Effect of the external influences on photoluminescence efficiency and decay of Pr3+ doped calcium thiogallate
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Investigation of the effect of temperature and excitation intensity on the photoluminescence (PL) properties of different semiconductor hosts doped with ions of rare-earth elements (REE) Calcium thiogallate (CaGa2S4) is promising host as it can contain high concentrations of rare-earth ions. PL properties of CaGa2S4 compound, doped with Eu2+, Ce3+, Er3+ have been intensively investigated [1-3]. In the present work, we were investigate, the effect of temperature on PL spectra, intensity and decay, the emission efficiency as well as PL stability in wide excitation intensity intervalof CaGa2S4:Pr3+ compound. The photoluminescence (PL) of CaGa2S4:Pr3+ chalcogenide semiconductor compound is studied at wide temperature and excitation level.
CaGa2S4:Pr3+ compound was synthesized by the solid-state reaction from the CaS, Ga2S3 and PrF3 binary compounds, taken in stoichiometric ratios.
Temperature quenching of CaGa2S4:Pr3+ PL was analyzed within excitation by pulsed radiation at 456 nm with power density of about 25 kW/cm2 in a range of 10 – 300 K. Extremely high stability of the spectral position of emission lines with shift less than 0.1 nm is noticeable in the whole temperature range. 
Time-resolved spectroscopy measurements of CaGa2S4:Pr3+ compound were performed at 10 K, 80 K, 220 K and 300 K and at excitation power density of about 25 kW/cm2 by 10 ns pulsed radiation at 456 nm. The decay curves at 10 K and 80 K are represented by straight lines and, thus, obey an exponential decay law with close time constant of about 4.65 µs and 4.63 µs, respectively.  PL decay at 494 nm at 220 K possess non-exponential law with evident fast component with time of 2.15 µs and slow one with time of 4.6 µs. The rise of the temperature up to 300 K is accompanied by a decrease.
The increase of excitation power density in the range of 2.5·104 – 2.5·106 W/cm2 at 456 nm is accompanied by weak reduction of the PL decay times of line at 494 nm by about 0.1 µs without any noticeable changes in the form of decay curves. Consequently, the PL efficiency droop at the excitation intensities higher than 105 W/cm2 does not appears in any changes of the PL decay process.

CaGa2S4:Pr3+ compound has shown the exceptional stability of the spectral positions of the emission lines via temperature range of 10 – 300 K. The CaGa2S4:Pr3+ PL efficiency is constant up to 105 W/cm2 of excitation power density with exceptional maintenance of PL shape and spectral position. The presence of direct excitation transition at 456 nm, weak thermal quenching and extreme stability of PL spectra and emission efficiency in wide excitation intensity range makes CaGa2S4:Pr3+compound promising as phosphor pumped by blue radiation of commercial InGaN  LDs and LEDs.
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