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ARTICLE INFO ABSTRACT

Keywords: Thermoluminescence (TL) and Radioluminescence (RL) are widely used in dosimetry applications. We present a

Thel"molu'minescence custom-built integrated system, designated LUMI22, for measuring TL, TL spectroscopy, RL, and RL as a function

Ead}ommmescence of temperature. LUMI22 includes a heating system based on Kanthal® A1l alloy (FeCrAl), a microcontroller to
osimetry

regulate the temperature ramps (e.g. 1-5 °C/s). To irradiate samples an X-ray tube (Moxtek 50 kV, 50 pA) is
powered, controlled, and monitored by an FTC-200 standard controller. The dose rate at the sample position is
0.43 Gy/min. Light collection includes a Photomultiplier Tube (PMT, Hamamatsu H10493-012:HA, 185-850
nm). Additionally, a miniature fiber optic spectrometer (Ocean Optics, QE65000, range 200-1100 nm) coupled
with a 1000 pm diameter fiber optic (QP1000- 2-UV-VIS) was employed for TL and RL spectroscopy measure-
ments. To assess the functionality of the system, it was used to measure TL and RL from Al;03:C,Mg, Al303:C and
TLD-100 phosphors which have been previously well investigated. The measured TL and RL data were well

Spectroscopy TL
Scientific instrumentation

compared to the published ones, confirming the functionality of the system.

1. Introduction

Thermoluminescence (TL) and radioluminescence (RL) have been
extensively used to evaluate materials for dosimetric applications. TL
refers to the light emitted by certain materials (such as crystals or
semiconductors) when heated, representing a thermally stimulated
emission of energy previously stored in the material during irradiation
(McKeever, 1985). This technique finds applications in various fields
including personal, medical, space, retrospective, and environmental
dosimetry (McKeever, 1985; E G Yukihara et al., 2022; Yukihara, 2022).
Similarly, RL, also known as X-ray excited optical luminescence (XEOL),
corresponds to the luminescence emitted by a material while exposed to
ionizing radiation (Franca et al., 2019; Nunes et al., 2020; Pagonis et al.,
2014). RL covers several phenomena, including scintillation, Cherenkov
radiation, and phosphorescence induced by ionizing radiation (Klein
et al., 2019). Scintillation occurs when luminescent material absorbs
high-energy photons and then emits visible light (Greskovich and
Duclos, 1997; Pan et al., 2020). Scintillators are employed in real-time
dosimetry for applications such as medical diagnostics, industrial
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inspection, nuclear medicine, and high-energy physics.

RL provides insights into luminescent centers in materials, which can
serve as recombination centers in the TL technique (Park et al., 2018).
Meanwhile, TL signals offer information regarding both traps and the
recombination centers (McKeever, 2022). Moreover, TL spectroscopy
offers valuable insights into the nature of the luminescence centers,
thereby complement RL in the advancement of new luminescent do-
simeters. TL spectroscopy has proven effective in studying the thermal
activation energy of shallow and deep traps (Islam et al., 2019).

Additionally, the capability to measure RL as a function of temper-
ature enables the acquisition on information regarding the thermal
quenching of the defect-based luminescence centers (Trindade and
Jacobsohn, 2018). Consequently, TL, RL, and their variants, such as TL
spectroscopy, are highly valuable and powerful techniques for investi-
gating defects in solids within the field of radiation dosimetry. These
diverse techniques and methodologies used in dosimetry require
instrumentation capable of obtaining information with high accuracy, a
development has been observed in both commercial and custom-made
systems.
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Fig. 1. Schematic layout of LUMI22. The optical fiber and the X-ray source are
placed and inclined at 45° from the sample position.

In the early 1980s, the first automated TL reader, the Risg (model TL-
DA-8), was introduced to the market (Bgtter-Jensen, 1998). This auto-
mated Risg reader quickly gained widespread adoption, being utilized in
numerous laboratories to routinely conduct large volume of TL mea-
surements with automatic sample changing capabilities (Botter-Jensen,
1998; Markey et al., 1997). Over the years, many researchers have been
looking for ways to improve the commercial TL readers or develop their
own readers with improved resolution and accuracy (Botter-Jensen,
1998; Franca et al., 2019; Markey et al., 1997). Luff and Townsend
(1992) integrated a pair of spectrometers and photomultiplier tubes
(PMTs) to create a high-sensitivity TL reader. They also enhanced
photon counting sensitivity of the reader across the wavelength range
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from 200 to 800 nm. Rhodes et al. (2000) developed a high-resolution
TL reader by incorporating a charge-coupled device (CCD) array into
the spectrometer (Sony ILX511), achieving a photon counting sensitivity
of 86 photons/count and extending the spectrum range from 200 to
1100 nm. Recently, the LEXSYG system developed by Freiberg In-
struments company has emerged as a versatile commercial modular
system capable of TL measurements a well as Optically Stimulated
Luminescence (OSL), Infrared Stimulated Luminescence (IRSL), and
fluorescence excited by ionizing radiation measurements (Richter et al.,
2013).

Other researchers have proposed custom-made TL readers as alter-
natives to commercial ones, addressing the financial constraints asso-
ciated with acquiring commercial systems. Tsuchiya et al. (2016)
developed a portable, and desktop TL measurement system to facilitate
in-situ measurements during geothermal field exploration. Park et al.
(2018) introduced a custom-made system capable of performing various
measuring tasks, including TL, OSL, and RL, either individually or
simultaneously, with the ability to measure RL-OSL or RL-TL concur-
rently. Similarly, Franca et al. (2019) built a TL-RL system capable of
working with both techniques.

