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Introduction 

One of the problems that complicates the routine personal TL dosimetry with 
LiF:Mg,Ti, is the complexity of its glow curves, as many as 10 to 14 peaks have been 
identified at temperatures from 60o C to 400o C. Each peak may have different dosimetric 
characteristics, and may be differently dependent on a variety of factors, as the annealing 
procedure and type of radiation.  

It was observed already in the early years of TLD research, that when LiF is exposed 
to higher LET radiations, an enhanced sensitivity is obtained  for the peaks in the 250OC 
region (6 and 7), compared to the usual dosimetry peaks (4 and 5, at about 200OC), and it was 
proposed to use this difference for mixed thermal neutron and gamma dosimetry. The 
development of sophisticated tools for glow curve analysis, especially the Computerized 
Glow Curve Deconvolution (CGCD), enabled accurate separation of the specific peaks and 
intensified the research on the various peaks properties.  

However, some major obstacles were detected, which diminished the attractiveness of 
using the high temperature peaks to discriminate between the neutron and gamma dose 
components. Peak 6 is very near to peak 5, which is the main dosimetry peak, and its 
separation from peak 5 is difficult, especially when measuring low doses. Peak 7 is more 
intense and well resolved, but its response was reported to be  supra-linear (1,2), and therefore 
its use for neutron-gamma mixed dosimetry is questionable. 

In the present work we investigated the linearity of two regions of interest, one 
containing the main information from the peaks 6 and 7 and the other containing the main 
information from the main dosimetry peaks 4 and 5, after irradiation of the crystals with 
thermal neutrons and gamma rays. The irradiation was performed to relatively low doses, up 
to about 50mSv, which are the practical levels encountered in routine situations.  
 
Materials and methods 

 The experiments were performed with LiF:Mg,Ti Bicron/Harshaw cards containing 
four  3 x 3 x 0.38 mm chips.  Two of the chips (3 and 4) contained 6LiF, and the other two 
chips (1 and 2) contained 7LiF. For each experiment at least four chips were used. The readout 
of the irradiated crystals was performed by a 6600 TLD reader (Bicron/Harshaw). Each chip 
was calibrated individually by a 90Sr-90Y source, built in the reader. The heating of the TLD 
chips is by a hot nitrogen gas jet, delivering linear heating profiles. The glow curve of each 
chip is digitized to a 200 channel spectrum and stored on a PC computer. The heating profile 
was the usual one used for routine dosimetry, consisting of a preheat to 50°C ( less than 0.5 
sec) and a linear heating rate of 25°C/sec up to 300°C and then kept at 300°C, for a total time 
of  20 sec. The heating time was increased from the routine value of 13.3 sec to 20 sec to 
enhance the efficiency of light emission from the high temperature peaks. No annealing was 
performed, except for the usual reader annealing. 



Gamma irradiations were carried out using a 137Cs source. The neutron irradiations 
were carried out using thermalized neutrons from a 7.4*104 MBq AmBe shielded source. The 
AmBe source was placed in a borated paraffin shielding equipped with collimator holes. The 
neutrons were thermalized by layers of  polypropylene. The TLD crystals were irradiated to 
different gamma and neutron doses by changing the irradiation time, at constant locations.  

The glow curve spectra were analyzed by the ”Region of Interest”- ROI method, 
described in a separate work. Fixed ROI’s are not recommended due to possible shifts of 
instrumental gain, thus we determined the ROI’s position relative to the channel of maximal 
count, which for LiF:Mg,Ti belongs to peak 5. The area representing the dosimetry peaks 4+5 
(ROI-45) was calculated by integration between channel 18 below the glow curve maximum 
to channel 12 above the glow curve maximum. The area representing the peaks 6+7 (ROI-67) 
was calculated by integration between channel 13 above the glow curve maximum to channel 
70 above the glow curve maximum. These ROI values were chosen for maximum separation, 
while maintaining good efficiency.  
 
