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Fig. 1. Isometric plot of the TL emission spec-
tra following a 200 Gy 90Sr f-ray irradiation for
CaS0O4:Eu (0.1 mol%) after heat treatment at tem-
perature (a) 600 °C, (b) 900 °C, (c) 1100 °C.
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Fig. 2. Isometric plot of the TL emission spectra follow-
ing a 200 Gy gamma-ray irradiation for (a) MgSO4:Eu,
(b) SrSO4:Eu and (c¢) BaSO4:Eu after heat treatment at
temperature 900 °C.
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Fig. 3. TL dose-response curves in SrSO4:Eu?T.
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Abstract

A series of alkaline earth sulphate phosphors MSO4:Eu*" (M = Mg, Ca, Sr, Ba) is obtained in doping experiments.
It is discovered that these phosphors doped with Eu?* ions have the thermoluminescence (TL) characteristics which are
quite different from those in the alkaline earth sulphate phosphors doped with trivalent rare earth ions RE®*" (RE =
Dy, Tm, Eu). It is also observed that there is only one glow peak in the three-dimensional emission spectrum and
the radiation dose response of the glow peak is linear-sublinear in the series of phosphors MSO4:Eu** (M = Mg, Ca,
Sr, Ba). However, quite a lot of experimental results show that there are several glow peaks in the three-dimensional
emission spectrum, and the TL radiation dose responses are linear-supralinear in the series of phosphors MSO4:RE>*
(M = Mg, Ca, Sr, Ba and RE = Dy, Tm, Eu). The reason lies in the structures of defect complexes which are formed in
the course of preparation of these phosphors and include intrinsic imperfects and dopants. These defect complexes can
be regarded as basic elements in the TL multi-stage process. In the series of phosphors MSOQg4:Eu*t (M = Mg, Ca, Sr,
Ba), the isoelectronic traps produced by doping Eu®" ions which have the same valences as superseded alkaline earth
ions are very localized traps to form the defect complexes (Eu** isoelectronic trap—SOif) that are basic elements in the
TL multi-stage process, in which there are one-hit TL events basically. However, in the MSO4:RE** (M = Mg, Ca, Sr,
Ba) phosphors, the defect complexes (RE3+—SO§7—cation vacancy Vi) are basic elements in the TL multi-stage process,
in which there are two-hit TL events basically. It is clear that the Eu?" isoelectronic trap phosphors play key roles in
TL Characteristics in MSO4:Eu*" (M = Mg, Ca, Sr, Ba). In addition, it has been observed that the wave length at
the single TL peak in each of the three-dimensional emission spectra of the series of phosphors MSO4:Eu®t (M = Mg,
Ca, Sr, Ba) is related to the substrate of each of these phosphors, such as the wave lengths at the TL peaks are 440, 385,
375 and 375 nm for MgSO4:Eu?t, CaS04:Eu®", SrS04:Eu®t, and BaSO4:Eu®" respectively. The experimental results
display the characteristics of Eu?" isoelectronic traps formed by substituting alkaline earth ions which have different
cationic radii and electronegativities. The SrSO4:Eu?t phosphor can be called typical isoelectronic trap phosphor which

has the higher TL and optical stimulated luminescence efficiency.

Keywords: thermoluminescence, MSO4:Eu*t (M = Mg, Ca, Sr, Ba), isoelectronic trap, defect complex

PACS: 78.60.Kn, 61.72.J-, 61.72.U- DOI: 10.7498/aps.64.087805
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