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     Studies of thermoluminescence of some natural and synthetic TL materials are 
presented in this work.  The temperature measurements were recorded up to 750C. the 
TL sensitivity exhibits maximum when the sample is annealed at 850C under vacuum 
for one hour.  A new TL peak at 650C has been observed in natural calcium fluoride 
phosphor.  This peak corresponds to the deepest trap observed so far in this phosphor.  
The TL characteristics of this new glow peak have been studied.  The build up of this 
peak with gamma exposure shows saturation after a dose of 106 R (104 Gy), while lower 
temperature peaks saturate at about 5x104 R (5 x 102 Gy).  This difference can be 
explained qualitatively by the greater concentration of defects responsible for this high 
temperature peak.  The activation energy (E) of this peak comes out to be 2.99 ev, and 
its mean life time () could be calculated to be of the order 1030 years at ambient 
temperature, also its corresponding frequency factor (s) is 1.06 x 1015 sec-1.  Its TL 
emission spectra is a single UV band around 325 nm. The UV photo transfer induced 
TL from this peak has been studied.  The transfer efficiency is found to be at about 225 
nm. 
      The synthetic crystals of CaF2 doped Sm and Y by concentration of 0.2% and 0.3% 
respectively, which could give this high temperature peak (650C).  This new peak from 
synthetic CaF2 has the same TL characteristics as the one which is obtained from the 
natural phosphor.  The behavior of this newly observed TL peak from the synthetic 
materials has been studies in greater details.  
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INTRODUCTION 

 
 Thermoluminescence (TL) is a well known as a research tool in solid state physics 
and radiation dosimetry(1,2).  This phenomenon has also proved to be useful for age 
determination of rocks and archaeological potteries(3,4).  The TL detectors can cover 10 
order of magnitude (10-4 R to 106 R).  Because of the experimental simplicity and the 
significant amount of information that can be obtained, TL has been used as a tool for 
understanding the defect structure of the crystals associated with luminescence centers and 
traps(5-8).  Among the TLD materials is calcium fluoride phosphor (CaF2) which has been 
widely used in radiation dosimetry.  A number of workers have studied the glow curves and 
the TL emission spectra, as well as the related physical phenomenon to explain the 
mechanism of TL emission and TL kinetics(9,10).  TL sensitivity of natural calcium fluoride 
was attributed to traces of un-identified impurities.  A wide variety of impurities were found 
to be acting as activators(11).  The relative concentration of these impurities is found to 
change from sample to another(12).  TL sensitivity of synthetic CaF2 can be increased by 
adding a single doping trace element to the host lattice.  The sensitized luminescence of 
phosphors has been the subject of several investigators(13-15).  Most of the workers on the TL 
studies have kept the domain of their work within 400C.  Only some of them have reached 
550 C.  The problems of studying TL at higher temperatures are: (1) excess of thermal 
background, (2) it is believed that at such high temperature there is a strong thermal 
quenching of luminescence and therefore no TL can be expected. 
 

EXPERIMENTAL 
 
 Natural as well as synthetic CaF2 TL materials have been used in this work.  
Different rare earth concentrations were used in the range between 0.1% - 3% in single and 
double doped samples.  The description and the technique of preparation is discussed else 
where(16,17).  The processed samples are powdered and sieved through a standard size 80–
120 mesh.  The radiation source used is the gamma cell cobalt-60 irradiation facility.  Also 
an ultra violet light source is used for the photo-transfer phenomena.  The instruments used 
are: (1) TL glow curve reader, (2) TL emission spectrum analyzer.  A heat filter (chance 
filter HA3) which cuts off the undesirable he at is interposed between the PM photo-cathode 
and the sample. A thermocouple is spot welded to the bottom of the planchet and connected 
to a linear temperature programmer.  This programmer regulates the current to the heater 
strip according to the desired heating rates. A temperature cut-off at 750 C is used.  The 
signal is recorded on a two pen strip chart recorder.  The spectral analyzer set-up which is 
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used in this work consists of a monochromator to disperse the emitted TL glow into its 
spectral components.  
 

RESULTS AND DISCUSSION 
 
 The thermoluminescence glow curve of natural CaF2 after exposure to Co-60 for 105 
R (103 Gy) is shown in Fig.(1).  A carefully recorded glow curve gives in general five 
peaks. These peaks locate at 75, 150, 250, 340 and 500 C.  The first and third peak seems 
to be composite TL glow peaks (i.e multi peaks).  The second peak ( at 150 C ) however 
seems to be a single and well isolated peak. The fourth peak (at 340 C) is very faint and 
lies under the shoulder of the third one (i.e it is not isolated).  The fifth peak (at 500 C ) 
was so far known to be the glow peak of the highest temperature of natural CaF2.   
 
