Luminescence and energy transfer processes in Sc containing garnets
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Multicomponent garnets doped with cerium are promising materials for application as solid-state laser materials, phosphors for LEDs, and scintillators. In particular, (Gd,Ce)3Al2Ga3O12 crystals exhibit the highest scintillation yield among oxides (up to 58,000 ph/MeV) and are proposed for use as scintillators in high-energy physics and medical diagnostics. Modifying the atomic composition of these garnets by partially substituting Al and Ga cations with Sc ambiguously affects their scintillation properties. It enhances the efficiency of energy transfer to Ce3+ ions at the stages of the inelastic scattering of primary excitations and their migration to the emission centers, increases Ce3+ emission intensity at low temperatures, and accelerates Ce3+ decay times at room temperature [1,2]. At the same time, Sc adversely influences the thermal stability of Ce3+ emission and promotes the creation of Sc2+ trapping centers, thus worsening the scintillation light yield at room temperature [1,3]. According to band-structure calculations, 3d Sc states participate in the formation of the conduction-band bottom of the garnets [3,4], thereby modifying the pathways of energy transfer to Ce3+ and potentially forming new emission centers [5,6]. Here we present experimental studies of the influence of Sc on the electronic structure of the energy bands, the formation of emission and trapping centers, and energy-transfer processes to emission centers in a set of garnet single crystals.
The studies were performed on Sc-containing single crystalline garnets with nominal composition Y3ScAl4O12:Li, Y3ScAl4O12:Hf, Y3Sc2Al3O12:Hf, Gd3Sc2Al3O12, Gd3Sc2Al3O12:Ce and Y3ScAl4O12:Ce, as well as reference crystals of Gd3Ga5O12 and Y3Ga5O12. The Sc-containing crystals were grown by the Bridgman method in a reducing Ar/H2 (10%) atmosphere. Photoluminescence emission and excitation spectra, as well as reflectivity spectra, were measured using a solid-state luminescence spectroscopy setup located at the FinEstBeAMS beamline of the MAX IV synchrotron facility (Lund, Sweden). Thermostimulated luminescence (TSL) curves were obtained after irradiation with an electron beam at a laboratory setup.
[bookmark: _GoBack]It is shown that the optical bandgap increases when (i) Ga is substituted by Al/Sc, (ii) Al is substituted by Sc, and (iii) Gd is substituted by Y cations. The reflectivity spectra of the garnets have been analyzed in the region of the fundamental absorption and used to calculate absorption and optical functions. It is concluded that the 3dSc states make the greatest contribution to the conduction band at ~ 0.5-1 eV above its bottom and also participate in the formation of the conduction band bottom. In the luminescence spectra of scandium-containing yttrium garnets, a most intense band in the UV region is associated with an exciton localized near a structural defect, whose electronic component belongs to the 3dSc states. It is shown that an additional TSL peak appears in Hf-doped Y3ScAl4O12 in comparison to the crystal doped with Li ions. Assuming that Hf doping promotes the creation of Sc2+, this TSL peak is attributed to the thermal release of the electrons from trapping centers associated with Sc2+.
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