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Report:

The main purpose of the experiment was to investigate europium doped phosphors for lighting applications at
the K edge of the europium ions. Different phosphor materials were investigated but the main results were
obtained for the europium doped thiosilicates.

Due to their efficient yellow-to-red emission, europium doped calcium thiosilicates are very interesting
materials for use in phosphor converted light-emitting diodes (pc-LEDs). Their emission spectrum results
from 4f°5d—4f" transitions of the Eu?* ions and the presence of two inequivalent lattice sites for Eu?*;
emission properties and crystal structure are, therefore highly dependent on the europium concentration and
incorporation of these ions.

Extended x-ray absorption fine structure (EXAFS) is a powerful technique to investigate the environment of
particular ions in materials. With this technique, it is possible to determine which crystallographic sites are
substituted for upon adding dopant ions in the case of impurity doped luminescent materials. For instance,
upon introduction of Eu in Ca,SiS,, it is assumed that the dopant ions replace Ca ions. By means of EXAFS
measurements at the Eu K edge (48.518 keV) we are able to show that the Eu dopant ions occupy the two
different sites in Ca,SiS,, albeit some preferential substitution is observed. BM23 is one of the very few
beamlines in Europe wherein such high energy EXAFS measurements can be made with sufficient quality to
allow such analysis.



From earlier measurements, (Eu Ly, edge at the Dubble beamline (ESRF)), we know that Eu®* and Eu** ions
coexist in all samples; the fraction of trivalent Eu diminishing with increased concentration. However, there
are two possible substitutional positions for the Eu atoms in the Ca,SiS, lattice. What the high energy Eu K
edge EXAFS from BM23 allows to be understood is: that, at low dopant concentrations (<10%), and within a
global, Ca,SiS,4, orthorhombic structure, the dopant ions substitute for the Ca ions at both inequivalent
crystallographic sites and the partitioning of Eu between these sites can be established.

The EXAFS data analysis on the lightly doped samples show that the divalent Eu ions preferentially occupy
the Cal site in the crystal structure. Moreover the relative occupancy of the Cal site increases upon
increasing the dopant concentration from 2% to 10%. This effect agrees well with the photoluminescence
spectra: upon icreasing the dopant concentration the relative intensity of the emission band caused by the Cal
site increases.

The trivalent Eu ions in Ca,SiS, were found to form defect clusters in the lattice. This effect can be caused by
charge compensation. If one trivalent Eu ion occupies a divalent Ca site, a charge mismatch occurs. By
introducing one Ca vacancy a compensation for two triavlent Eu ions is obtained. These cluster defects were
indeed observed during the EXAFS analysis.

At higher concentrations (>50%), where a monoclinic Eu,SiS, structure is adopted, the Ca ions occupy both
europium sites; unexpectedly a large fraction Eu®" ions is also found for low doped thiosilicates, though this
is not reflected in their photoluminescence.

From the EXAFS results we can conclude that the Ca ions in heavily doped samples preferentially occupy the
Eu2 site in the monoclinic lattice. The preferential substitution decreases with an increase of dopant
concentration, so we obviously obtain an equal distribution of the Eu ions in Eu,SiS,.
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Figure 1: (a) Fourier transform of experimental (solid line) and simulated Figure 2: (a) Fourier transform of experimental (solid line) and simulated
(circles) of Eu K-edge EXAFS on Ca,SiSs:Eu (7.5%), i.e. CaygsEUo.155iSa. (circles) of Eu K-edge EXAFS on Ca,SiS4:Eu (95%), i.e. Cao.1Eu16SiSs. (b)

(b) Back transformation of the data in (a) to k-space. Back transformation of the data in (a) to k-space.



These results are the subject for a publication accepted by Physical Chemistry Chemical Physics. The abstract
for this publication is mentioned below:

A XAS study of the luminescent Eu centers in thiosilicate phosphors

K. Korthout!, A. B. Parmentier!, P. F. Smet'and D. Poelman?
!LumilLab, Dept. Solid State Sciences, Ghent University, Belgium

Due to its bright yellow-to-red emission, europium doped Ca,SiS, is a very interesting material for phosphor
converted light emitting diodes. The emission spectrum is highly depending on the Eu concentration and can
consist of more than one emission band. We combined X-ray absorption fine 10 structure and
photoluminescence measurements to analyze the structure of europium centers in (Ca,Eu),SiS, luminescent
powders. This paper provides an explanation for the concentration dependency of the emission spectra. We
find that at low dopant concentrations a large fraction of trivalent europium ions is unexpectedly present in
the powders. These trivalent europium ions tend to form defect clusters in the luminescent powders.
Furthermore we observe a preferential substitution of the europium ions over 15 the two different
substitutional Ca sites, which changes upon increasing the dopant concentration. At high dopant
concentration, the powder crystallizes in the monoclinic Eu,SiS,; structure. Once more a preferential
substitution of the europium ions is observed. Summarizing, the influence of the concentration on the
emission spectrum is explained by a difference in preferential occupation of the Eu ions in the lattice.

Several results of this campaign were also presented at the XAFS15 conference, Beijing, China



