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INTRODUCTION 

Nowadays, the regulations require an accurate and reliable measurement of exposures according to the 

principle of ALARA (As Low As Reasonably Achievable), which emphasizes the need to handle correctly 

the background issue. Background signals can be radiation and non-radiation related and are produced 

during the readout process in the TL reader systems. The source of the non-radiation related signals can be 

the reader itself or effects in the TL crystal due to heating. The main contributions from the reader are dark 

current and electronic spikes, which are monitored continuously during the readout of a batch of TLD cards. 

Their contribution is constant during normal operation and can be easily subtracted. Non-radiation related 

contributions from the TLD chips may be caused by dirt which may be present on the TLD cards or light 

emitted by the Teflon layer which covers the chips 
(1)

. These spurious signals can be detected by checking 

the shape of the glow curves. 

 

However, there is also a radiation related contribution originated by the exposure history of the specific 

chips. A TLD card contains TLD chips (most commonly LiF:Mg,Ti) held between two layers of Teflon, 

which are read out in routine work by using high heating rates. A readout temperature limitation of 300C is 

also set, as the Teflon may be damaged at higher temperatures. Besides, due to the high amount of cards 

used in a routine dosimetry laboratory, usually no annealing procedure is applied. As a result, the electronic 

traps of the TLD crystals are not completely emptied during routine readouts and previous exposures leave a 

residual record, which increases the background and makes it history dependent. This contribution is mostly 

unknown and cannot be predicted. 

 

Different attitudes were published in the literature to handle the TLD background issue. Clark et al.
(2)

  tried 

to fit a Boltzmann function to describe the background signal under the glow peak. Delgado and Gomez Ros 
(3)

 determined several regions in the glow peak distribution and used the experimental ratios of some regions 

to predict the background contribution. The same authors tried a similar solution to handle the background 

issue for GR-200 glow curves 
(4)

. Horowitz and Moscovitch 
(5)

 mention a "conventional manner" to evaluate 

the background via a second readout immediately following the first. This simple and direct method was 

applied also in other works 
(6,7)

, but its accuracy is questionable, as the first residual readout contains also a 

part of  the measured dose itself and in addition the unknown history residual. In view of the complexity of 

the background contribution, a possible solution is to override the issue. Stadtmann and Ashbacher 
(8)

 used a 

statistical handling of the bulk of results at their institution to correct generally for background, while 

Weinstein et al.
(9)

 used on purpose low dose exposure and UV irradiation handling to make the background 

issue insignificant. 

A first step to handle in more depth the residual dose background issue of LiF:Mg,Ti readout was presented 

earlier
 (10)

. The present paper describes a continuation of the effort to determine more accurately the 

background contribution present in each TLD readout due to its irradiation history.  

 

THE METHOD   
Due to the incomplete emptying of the deep traps during routine readout, a residual dose is left in the TLD 

crystal. Each readout frees a part of the charges, and with each consecutive reading less residual dose 



remains trapped. This process was described elsewhere 
(10)

 and it is the reason why for every readout, there 

is a background contribution dependent on the dose in the past exposure and the number of times the crystal 

was read since then. As in a routine dosimetry laboratory many readout cycles are performed after various 

exposures, the residual dose background will be a superposition of tails from historical exposures, 

determined by the dose received and the number of readouts after each occurrence.  

 

Suppose a virgin TLD crystal with no exposure history exposed to a dose D. The first readout (dose readout) 

will give the dose D, with no residual contribution from the past. Consecutive readouts will give decreasing 

readings, according to the residual dose in the crystal after each readout. Let f (d,n) represent the readout 

values as a function of the exposure (d) and the number of readings from the exposure (n). If I exposures 

will occur at different times, the total resulting residual dose for a specific readout (RI) can be expressed 

mathematically by: 
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Where i is a serial number of the total I past exposures.  

If the crystal is exposed to a new (unknown) dose D and then read, the reading (V) will be the actual dose 

value superposed on the residual tail from previous readings: 

(2)                                        1 IRDV  

If j successive readouts will be performed next, the residual dose will contain combined residual doses from 

history and from the last exposure, expressed by: 

(3)                                 ),(' 1 jDfRR jIj     

f (d,n) is a function which can be found by optimal fit to the experimental values of successive readouts of 

an exposed virgin crystal. If R will be described by a parametric function, several successive readouts will 

provide a series of equations in the form of Eq. (3), which can be solved to calculate the unknown 

parameters, including the last exposure D, which is the unknown to be determined.  