 While conducting experiments on this phosphor, it was found that it shows photo 
transfer sensitivity with light of   = 250 nm  even after the fifth peak ( at 500 C ) was 
erased by treating the irradiated phosphor to 550 C for ½ hour.  The presence of this effect 
raised two possibilities.  One is the presence of a higher temperature peak ( higher than 550 
C ), and the second is the intrinsic photosensitivity of CaF2 phosphor.  The later possibility 
could be easily rejected as it is well known that CaF2 has a wide band gap. Further it was 
easily confirmed experimentally that in a sample treated at 700 C, this effect was found to 
be absent.  This means that if a high temperature peak is present, it should be between 550 
C and 700 C.  In the present work a glow peak is resolved at 650 C in natural CaF2.  The 
major difficulty in resolving this high temperature peak is the high thermal back ground.  
Ordinary filter for heat like HA3 are not enough to reduce the thermal noise sufficiently 
well.  Selection of a proper filter needs a prior knowledge of the TL emission in this high 
temperature peak.  The major emission of the TL peaks in this region lies between 300 to 
400 nm.  A filter which transmits in this region and stops all light in red and infrared will be 
ideal.  The filter OX1 was found to be very appropriate for this purpose.  This filter reduces 
the thermal background by a large factor at the same time it will not be attenuate the TL 
signal significantly.  
 
 The glow curve of natural CaF2 after gamma irradiation is recorded using HA3 
(placed between the sample and the PM tube) in the first run as shown in Fig. (2-a).  
Another irradiated sample is carried out in the second run to obtain glow curve up to 550 C  
using HA3 ) as in Fig. (2-b).  the same sample of the second run is again heated from room 
temperature to 750 C ( using AH3 + OX1 ).  It can be seen that by this procedure we are 
able to resolve the TL peak at 650 C (by the third run ) as shown in Fig. (2-c).  The settings 
in the experiment set up were as follow. 
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(1) Heating rate 37 C / sec and the upper cut-off temperature 750 C. 
(2) Recorder chart speed: 30 cm/min 
(3) Fillers used: HA3 + OX1 
(4) The optimum distance between the photo-multiplier and the sample is 8 cm. 

 
Fig.(3) shows the effect of thermal annealing of CaF3 phosphor from 400-1000 C in air 

and in vacuum atmospheres.  The samples were heated at these different temperatures for 1 
hour each.  There is no change in the TL intensity between 400 – 500 C.  At still higher 
temperatures, annealing in open air decreases the TL sensitivity. TL sensitivity almost 
vanishes on heating up to around 800 C.  In case of annealing under vacuum, the TL 
sensitivity is enhanced reaching maximum value at 850 C.  The intensity starts to decrease 
for further increase in temperature of heating Fig. (3) shows that the maximum TL 
sensitivity of 650 C peak can be reach when the phosphor is pre-heated to about 850 C 
under vacuum for 1 hour.  The test gamma irradiation dose used was 105 R ( 103 Gy ) from 
Co-60 gamma cell.  It is found that the retreated of the air heated sample in vacuum at high 
temperature does not regenerate the TL peaks.  This means that heating the sample in open 
air at temperatures more than 500 C make the TL material loses its sensitivity.  This loss is 
permanent. This can be attributed to the oxidation of CaF2 to form CaO which is TL 
insensitive. 

 
It is very important to find out the build up with radiation doses. The samples are given 

various radiation doses from Co-60 gamma source, and its glow curves are taken.  The peak 
heights of the TL peaks are plotted against the radiation dose as shown in Fig. (4).  It can be 
seen that 650 C peak rises up to a dose of 106 R (104 Gy ) after which it saturates.  It can 
also be seen that this behavior is somewhat different than that of the other peaks especially 
the 250 C and 500 C peaks which saturated even before 105 R. 

 
The activation energy of the 650 C peak is determined by the method of initial rise.  

Fig. (5) shows the Arrhenius plots (ln I vs 1/t ).  The activation energy of this peak comes 
out to be 2.99 ev.  This is the deepest trap observed so far in this phosphor.  The trap depths 
of the other lower temperature peaks have been obtained.  It is found that the activation 
energy of the high temperature peak (650 C peak) to be directly proportional to the peak 
temperature in the same manner as the other peaks. 

 
A graph of the activation energy (E) va Tm (maximum peak temperature) is plotted as 

shown in Fig. (6).  This plot shows a linear relationship. This means that this high 
temperature peak has the same manner like the other peaks. 
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Evaluation of the activation energy of this high temperature peak was also done by other 

techniques.  The obtained values are shown in table (1). 

