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Thermoluminescence and optically stimulated luminescence studies
on LiMgPO4 crystallized by micro pulling down technique
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h i g h l i g h t s
� Crystals of LiMgPO4 compound have been grown by micro pulling down technique.
� Thermally and optically stimulated luminescence properties were investigated.
� TL and OSL response of LiMgPO4 compound is linear up to 1 kGy.
� The lowest measurable dose was determined around 0.5 mGy.
� LMP may be considered as promising material for personal and high dose dosimetry.
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a b s t r a c t

LiMgPO4 (LMP) crystals were grown by micro pulling down technique. Samples were irradiated with
different b-particle doses of the 90Sr/90Y source. Thermally and optically stimulated luminescence spectra
were measured with the automatic Risø TL/OSL-DA20 reader under the different modes of stimulation.
The doseeresponse dependence, reproducibility, the lowest measurable dose and short-time fading were
investigated. TL and OSL doseeresponse of LiMgPO4 crystals was found to be linear up to around 1 kGy,
what makes this material suitable for high dose measurements. Discrepancies between successive
measurements did not exceed 10%, regardless of the applied growth parameters. The lowest measurable
dose, defined as three standard deviations of the signal of unexposed detector, was determined around
0.5 mGy. About 73% of the initial OSL signal value was measured 24 h after the irradiation. For longer
periods of time the level of signal stabilizes so that there was no further loss of signal observed. In case of
TL, the level of signal does not stabilize and decreases to 69% within 2 weeks after the irradiation. The
obtained results tend to suggest that LiMgPO4 crystals may be considered as promising dosimeters for
both personal and high dose dosimetry.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The most widespread methods of radiation dosimetry are those
based on stimulated luminescence phenomena. Probably, the most
common is still thermoluminescence (TL), but recently, optically
stimulated luminescence (OSL) becomes more and more widely
applied measurement technique (Bos, 2001; McKeever, 1985). The
basic physical effect, which is used in both of these methods is the
same: the radiation causes ionizations within the detector material
and free charge carriers generated in this process are captured by
the TL/OSL-related trapping centers in the crystal structure of the
. Gieszczyk).
material. If these centers are stable, charge carriers can be stored
inside for a very long period of time, counted even in years. During
the detector readout, an external stimulation factor (e.g. thermal
energy or electromagnetic wave energy, light) releases charge
carriers from the traps. Then the charge carriers recombine with
emission of luminescence light, the intensity of which is propor-
tional (in the certain dose range) to the previously absorbed dose of
radiation (Bos, 2007). The difference in the applied stimulation
method causes the distinguishing between the TL and OSL
(Yukihara and McKeever, 2011).

The light of luminescence is usually measured with photo-
multipliers, although nowadays some attempts to use CCD cameras
are being made (Olko et al., 2008; Kłosowski et al., 2010). The result
of measurement is the so-called glow curve, which is the rela-
tionship between the intensity of emitted luminescence and the
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temperature of the studied sample, in case of thermal stimulation.
In turn, the probability of release of the electron from the trap,
during the optical stimulation, mainly depends on two factors: the
rate at which photons reach the trap and the sensitivity of the trap
to the stimulation light. The sensitivity of electron traps is strongly
dependent on the wavelength of the stimulating light. In general,
the shorter the wavelength, the greater the chance to release an
electron. Typically, the sample is stimulated by light of a constant
intensity, which is called continuous wave (CW) OSL. This produces
the exponentially decaying OSL signal (considering the simplest
model of the OSL processes). Decay curves for most samples usually
contain more than one component (i.e. the electron traps of
different optical cross-sections are present), therefore, several
exponential functions are usually needed in order to adequately
describe the measured data (Yukihara and McKeever, 2011).

Nowadays, TL dosimetry is very well developed regarding the
readout techniques and number of available phosphors (Furetta,
2003). There can be mentioned such commonly used materials as
differently doped lithium fluoride, LiF (Bilski, 2002), calcium fluo-
ride, CaF2 (Olko, 1998), calcium sulfate, CaSO4 (Kłosowski et al.,
2014) or magnesium silicate, Mg2SiO4 (Mittani et al., 2008). In
turn, the number of available OSL materials is quite limited. There
are only two commercially available OSL dosimetric systems based
on aluminum oxide (Viamonte et al., 2008) and beryllium oxide
(Sommer et al., 2008). This situation stimulates efforts for seeking
new dosimetric materials, usually in the form of complex oxides
crystals.

