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Abstract - Detection apparatus which allows the simultaneous recording of TL and TSEE curves. up to 650 K after X or UV 
irradiations. at 77 K is described. VarioUs. samples of (I-alumina were studied in these conditions. It is shown that this approach 
avoids some measurement errors and compares accurately the TL and TSEE peaks related to the same trapping centre. 

INTRODUCTION 

TSEE and TL measurements presented by various 
authors"-7) show that the position of thermostimulated 
peaks exhlbited by ex-aluntina are in good accord. This 
correlation allows us to interpret the e"oeleelrOnic emis
sion mechanisms by a continuity of bulk defects towards 
the surface of this material. In order to develop a good 
experimental approach to various thermostimulated 
mechanisms of a-alumina, simultaneous measurements 
are required. They permit avoidance of some measure
ment errors and accurate comparison of the TL and 
TSEE peaks related to the same trapping centre. Some 
authors have described such experimental devices but 
the temperature range studied""" the method adopted'» 
or the lack of technical data forbids the use of their 
methods. 

Here, the simultaneous detection apparatus that has 
been developed is described. It allows the simultaneous 
recording of TL and TSEE curves up to 650 K after X 
or UV irradiation at 77 K with various heating rates. 
Different ",-alumina samples are studied. Thanks to a 
physical model of thermostimulated phenomena, these 
investigations lead to an estimation of 0.12 eV for the 
value of the effective electron affinity presented by an 
,,·alumina sample. 

EXPERIMENTAL SET-UP 

The experimental set -up presented here has been 
obtained from the TSEE apparatus previously 
described"'. The detection device and the dala pro
cessing unit have been modified. 

Silica and beryllium windows located on the ultra-high 
vacuum (UHV) chamber (5 x 10-6 Pal permit irradiation 
of the sample by UV light or X rays. respectively. 

Temperature controller 

The sample holder has already been described"'
Cooling is achieved by drawing up liquid nitrogen 

through the sample holder. Heating is achieved by a 
resistance element supplied by an electronically pro
grammed device directly controlled by a microcomputer 
(Figure I). The modulation of heating power is provided 
by a pulse width modulation signal (PWM) which drives 
a solid state relay followed by a step-down transfonner. 
The PWM signal is calculated and generated every 
second by the nticrocomputer thanks 10 a like-PID regu
lation algorithm complemented by an open-loop action 
(static + first order dynamic). 

A temperature lintiting system and a 'watchdog' device 
are used to ensure the safety of heating equipment Thus. 
the heating law is linear and its rate can be adjusted. The 
value adopted for this study is 20 K.ntin - I • 

Detection device 

The exoelectrons are detected by a channel electron 
multiplier (CEM) operating in the pulse counting mode 
whereas the photons are led to a photomultiplier tube 
(PMT) thanks to optic fibre bundles followed by a 
focusing lens. The chosen silica optical fibres are UHV
resistant and have a good UV transmission. 

In order to eliminate the infrared emi,,;on produced 
by the heating holder, appropriate optical filters are 
used. 

After they have been recovered and shaped, the PMT 
and CEM information - transformed inlo TTL sig
nals - is driven to a pulse counter and recorded by the 
microcomputer simultaneously with the sample tem
perature (Figure 2). 

EXPERIMENTAL CONDITIONS 

247 

The TL and TSEE intensities depend on various para
meters such as the nature of the sample, the type. energy 
and kerma of the radiation, and the heating rate. When 
these parameter. are fixed. the number of photons and 
the number of electrons emitted per unit time at the 
maximum of TL and TSEE peaks related at a particular 
trapping centre are constant. A good simultaneous 
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