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INTRODUCTION
Since most a-Al2O3 materials produce thermoluminescence (TL) upon

irradiation, they have been proposed for dosimetric applications quite early. This
'natural' TL sensitivity is caused by the Cr3+ impurity and F-centre type lattice
defects present even in the purest material. However, because the 695 nm emission
from Cr3+ was inconvenient for TL applications due to its interference with black
body radiation, a great amount of effort has been spent on developing TL
dosimeters with more advantageous properties (1). This work had eventually led to
several commercially available TL detectors, amongst them Al2O3:Si,Ti (2),
Al2O3:Mg,Y (3) and A12O3:C (4).The present paper gives a short overview on the
similarities and differences in the luminescence emission spectra of these
materials. The data are analysed in terms of the lattice defects responsible for TL
production, but implications on routine dosimetry applications is also discussed
briefly.

RADIOLUMINESCENCE EMISSION SPECTRA
The general emission characteristics were studied using 25 keV x-ray

excitation. For a comparison, an 'undoped' commercial corundum (a-Al2O3)
sample was also included in the study. As Fig. 1 reveals, the radioluminescence
(RL) spectrum of corundum features two main emission bands centered at 310 nm
and 695 nm. The UV band is attributed to F+-centres (one electron sitting in an
oxygen ion vacancy site), while the red emission is due to the Cr3+ impurity. These
two emission bands, although with varying intensities, appear in the RL spectra of
all A12O3 dosimeters investigated. In Al2O3:Si,Ti the UV band shows two
shoulders at 380 and 420 nm. The origin of the former is unclear, while the 420
nm emission is most likely to be due to the Ti3+ impurities. However, the
possibility can not be ruled out, that F-centres (two electrons sitting in an oxygen
ion vacancy site), which are known to emit at this wavelength, do contribute.
Indeed, the main emission in A12O3:C, which has a very high concentration of
oxygen vacancies, appears in the 420 nm band. Although A12O3:C also contains
some Ti, it is quite certain that the 420 nm band here is related to F-centres.

The RL spectra of Al2O3:Mg,Y is more complicated. Doping with Mg and Y
has clearly introduced new emission bands around 460, 480, 540, 570 and 580 nm,
which are most probably due to Y3+, and increase with the dopant concentration.

IIISIMPOZIJ 171



AI2O3:Mg,Y

0.1%Y2O3

1.0% MgO * 1.0% Y2O3

2.0% MgO • 2 0% Y2O,

300 400 600 600 700

wavelength (nm)

300 400 500 600

wavelength (nm)

Figure I. Radioluminescence spectra of A12O3 dosimeter materials.

The 420 nm emission band is also slightly increased presumably due to higher
concentrations of oxygen vacancies caused by the Mg2+ doping. Besides the new
luminescence bands, however, the F+ and Cr*+ emission still dominates the RL
spectra.

THERMOLUMINESCENCE EMISSION SPECTRA
The TL emission spectra were measured at a heating rate of 1 K/s, after a 200

Gy x-ray irradiation. Their most obvious feature, as seen in Figs.2-5, is the lack of
the 310 nm emission band. It provides an explanation of why A12O3 dosimeters
have a surprisingly low (5-30%) relative TL vs. RL yield (5): a large part of the
irradiation energy is reemitted in the form of RL - partly due to the F+-centre
emission during excitation -, instead of being stored in charge traps for later TL
readout. Besides the 310 nm band, all the other emission bands found in the RL
are clearly identifiable in the TL spectra, with approximately the same intensity
ratios.
The corundum sample (Fig.2) shows three major TL peaks at around 90, 180 and
35O°C, all of them featuring similar Cr3+ emission as the RL spectrum. As
expected from the RL, the major TL emission of Al2O3:Si,Ti (Fig.3) is also due to
the Cr" impurity. However, the presence of the 410-420 nm emission band is even
more obvious here, then in the RL spectrum. It is remarkable, that both emissions
have the same TL peak temperatures, 120 and 270°C. This implies, that in this
material the Ti3+ centres and the Cr3+ impurities are competing for the same
thermally released charges during the TL process. The TL emission spectrum of
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Al2OvC is completely different from the above (Fig.4). Although it features the
same Cr + emission band at the 120°C, low temperature TL peak as Al2O3:Si,Ti,
the TL is dominated by a single broad peak around 180°C, which emits only in the
410-420 nm band. This supports the earlier suggestion, that the 410-420 nm band
in Al2OvC is due to F-centres, rather than to Ti1+, as in Al2O3:Si,Ti. The most
complicated TL emission spectrum was measured in Al2O3:Mg,Y (Fig.4). As in
RL, the emission is dominated by the Cr3+ impurity, but the Y-related lines are
also clearly visible. These emissions have peak temperatures similar to those of
A12O3:C (120 and 180°C), but there is also a high temperature peak at 350°C, like
in 'pure' corundum. The 410-420 nm emission band is also present, but in a fully
separated glow peak around 270°C. This resembles that of the Al2O3:Si,Ti TL
spectrum. However, here it is more likely to be due to F-centres, than to
unintentional Ti3+ impurities. This assumption is also supported by earlier results,
which showed, that the intensity of the 270°C TL peak in Al2O3:Mg,Y increases
with increasing Mg concentration (6). So it is quite likely, that the luminescence
centres responsible for this peak are the same as in A12O3:C, but judging from the
peak temperature, the charge traps are similar to those in Al2O3:Si,Ti.