Among single crystal growth methods a relatively new and well
suited for material research is micro pulling down (MPD), which
has been developed since 1992 (Fukuda and Chani, 2007). The
general scheme of the growth system is relatively simple: the melt
(oxide, fluoride, metal) residing in a crucible is transported in
downward through micro-capillary channel/s made in the bottom
of the crucible. Two driving forces, capillarity and gravity, support
the delivery of the melt to the liquid/solid growth interface formed
under the crucible due to a properly established temperature
gradient. Appropriate configuration of the crucible bottom allows
for controlling of the crystal shape (fibers, rods, tubes, plates)
and the dimensions of the crystals' cross sections that range
approximately from 0.1 to 10 mm (Fukuda and Chani, 2007). The
MPD technique is especially well suitable for material research,
as it allows for obtaining single crystals of various chemical com-
pounds in relatively short period of time (in the order of several
hours). It also requires a small amount of the starting material.
Therefore, this method is dedicated for searching the materials of
specified properties, for optimization of growth parameters and
conditions etc.

There is a lack of commercially available materials constituting
the alternative for aluminum and beryllium oxides in OSL dosim-
etry. However, in recent years, the works indicating the high OSL
sensitivity of LiMgPO4 (LMP) compound have been published
(Kumar et al., 2013; Minqiang et al., 2013). This material gained
attracted attention thanks to its characteristics, which are suitable
for personal dosimetry applications (Kumar et al., 2013), dosimetry
of high radiation doses, in kGy range (Minqiang et al., 2013), as well
as for real time dosimetric measurements (Menon et al., 2012). The
neutron dosimetry also constitutes a potential field of application,
because of the content of lithium, which has a relatively high cross
section for thermal neutron capture. The material exhibits high OSL
sensitivity, when activated with terbium and boron, but its TL
sensitivity is much lower, as compared to the compound activated
with terbium only (the highest TL sensitivity was observed for
LiMgPO4:Tb (2%)) (Menon et al., 2012). The important advantage of
this material, in comparison to the commonly used in dosimetry
LiF-based detectors, is its doseeresponse characteristic, which is
linear up to about 1 kGy. However, this was measured for samples
in the form of powders and cold pressed pellets. In this work the
LMP crystals ware prepared by MPD crystal growth technique and
their TL and OSL properties have been studied.

2. Materials and methods

For the purpose of this study the LiMgPO4 crystals were grown
by micro pulling down (MPD) technique. For our knowledge, this
was the first ever attempt to produce LMP crystals by this method.
Starting material (powder) was prepared by solid state reaction
between LiOH$H2O, Mg(NO3)2$6H2O and NH4H2PO4 in air. Prepa-
ration process consisted of several annealing cycles at temperatures
from 200 to 750 �C. Next, the as-prepared material was loaded into
graphite crucible (in an amount of about 1 g) and melted inside of
the inductive furnace. The graphite after-heater and two layers of
ceramic thermal isolation were also applied in order to assure
appropriate temperature gradient within the growth area. The
growth process was performed at the pulling rate of 5 mm/min in
the argon atmosphere. The obtained rod-shaped crystals had
around 3 mm diameters and up to 50 mm length.

The obtained rod-shape crystals (full-size, before cutting) were
then investigated regarding the uniformity of luminescence
emitted along axial and lateral directions. For this purpose the
crystals were irradiated with b-radiation dose of 0.2 Gy and spatial
distribution of luminescence was measured using 2-dimensional
thermoluminescent reader, equipped with a sensitive 640 � 480
pixel charge coupled device (CCD) camera and a heating plate of
72 mm diameter, developed at the Institute of Nuclear Physics (IFJ
PAN) in Krakow (Olko et al., 2008; Kłosowski et al., 2010).

