Thermal quenching of localized exciton luminescence in CsI-CuI compounds from an aspect of a novel scintillator material
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CsI-based crystals such as Na-doped CsI (CsI:Na) and Tl-doped CsI (CsI:Tl) have been widely used for high-efficiency scintillator materials; however, Na-related luminescence in CsI:Na is remarkably degraded in air ambience, and Tl is toxic. In the present work, we have focused on CsI-CuI compounds as a novel scintillator material. It was reported that there are two stable compounds in the CsI-CuI alloy system: Cs3Cu2I5 and CsCu2I3; [1] however, little has been known about the optical properties. We have found that the thermal quenching of the luminescence band due to localized excitons in Cs3Cu2I5 thin films prepared by vacuum deposition is extremely low up to room temperature. This fact indicates that Cs3Cu2I5 is a novel scintillator material with a quite high efficiency. 
Samples of Cs3Cu2I5 thin films were grown on a quartz substrate at room temperature using a vacuum deposition method in high vacuum (~1×10-4 Pa). The source material was a Cs3Cu2I5 crystal prepared from mixing powders of CsI and CuI by a Bridgman method. Figures 1(a) and 1(b) show the temperature dependence of the integrated luminescence intensity of the localized exciton in the 100-nm thick Cs3Cu2I5 film and that of the decay time, respectively, where the excitation light wavelength for the luminescence spectra was 278 nm, and that for the decay profile was the FHG light of a pulsed Nd-YAG laser. It is evident that thermal quenching of the luminescence band is extremely small up to room temperature, and the temperature dependence of the decay time is consistent with that of the luminescence intensity. The solid curves indicate the fitting results on the assumption that there are two non-radiative processes. From the fitting results, it is found that the major origins of high-efficient luminescence at room temperature are a small frequency factor in a low temperature region and a high thermal activation energy in a high temperature region. We will also discuss the temperature dependence of x-ray-excitation luminescence as scintillation properties.
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Fig. 1 (a) Temperature dependence of integrated luminescence intensity of localized exciton and (b) that of decay time.





(a)





(b)








