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A. Halperin 

and TL(200) were identical (about 3.2 eV, 380 run) [8]. 
The formation curves for the Li and Na containing sam
ples are shown in Figure 2, where the abscissa gives the 
temperature reached in the intermediate wanning be
tween the two low temperature irradiations. The forma
tion curve for the Na-containing sample is seen to have 
its maximum at about a 15-20 K higher temperature 
compared to the Li-containing sample. 

Atte~ts to reveal the ESR spectrum related to the 
{SiO4'Na} centers were, until now, unsuccessful. The 
reason for this is not clear. Balley and Weil [ 1] have 
observed the {SiO4/Li} o center in natural rose quartz but 
could not observe any ESR spectrum of the {SiO4'Na}0 

centers. More than that, on replacing the Na back by 
Li, even the {SiO4'Li} 0 center disappeared. There were 
also other differences in the {SiO4/Li} 0 centers of the 
natural rose quartz compared to our synthetic samples. 
In the rose quartz, the {SiO4'Li} 0 center was observed 
after one X-irradiation at 77 K, which was not the case 
in our samples. In addition, the rose quartz gave a sin
gle drop in the ESR at 190 K, and no drop was observed 
at 110 K (see, Fig. 1). These differences seem to be re
lated to the more complicated centers present in the rose 
quartz. No TL related to the {SiO4/Li} 0 centers in rose 
quartz has been measured until now. We plan to do it 
in the future, and it is believed that careful examination 
of the TL in close correlation with the electron paramag
netic resonance (EPR) of the samples will provide 
information leading to a better understanding of the 
observations. 

Some Physical Properties or the TL(M) Peaks 
Related to the {SiO4'M} o Centers 

In this section, we shall describe and discuss some 
of the characteristics of the {SiO4'M} 0 defects investi
gated in our laboratory since 1987. Most of the results 
have been published elsewhere and are only described 
briefly along with results of very recent measurements. 
In addition, the more general outlook enabled by the ac
cumulation of more experimental facts in the last few 
years has helped in establishing and even improving the 
interpretation of the observed phenomena. Such revised 
explanatiom and their justification is given below in 
some detail. The results of some physical properties un
der investigation are given in the following sub-sections. 

Dose dependence or the TL(M) intensities 

In conventional single excitation of TL, the dose de
pendence curves rise linearly (slope of 1) at low doses 
and tend to saturate at higher doses. It has been shown 
that in the presence of an active competing trap, the 
dose dependence may show super-linearity [15]. Things 
are different in the double excitation of the TL(M) of 
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quartz. Preliminary experiments have given slopes 
varying between zero and two. The complications arise 
from the existence of many deeper electron traps in 
quartz, which compete with the {SiO4'M} + traps for the 
electrons. The competition depends on the concentration 
of empty competing traps which, in tum, depends on the 
preirradiation and preheating in the history of the exam
ined sample. This explains the variety of slopes ob
served in the preliminary experiments. Some of the 
competing traps are also filled up during the first and 
second irradiations, which also affects the measured 
slopes. The reader is referred to the published work on 
the dose dependence [5, 12]. In the following, we only 
give examples demonstrating the competition effect. 

The curves in Figure 3 give the dependence on the 
dose of the X-irradiation of the TL(190) peak. The dose 
was varied by changing the second exposure time (½). 
In this case, the first irradiation time (t1) was kept at 2 
seconds. Curves 1-4 in Figure 3 were obtained after 
prolonged preirradiations at 700 K, 400 K, 310 K and 
260 K, respectively, thus eliminating from the competi
tion the traps stable above these temperatures which 
were filled up by the preirradiation. 

All the curves in Figure 3 rise somewhat super-line
arly (slopes up to 1.17) up to above ti = H>2 seconds 
and then tend to saturate. The TL(190) intensities were 
very low in curve 1, in which case all the electron traps 
stable up to 700 K were empty. Filling up more and 
more traps, the TL(190) intensities go up, and with all 
the electron traps stable above 260 K filled up {curve 4, 
given on a reduced (x 0.1) ordinate scale}, the TL(190) 
intensities are higher by about 2.5 orders of magnitude 
compared to those in curve 1. 

Another point which follows from Figure 3 is that 
in spite of the very short first irradiation (t1 = 2 sec
onds), the curves rise with a practically constant slope 
up to ti values above H>2 seconds. This means that the 
{SiO4/M} + electron traps formed during the 2 seconds 
irradiation need more than Ia2 seconds of the second ir
radiation to get filled up. The saturation of the curves 
in Figure 3 occurs when the filling up of the {SiO4'M} + 
traps reaches equilibrium. 

Figure 4, again for the TL(190), gives the dose 
dependence curves as function of t1 with 12 fixed (5 
seconds). Curves were again obtained by gradually re
ducing the competition of d~per electron traps by pro
longed preirradiations at 700 K, 400 K, 300 K and 250 
K for curves 1-4, respectively. Curves 1 and 2 in Fig
ure 4 rise almost linearly up to above t1 = la2 seconds. 
This time, however, the rise of the TL(190) is caused by 
the gradual filling up of the empty competing traps dur
ing the exposures along each of the curves. This effect 
is very small in curves 3 and 4, where the concentration 
of the remaining empty competing traps is very low, and 
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Figure 4. Dependence ofTL(190) on the first irradiation time. Curves 1-4 after prolonged preirradiation at 700,400, 
300 and 250 K, respectively. 

hence, the curve have slopes close to zero. The satura
tion intensities of the curves in Figure 4 give a measure 
of the concentrations of the {SiO4/Li}0 centers filled up 
by electrons during the second irradiation under 
conditions of negligible competition. 

All the curves in Figures 3 and 4 were obtained 
with both irradiations performed at 80 K and an interme
diate warming to 250 K between the two irradiations. 
Qualitatively similar results (with somewhat different 
slopes) were obtained with the first irradiation carried 
out at 250 K and the second at 80 K; Na-containing 
samples behaved similarly. The curves in Figures 3 and 
4 do not give, therefore, the true dependence on the 
dose of excitation. To illustrate this, Figure 5 shows a 
few curves in which the excitation dose was fixed for all 
the TL measuremeats. The slopes of the curves in Fig
ure 5 are obviously not z.ero. 

For each point in Figure 5, the first excitation (t1 = 
40 seconds) was carried out at 250 Kand the second(½ 
= 2 seconds) at 80 K. The abscissa gives now the ac
cumulated exposure time for each curve (Et1, neglecting 
the low, ti = 2 seconds, exposures). For each curve, 
the sample was preheated to 700 K, thus emptying all 
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the shallower traps unstable at 700 K. In recording the 
glow curves, the sample was heated to a different tem
perature for each curve. These temperatures were 620, 
500, 400 and 320 K for curves 1-4, respectively. 

Curve 1 in Figure 5 shows a very small increase in 
the TL(190) with the increase of Et1. This is because 
in each TL measurement, the electron traps stable up to 
620 K were emptied, and for longer Et1 values, an equi
librium is reached between the emptying and the filling 
up of the electron traps. With the gradual reduction of 
the emptying of the competing traps by reducing the 
temperature reached in each TL measurement, the re
maining competing traps are filled up faster when the 
rise in the curve becomes steeper. Thus, in curve 4 
(warming up to 320 K), equilibrium takes place only af
ter an increase of TL(190) by nearly a factor of 10, 
compared to that at Et1 .., 0. 

The investigation of these effects is now underway. 
Results reachoo, up to now, show that under certain con
ditions, the effect of the accumulated filling up of the 
competing electron traps can be dominant. 


