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Background: This study aims to develop an integrated optical system that can simultaneously
or selectively measure the signals obtained from radioluminescence (RL), thermoluminescence
(TL), and optically stimulated luminescence (OSL), which are luminescence phenomena of
materials stimulated by radioactivity, heat, and light, respectively. The luminescence mechanism of various materials could be investigated using the glow curves of the luminescence materials.
Materials and Methods: RL/TL/OSL integrated measuring system was equipped with a X-ray
tube (50 kV, 200 μA) as an ionizing radiation source to irradiate the sample. The sample substrate was used as a heating source and was also designed to optically stimulate the sample material using various light sources, such as high luminous blue light emitting diode (LED) or laser.
The system measured the luminescence intensity versus the amount of irradiation/stimulation
on the sample for the purpose of measuring RL, TL and OSL sequentially or by selectively combining them. Optical filters were combined to minimize the interference of the stimulation light
in the OSL signal. A long-pass filter (420 nm) was used for 470 nm LED, an ultraviolet-pass filter (260-390 nm) was used for detecting the luminescence of the sample by PM tube.
Results and Discussion: The reliability of the system was evaluated using the RL/OSL characteristics of Al2O3 :C and the RL/TL characteristics of LiF:Mg,Cu,Si, which were used as dosimetry materials. The RL/OSL characteristics of Al2O3 :C showed relatively linear dose-response
characteristics. The glow curve of LiF:Mg,Cu,Si also showed typical RL/OSL characteristics.
Conclusion: The reliability of the proposed system was verified by sequentially measuring the
RL characteristics of radiation as well as the TL and OSL characteristics by concurrent thermal
and optical stimulations. In this study, we developed an integrated measurement system that
measures the glow curves of RL/TL/OSL using universal USB-DAQs and the control program.
Keywords: Radioluminescence, Thermoluminescence, Optically stimulated luminescence,
Dosimetry, Luminescence mechanism

Introduction
Thermoluminescence (TL) and optically stimulated luminescence (OSL) are two of
the most widely used dosimetry and analysis methods [1-3]. Their luminous phenomena are mainly caused by the trapping level, which is generated by the impurities or
structural defects in the material or is shown in crystals with recombination center
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(RC). When the electrons trapped in the trapping level are
exposed to radiation, particle beams or ultraviolet rays these
electrons are combined with the holes in RC through the
conduction band. Light can be illuminated in this process,
where the luminescence by thermal and optical stimulations
is TL and OSL, respectively. Using the luminescence intensity against the TL or OSL stimulation, the electron density in
the trap or the physical properties of the trap can be estimated. Thus, it can be used in determining the energy band
structure of materials or estimating the amount of radiation
irradiated onto such materials [4]. On the contrary, radioluminescence (RL) is a phenomenon that light is emitted simultaneously by the recombination of the pair-produced
electron and hole in the recombination center when the material is exposed to radiation [5]. This can be used in measuring radiation in real time.
While RL and TL/OSL are both similar phenomena where
light is emitted with respect to the energy level of materials,
they have been measured and used separately. Although
Riso measuring device, which is used commercially, can
measure both TL and OSL, some additional devices need to
be attached to measure RL because it does not measure RL
consistently under the environments, such as radioactive,
thermal or optical stimuli. If measured consistently, the behavior of electrons and holes in the material from each luminescence can be analyzed multi-dimensionally and interpreted more delicately. For example, among the energy levels of a crystal, some trapping levels are not influenced by
RL, whereas all trapping levels are more significantly influenced by TL and OSL. Therefore, through the analysis of
these luminescence curves obtained from RL and TL/OSL,
we can obtaine more plentiful information about the trapping levels rather than the case of individual treatment.
In this study, an integrated measuring device was developed to analyze more accurately the luminescence mechanism of the given materials through the analysis of the RL
and TL or OSL luminescence curves obtained by applying
various stimuli to the materials. The control and measurement in the device were performed by the data acquisition
system (DAQ), and LabView (ver. 2014, National Instruments, Austin, TX) was used to develop a program that can
automate and control the overall device. The proposed system can perform a delicate control of the amount of radiation and heat and optical stimulation and thus, can perform
various measuring tasks, such as the control of the amount
of X-ray, TL measurements with different temperature inhttps://doi.org/10.14407/jrpr.2018.43.4.160
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Fig. 1. Schematic layout of RL and OSL measurement system.

crease ratios, OSL measurement in various measurement
modes, and simultaneous measurement of RL and OSL or
RL and TL, among others.