For TL and OSL studies the as-grown crystals were cut into
smaller samples (around 3mm length). Samples had different sizes,
thus recorded data were recalculated by taking into account the
mass of each sample. Irradiations and readouts of individual sam-
ples were performed using the automatic Risø-TL/OSL-DA20 reader,
equipped with 90Sr/90Y beta source (the dose rate of 67.4 mGy/s),
blue LED stimulation module (470 nm) and photomultiplier tube
(EMI 9235QB). Detailed specification of the reader and its perfor-
mance was described by Bilski et al., 2014 and Wr�obel et al. 2015.
The TL signal was measured from 50 to 400 �C at the constant
heating rate of 2 �C. TL measurements were performed in argon
atmosphere (volumetric flow rate of around 30 l/min). The CW-OSL
signal was recorded at room temperature over the time period of
600 s. TL and OSL curves were integrated over a whole range of
stimulation time and temperature, in case of OSL and TL mea-
surements, respectively. Typical TL and OSL glow curves measured
for the LMP crystal under 1 Gy beta radiation dose are presented in
Fig. 1. The LMP crystal TL curve differs from that obtained for
powder samples at temperature region above 300 �C, where the
high-temperature peak appears in case of powder samples (Kumar
et al., 2013; Dhabekar et al., 2011). It seems that the high temper-
ature treatment involving the melting and crystallization in-
fluences the distribution of TL-related structure defects.

3. Results

3.1. Spatially resolved thermoluminescence

The measurements of luminescence spatial distribution were
performed only for the as-grown crystals (full-size, before cutting),
in order to check a uniformity of luminescence emitted along the
crystal growth axis (axial and lateral directions). An exemplary
result of such a measurement is shown in Fig. 2. Dashed lines
represent luminescence signal averaged over the axial and lateral
directions. The sharp fall of the signal at the crystal endings was



Fig. 1. Typical TL and OSL glow curves of LiMgPO4 sample irradiated with 1 Gy beta
radiation dose.

Fig. 2. Spatial distribution of luminescence signal measured with the 2-dimensional
TLD reader, developed at the IFJ PAN Krakow, for the LiMgPO4 crystal grown by mi-
cro pulling down technique. Dashed lines represent luminescence signal averaged over
the axial and lateral directions. The sharp fall of the signal at the crystal endings was
excluded from the calculations. Non uniformity of the luminescence signal along both
directions was considered as single standard deviation from the mean value (marked
by dashed lines).

Fig. 3. Reproducibility measurements performed for the studied LiMgPO4 crystal
sample.
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excluded from the calculations. Non uniformity of the lumines-
cence signal along both directions was quantified as a single stan-
dard deviation from the mean value, marked by dashed lines. It is
visible that the distribution of TL-related structure defects is quite
uniform along the crystal growth axis. Non uniformity towards this
direction (longitudinal) is around 14% whereas, in the lateral plane
the signal is uniform within 1s ¼ 3.4%. These results were repro-
ducible for other samples. The effect of decreasing signal intensity
at both ends of the crystal is probably caused by optical effect of
scattering of the emitted TL light on crystal structure defects. The
greater the distance from the central parts of the crystal, the less
scattered TL light is recorded e central parts are more affected by
light scattering as compared to the ends, where light scattered from
only one direction is involved.

3.2. Reproducibility

One of requirements for dosimetric materials is response
reproducibility for identical exposure conditions. This was inves-
tigated by measuring TL and OSL response in the following
sequence: bleaching (1 h treatment under the GL-FG 115 lamp, at
455 nm), low dose irradiation (0.2 Gy, 90Sr/90Y beta source), readout
(600 s CW-OSL measurements), in case of the OSL measurements
and annealing (400 �C/10 min), low dose irradiation (0.2 Gy,
90Sr/90Y beta source), readout (up to 400 �C with 2 �C/s), in case of
the TL measurements. Irradiations and readouts of individual
samples (after cutting) were performed using the automatic Risø-
TL/OSL-DA20 reader, thus comparable conditions for all measure-
ment cycles had been assured. As can be seen in Fig. 3, a single
standard deviation from the mean value is lower than 4%, in case of
the OSL and lower than 2%, in case of the TL. For the other analyzed
samples discrepancies between successive measurements did not
exceed 10%, regardless of the applied growth parameters and
stimulation modes.
3.3. Fading

