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Title : Local structures and 5d—4f luminescence of Ce-doped fluoride crystals for

optoelectronic applications

Cerium-doped fluoride crystals are by far the leading host material for tunable solid-
state UV lasers as well as scintillators for the detection of fast events such as neutrons,
alpha-rays, and X-rays owing to their wide transparency in the ultraviolet (UV) region
and fast emission decay times. The specificity and tunability of the luminescence of Ce-
doped fluoride crystals in the UV region were ascribed to the interconfigurational
4f—5d (5d—4f) transitions of the Ce ion. These transitions were observed to be strongly
influenced by the size and shape of the first anion coordination polyhedron of the Ce
ion in its host environment. However, complete understanding of the relationship
between the local structure and the crystal field splitting has not been reached yet. The
necessity for charge compensation in doping often complicates the interpretation of the
redshift of compounds where the lanthanide ion such as Ce*" ion occupies a divalent or
a monovalent cation site. In this aspect, we employed XAS spectroscopy in order to
investigate the changes in oxidation state of the Ce ions and the local structures
surrounding it, and the extent of restructuring on the host’s lattice when the ions are

doped in a cubic and trigonal host crystals at relatively low doping concentrations.

The samples used were 0.01mol% Ce-doped CaF; crystal which belongs to the cubic
fluorite family of fluoride compounds, and 1.0mol% Ce-doped LiCaAlFs and LiSrAlFs
crystals which belong to the trigonal colquiriite group of crystals. The Ce-doped CaF:
crystal under investigation exhibits multiple VUV absorption bands centered around
185, 195, 204, 244, and 304 nm, and double emission bands centered around 320 and
340 nm. On the other hand, both the absorption and emission spectra of Ce-doped
LiCaAlFs and LiSrAlFs crystals exhibit polarization dependence with respect to the
incident and emitted beam. There is about 4-5 nm blue shift in the 266-nm absorption
band of both crystals when the incident beam is polarized parallel to their c-axis.
Anisotropy is also observed in the double-peak emission bands of the crystals, centered
at ~290 and ~310 nm, when the emitted beam is polarized parallel to the c-axis of the
crystals. This anisotropy is more pronounced in Ce-doped LiSrAlFs crystals than in Ce-
doped LiCaAlFs. A blue shift of about 7 nm in the 290-nm emission band is observed
in Ce-doped LiSrAlFs coupled with an increase in its emission intensity. This blue shift

is only about 2 nm in Ce-doped LiCaAlF¢ and the increase in its emission intensity is



also rather weak.

Our XAS K-edge XANES and EXAFS analyses confirmed that the 4f—5d and 5d—4f
transitions of Ce-doped CaF» crystal were from a dominant Ce3* center with an
undistorted cubic (On) symmetry. Unfortunately, it was not possible to resolve the Csy
symmetry from the XAS spectra despite the presence of its 244-nm band in the
absorption spectra. For Ce-doped LiCaAlF¢ and LiSrAlFs crystals, our combined XAS
K-edge analyses (XANES and EXAFS) and XAS L;-edge analysis (XANES) confirmed
that the transitions were from a trigonal Ce** center with slightly stretched Ce-F bond
lengths and slightly extended F-Ce-F'! angles. Further, we also established that the
anisotropy in the optical and lasing properties can be attributed to the covalent
interaction between the Ce" ion and its neighbors, F~ and AI’** ions. This covalent
interaction is also stronger in Ce®**-doped LiSrAlF¢ than in Ce3*-doped LiCaAlFs thus,
it suffers from more pronounced optical anisotropy and greater ESA. Charge transfer
between Ce®* ion and its ligand ions is due to the hybridization of Ce** ion’s 4f and 5d
levels with F~ion’s 2p and AI** ion’s 3s, 3p levels. These effects are not only manifested
in the optical spectra but also on their respective XAS Lj-edge spectra as well.

Our XAS analyses gave valuable insights on the extent of restructuring within the
vicinity of the Ce3* in moderately-doped fluorite and colquiriite-type fluoride crystals.
It identified directly the dominant Ce center responsible for most of the observed
absorption bands in Ce*"-doped CaF> crystal. It also elucidated the source of anisotropy
in the optical properties of Ce’*-doped LiCaAlFs and LiSrAlF¢ crystals and the
ambiguity in the mechanism of ESA which hinders the attainment of efficient UV lasing
in most fluorides and oxide crystals. New and direct structural insights from structural
techniques such as the one exemplified in this study using XAS spectroscopy can lead
not only to the better understanding of the fundamental physical phenomena and
underlying mechanisms involving wide band gap fluoride crystals but also to the
development of new high-performance lasers and scintillators, and other optoelectronic

devices.
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