 210-295 nm
range drops by about two decimal orders.
Within the 290-350 nm range, a weak 310—
320 nm transmission band appears instead of
the 310 nm one, however, as a whole, the
transmission in that range is one decimal
order lower than that in cerium-free samples.

The transmission dependence on Y con-
centration for G(Y)SO:Ce samples is not
monotonous. So the Y content increase from
10 to 15 mol. % results in the transmission
increase within the whole wavelength range,
but the further increase up to 20 mol. %
causes the transmission dropping down to the
level typical of samples containing 10 mol. %
Y. The transmission maximum at 320 nm in-
creases in this case (curves 3, 4, 5).

The transmission variations in the visible
region connected with the Y concentration
increase are shown in Fig. 2. The presence
of 10 mol % Y in the GSO matrix causes
about doubled transmission in the lumines-
cence region as compared with the nomi-
nally pure crystal. The Y content increase
from 10 to 15 % results in a further trans-
mission increase in the luminescence maxi-
mum ares by addiditonal 10 %. At the fur-
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Fig. 3. Photoluminescence excitation spec-

trum of a G(Y)SO:Ce crystal (10 mol. % Y,
0.6 mol. % Ce).

ther enrichment in Y, the crystal tran-
sparence drops.

Fig. 8 shows the photoluminescence (PL)
excitation spectrum for the G(Y)SO:Ce crys-
tal (Y, 10 mol. %; Ce, 0.6 mol. %). The PL
excitation spectrum is seen to include max-
ima near the absorption bands typical of
cerium-free samples (curves I and 2 in Fig. 1).
The rather wide PL excitation bands are
observed at 220, 250, 280, and 340 nm are
observed. It is to note that the excitation
efficiency values in said bands are different
and correspond not always to the absorption
ones. Thus, the PL intensity under 220 nm
excitation is higher than that under 240-
260 nm range, while in contrast, the ab-
sorption at 240-260 nm range exceeds that
at 220 nm. This evidences a parallel chan-
nel of the excitation energy transformation.

The spectral position of the PL maximum
and its intensity depend also on yttrium
concentration (Fig. 4). At 10 mol. % yt-
trium (curve I), the PL maximum is at
495 nm. The Y concentration increase up to
15 mol. % (curve 2), the maximum is
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Fig. 4. Photoluminescence spectra of G(Y)SO:Ce
(0.6 mol. % Ce) samples with different Y con-
centrations (mol.%): 1, 10; 2, 15; 3, 20.

shifted towards shorter wavelengths, while
its intensity grows by 10 %. Thus, the exci-
tation energy loss decreases and its effi-
ciency increases. The further increase in Y
concentration up to 20 % (curve 3) does not
change significantly the spectral position of
the PL maximum but causes its intensity
drop by 15 % as compared to that at 10 % Y.
Thus, the optimum Y concentration is
15 mol. % . The PL tempertautr quenching
starts at temperatures above 200°C.
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OnTuyHe MPONMyCKAHHS Ta JIIOMiHEeCHEeHILis
MOHOKPHMCTAJIB OKCHOPTOCHJIKATY TaJo0JiHiI0
3 JOMIIIKaAMHu IIepilo Ta iTpiro

B.I''Bondapwv, B.Il1.IJlanenko, O.b.Ilanenko

OTpuMaHO CIIEKTPU OITUYHOTO IPOIYyCKaHHSA, (oTontoMiHecueHIii, 30ymskeHHA QoTo-
JIIOMiHecCIleHIlil, a TAaKOMK TeMIepaTypHY 3aJeKHiCTh iHTeHCUBHOCTI (hoToJIOMiHecIleHIIii MO-
nokpucranis GSO, G(Y)SO, G(Y)SO:Ce 3 pisuum Bmicrom irpiro. Berarnosiewno, mo gomimia
irpiro y Kimbkocti 15 mou.% 86iabirye iHTeHCHBHiCTH (oToNMOMiHecHeHIlT mpubGansHO Ha
10 % Ta nposopicts Kpucraynis B Y@ Ta Bupgmmiil obsacti cuexTpa.
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