The series of measurements concerning irradiations and
readouts after different periods of time were performed for
fading investigations. It was found that the highest loss of the OSL
signal occurs within the first 24 h after the irradiation. For longer
time periods the level of signal stabilizes so that there is practi-
cally no further loss of signal observed. Taking this fact into
account, in order to avoid discrepancies related to instability of
the signal measured shortly after the irradiation, the data were
normalized to the value measured 24 h after the irradiation. This
approach causes additionally that only the main dosimetric signal
contributes to the TL results, because the low-temperature peak
(around 120 �C, see Fig. 1) vanishes within several hours after the
irradiation. The residual OSL signal measured after 24 h fluctuates
around 73% of the initial signal measured immediately after
the irradiation. For the data normalized to the OSL signal recor-
ded 24 h after the irradiation, as it is shown in Fig. 4, the loss of
signal within the next two weeks is lower than 3%. In case of
TL, the residual signal measured 24 h after the irradiation fluc-
tuates around 87% of the signal measured immediately after
the irradiation. For longer time periods the level of signal does
not stabilize and decreases to 69% within 2 weeks after the
irradiation.



Fig. 4. Fading measurements for LiMgPO4 sample prepared by micro pulling down
crystal growth technique. The data are normalized to the OSL signal recorded after 24 h
from the irradiation.
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3.4. Doseeresponse characteristics

One of drawbacks of commonly used in dosimetry LiF-based
luminescent materials is their doseeresponse characteristic,
which becomes nonlinear for doses above 1 Gy. Therefore, the
ideal phosphor dedicated for dosimetric applications should
exhibit a linear response over a broad range of doses. Fig. 5
presents the TL (squares) and OSL (points) dose response char-
acteristics measured for the studied LiMgPO4 sample within the
dose range of 0.5e1000 Gy of beta radiation. Dashed lines show a
linear trend. TL response was considered in terms of the area
under the whole measured glow curve. For comparison, the same
TL response characteristic is shown in terms of the main peak
height (triangles in Fig. 5). The slope of the measured data points
is 1.014, 1.023 and 1.007 for TL and OSL response, respectively,
Fig. 5. The TL (squares) and OSL (points) dose response characteristics measured for
the studied LiMgPO4 sample. TL response was considered in terms of the area under
the whole measured glow curve. For comparison, the same TL response characteristic
is shown in terms of the main peak height (triangles). The slope of the measured data
is 1.014, 1.023 and 1.007 for the TL and OSL, respectively. This indicates nonlinearity at
the level of 1.4, 2.3 and 0.7%, respectively.
what indicates nonlinearity at the level of 1.4, 2.3 and 0.7%,
respectively.

3.5. The lowest measurable dose

Response of unexposed sample has been measured several
times in order to evaluate the lowest measurable dose. The
measured signal was then recalculated into absorbed dose using
the calibration value measured with the same sample for 0.2 Gy
exposure. The instrumental background has also been taken into
account. The lowest measurable dose, defined as three standard
deviations of the signal of unexposed sample, was determined
around 0.5 mGy. TL and OSL curves measured for the sample irra-
diated with 0.5 mGy beta radiation are shown in Fig. 6. Although
the calculated lowest measurable dose is 0.5 mGy, one may expect
that the doses of the order of 0.1 mGy can also be measured in case
of TL (see Fig. 6 A). In case of OSL, 0.5 mGy seems to be good
estimation.

4. Conclusions

In conclusion, the LiMgPO4 crystals were first ever produced by
micro pulling down crystal growth technique and their TL and OSL
properties were investigated. The luminescence produced along
the crystal growth axis is quite uniform (14%) and results are
Fig. 6. TL (panel A) and OSL (panel B) curves recorded for unexposed LiMgPO4 sample
and for sample exposed to 0.5 mGy beta radiation (calculated as the lowest measurable
dose).
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reproducible (1.9% in TL and 3.8% in OSL). Response of the studied
sample is linear up to 1 kGy beta radiation dose, regardless of the
applied stimulation method. 24 h after the irradiation lumines-
cence signal stabilizes at the level of about 73%, as compared to the
signal measured immediately after the irradiation. There was
practically no further loss of the OSL signal observed for longer time
periods, which is most desirable for a good dosimetric material. In
case of TL, the level of signal does not stabilize and decreases to 69%
within 2 weeks after the irradiation. The obtained results tend to
suggest that LiMgPO4 crystals may be considered as promising
dosimeters for both personal and high dose dosimetry.
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