 
Results and discussion 

The response of the LiF:Mg,Ti chips to 662 keV gamma-ray doses in the range 3mSv 
to 50mSv is presented in table 1. By fitting a linear function to the counts values vs. dose for 
ROI-45 and ROI-67, a fitting coefficient  (R2) greater than 0.999 was obtained, indicating a 
linear correlation of both ROI values with dose. Table 1 presents also the relative responses to 
unit dose, normalized to the value at 3mSv. The values of the relative results of ROI-45 
remain very close to unity, while the values corresponding to peaks 6+7 show a trend to 
decrease with dose.  

 
Dose ROI-45 stdv (%) of ROI-67 stdv (%) of  Normalized area/mSv***  

(mSv) (*) ROI-45 (**) ROI-67 ROI-45 ROI-67 

3 1.09 6.50 23.46 18.84 1.00 ±  0.07 1.00 ± 0.19 
6 2.21 11.04 44.50 17.80 1.01 ± 0.11 0.95 ± 0.17 
9 3.32 8.18 64.85 12.70 1.01 ± 0.08 0.92 ± 0.12 
12 4.27 8.88 82.07 12.52 0.97 ± 0.09 0.87 ± 0.11 
25 8.84 8.89 164.35 11.63 0.97 ± 0.09 0.84 ± 0.09 
50 17.82 7.94 331.48 9.76 0.98 ± 0.08 0.85 ± 0.08 

 
Table 1. The areas of the regions of interest of peaks 4+5 and 6+7 for different gamma ray 

doses from a 137Cs source.  
  (*)     ROI-45 is the glow curve area in the region of peaks 4 and 5 in millions of counts. 

            (**)   ROI-67 is the glow curve area in the region of peaks 6 and 7 in thousands of counts. 
          (***)  Normalization of the area/mSv value to the value at 3mSv. 

 

 The ratio of the ROI-67 to ROI-45 as a function of the gamma-ray dose was found to 
be constant within the error range, with an average value of  0.0195 ± 0.0010. This value is 
lower compared to the value of 0.05 obtained by Ben Shachar and Horowitz(3) who employed 
CGCD to un-annealed TLD-100 chips irradiated by gamma rays, probably due to the different 
methods of analysis. Liu and Sims(4), who employed also the ROI method, obtained the value 
0.01 which is much closer to our value, especially considering that they defined the ROI of 
the main TLD peaks as the region of peaks 3+4+5, whereas we defined a narrower range of 
peaks 4+5 only. The linearity found in our work, is probably due to the different analysis 



method (not CGCD, as in the works which reported supra-linearity(1,2)). It should also be 
mentioned that not all authors have reported a supra-linear response of peak 7. Horiuchi and 
Sato(5), who performed deconvolution into seven peaks,  obtained  linear responses as well. 

 
The ratio of ROI-67 to ROI-45 as a function of thermal neutron dose was found also to 

be constant within the error range with an average value of  0.215 ± 0.004. Also this value is 
lower compared to the value of 0.5 obtained by Ben Shachar and Horowitz(3) who employed 
CGCD to un-annealed TLD-100 chips irradiated by thermal neutrons, but is much closer to 
the value 0.15 obtained by Liu and Sims(4). Taking into consideration their different ROI 
definitions (see above), the results in both works are expected to be almost identical.  

   
The ratio of ROI-67 to ROI-45 is higher by more than one order of magnitude for 

thermal neutrons irradiated crystals compared to gamma rays, very similar to the results of 
Ben Shachar and Horowitz(3). The relative uncertainty of the ratio is lower for thermal 
neutrons (about 2% compared to about 5% for gamma rays), due to the higher sensitivity in 
the region of peaks 6 and 7 for neutrons. There is a unanimous acceptance in the literature, 
that in the case of neutron irradiation the response of peak 7, as well as of other TL peaks, is 
linear with dose(1,5). The results obtained in the present work support this claim. 
 
Conclusions 

When the Region of Interest (ROI) method was used for the regions of peaks 4+5 and 
6+7 for relatively low doses, it was found that both ROI’s remained linear for both thermal 
neutron and gamma ray irradiation, within the experimental errors. These results suggest, that 
by using the ROI method, it is possible to use the high temperature peaks information for 
dosimetry in mixed thermal neutron and gamma ray fields, at least for the dose range 
investigated in the present work (up to about 50 mSv), which is the practical range of routine 
radiation protection.   
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