Materials and Methods
The configuration of the measuring devices is shown in
Figure 1; an X-ray tube system was used for the ionizing radiation source. Other light sources including light emitting diode (LED) or laser were used for optical stimulation after
having been exposed to irradiation. Additionally, various
kinds of substrate were used as the heat source for thermal
stimulation. The very weak luminescence generating from
the material due to the ionizing radiation, heat and/or light
stimuli could be measured using a photomultiplier tube
(PMT) system. To control the X-ray system, the stimulation
light source and the temperature of substrate, and to measure
the amount of luminescence for thermal or optical stimulation and other environmental parameters such as temperature, the general purpose DAQ connected to a computer were
used. The X-ray tube and the stimulating light source are irradiated to the sample on an inclined angle, whereas the resulting luminescence is measured vertical direction. To reduce the stray light from stimulating light being added to the
measurement of the luminescence as much as possible, some
specific combinations of optical filters are installed in front of
both the stimulating light source and the PMT. The overall
control and measurement are passed through DAQ (NI USB
6343, National Instruments, Austin, TX) and logged into and
out from the computer. And LabView helps the overall measurement process to be performed consistently.

1. Optical Stimulation Control and Optical
Measurement Part
The stimulant light applied to the sample is similar to that
www.jrpr.org 161
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of a typical OSL measuring device. The light source is irradiated to the specimen a slope of 45°. Our own standard adaptors are used to attach various types of LED or laser. There
are six holes to which the adapters can be inserted, these
holes make a circle at a same angle. The X-ray tube is installed
on one of holes and up to five light sources can be installed
on the remaining holes. In this way, various combinations of
light sources from LED and laser to UV LED, IR LED, and blue
LED can be used. The developed system used three identical
LEDs to maximize the amount of light flux and provide homogeneous irradiation. The stimulating flux was measured
by the photodiode on the side of sample substrate. The current of photodiode is acquired as the flux of the optical stimulation and can also be used as a feedback signal to maintain
the amount of the intensity at a required value. It can also be
applied to various types, including CW-OSL (continuous wave
OSL), which maintains the flux, or LM-OSL (linear modulation OSL), which increases the flux linearly.
In the case of Al2O3:C or LiF:Mg, Cu, Si, the center wavelength of the main luminescence is near to 420 nm with a
wavelength range of 320-480 nm. When recombination center in the band gap of such materials has holes by the ionizing radiation; light could be emitted when electrons recombine with these holes. These OSL materials mainly use a
high-brightness blue LED such as Luxeon V (Lumileds, San
jose, CA). The bandwidth wavelength of blue Luxeon V is
470 ± 25 nm, and its maximum current is 700 mA. To block
the wavelength of this zone from the stimulating light, a longpass filter by Schott, GG420 (Schott AG, Mainz, Germany),
was used [6]. Furthermore, a 7.5 mm-thick UV band-pass filter UG11 (Schott AG, Mainz, Germany) was installed on
PMT to pass the light between 260 and 390 nm. This filter
blocks the stimulating light that passed GG420 from entering
the PMT. Therefore, luminescence was measured in the
wavelength range of 320 to 390 nm. Besides, various light
sources, such as 532 nm green laser or 250 nm UV LED, and
corresponding optical filters could be combined.
The used PMT was ET 9235B (ET Enterprises, Uxbridge,
UK) whose wavelength is between 290 and 630 nm, the measurement bore was 48 mm, and the yield rate was 63× 106. To
minimize the effect of the noise, the counting mode was
used for the measurement, and toward this end, amplifier
discriminator, AD6 (ET Enterprises, Uxbridge, UK), by ET
Enterprises was used. In this way, the signal on the PMT is
converted into standardized TTL pulses at the resolution of
20× 106 per one second. These pulses are input to the coun162 www.jrpr.org
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ter/timer channel of the DAQ to count the number of photons entering at a specific period of time.