Table 1. Evaluation of the activation energy for the 650 peak by different techniques 

 

No. Method E (eV) 

1.  Decay method 2.92 

2.  Initial rise method 2.99 

3.  Geometrical method  

(Halparin & Braner) 

3.03 

    Average            2.99 eV 

 

 Frequency factor (s) could be calculated from the equation: 
 

 

 
 where :      =  17 K/sec 
    K   =   8.625  x  10-5  eV/K 
  Tm   =  923  K 
    E    =  2.99  eV 
 
By applying these parameters in the last equation, the frequency factor “s” = 1016 sec-1.  

The mean life time () of the 650 C peak at room temperature is calculated by the equation  
 

 
 
 

 
 Thus the mean life time  is found to be   =  30  years. 
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 It is interesting to find out the TL emission spectrum of the glow peaks as shown in 
Fig. (7). One can see changes in the spectrum as the temperature increases.  While at 
temperature below 300 C the spectrum consists of many lines, above this temperature 
(above 550 C) the emission is a single band with maximum at 325 nm.  It is important to 
know the nature of the impurities responsible for this high temperature peak. 
 
 Since this temperature peak (650 C) is newly observed.  So, it is of a prime 
importance to see the effect of photo-transfer phenomenon.  For this reason the samples are 
annealed using the above condition and exposed to 105

 R (103 Gy) of gamma radiation and 
then annealed to 550 C for 15 minutes and leaving the 650 C peak.  An exposure to UV 
radiation from mercury lamp is given by different durations. It is found that the glow peaks 
of lower temperature are regenerated. So, UV stimulation of the phosphor causes the 
trapped electrons to be raised to the conduction band and these are re-trapped in the other 
vacant traps giving rise to TL peak at lower temperatures.  It could be concluded that the 
high temperature peak generates all the lower temperature peaks with UV stimulation. This 
suggests that the traps responsible for low temperature peaks are of the same polarity as 
those involved in high temperature peak of 650 C. 
 
 Fig. (8) shows the build up of UV induced glow peaks by increasing UV exposure.  
From this figure it is observed that the peak heights increase almost linearly until the 
exposure is about 2 x 103 sec, after which the TL glow peak heights show saturation.  It is 
observed that while the lower temperature glow peaks are generated by the exposure to UV 
light, the residual peak is slightly reduced in intensity.  Thus, it proves to be a case of photo-
transfer of TL from a high temperature glow peak to those of lower temperature peaks.  
 
 Once this high temperature peak (at 650 C) is observed in natural CaF2, it was 
interested to know the nature of the traps responsible for this peak, also how to achieve it 
from synthetic materials.  Detailed studies of singly doped crystals have been tried.  It is 
observed that in all these cases there is no TL beyond 500 C in the range of dopant 
concentrations between 0.1% to 3%, i.e. none of these crystals of single dopants gave this 
high peak. 
 
 But by extensive attempts using two dopants simultaneously, this high temperature 
(at 650 C ) could be obtained.  It was found that combination of Sm and Y to CaF2 matrix 
with concentration 0.2% and 0.3% by weigh give this 650 C peak as shown in Fig.(9). The 
TL characteristics of this high peak from synthetic materials in comparison with that 
obtained from natural materials can be summarized in table (2). 
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Table 2. Comparison of the TL parameters from 650 C peak  

obtained from natural and synthetic CaF2 
 
  
 
 
 
 
 
 
  

The TL emission spectrum of CaF2 (Sm + Y) for the high temperature peak (at 650 
C) is shown in Fig. (10).  The emission consists of UV band at 325 nm.  It is the same as 
present in the corresponding glow peak of natural fluorite as shown in Fig. (7). The 325 nm 
emission of the 650 C peak does not belong to Sm dopant.  It may be the TL emission 
characteristics of Y dopant.  This can be simply attributed to the energy transfer 
phenomenon from Sm to Y. 

 
CONCLUSION 

 
The high temperature glow peak at 650 C is corresponding to the deepest trap 

observed so far in this phosphor.  It is interesting to know that electrons and holes can 
remain stable in their corresponding traps even at such high temperature.  The major 
difference between the natural and synthetic CaF2 which could give this high peak may be 
due to the condition of preparation from temperature and pressure.  Also the difference in 
concentration of the dopants is that responsible for this TL trap. 

 
The importance of this high temperature peak can be summarized as follows: 

 
(1) The build up of peak height with gamma exposure shows saturation after a dose of 

106 R.  While the other peaks saturate between 104 and 105 R.  Thus, this high peak 
could be useful for age determination specially in the range of geological times. 

(2) Since this peak is existing at such high temperature, so, it can be used for measuring 
radiation levels at high temperature areas like reactors and space ships. 

 
 

No Parameter Nat-CaF2 Synthetic CaF2 

1. Tm 650 C 650 C 
2. E 2.99 ev 2.85 ev 
3.  1030 years 3 x 1026  years  
4. s 1016 Sec-1 1.06 x 1015 Sec-1 
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