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Dose-rate dependence of optically stimulated luminescence signal�
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Abstract: Optically stimulated luminescence (OSL) is the luminescence emitted from a semiconductor during its
exposure to light. The OSL intensity is a function of the total dose absorbed by the sample. The dose-rate dependence
of the OSL signal of the semiconductor CaS doped Ce and Sm was studied by numerical simulation and experiments.
Based on a one-trap/one-center model, the whole OSL process was represented by a series of differential equations.
The dose-rate properties of the materials were acquired theoretically by solving the equations. Good coherence was
achieved between numerical simulation and experiments, both of which showed that the OSL signal was independent
of dose rate. This result validates that when using OSL as a dosimetry technique, the dose-rate effect can be neglected.
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1. Introduction

It is well-known that ionizing radiation, such as in a nu-
clear power station and a synchrotron radiation laboratory, can
badly damage human tissue, especially where high doses exist.
So, precise control of dosage is needed in radioactive medicine
to avoid damage to the human body. Human space exploration
has to face a harsh radiation environment, and the electronic
equipment of spacecraft will be damaged by radiation, which
affects the life of the spacecraft. Obviously, it is of great signif-
icance to study the radioactive properties of materials used in
a monitoring system to acquire reliable measurement results.
Compared to other radiation dosimeters, optically stimulated
luminescence dosimeters (OSLDs) have many advantages: for
example, good radiation dosage sensitivity, wide measurement
range, low energy consume, and blenched by light, which at-
tracts much attentionŒ1–5�.

During exposure of a semiconductor or insulator to ion-
izing radiation, the valence electrons are ionized and elec-
tron–hole pairs are created. Some of these are trapped in pre-
existing defects in the materials through non-radiative trap-
ping transitions. Upon stimulation with photons appropriate
energy, the electrons can be released from the localized trap
and recombine with localized holes at recombination centers.
Recombination of the freed electrons with localized holes re-
sults in radiative emission and luminescence. According to the
stimulation source, OSLD can be divided into three models:
(a) the “continuous-wave OSL” (CW-OSL) method in which
the stimulation light intensity is kept fixed and the OSL sig-
nal monitored continuously throughout the stimulation period,
(b) the so-called “linear-modulation” OSL (LM-OSL) method
in which the stimulation intensity is ramped linearly while the
OSL is measured, and (c) the “pulsed OSL” (POSL) method in

which the stimulation source is pulsed and the OSL is moni-
tored only between pulses. The intensity of OSL signal is pro-
portional to the dose of absorbed radiation. There are many
reports in the literature on the superlinear dose dependence of
OSL signalŒ6–10�. In nearly all the reports on OSL and its ap-
plications, it is assumed that there was no dose-rate effect. But
some accounts of dose-rate effects in TL are given in Refs. [11,
12]. In the present work, we deal with the problems of dose-rate
dependence of OSL by numerical simulation and experiments.
Alkaline earth metal sulfide material CaS:Ce,Sm was cho-
sen as the OSL material for experiment. The CW-OSL model
and one trap and one center model were chosen for numerical
simulation.

2. Experiments and numerical simulation
Figure 1 shows our measurement system. The system in-

cluded a sense probe, a Y-chart fiber, a laser, a photodiode,
an amplifier circuit, and an oscilloscope. In order to avoid in-
terference with natural light and electromagnetic waves, the
whole system was sealed in a metal box because the dosage

Fig. 1. Principle picture of OSL measurement system.
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Fig. 2. Experimental results of OSL curves under various dose-rates for a constant total dose.

film is very sensitive to natural light and the amplifier circuit
is sensitive to electromagnetic waves. The photodiode is only
sensitive to visible light, and in order to avoid the interference
from the laser, a lens was put in front of it. The photodiode and
laser were fixed by a bracket to keep collimation of the optics
system, which fiercely affected the reliability of the measure-
ment results. The measurement process begins with infrared
light sent by laser through the optical fiber, stimulating OSL
emission in the sealed sensor. The OSL emission, which is pro-
portional to the radiation dose absorbed by the crystal, travels
back through the other fiber and is detected by the photodiode.

To study the dose-rate dependence of OSL, the total dose
was kept fixed. At first, the dosage films were blenched by a
laser of 200 mW and packaged with a dark paper packet. It
was then irradiated at a distance of 40 cm from an electron
accelerator (the energy of electrons was 1.1 MeV). The dose-
rate of the electron accelerator depends on the electron energy,

the distance from the electron source, and the velocity of the
electron beam. In this paper, the distance and electron energy
were kept fixed. The dose-rate was adjusted by changing the
velocity of the electron beam. The velocity of the electron beam
was adjusted from 0.01 to 0.1 mA, the dose-rates were 50, 100,
200, 400; and 500 rad/s. The samples were irradiated for 20,
10, 4, 2.5 and 2 s, respectively, to keep the total dose fixed.
So the total dosage was 10 Gy. Finally they were taken out of
the electron accelerator and put in our measurement system to
measure the intensity of the OSL signals.

