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Abstract 
 

The dosimetric properties of the newly developed thermoluminescence (TL) material 
(LiF:Mg,Cu,Si) at Korea Atomic Energy Research Institute (KAERI) were investigated. 
The energy response of the detector was performed for photon energies from 20 to 662 keV. 
The dose response for this TL material (LiF:Mg,Cu,Si) was linear up to 10 Gy and a sub-
linear response was observed for higher doses. The reusability of this newly developed TL 
detector sufficiently satisfied IEC standards. Detection threshold of LiF:Mg,Cu,Si TL 
material was investigated and found to be 930 nGy by Harshaw 4500 TLD reader.   
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1.  Introduction 
 
Although LiF:Mg,Ti as TLD-100 has proven to be a useful phosphor for 
thermoluminescence dosimetry, and LiF:Mg,Cu,P has become a popular TL dosimeter in 
routine applications of personal, environmental and clinical dosimetry [1]. However, the 
integrated processes of sintering and microstructure development in a crystalline 
compound are so complex that even after 50 years of research. Over this time, research on 
luminescence micro and nanocrystalline materials has been greatly accelerated by the 
advances in the ability to manipulate structures at molecular or atomic level [2]. The 
search for the ideal phosphor will continue as long as there is a need for improvement. 

The main advantages of LiF:Mg,Cu,P are the high sensitivity, good tissue equivalence, 
almost flat energy response, low fading rate, linear dose response, and good stability at 
ambient temperatures and the shorter annealing procedures [3]. The two main demerits are 
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the thermal loss of TL sensitivity in LiF:Mg,Cu,P annealed at temperature above 240 o C, 
and the relatively high residual signal [4].  

LiF doped with Mg, Cu and Si impurities was first introduced in Japan [5]. At that 
time, the relative thermoluminescence intensity of this material was only 7 times as high 
as that of TLD-100, much less than that of LiF:Mg,Cu,P. Last few years, the main features 
of LiF:Mg,Cu,Na,Si as KLT-300 (KAERI LiF:Mg,Cu,Na,Si TL detector) had been 
improved significantly [6], which possesses high sensitivity and good reusability. But the 
main drawback of the KLT-300 is that the glow curve shape and TL sensitivity decreased 
significantly when annealed at temperatures above 245 o C. So there is a need to develop a 
new TL material with the useful properties of LiF:Mg,Cu,P but having a lower residual 
signal and a better stability to heat treatment. In this paper, some dosimetric properties of 
the newly developed sintered pellet-type LiF:Mg,Cu,Si TL detector such as energy 
response, dose response, reusability and detection threshold has been reported. 
 
2. Materials and Methods 
 
2.1.  Sample preparation 
 
With LiF powder, 0.2 mol % of MgSO4.7H2O, 0.05 mol % of CuSO4.5H2O, and 0.9 
mol % of SiO2 were mixed in distilled water by a magnetic stirrer and then dried at 150 °C. 
For the activation process of the LiF crystals, the mixture of LiF and 3 dopants as 
mentioned above were heated in an electric furnace at temperature well below the melting 
point of LiF for 30 min without nitrogen gas flow. A pellet-type, with a size of 4.5 mm in 
diameter and 0.8 mm in thickness were fabricated using a mechanical press after 
pulverization. Annealing temperature and time are used to produce the lowest intrinsic 
background and to obtain the highest efficiency [7]. The details of the preparation 
procedure can be found elsewhere [8]. 
 
3.  Dosimetric Properties 
 
3.1.  Energy response 
 

For the determination of the energy response of this new TL detector, 6 groups, each 
group containing 5 TL detectors were prepared. The photon irradiations for each group 
were performed at effective photon energies of 20, 35, 53, 73, 118 and 662 keV using an 
X-ray generator (20 –118 keV) and Cs-137 source (662 keV) with 5 mm of PMMA 
(polymethyl methacrylate) as a build-up material at Korea Atomic Energy Research 
Institute (KAERI). The TL measurement was carried out using a Harshaw 4500 TLD 
reader. 
 
3.2.  Dose response 
 
To investigate the dose response of the TL detector, 10 groups, each group containing 5 
TL detectors were prepared and then the TL detectors for each group were exposed with a 
dose of 10-5, 10-4, 10-3, 10-2, 10-1, 1.0, 10.0, 20.0, 30.0 and 50.0 Gy by using Cs-137 source 
with 5 mm of PMMA (polymethyl methacrylate) as a build-up material at KAERI. During 
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TL measurement, to eliminate the low temperatures peaks, the samples were preheated at 
135 oC for 10 s and then TL signals were recorded by increasing the temperature up to 
260 o C with a heating rate of 10 o C/s using Harshaw 4500 TLD reader.  
 
3.3.  Reusability 
 
The reusability study of the newly developed LiF:Mg,Cu,Si TL detector is carried out 
following the procedure of IEC 1066 [9]. For this study, 10 detectors were prepared and 
irradiated by Cs-137 source with a dose of 10 mGy. This experiment was repeated 10 
times in the same manner. The TL signals were measured following the same temperature 
profile as mentioned above for the case of dose response experiment.  
 