2. Thermal Stimulation and Sample Substrate
In the proposed system, the sample substrate is used as a
heating element. To control the temperature, the controlling
voltage between 0 to 5 V is output via the DAQ by comparing
the temperature of the sample substrate and the required
temperature using the temperature controlling program. The
temperature controlling device first generates a direct voltage between 0 to 300 V that corresponds to the controlling
voltage. The wave-generating device generates a square
wave at 35 kHz. And the IGBT, a power controlling device, repeats the on-off of the DC voltage with proper duty ratio. By
these sequential procedure, the high-frequency controlled
power at 35 kHz is generated. Through a high-frequency
converter that uses a ferrite core to reduce to a single digit
voltage with high current up to 20 A. This voltage delivers the
power to the heating element. Attached under the sample
substrate is a thermocouple in K-type, which measures the
temperature. The thermocouple generates minute voltages
based on the temperature and is connected to microprocessor-based SG-3011 (ICP DAS, Hsinchu, Taiwan) to output
analog values between 0 to 10 V in correspondence to the
sample temperature [7].
3. X-ray Irradiation Device
Riso device (RISO National Lab, TL/OSL DA-20, Roskilde,
Denmark) uses a beta-ray source as the radiation source and
irradiates radioactive rays by moving the specimen from the
measurement location to the radiation generation device.
On the other hand, the developed measurement device can
irradiate radioactive rays and measures the TL/OSL at the
same spot without moving the sample by positioning of the
X-ray tube and light source at the same arrangement. So, under the identical environment, it can apply radiation, thermal and/or optical stimulation simultaneously to the sample
for the measurement. Unlike most OSL measuring devices
such as Riso system, it can immediately measure the luminescence emitted at the time of the radiation, i.e., RL, under
the same environment as the measurement of TL/OSL. Such
measured data can be analyzed using an algorithm that interprets RL and OSL as a consistent process.
In the measurement system, the X-ray irradiation device is
attached with a same standardized adapter as the stimulating light source. As explained earlier, it is installed on one of
https://doi.org/10.14407/jrpr.2018.43.4.160
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the six holes and irradiates the light at a 45° adapter in the
same specifications as the stimulating light source and Moxtek as the X-ray irradiation device (50 kV Cable 10 W with
MAGNUM X-ray Source, Orem, UT). Its maximum voltage,
current, and power are 50 kV, 200 μA, and 10 W, respectively.
The target metal is Pd with maximum radiation of 30
mGy · s-1. By installing a 1 mm-thick aluminum filter, the lower energy part below 20 keV was blocked. At this point, the
level of X-ray radiation with the attachment of the aluminum
filter can be acquired using Al2O3:C, an OSL standard dosimetric material. Using beta-ray survey device (6527B, Studsvik Co., Nyköping, Sweden) of known radiation, stimulating
light of 13.98 mGy was irradiated and OSL was measured to
estimate the amount of radiation. Using the conversion factor and energy compensation factor, radiation of 2.23
mGy · s-1 was acquired.
The accelerating voltage and current applied to the X-ray
tube can be controlled by entering two controlling voltages
to the control module. To control the amount of X-ray and
exposure time, DAQ generates two controlling voltages from
digital-analog output channels, which are entered to the
high voltage power supply which manage the accelerating
voltage and current of the X-ray tube. Moreover, since the
power supply outputs the actual accelerated voltage and
current in two analog voltages while the X-ray irradiation device is operating, this anode voltage and electron current can
be acquired by the DAQ.

