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Abstract

Optically stimulated luminescence (OSL) is the luminescence emitted from an irradiated insulator or semiconductor during exposure
to light. The OSL intensity is a function of the dose of radiation absorbed by the sample and thus can be used as the basis of a radiation
dosimetry method. Alkaline earth sulfides doped with rare-earth elements such as Ce, Sm and Eu are OSL dosimeters having very high
sensitivity, and the OSL with a short time constant is separated from the stimulated light. In this paper, a novel OSL dosimeter designed
with SrS:Eu,Sm materials is described. The dosimeter takes advantage of the characteristics of charge trapping materials SrS:Eu,Sm that
exhibit OSL. The measuring range of the dosimeter is from 0.01 to 100Gy. The equipment, which is relatively simple and small in size, is
promising for applications in space exploration and high dose radiation dosimetry.
© 2008 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in
China Press. All rights reserved.
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1. Introduction ation absorbed by the sample and thus can be used as the
basis of a radiation dosimeter method. The process begins
with the radiation-caused ionization of valence electrons to
form electron/hole pairs, which would be localized through
non-radiative trapping transitions. Subsequent illumination
of the irradiated sample leads to energy absorption of the
trapped electrons for their transitions from the localized trap

into the delocalized conduction band. Recombination of the

Optically stimulated luminescence (OSL) technology is a
dramatic breakthrough in radiation detection. The key to
OSL technology is the detector material used. Alkaline earth
sulfides doped with Ce (Eu), Sm ions have two important
characteristics necessary for OSL dosimetry: the thermally
stable deep traps and an optical stimulation spectrum in

the infrared region [1,2]. The most predominant application
in the market is the use of OSL as a dosimeter for measuring
personnel radiation exposure [3-5]. For over 50 years Landa-
uer has maintained its leadership in dosimeter manufactur-
ing and dosimetry analysis services that now incorporate
the OSL technology. OSL is the luminescence emitted from
an irradiated insulator or semiconductor during exposure
to light. The OSL intensity is a function of the dose of radi-
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freed electrons with the localized holes results in radiative
emission and luminescence, which is the OSL signal, the
intensity of which is proportional to the dose of absorbed
radiation [6-11].

2. Properties of OSL materials and principles of dosimetry
2.1. OSL materials for the measurement of radiation dose

Rare-earth-doped alkaline sulfides have been known fora
long time as efficient phosphors exhibiting both thermolumi-
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nescence and OSL. During the emission of irradiation from
an insulator, the ionizing radiation creates a large number of
charges in the oxide, some of which remain trapped on local-
ized defects after the irradiation [12-14]. The time period of
the trapping depends on the temperature, activation energy
of the traps, and the type of ionizing radiation. Stimulating
the material thermally or optically provides the energy neces-
sary to release the trapped charges and a radiative recombi-
nation may be observed. The number of emitted photons is
proportional to the deposited dose [15-18]. The basic mech-
anism of the OSL is illustrated in Fig. 1, which shows that
OSL results from a process starting from a wide band gap
semiconductor or insulator. lonizing radiation creates in
the material a large number of trapped carriers. Some
charges remain trapped on localized defects after irradiation
for a time period depending on the temperature and the acti-
vation energy of the traps. Stimulating the material optically
will provide the energy necessary to release the trapped
charge. Then a subsequent radiative recombination may be
observed. Quantifying the amount of emitted light makes it
possible to evaluate the energy absorbed by the dosimeter.
It is interesting to note that from an external point of view
OSL can be considered as an anti-Stokes phenomenon
because the stimulation wavelength is higher than the wave-
length of the luminescence [19-23].

2.2. The main families of OSL materials

The major families known for their high luminescence
yields are listed in Table 1, along with their material, stim-
ulation and emission wavelengths. The intrinsic ability to
store charges for a long period of time and the efficiency
of the luminescence are thé major criteria for selecting
OSL materials. This efficiency is strongly dependent on
the dopants and their concentration. Another important
criterion can be deduced from Table 1, the separation of
the stimulation and the emission spectra. An overlap in
the spectra makes it difficult or impossible to discriminate
the emission from the stimulation.

2.3. Basic OSL properties of SrS:Eu,Sm

The alkaline earth sulphide family of compounds (CaS,
SrS, and Mg$) has been used in OSL dosimetry since OSLs
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Fig. 1. Basic mechanism of the optically stimulated luminescence.