The calculation model used was put forward by Chen and
LeungŒ13�. The whole OSL process was divided into there
parts: irradiation, time annealing and stimulation. Each of them
was represented by a series of differential equations. The dose
rate dependence properties of the materials were acquired the-
oretically by solving the equations. The equations representing
the irradiation stage are shown as follows:
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Fig. 3. Numerical simulation results of OSL curves under various dose-rates for a constant total dose.

dnv=dt D X � B.M � m/nv; (1)

where nv is the concentration of holes in the valence band, X

is the creation rate of electron/hole pairs, B is the probability
of holes being trapped by the holes trap center, M is the con-
centration of trap center of holes, and m is the concentration of
holes in the trapped state.

dm=dt D �Ammnc C B.M � m/nv; (2)

where Am is the recombination probability of holes and elec-
trons, and nc is the concentration of electrons in the conduction
band.

dn=dt D An.N � n/nc; (3)

where N is the concentration of trap center of electrons, n is
the concentration of electrons in the trapped state, and An is
the probability of electron being trapped by the electron trap
center.

dnc=dt D dm=dt C dnv=dt � dn=dt: (4)

At the annealing stage, the semiconductor CaS doped Ce
and Sm are taken away from the radiant point, so the X turns
to zero. And the holes in the valence band decrease quickly. At
the last stage, the trapped electrons are excited from the trap
center to the conduction band, then recombined with the holes
in the recombination center. So at the last stage, Equation (3)
turns to:

dn=dt D An.N � n/nc C f n; (5)
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wheref is the light activation probability. The intensity of OSL
signals is equal to:

IOSL D Ammnc: (6)

3. Results and discussion

The experimental results of the OSL curves under different
dose-rates are shown in Fig. 2. From these curves, it can be
found that the typical exponential decay was seen when using a
constant power and constant wavelength stimulation light, and
the OSL signal decayed to a minimum value in 2 s. The total
dose was 1000 rad(CaS). Of all the OSL curves, the peaks are
at 0.02 mV. That is to say, there is no dose-rate effect in OSL,
according to our experiments.

As for the numerical simulation, some parameters were
set differently from those of Chen. The dose rate and total
dose were given here in units of rad. CaS has a density of
2200 kg/m3 and an average of 20 eV is required for the heavy
charged particles to produce electron-hole pairs by  rays. 100
rad(CaS) equals 1 J/kg, and 1 J equals 6�1018 eV. The number
of pairs produced per kilogram is about 3�1017. Therefore, the
number of pairs produced in cm3 is 6.6 �1014. In conclusion,
if the dose rate is 100 rad=s, X equals 6.6 �1014 cm/s. In our
simulation, X was set as 2.37 �1014 cm/s, 5.92 �1014 cm/s,
1.18 �1015 cm/s, 2.37 �1015 cm/s and 5.92 �1015 cm/s. The
dose rate was 36, 90, 180, 360, 900 rad/s, respectively. To keep
the total dose fixed, the irradiation time was set as 50; 20;10,
5 and 2 s. So the total dose was 1800 rad. The doped Ce and
Sm used were at a mass fraction of 0.3%, and the Avogadro
constant is 6.02 �1023 mol�1, so M equals 2.84 �1019 cm�3,
and N equals to 2.65 �1019 cm�3. The doped Ce acts as the
hole trap and doped Sm acts as the electron trap. The numeri-
cal simulation results of OSL curves under different dose-rates
are shown in Fig. 3. The typical exponential decay was also
seen in the numerical curves. All the OSL decay curves over-
lapped, which indicated that there was no dose-rate effect in
OSL by numerical simulation. The conclusions we achieved
were in opposition to those of Chen on the dose-rate properties
of OSL. This was good news regarding the use of OSL tech-
nology for radiation measurement.

4. Conclusions

Following some reports in the literature of the dose-rate
properties of POSL signals of Al2O3, and basing on the one-
trap/one-center model, the dose-rate properties of the CW-OSL
signal of alkaline earth metal sulfide material CaS:Ce, Sm have
been studied. The experimental and numerical simulation re-

sults had a good coherence, both showing that there was no
dose-rate effect in a CW-OSL of alkaline earth metal sulfide
material CaS:Ce, Sm when the total dose was kept fixed. This
demonstrates that when using OSL technology for radiation
measurement, the dose-rate effect can be ignored and the dose-
rate can be determined by dividing the total dose by the irra-
diation time. However, the calculation model and parameters
need to be further improved. The decay time of experiments
was 2 s, but the numerical simulation result was 10 s.
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