strate was attached with the heating element, photodiodes
were used to measure the flux of the stimulating light, and
PIN diodes were used to measure the intensity of the X-ray.
To measure the radiation, silicon PIN photodiode (VISHAY,
BPW34, Malvern, PA) was used. The luminescent signal
originated in the exposure to the ionizing radiation was too
weak and thus, it was measured by amplifying it using Amplifier C7319 (Hamamatsu Photonics, Shizuoka, Japan). The
temperature, amount of the stimulating light, and intensity
of the X-ray were measured by connecting the system to the
analog voltage input channels of the DAQ. Meanwhile, without sample, the background of PMT was ~10 count per 0.1
seconds, and with the stimulating light at its maximum, it
was ~20 count per 0.1 second, effectively blocking the stimulating light. When an aluminum filter is attached at 50 kV, 100
μA, it will increase roughly up to ~4 × 103 count per 0.1 second. Therefore, the estimated amount of background signal
could be removed during the glow curves analysis stage.
Figure 3 is the schematic diagram of the system designed
to meet the RL/TL/OSL measurement requirements. Since
(A) PMT: ET 9235B
C979AFP: -1,300 V

(B) X-ray source
Moxtek 50 kV, 0.2 mA

(C) Light source
Luxeon V Blue

4. Construction of the Device
As illustrated in Figure 2 for this system, the sample sub-

(A) PIN diode
(B) Heater
(C) Photo diode

Fig. 2. Sample holder. (A) PIN diode measures the X-ray intensity, (B)
Heaters and thermocouples measure the heating and temperature
of the sample, and (C) Photo diode measures the intensity of the
stimulating light.
https://doi.org/10.14407/jrpr.2018.43.4.160

Fig. 3. RL/TL/OSL Measurements System. (A) PM tube: ET 9235B,
(B) X-ray source: Moxtek 50 kV 200 μA, and (C) Light source: Luxeon V Blue.
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including the X-ray source, it requires the radiation shielding
for its whole body. A shielding box was made in which the
RL/TL/OSL measuring device was inserted. This shielding
box was made with lead, acrylic, and aluminum panels, and
the X-ray source would function only under certain conditions; for example, the power of the X-ray radiation device
would be cut off if radiation is exposed outside due to certain
circumstances like the opening of the door.
The system used USB-6343 (National Instruments, Austin,
TX) as DAQ for measurement and control, which is a universal data acquisition device. The voltage output section of the
USB-6343 with a 4-channel 16-bit digital to analog converter
was used in controlling the amount of the light flux and temperature applied to the specimen, and the voltage and current of the X-ray controlling module. The voltage input section has a 32-channel 16-bit analog to digital converter,
which is used to measure the flux of the stimulating light,
and the voltage and current applied to the X-ray source. Furthermore, one out of the four channels of the count/timer
was used to count the photons of PMT. Therefore, all control
and measurement activities were conducted via USB-6343,
as shown in Figure 4.
The measurement and control of the whole system were
done using LabView. First, it controlled the voltage, current,
and exposure time of the X-ray. Next, the thermal stimulation temperature was increased at a certain speed based on
the temperature increase rate, and once it reached a certain
value, it was maintained. Finally, the amount of the stimulating light was controlled to select the type of various functions, such as CW-OSL, LM-OSL measurement modes, or
others. Accordingly, various radiation was selected and the
temperature and stimulating light were controlled to measure the RL/TL or RL/OSL.

Results and Discussion
To evaluate the performance of the developed RL/TL/OSL
measuring system, RL/OSL was continuously measured. Using the Al2O3:C (diameter, 4.8 mm; thickness, 1.0 mm; and
mass, 70 mg) specimen by Landaur, USA, RL/OSL were measured. The same specimens were used to take the measurements repeatedly, and after the end of each measurement,
the amount of the stimulant light was set to its maximum and
irradiated for 100 seconds to initiate the specimen. Next, RL/
TL was measured as same manner for the LiF:Mg, Cu, Si (diameter, 4.5 mm; thickness, 0.8 mm; and mass, 30 mg) developed by the Korea Atomic Energy Research Institute [8, 9].
The same specimen was repeatedly used, and after the end
of each measurement, the specimen was initiated at 260°C in
an electric furnace for the next measurement.