CONCLUSIONS
The RL and TL emission spectra of different A12O3 TL dosimetry phosphors

revealed, that apart from Al2O3:Mg,Y where there are also Y-related emission
lines between 480 and 630 nm, the main emission appears around 696 nm due to
Cr \ and in a broad band around 410-420 nm, related to F-centres. The RL spectra
feature a further UV emission band at 310 nm, attributed to F+-centres, which
explains the low charge trapping efficiency of A12O3 dosimeter materials. So it
seems, that if the sensitivity of these detectors are to be further increased, one
should reduce the RL efficiency of this UV band. Another possibility could be to
make a more efficient use of the Cr3+ emission by selecting the upper wavelength
limit of detection to as high as the black body radiation allows it.

The careful selection of the wavelength detection window may also help to
improve the performance of existing dosimeters. In Al2O3:Mg,Y for example, the
disturbing 250°C peak could easily be filtered out, and also the effect of the 120°C
peak in A12O3:C might be significantly reduced.
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LUMINESCENCE EMISSION SPECTRA OF SEVERAL A12O3

TL MATERIALS
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The paper reports on the radioluminescence (RL) and thermoluminescence (TL)
emission characteristics of several aluminum-oxide dosimeter materials: 'pure' a-
AI2O3 (corundum), A12O3:C (TLK-500), Al2O3:Si,Ti, and Al2O3:Mg,Y.

The general feature of the RL spectra is a strong emission line at 695 nm caused
by the Cr3+ impurity, and a wide UV band around 310 nm, which is related to F+-
ccntrcs. A further emission appears around 420 nm in all of the 'doped' materials.
However, the origin of this band is not the same in all phosphors: in Al2O3:Si,Ti it
is associated with Ti3 , while in the other two samples it is more likely to be due to
F-ccntres. Al2O3:Mg,Y shows several more emission lines between 450 and 600
nm, which increase with increasing dopant concentration and therefore these are
attributed to the Y3f impurity.

The most obvious feature of the TL emission spectra is the lack of the 310 nm
band. Apart from this, all the other emission bands found in the RL are clearly
identifiable, and show the same intensity ratios. Corundum shows three major TL
peaks at 90, 180 and 350°C, all of them featuring the Cr3+ emission. The two glow
peaks of Al2O3:Si,Ti at 120 and 270°C exhibit the same emission spectra: a strong
Crv line and a somewhat weaker band around 410-420 nm. It is remarkable, that
in A12O3:C and in Al2O3:Mg,Y the different glow peaks have different emission
spectra. In A12O3:C the low temperature, 120°C peak emits the Cr3+ line, while the
main dosimetry peak at 180°C exhibits only the 410-420 nm band. On the other
hand, in Al2O3:Mg,Y this blue band appears only in a separated glow peak around
27()°C, while the other three glow peaks at 120, 180 and 350°C show the Cr3+ and
Y' related emission lines.

The detailed knowledge of the RL and TL emission spectra of different A12O3

TL dosimeters can be used to improve the performance of routine dosimetry work.
By appropriate filtering, unwanted glow peaks can be suppressed, or the effective
sensitivity of some phosphors improved. The data also might give guidelines on
how to improve the quality of the currently available materials.
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