3.4.  Detection threshold 
 
According to IEC 1066 [9], the detection threshold is defined as detection threshold         
= tn.σ, where tn is the student’s t distribution for n-1 degrees of freedom (n number of 
dosemeters used for the test) and σ is the standard deviation of the evaluated values for all 
the n dosemeters. To determine the detection threshold of this new TL detector, ten 
unirradiated samples were prepared, and then the TL signals were measured following the 
same temperature profile as mentioned above for the case of dose response experiment. 
 
4.  Results and Discussion 
 
4.1.  Energy response 
 

Fig. 1 shows the relative energy response normalized to 662 keV γ-ray (Cs-137) of the 
new TL detector (LiF:Mg,Cu,Si), MCP-N (LiF:Mg,Cu,P) and TLD-100 (LiF:Mg,Ti). The 
experimental results for the MCP-N and KLT-300 were obtained from the papers 
Budzanowski et al. [10] and Lee et al. [11]. The energy response of the new TL detector is 
similar to MCP-N and the maximum response of 1.0387 at 35 keV and the minimum 
response of 0.791 at 117 keV are observed. The response of this TL detector is lower than 
that of KLT-300 in the range of 72 - 249 keV. 

 
 
 
 

 

 

 

 

 

Fig. 1. Relative energy response of LiF:Mg,Cu,Si TL detector. 
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4.2.  Dose response 
 
The linearity of the TL phosphor to radiation dose is one of the important properties for a 
TL detector. Fig. 2 (a) illustrates dose response for LiF:Mg,Cu,Si TL detector as a 
function of absorbed dose. It can be seen that the response is linear from 10-4 to 10 Gy. In 
the range above 10 Gy, the response increases sub-linearly with dose. This is consistent 
with the results of Bacci et al. [12] for LiF;Mg,Cu,P TL detector, K. Tang et al. [13] and  
J.I. Lee et al. [11] for LiF:Mg,Cu,Na,Si TL detector. For more clarity, the normalized dose 
response function is represented in Fig. 2 (b). 

 

 

 

 

 

 

 

 

 

Fig. 2 (a). Dose response of LiF:Mg,Cu,Si TL detector as a function of absorbed dose. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 (b). Relative dose response function of LiF:Mg,Cu,Si TL detector. 
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4.3. Reusability 
 
The coefficient of variation (CV) of measured TL signals for each detector and for all the 
09 detectors collectively are shown in Table 1. The CV for each detector and for all 09 
detectors collectively did not exceed 0.021 and 0.0039 respectively. According to IEC 
1066 requirement [9], the CV shall not exceed 0.075. So, the reusability of the new TL 
detector adequately satisfied the IEC standards. Fig. 3 depicts the variation of the average 
value of TL signals of this TL detector with the number of reused cycles. The extent of 
radiation damage  determines the frequency with which  re-calibration is necessary in high 

 
Table 1. Reusability of new LiF:Mg,Cu,Si TL detectors. 

 

Each detector separately  

Dosimeter ID Coefficient of variation 

01 0.01500 

02 0.00729 

03 0.01535 

04 0.00914 

05 0.00587 

06 0.01121 

07 0.00861 

08 0.01157 

09 0.02098 

All dosimeter collectively 0.003878 

 

 

 

 

 

 

 
 
 
 
 

     Fig. 3. Reusability of LiF:Mg,Cu,Si TL detectors. 
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precision dose measurements and is an important factor in the ease of applicability of LiF-
TLD. From Fig. 3, it is observed that about 2% sensitivity decreases after 10 repeated use 
of the same LiF:Mg,Cu,Si TL material due to radiation damage. If frequency of use of this 
materials is three months (which is common in Bangladesh for routine application) and 
5 % reduction of intensity is permitted, then it is recommended to re-calibrate the 
LiF:Mg,Cu,Si  TL detector every 7 years interval for accurate dose measurement. Table 2 
depicts the comparison of important dosimetric properties of LiF:Mg,Cu,Si and TLD-100 
(LiF:Mg,Ti).    
 
Table 2. Comparison of dosimetric properties of LiF:Mg,Cu,Si with LiF:Mg,Ti (TLD-100). 
 

Dosimetric properties LiF:Mg, Cu, Si TLD-100 (LiF:Mg, Ti) 

Sensitivity 20 1 

Signal to noise ratio (S/N) 0.04% Three orders of magnitude higher 
than that of LiF:Mg,Cu,Si 

Use for environmental 
monitoring 

Possible Not possible 

Annealing temperature 300oC/260oC for 10 min 
before irradiation 

400oC for 1 h and 100 oC for 2 h 
before irradiation 

Thermal stability High thermal stability Thermal instability 

Response below 100 keV Lower response observed 
except 30-50 keV 

Over response observed due to peaks 
4 and 5. 

 
4.4.  Detection threshold 
 

Detection threshold of the new TL detector was investigated and found to be 930 nGy by 
Harshaw 4500 TLD reader. 
 
5.  Conclusion 
 

The energy response of LiF:Mg,Cu,Si TL detector is very similar with MCP-N 
(LiF:Mg,Cu,P). The dose response for this TL material (LiF:Mg,Cu,Si) is linear up to 10 
Gy and a sub-linear response is observed for higher doses. This newly developed TL 
detector shows acceptable reusability. 
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