1. Output Characteristics of X-ray
First, the output characteristics of the X-ray source were
verified. The verification of the operation of the X-ray source
was conducted by outputting and monitoring the accelerated voltage and current in voltage form from the high voltage
power supply of X-ray system. Meanwhile, Al2O3:C shows RL
phenomena if radiation is irradiated, which can be used to
verify whether the X-ray source is operational. The accelerated voltage of the X-ray source was set to 50 kV, and the current was varied from 0 to 200 μA by 20 μA step. This corresponds to the scope of 0 to 10 W by 1 W step if converted to
the power of the X-ray source. The X-ray source was turned
on for 10 seconds and turned off for 20 seconds so that it was

0

Computer

Measurement of light intensity
Control of temperature for TL

LabView

USB

DAQ
NI
USB-6343

Measurement of temperature
Control X-ray (Voltage, Current)
X-ray Power (PIN diode)
Measurement of
count from PMT

Fig. 4. Flowchart for controlling of RL/TL/OSL reader with PC.
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Fig. 5. RL curves for Al2O3:C irradiated by 1-10 W of X-ray 50 kV.
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measured continuously for 330 seconds in total. The power
values converted from the monitoring accelerated voltages
and currents from the operation of the X-ray source as well
as the RL luminescence curves of Al2O3:C are shown in Figure 5. Here, it can be confirmed that the X-ray source is operating stably at or over 2.5 W. It can also be confirmed that as
the output of the X-ray source increases, the RL luminescence curve of Al2O3:C, the radiation also increases.
Figure 6 shows the continuous measurement of RL and
OSL, whereas the X-ray source irradiates at 50 kV and 100 μA
for 5 to 20 seconds. After 5 seconds of the measurement, the
X-ray source operates for a specified time. As X-ray is irradiated onto the specimen, RL is measured. Then, after 10 seconds, the stimulation light source is operated and OSL is
measured. The RL signal gradually increases while the X-ray
source runs, and the initial peak of OSL increases consistently as the exposure time increases, which leads to the increase
of the cumulative exposure.
The RL curves from the RL/OSL measurement results, as
shown in Figure 7, were used to assess the RL measurement
performance against the accelerated voltage and current. The
measurement of RL when the current of the X-ray source is
set to 50 kV, 100 μA is shown in Figure 7A, and its operation
time was maintained for 5-20 seconds while varying its accelerated voltage. The RL was measured when the X-ray
source was in operation, and the RL curves maintained consistent.
As shown in Figure 7B of the dose response curve, the total
luminescence shows a linear characteristic according to the
dose. Such results were used to derive the linear function of
the relation between the dose and the total luminescence.

2.0× 107
Integrated RL (Arb. unit)

Fig. 6. RL/OSL curves for Al2O3:C irradiated by 5-20 seconds of Xray 50 kV, 100 μA.
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Fig. 7. (A) RL curves curves for Al2O3:C irradiated by 5-20 seconds
of X-ray 50 kV, 100 μA. (B) Dose response curve of the RL.

With the accelerated voltage at 50 kV and the current at 50
µA, R2 = 99.99%, and with the current at 100 µA, R2 = 99.98%,
all of which shows a relatively linear characteristic.

2. RL-OSL Measurement Characteristics
The RL curves obtained from the RL/OSL measurement
results, as shown in Figure 8, were used to assess the RL
measurement performance against the various accelerated
voltage and current for X-ray source. The measurement results of RL when the current of the X-ray source is set to 100
µA is shown in Figure 8A, and its operation time was maintained for 10 seconds while varying its accelerated voltage.
When the X-ray source was in operation and the accelerated
voltage increased from 30, 40, and 50 kV, the average RL increased from 2.773 × 105 count per 0.1 second to 6.424 × 105
and 8.596 × 105 count per 0.1 second, respectively. On the
contrary, Figure 8B shows the average RL for 10 seconds as
the current of the X-ray source is 50 or 100 μA and the accelwww.jrpr.org 165
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Fig. 8. (A) RL curves for Al2O3:C irradiated by 10 seconds of X-ray 30, 40, and 50 kV with 100 μA. (B) X-ray Voltage vs. average RL Intensity.
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Fig. 9. (A) OSL curves curves for Al2O3:C irradiated by 5-10 seconds of X-ray 50 kV with 100 μA. (B) Dose response curve of the OSL.

