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What is the nature of a given luminescence band intrinsic or extrinsic? and (2.) Bv what 

Fig.2 
&PO4 single-crystal luminescence spectra: (left) x-ray excited spectra; (right) 
photoluminescence). Fe luminescence of the iron center: Pb - assumed to be lead-related 
luminescence. Points at 5 eV correspond to the 3.5 eV sub-band excitation spectrum, but the 
line at 2.8 eV is a sub-band of the Pb-labelled curves. STE - self-trapped exciton 
luminescence [ 121. 

In Fig.2, several sharp lines are seen that apparently belong to rare-earth elements, and 
these will not be considered further in this preliminary report. Primary attention here will be 
paid to an examination of the host materials’ luminescence properties. The first consideration 
for the host-material luminescence would be excitation in only the intrinsic absorption range. 
The candidates for the intrinsic effects are the two bands at 5.6 eV and at 4.4 eV. In Fig.2 
(right), the excitation spectra for the luminescence band at 5.6 eV are compared with the 
excitation spectra of other bands. This band can only be excited in the intrinsic range. Other 
luminescence bands shown in the figure have excitation bands below 6.9 eV. These exist in the 
“as-received” crystals and, therefore, can be ascribed to extrinsic luminescence centers. Now 
let us consider the other data for the 5.6 eV band. These are: the temperature dependence of 
the photoluminescence (PL) intensity, the PL decay time constant, and the luminescence 
polarization (Fig.3). The dependencies can be divided into three ranges: First, a range at IO K, 
second a range at 40 to 270 K. and a third range at 270 to 400 K. In the first range, z increases 
whereas the intensity decreases. This effect requires further study since a self-consistent 
explanation is not apparent at this time. In the second and third ranges, there is a good 
correspondence between r(T), I(T), and P(T); and these ranges differ in the estimated 
activation energy. The third range is the range of the 5.6 eV-band thermal quenching. The 
activation energy for thermal quenching is estimated to be 0.22 eV. From the second 
temperature range, we estimate an activation energy of about 0.02 eV. In the following, we 
argue that the thermally activated reorientation of self-trapped excitons (STE) leads to a loss 
of polarization, decreasing the STE life time and a lost of amplitude due to interactions with 
defects. The degree of polarisation at 60 K is 70 to 10 5% and the electric field vector of the 
luminescence is parallel to the optical c axe of the SCPO~ crystal. The 5.6 eV band cannot be 
excited in a pure electron-hole recombination process since it was not observed in the thermo- 
stimulated luminescence. This provides good evidence for the excitonic nature of this 
luminescence band. In Fig.4 (right), the thermoluminescence cuws are presented, and in 
Fig.4 (left), the thermoluminescence spectra are presented and compared to the x-ray-excited 
spectra. Together with the thermoluminescence studies, the thertno-stimulated electric 
depolarisation of the x-ray-excited sample has been obtained (not shown). For all of the TSL 
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peaks. we observed peaks in the depolarisation current. Therefore. the thesis of electron-hole 
rccombinatiun is valid. In the thermoluminescence spectra. broad bands at 3.4 and 4.4 eV as 
we&l as sharp lines are present. 
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ig.3 
Temperature dependencies for different luminescence band intensities and decay time constants 
9 well as the 5.6 eV band polatisation in SCPOJ crystals. In insertion PL decay kinetics. 

Fig.4 
Thermostimulated luminescence (TSL) curves (right) and TSL luminescence spectra (left) for 
SCPO~ crystal. (Monochromator slits were fully open). 

The broad band at 3 eV that is visible in the PL and that was excited in the range of 
optical transparency of the ScPOl crystal (excitation at 5 eV with two sub-bands ) falls into 
two bands that exhibit: different temperature dependencies of their intensity, separated 
excitation bands (Fig. 2), and different roles in thermostimulated luminescence. The low- 
energy sub-band is not seen in the TSL spectra. However, they may belong to the same 
impurity (probably lead), which creates luminescence centers of different types. The band at 3 
can be excited in the range of the ScPOJ crystal transparency. It life time (7) is about 3 - 4 ps 
for excitation in this range. Ther is a correlation between z of this band and that of 5.6 eV band 
for excitation in the intrinsic absorption range by either photons or x-rays (Fig.3). This effect is 
accounted for by overlapping of the 5.6 eV band with the excitation band of the blue 
luminescence. Therefore, 5.6 eV luminescence excites the centers responsible for luminescence 
at 3 eV. The same effect was observed for the red luminescence of an iron impurity in SCPOJ 
crystals. (Fig.2). 

At high temperature, the luminescence at 4.4 eV becomes dominant in the x-ray- 
excited and TSL spectra (Fig.4 ) as well as in the afterglow. The TSL and afterglow with the 
4.4 eV band can be excited in the~intrinsic range of the SCPOJ crystal. however the excitation 
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