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INTRODUCTION

LiF doped with Mg, Cu and P (GR-200) is a new, high sensitivity, TLD material which has
aroused intense interest in the international dosimetric community [1,2]. Many radiation
facilities are now in the process of switching over part of their external dosimetry program to
LiF.Mg,Cu,P (e.g. Los Alamos, Ontario Hydro and AECL, Canada). LiF: Mg,Cu,P has many
significant dosimetric advantages over LiF:Mg,Ti (TLD-100), such as dosimetric accuracy and
precision (particularly at low dose levels), in all the major areas of application of TLD :
personnel, environmental and clinical dosimetry.
The only significant drawback to GR-200 has been the well-documented transformation and
loss in sensitivity of the material when annealed at temperatures above approximately 240°C.
The manufacturer's recommendations have been to pre- irradiation anneal the material at
240°C for ten minutes and read out at 240°C for approximately ten seconds.
These recommendations have been widely accepted. Unfortunately, the presence of a high
temperature glow peak extending out in temperature to approximately 270-300°C leads to a
significant residual signal [3], approximately 5%-10% of the first readout dosimetry signal
when the material is read out to 240°C for 12 seconds. Since pre-irradiation annealing to
eliminate residual TL is generally considered an anathema in personnel dosimetry due to
commercial and manpower constraints, the high residual signal of GR-200 has hindered its
acceptance in personnel dosimetry applications.
Recently [4] it has been shown that GR-200 can be readout to temperatures as high as 270°C at
a heating rate of 2.5°Cs"' for 12s with negligible loss in sensitivity. Thirty cycles of readout
resulted in only a 4% loss in sensitivity or 0.13% loss in sensitivity per readout.
Moreover no difference was found in the behavior of GR-200 chips with 80 accumulated
readouts to 240°C or 270°C and after storage of up to four months [5].
From these studies it is now abundantly clear that the perceived disadvantage of a high
residual signal of GR-200 relative to TLD-100, due to the perceived inability to be read out
above 240 C, was both premature and incorrect.
Nonetheless a potential disadvantage of LiF:Mg,Cu,P arises from the fact that heating above
270°C even for very short times of the order of tenths of seconds may lead to irreparable
damage and consequent loss in sensitivity.
In a recent paper [6] for example it was noted that the use of GR-200 is compromised at high
heating rates (higher than 10°C.S'), since the dosimetry glow peak shifts to the temperature
range where irreparable damage takes place.
However, the author does not demonstrate the loss in sensitivity at high heating rate. It should
be noted that the significant losses in sensitivity of peak 4 at a maximum readout temperature
of 280°C were obtained in [4,5] at a heating rate of 2.5°C.S"\ It may be that the losses in
sensitivity at high heating rates will be relatively insignificant, since at high heating rates the
chip spends less time at high temperature. For example, at 2.5°C.S1 when heated to
Tmax=280°C the chip spend 4s between 270°C to 280°C compared to only 0.5s at a heating
rate of 20°C.S"1. We have therefore measured the influence of heating rate on the TL intensity,
the temperature of the major dosimetric glow peak, the residual signal and the overall
dosimetric precision of GR-200 and compared these characteristics with TLD-100.
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EXPERIMENTAL METHOD

The GR-200 chips used in this work were 0.8mm thick, whitish in color and fairly opaque.
The TLD-100 chips (3*3*0.9mm) were purchased from Harshaw/STI, USA. The Ben Gurion
University reader facility uses a Hamamatsu R-464 photomultiplier (S-l 1 response) and
a 'permanent' A-P platinum planchet manufactured by Harshow/STI/Bicron. Readout is in
purified N2 flow of Sl.min1 and the temperature of readout is microprocessor controlled
(Eurotherm 822). The planchet temperature has been calibrated using the melting point of
indium (165°C) and tin (232°C). The details concerning the stability and the reproducibility of
the reader facility and the samples, and the computerized deconvolution details were given
elsewhere [5].The TLD-100 and GR-200 chips were given an initial air anneal of 400°C for
lhr and 240°C for 10 minutes respectively and then cooled at approximately 75°C.min"1 to
room temperature, Irradiation was carried out by 60Co gamma rays under CPE conditions to
dose levels of 65mGy and 1.3mGy respectively to approximately equalize the TL signal from
the two materials. The samples were consecutively readout several times for 12s at maximum
readout (planchet) temperatures between 270°C and 290°C for the GR-200 chips and 370°C for
the TLD-100 chips. All chips were reirradiated to the identical ^Co dose after each readout
with no intermediate high temperature annealing procedure. The first 3-4 readouts were at a
heating rate of 1 2°C.S", the next few readouts were taken at various heating rates between
2°C.S"1 and 200C.S\ followed by a few control readouts at 1.2°C\

RESULTS
Fig. 1 illustrates that Tmax = 270°C at a heating rate of 15°C.S"1 is an acceptable readout
procedure, an acceptable TL precision of 4.5% at dose levels as low as 6.5.10"3 mGy was
obtained even at the higher heating rates, while the lower limit of detection from LiF:Mg,Ti
was found to be about 0. lmGy,
Fig. lb shows that at Tmax = 290°C, the loss in sensitivity and reproducibility
are unacceptable.
The behavior of the maximum temperature of the dosimetric TL glow peaks as a function of
heating rate is shown in Fig. 2. These results are consistent with previously published results
[6-9] and confirm that the maximum temperature of the dosimetric TL peak in LiF:Mg,Cu,P
reaches temperatures as high as 285-290°C at the highest rates of readout.
Table 1 .shows that at Tmax = 270°C for 12s the loss in sensitivity at a heating rate of
15°C.S"' is only 10% with acceptable precision, on the other hand Tmax = 290°C
is clearly unacceptable.

CONCLUSION

These results clearly illustrate that the GR-200 chips studied in this work can be read out at
maximum temperature of readout as high as 270°C at heating rates as high as 15°C.S'' with
negligible loss in sensitivity and precision relative to low heating rates. Although the residual
signal of 2% can still be considered a disadvantage.
It should be noted that significant irreparable damage in LiF:Mg,Cu,P (up to 40%) at high
heating rates (10°C.s"' - 20°C.s'') was obtained at a maximum readout temperature of 290°C
even for time duration of several seconds. Clearly, temperatures above 270°C for even very
short periods of time are undesirable in LiF:Mg,Cu,P protocols and we recommend therefore
that readout to a maximum temperature of 270°C be accompanied by careful monitoring of
the planchet temperature to avoid temperature overshoot. To avoid various technical problems
we recommend that heating rates not exceed 10°C.s"' in agreement with ref. 6 and that Tmax
not exceed 265°C.
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Tab. 1 Sensitivity and precision as a function
of readout parameters.
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