erated voltage changes from 30, 40, and 50 kV, respectively.
Due to an increase in the current, the average RL for 10 seconds increased.
To assess the OSL measurement performance, the OSL
curves from the RL/OSL measurement results, as shown in
Figure 9, were used. Figure 9A shows the OSL when the current of the X-ray source is set to 100 μA and the accelerated
voltage was maintained at 50 kV while the operation time of
the source changed between 5 and 20 seconds. As the radiation of the X-ray source increased, the OSL signal also increased. As shown in Figure 9B of the dose response curve,
the total luminescence for 100 seconds shows a linear characteristic according to the dose. Such results were used to
derive the linear function of the relation between the dose
and the total luminescence. With an accelerated voltage of
50 kV and the current of 50 μA, R2 = 99.93%, and with the current of 100 μA, R2 = 99.94%, all of which shows a relatively
166 www.jrpr.org

linear characteristic. On the contrary, with the current at 100
μA and the accelerated voltage at 30 kV, R2 = 99.99%, and with
the accelerated voltage at 40 kV, R2 = 99.98%.

3. RL-TL Measurement Characteristics
To investigate the RL/TL performance, LiF:Mg,Cu,Si was
irradiated at 50 kV, 100 μA for 5 seconds, and the heating
rates were set 1, 2, and 5 K · sec-1 in the temperature range
20°C to 260°C. Figure 10A shows the continuous measurement results of RL and TL with a heating rate of 2 K · sec-1.
The first section before 20 seconds was the RL measurement,
and the second section after 20 seconds was the TL curves
by the thermal stimulation. Meanwhile, Figure 10B shows
that when TL glow curves were measured with different temperature increase rates, the position of the main peak increases from 496 to 509 K for temperature, and from
1.665 × 104 to 1.028× 105 count per 0.1 second for the intensihttps://doi.org/10.14407/jrpr.2018.43.4.160
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Fig. 10. RL/TL curves curves of LiF:Mg,Cu,Si irradiated by 5 seconds of X-ray 50 kV, 100 μA. (A) 2 K ·sec-1 and (B) TL curves curves of
LiF:Mg,Cu,Si.
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B

Fig. 11. RL/OSL/TL curves LiF:Mg,Cu,Si irradiated by X-ray 50 kV, 100 μA.

ty as the temperature increase rate rises. These luminescence curves measured can be used to analyze the properties related to the radiation, thermal and optical stimulation
characteristics of the trapping level and recombination center (RC) using LumiAnal 2016 glow curves measured as such
can be used to [10].
Generic analysis programs use the OTOR model, which
restricts each peak of the luminescence curve centered on
one trap and one recombination center. However, the proposed system extends this further using the multi trap multi
recombination center model where there may be several
https://doi.org/10.14407/jrpr.2018.43.4.160

