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Abstract – Fading is a process when the latent information of a detector is unintentionally lost mainly due 

to the thermal influence. Thermoluminescent (TL) detectors have different sensitivities as far as the fading 

effect. Encapsulated TL detectors mounted within shielded filter holders are used during the personal 

monitoring of occupationally exposed persons in R. Macedonia. PTFE-Teflon
®
 polymer is an example of 

encapsulation material that has a temperature resistance and it allows the luminescence signal to pass 

through. Since the encapsulated TL detectors cannot be submitted to annealing treatment in an oven, 

another fading reduction method is needed. The TL evaluation method suggested in this work is based on 

a specific glow-curve region. Irradiations were conducted using 
90

Sr/
90

Y source. Post-irradiation fade 

investigations were conducted for evaluation periods that varied up to 4 months. Two areas of the TL 

glow-curve were selected with the WimRems software. They correspond to the high and the low fading 

emission peaks (the lower temperature peaks display a greater degree of thermal fading than the higher 

temperature peaks). Post-irradiation fade is a contributing factor that affects the response of a 

thermoluminescent (TL) phosphor as a function of time. 

PTFE – Polytetrafluoroethylene most well known by the DuPont brand name Teflon
®
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1. INTRODUCTION

Thermoluminescence is the emission of light from an 

insulator or semiconductor when it is heated. 

Thermoluminescence is the thermally stimulated 

emission of light following the previous absorption of 

energy from radiation. In this statement the three 

essential components necessary for the production of 

thermoluminescence can be found. Firstly, the 

material must be an insulator or semiconductor. 

Metals do not exhibit luminescent properties. 

Secondly, the material must have at some time 

absorbed energy during the exposure to radiation. 

Thirdly, the luminescence emission is triggered by 

heating the material. In addition, there is one 

important property of thermoluminescence which 

cannot be inferred from this statement as it stands at 

present. It is a particular characteristic of 

thermoluminescence that, once heated to excite the 

light emission, the material cannot be made to emit 

thermoluminescence again by simply cooling the 

specimen and reheating. The process can be triggered 

again only if the material is re-exposed to radiation. 

Fading is the process in which there is an 

unintentional loss of the latent information, that is, its 

response. There are many causes of the process of 

fading, but the thermal is the main one. In the thermal 

fading, the traps that present lower entrapment energy 

will fade faster than the more energetic ones, due to 

their higher probability of transition. This can 

generate large errors in the dose assessment. 

The principles of the thermal fading have essentially 

been dealt with in the discussion of the isothermal 

analysis of the thermoluminescence glow curves. The 

main point is that if the trap depth E is too small then 

a severe fading of the signal will occur, both during 

irradiation and between irradiation and readout. For 

dosimetry purposes, therefore, it is desirable for the 

detector to be characterized by a glow curve with a 

peak at some temperature. This temperature range 

usually ensures that the trap depth is large enough (E 

> kT) so that no appreciable trap emptying takes 

place, but also it is low enough so that the 

interference from the black-body background signal 

is negligible. [1] 

The development and implementation of a dosimetric 

system includes the realization of performance tests 

of the dosimeter that will be used. These tests assess 

the consistency of the obtained outcomes by 

determining the characteristics of the reference 

adopted. These patterns of development are described 

by IAEA’s Safety Standard RS-G-1.3 [2] and IEC 

1066 [3].  
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2. MATERIALS AND METHODS 

The equipment used for the tests included a Harshaw 

model 6600 PLUS Automated TLD Reader with 

WinREMS (Windows based Radiation Evaluation 

and Management System), an internal 90Sr/90Y beta 

irradiator source (A=0,5 mCi/2006) and the detector 

element used in this study is crystal LiF:Mg,Ti (TLD-

100), manufactured by Harshaw-Bicron. This crystal 

LiF:Mg,Ti is encapsulated between two layers of 

PTFE Teflon®, generating support from the 

thermoluminescent detector. It was noted the 

appropriateness of using the polymer PTFE-Teflon®

to support the detector, supports the high temperature 

reading (300 ºC) without modification of its physical 

form and having a low attenuation of the 

luminescence emitted by the TLD-100, which 

includes the full wavelength 350-600 nm.

A Thermo FH 40 G-L radiometer is used to follow 

the background radiation in the laboratory, a 

mercury-in-glass thermometer Laboterm for the 

temperature and Fisher’s barometer for the pressure. 

A TLD-100 version of LiF (LiF:Mg,Ti), 

manufactured by Harshaw, is made with 160 ppm

Mg, added to serve as the primarily trapping centers 

and 4 ppm Ti to provide luminescent recombination 

centers at which the detrapped holes and electrons 

recombine after being released from the trapping 

centers during the readout process. LiF is a useful 

material in dose measurement for several reasons, 

including its general resistance to corrosion and wear. 

It is barely soluble in water and the effective atomic 

number of LiF (8.14) is close enough to the value for 

tissue (7.2) to make it almost tissue equivalent. Data 

for some thermophysical parameters for LiF are given 

in Table 1. 