       

Materials and Experiments   
TLD cards which were used in the past in the dosimetry laboratory at NRCN were repeatedly read until 

achieving a constant readout value, which can be considered the "Initial Zero Value", free of history 

contribution. Next they were exposed and read several times. By analyzing the sequential residual dose 

readouts, a "Residual Response" function f (d,n) can in principle be determined.  

 

The experiments were performed using LiF:Mg,Ti cards (Thermo Inc. USA), randomly chosen from the 

stock of the dosimetry laboratory at Nuclear Research Centre Negev. Two sets of TLD cards were used. One 

set contained three TLD-100 crystals and the second set contained two TLD-600 and two TLD-700 crystals. 

The only precondition for choosing the TLD cards was that the residual dose of all the un-irradiated chips 

should be less than 0.02 mSv. In order to obtain this low residual dose, the TLD cards were prepared by 

irradiating them with an UV lamp (15 W,    254 nm) which followed by a series of readouts, until the 

reading was less than     0.02 mSv. This initial readout was marked as readout number -1 and was regarded 

as the zero value. Cards containing chips that could not reach this low zero reading were discarded. 

 

The cards from the different sets were separated into 5 groups. Each group was irradiated to a different dose 

in the range up to 500 mSv. The irradiated cards were read up to 11 consecutive readouts. The first readout 

after the irradiation (the dose readout) was marked as readout number 0 and the following residual readouts 

were marked as readouts 1 to 10. All readouts were performed by a standard TLD6600 reader (Thermo 

Inc.). The heating of the TLD crystals was done by a hot nitrogen gas jet controlled by a PC. The Time 

Temperature Profile (TTP) used consisted of a pre-heat to 50C (0.5 s), after which a linear heating rate of 

25C/s was applied up to a maximum temperature of 300C for a pre-determined total time of 30 s. After 

each reading, the crystals were immediately cooled to room temperature by the nitrogen stream. The results 

of the readout process were digitized by the readout system to a 200 channel glow curve. 

 



The Residuals Function 

Fig 1 shows the averages of the results obtained from the successive readouts of all TLD chips exposed to 

500 mSv, normalized to the dose readout (readout #0). The residual readings are #1 to #10.  

  

 

Figure 16 - The average succesive readouts relative to dose readout of all 500 mSv iradiated TLD chips and 

the fitted function (Eq. 4).  

 

A function, as given in Equation 4, was chosen which could describe as accurate as possible the steep 

descend from read #0 (dose readout) to read#1 (first residual readout) and a much more slower descend 

thereafter.  
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For n=0 (dose readout –D) Equation 4 becomes: 

(5)                                              
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Thus, from the case of a virgin crystal irradiated to a dose D the value of constant A is obtained:  A=1/D. 

For the normalized readouts given in Fig. 1, A=1.  The parameters B and C were determined by least 

squares fitting of function (4) to the experimental points in Fig. 1, which gave the values B=988.9 and 

C=0.907. The magnified region n>0 showing the experimental points and the fitted function for this region 

are shown in Fig. 2. The resulting final equation which describes all readouts (the dose readout and the 

residual readouts) is given in Equation (6).   
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Figure 2 - The experimental succesive readouts relative to dose readout and the fitted function (Eq. 4) for 

the residual dose range (detailed).    

 

DISCUSSION AND CONCLUSIONS 

A function could be found which accurately describes the total range of readouts, including the dose readout 

and the consecutive residual readouts. It represents the basic response of a virgin crystal irradiated to a 

certain dose and can serve as a basis of all other forthcoming considerations. The complete history of a TLD 

crystal is a superposition of these functions, each with its characteristic dose and read number.  

 

An important feature is that the function described above is general, as the measured points used in the 

function fitting process are averages of all crystals used, of all types (TLD-100, TLD-600 and TLD-700). 

Thus, the function found is the basis for an universal handling of the background issue of LiF:Mg,Ti 

dosemeters. 

The next step will be to find a parametric function which describes the superposition of any combination of 

the given basic function for different doses and read numbers, which will be the history component. Each 

new residual dose readout will contain the history component and the last exposure residual component 

(function 6). By performing several residual readouts, an extrapolation to readout #0 can be made, and the 

accurate total residual background can be subtracted to obtain the dose (see "The Method" section).  
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