traps for electrons and several. It can help us better understand the luminescence phenomena as electrons and holes
can move conduction bands, valence bands, several traps,
and RCs through the radiation stimulation as well as the
thermal and optical stimulation. An example of the analysis
process that uses the measurement results of the luminescence curves and LumiAnal 2016 is shown in Figure 11. The
specimen used was LiF:Mg, Cu, Si, which showed the measurement of the RL/OSL/TL luminescence curve. The measurement procedures are as follows: first, RL was measured
while X-ray was irradiated for 50 seconds at 50 kV, 100 µA.
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Optical stimulation was added in the middle of the process
for the 50 seconds to measure OSL, and later TL was sequentially measured with the thermal stimulation condition
where the heating rate was 1 K ·sec-1 between 20°C and
260°C. During the analysis process, seven traps and two RCs
were introduced to analyze the luminescence curve. The
measured and analyzed luminescence curve is shown in
Figure 11A. The electron concentration of the traps and the
hole concentration of the RCs were indicated with different
colored curve, and each stimulation was also expressed in its
own way. The introduced seven traps and two RCs were
lined up, and each parameter and initial value to be analyzed
are shown in Figure 11. At each parameter, ‘Fix’ was the fixed
value, and the one expressed in numbers is to be analyzed.
Using them, the trend in the change of the electron and hole
concentration based on each stimulation could be verified
by changing corresponding parameters. In other words,
when the X-ray was irradiated, electrons are filled up in the
traps so the electron concentration increased, and some
moved toward the RCs to produce the RL luminescence
curves. Furthermore, in the optical stimulation process, the
electron concentration in the three traps decreased, producing the OSL luminescence curves. Finally, the electron concentration decreased sequentially based on the thermal
stimulation, producing the TL luminescence curves. Therefore, the process in which the overall contribution of the
electron concentration in the traps and the hole concentration in the RCs to the luminescence in time can be determined by the analysis process [11].

Conclusion
In this study, an RL/TL/OSL integrated measuring system
that can consistently measure the RL, TL, and OSL under the
identical condition was developed. For X-ray irradiation, this
system used the 50 kV MAGNUM X-ray Tube by Moxtek as
the X-ray source. A 1 mm-thick aluminum panel was used to
block the energy below 20 kV, and the dose irradiated to the
specimen was measured with a Silicon PIN photodiode. For
the thermal stimulation, this system used the sample substrate as the heating element. The high brightness blue LED
was used as the stimulating light for OSL and the measurement efficiency was also improved by optimizing the filter
combination. Luxeon V-type high brightness blue LED with
the bandwidth of 470 ± 25 nm was used as the stimulating
light. Thus, sufficient amount of luminance can be acquired
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Park CY, et al.

by using three of them. Also, since the signals obtained from
RL/TL/OSL are weak, these signals were measured by using
the count mode of PMT. The voltage, current, and exposure
time of the X-ray source were controlled by a control program,
and the thermal stimulation temperature was controlled by
changing the temperature. The amount of the stimulant luminance was controlled to measure CW-OSL and LM-OSL.
Various measurements and analyses can be conducted using
the proposed system. First, Al2O3:C was used to measure RL/
OSL and RL and OSL were analyzed. The measurement of
RL was conducted by maintaining the current of the X-ray
source at 100 µA and its operation time was 10 seconds,
while the accelerated voltage changed from 30 to 50 kV.
When the X-ray source was operational, RL was maintained
consistent, and as the accelerated voltage increased from 30
to 40 kV and 50 kV, the average RL for 10 seconds increased
from 2.773 × 105 count per 0.1 second to 6.424 × 105 and
8.596 × 105 count per 0.1 second, respectively. To confirm the
dose response characteristics, the integrated intensity of OSL
measured for 100 seconds was used, and the results showed
a linear characteristic by dose. With the accelerated voltage
at 50 kV and the current at 50 μA, R2 = 99.93%, and with the
current at 100 μA, R2 = 99.94%, showing a relatively linear
property.
The RL/TL measurement characteristics were measured
by changing the temperature increase rate, using LiF:Mg,Cu,
Si. The stimulating temperature by the temperature increase
rate showed a consistent rise. Furthermore, the RL characteristics showed identical luminescence in the repeated tests.
The TL measurement part showed that as the temperature
increase rate rises from 1 to 5 K · sec-1, the location of the
main peak increased from 496 to 509 K for temperature and
from 1.665× 104 to 1.028× 105 count per 0.1 second for intensity. In this study, the integrated measurement system, which
can relatively easily, inexpensively, and efficiently measure
the signals from RL/TL/OSL, has been developed using the
universal USB-DAQ and LabView program and we have
confirmed the excellent performance through the analysis of
luminescence curves.
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