Table 1. Thermophysical Parameters for LiF:Mg,Ti 
(TLD-100) 

Parameter Value Units 

Density 2.635 g /cm3

Heat Capacity 1.604 J/(g K) 

Absorption 

coefficient

0.74 x 10-3 (at 

2.7 µm)
1 / µm 

Thermal conduction 

coefficient
1800 (at 20oC) W/(m K) 

Chip thickness  0.89  mm

Source: Thermo Fisher Scientific 

The method of thermoluminescence is a relative 

method and therefore the TLDs have to be calibrated 

against absolute dosimetry systems such as a 

calibrated ion chamber. A 137Cs gamma source is 

used for calibration of the dosimetric system in terms 

of dose equivalent. Before beginning any calibration 

procedures, a fixed fade time is established for each 

of the calibration procedures. It is important that the 

time between irradiation and readout for all 

dosimeters is consistent in order to keep fading the 

same from one calibration to the next. The specific 

length of this time is not as important as its 

consistency. Manufacturer’s recommendations are 

that the fade time should be no less than thirty 

minutes. Otherwise, any length of time that suits 

operations is acceptable, but it must be consistent 

from one time to the next. [4] 

In order to reduce the fading effect without the need 

of a thermal reading, a method of charge acquisition 

can be adopted, which is going to be related to a 

single region of the thermoluminescent glow curve 

emission. Two regions of the TL glow curve were 

selected through the WimRems software; they were 

related to the emission peak that presented a high and 

a low degree of fading including two regions of 

interest (ROI); the channels 070 to 108 (ROI-1) and 

the 108 to 180 (ROI-2), respectively, from a total of 

200 channels in which the other ones were discarded. 

Region 1 (ROI-1) was identified as the “fading” 

region and region 2 (ROI-2) as the “dose” region, due 

to its agreement with the format of the emission curve 

found after a period of four months, as shown in 

Figure 1. Region 2 represents the emission peaks 3, 4 

and 5 of the TLD 100, being used for the dosimetry. 

So, in order to analyze the fading process 5 TL cards 

were used, each one with two detectors, resulting in a 

total of 10 measurements for each assessment. One 

crystal was discarded, so there were 9 measurements 

for each assessment. The detectors were given an 

absorbed dose of around 2.5 mGy from the 
90Sr/90Y

beta irradiator source. After the irradiation, the 

detectors were read in the selected time for the 

analyses of the fading effects, as shown on Table 2. 

The temperature was controlled only during the 

working hours and set at (23 ! 3) °C. During the 

night the temperature dropped in winter to 15°C and 

rose in summer to 28°C. Ambient dose equivalent 

rate in the storage room was (75 - 175) nSv/h.

Table 2. Fading in variation in time 

Relative Intensity [%]
t [h]

f-fad ROI1 ROI2 

0 100.0% 100.0% 100.0%

0.5 98.7% 97.7% 101.0%

1 98.6% 96.4% 101.4%

2 95.4% 90.5% 98.5%

3 97.6% 91.0% 101.8%

12 93.3% 68.4% 99.9%

24 93.1% 55.1% 107.8%

48 91.1% 44.0% 108.9%

72 92.4% 36.6% 113.0%

168 84.7% 19.2% 108.2%

720 78.6% 6.1% 104.2%

1440 76.6% 5.6% 101.6%

2160 78.5% 5.6% 103.8%

2880 77.2% 3.8% 102.7%
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Figure 1. Channels determination for dose evaluation 
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Figure 2. Fading results

3. RESULTS
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By using the data from Table 2. it was possible to 

determine graphically the relative fading in the 

regions 1 and 2 (Fig2). 

4. CONCLUSION 

The dosimetric peak temperatures of LiF:Mg,Ti 

material are between 245 and 300 °C. They are 

known as peaks 3, 4 and 5. These are stable peaks. 

The low temperature peaks are the major players in 

the fade process. 

Analysing the whole pick area, the stability of the 

fading signal in a period of 1 month after irradiation 

can be noticed. This is because the pick 2 is preserved 

only in few days after irradiation, which fades very 

fast. From the data in Table 2 fading is around 21,5% 

– 23,5% in a period up to 4 months. The first peak 

area showed around 50% of fading in about 24 hours. 

Through this analyses it was verified that for the 

LiF:Mg,Ti (TLD-100) detector encapsulated in 

PTFE-Teflon, for the second pick area, the fading 
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overestimates 13% for a period of three days, 1.6%

for a period of two months and 2.7% for a period of 

four months. 

This reading procedure, which works specifically on 

some regions of the thermoluminescent emission 

curve, can be used to reduce the effects that the 

fading causes in the final reading of the dosimetric 

systems. This can be done either mathematically or 

by removing the low temperature peaks.  

For further research works the mathematical function 

for the fading factor can be found. 

5. REFERENCES 

[1] S. McKeever, Thermoluminescence of solids,

CAMBRIDGE UNIVERSITY PRESS. 

[2] IAEA Safety Standards Series: Assessment of 

occupational exposure due to external sources 
of radiation, RS-G-1.3, Vienna, Austria, 1999. 

[3] IEC International Electrotechnical

Commission: Thermoluminescence Dosimetry 
Systems for Personal and Environmental 

Monitoring, IEC 1066, Geneva, Switzerland, 

1991. 

[4] Thermo Electron Corporation: Model 6600 

PLUS Automated TLD Reader with 

WinREMSTM, Operator's Manual, , 26400 

Broadway Ave. Oakwood Village, Ohio, USA 

2005. 

71