Table 1
Summary of the major OSL materials and their characteristic wavelengths

Material Stimulation (nm) Emission (nm)
MgS:Ce,Sm 800-1500 500-700
SrS:Eu,Sm 900-1400 550-750
BaFX, X = C},Br,] 470-630 350450
NaCl:Cu 400-500 325-375
KCL:Eu 450-650 400-450
KBr:In 500-700 400-600
RbBr:Ti 600-800 300-450
Rbl:In 600-800 350-450
A-ALLO,3 300-450 350-500
CaS:Ce,Sm 850-1200 450-650

were firstly suggested as a potential dosimetric method.
SrS:Eu,Sm as an OSL material allows a wide range of stim-
ulation wavelengths (0.8-1.5 um) to emit 0.45-0.70 um
luminescence. As the spectra of the stimulation and emis-
sion are separated, it is possible to discriminate the OSL
from the stimulation using an adequate optical method.
The stimulation can be eflectively done using an Nd:YAG
laser. The light emission can be detected by a photodiode.
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Fig. 2. Photostimulation luminescence spectrum (a) and photostimulation
excitation spectrum (b) of SrS:Eu,Sm.
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Fig. 3. Block diagram of the OSL dosimeter.

Typical OSL and stimulation spectra of SrS:Eu,Sm are
given in Fig. 2, which shows that the emission is right in
the high sensitivity range of the photodiode and far away
from the stimulating wavelength.

3. Experiment
3.1. The OSL dosimeter composition

Any system based on OSLs requires, besides a sensi-
tive OSL phosphor, two additional devices, a stimulation
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source and a photo-detector. The role of the stimulation
source is to provide the energy necessary to de-trap the
carriers. Various systems can be used to collect the lumi-
nescence depending on the application targeted, provided
that they make it possible to discriminate the stimulation
from the luminescence. From this point of view, silicon
detectors are not suitable.

In our system, the sample is stimulated with a solid state
laser emitting light at the wavelength of 0.98 um and the
OSL is collected with a photodiode .The system block dia-
gram is given in Fig. 3.

0.08 - )
0.06 4
s 4l
® 0.04 4
o
8 H
S
0.02 J \
0.00
5 10 15 20
times (s)
0.30
0.25 - )
0.20 4
2 |
8, 0.154 i
S
S 0.104
0051 \
0.00
5 10 15 20

times (s)

Fig. 4. Glow curves for SrS:Eu,Sm irradiated by different doses of ®Co y-rays.
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Fig. 5. Calibration curve of the OSL online dosimeter.

The OSL material was dispersed throughout polyeth-
ylene and positioned at the extremity of a multimode
optical fiber. The role of the fiber is to lead to the infra-
red stimulation provided by a laser. The luminescence
light entering the filter pack was measured by the photo-
diode, which was connected to the counter (DAQ6210,
National Instruments). Digital controls were used for
modulation of the laser beam and power supply of the
photodiode. All the electrical and optical components
used are commercially available.

3.2. Experimental results and discussion

3.2.1. Dosage collection

The SrS:Eu,Sm films were tested with Co y-rays.
They were placed in an electronic balance cavity
(6mm x 6mm x 0.3mm) for exposure to a predeter-
mined dose. It was found that the OSL material stimu-
lated by infrared light had a very short response time
of luminescence, which is the need for attenuation of
the luminescence signals. According to the stimulation
spectrum and OSL spectrum of SrS:Eu,Sm material
(Fig. 2), a 980 nm Nd.YAG laser was used as the infra-
red excitation source. By measuring different exposure
dosages, a dose response curve of OSL film exposed to
the ®Co y-rays can be plotted (Fig. 4).

3.2.2. Dosage calibration

A series of experiments have been performed using
$0Co y-rays. The minimum detectable dose was estimated
to be 0.01Gy. The dynamic range, limited in this
arrangement only by the saturation of the output ampli-
fier, covers four orders of magnitude. The curve present-
ing the response of the OSL dosimeter as a function of
the dose is presented in Fig. 5. The data in Fig. 5 were
obtained with different doses across four orders of mag-
nitude by varying the source-to-sample distance and the
exposure time. This calibration curve shows a good line-
arity between the luminescence intensity and the dose. As
usual, special attention was paid to the stability of the
whole irradiated system with total dose.

4. Conclusions

The OSL dosimeter we have designed can work with
high sensitivity in a broad dynamic measurement range.
The equipment based on the SrS:Eu,Sm material is small
and relatively simple to construct, and it is suitable for
measuring radiation dose in space and in dangerous irradi-
ation situations. The future of the disclosed OSL relies on
the fabrication of thin layers directly on active pixel sensors
[24], and any other fast photodetectors with the nano-sec-
ond time constant, which are beyond the limits of a real
time dosimeter. Therefore, more improvement in optical
fiber dosimeter technology is required, including develop-
ment of materials with deeper, more stable traps as well
as the development of analysis techniques that can explain
the dynamic response of the materials to the radiation envi-
ronment. Further developments in, and investigations of,
luminescence imaging systems for obtaining spatially
resolved TL (thermal luminescence) and OSL signals from
multi-mineral samples are also foreseen. These systems will
give rapid and valuable information about the mineralogy
of the sample and enable the individual analysis of
luminescence signals obtained from signal grains in the
sample. The OSL dosimeter has the potential to avoid
the cumbersome mechanical and chemical separation pro-
cesses presently required. Thus, it will be possible to map
solid surfaces containing grains with different OSL sensitiv-
ities and different doses.
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