The primary aim of our work was to develop a custom-made reader,
specifically designed to facilitate simultaneous analysis. This system,
named LUMI22, is compact, ensuring ease of use while also offering
greater affordability compared to commercial alternatives. LUMI22 is
capable of simultaneously or selectively measuring TL, RL, as well as
performing TL and RL spectroscopy as functions of temperature. We
provide detailed descriptions of the system’s setup, heating rate, and
control implementation, demonstrating its unique capabilities.

2. Instrumentation

The main parts of the TL-RL system include a heating system which
can heat the sample to 400 °C at controlled heating rates; and a light
collection system, which offers insights into the intensity and/or
wavelength of light emitted by the sample. One other component
incorporated is a data acquisition system for acquiring and processing
luminescence signals. A mechanical structure was constructed to enclose
these components, ensuring the radiological safety of users and maintain
the electrical system’s components safe from interference by radiation.
Fig. 1 shows the system setup flowchart.
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Fig. 2. Electronic diagram of the heating system.
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Fig. 3. a) Design in modeling software SolidWorks v2013: Chamber 1 is the
place with the carousel and a part of the servo motor. Chamber 2 is the place
where the measurements are performed, where the photomultiplier, the X-ray
tube, and the spectrometer’s optical fiber are allocated. b) Prototype assembled
in the laboratory.

Table 1
Specifications of the LUMI22 system.

Analysis Equipment Characteristics/Setting

TL Photomultiplier tube Spectral response from 185 to 850 nm
RL Spectrometer Wavelength range from 200 to 1100 nm
RL Optical fiber Range detection from 300 to 1025 nm
RL X-ray tube 40 kV/40 pA; dose rate 0.43 Gy/min

2.1. Heating system

The heating system used a universal phase angle controller (FC11AL/
2 - United Automation Ltd) to regulate a low-voltage transformer. The
high-power transformer supplied power to a resistor, heating the plan-
chet constructed from an iron-chromium-aluminum alloy, within which
the sample was positioned. For temperature monitoring, a K-type ther-
mocouple was affixed under the kanthal plate (sample holder) and
connected to an integrated circuit (model MAX6675), enabling tem-
perature readings up to 1024 °C with a resolution of 0.25 °C. The
thermocouple has an accuracy of 8 least significant bits (LSBs) for
temperatures ranging from 0 to 700 °C. Further details can be seen in
Fig. 2.

2.2. X-ray irradiation

The compact X-ray tube (Magnum 50 kV, 50 pA, TUB00050-WO1 -
Moxtek Inc.), featuring a tungsten target, served as the ionizing radiation
source, delivering a high flux within a small area. The FTC-200 Source
Controller powers, controls, and monitors X-ray source, allowing
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adjustment of high voltage and emission current. It provides input
power to the high-voltage supply and displays real-time power settings
for the X-ray tube.

2.3. Light detection system

A PMT Hamamatsu (H10493-012:HA) coupled to an Arduino model
UNO was incorporated for integral light measurement. The system is
fitted with an optical fiber (QP1000-2-UV/VIS) coupled at a spectrom-
eter (QE65000), both from Ocean Optics, for TL and RL spectra collec-
tion. This system boasts a wavelength detection range from 300 to 1025
nm. Our system configuration used a fixed spectrometer arrangement
with multi-measurements, enabling simultaneous detection across all
wavelength channels. In this assembly, no filters were used.

2.4. Control system

The temperature and light signal control were implemented using
the LabVIEW language integrated with the Arduino IDE platform. The
output signal used for temperature control was in pulse width modula-
tion (PWM) form, emitted by an Arduino port. This signal generated by
the controller was converted into a default 4-20 mA signal and directly
affected the phase angle controller de-vice on the low-voltage trans-
former, adjusting the current in the high-current transformer. The con-
trol loop was closed with the acquisition of temperature data by the K-
type thermocouple. In the control system, the generated signals and
received data are managed by the Arduino controller. The PID (Pro-
portional, Integral, and Derivative) algorithm compares the difference
between the set point and temperature read on the heating plate,
generating a new PWM signal. This signal consequently controls the
current in the high-voltage transformer, regulating the heating of the
sample. Furthermore, the adjustment of PID gains was performed using
the Ziegler-Nichols method (Ogata, 2005; Ziegler and Nichols, 1949).

2.5. Mechanical structure

A structural aluminum profile was designed using SolidWorks v2013
(Fig. 3a). The structure was constructed with dimensions of 46 x 46 x
60 cm® as shown in Fig. 3b. The system was segmented into two parts:
the bottom part, housing the electronics; and the top part, accommo-
dating the TL-RL measurement chamber.

The electronics components were shielded from ionizing radiation
and temperature effects by the construction of a chamber of stainless
steel, with a thickness of 3 mm, enabling the incorporation of the
heating system. The entire system was shielded with a lead sheet, 0.5
mm thick, to ensure radiation protection. The multi-sample disk facili-
tated system automation without requiring operator intervention,
thereby preventing interference during measurements.

2.6. Dose Rate calculation at the sample position

To evaluate the dose rate delivered to sample position, thermolu-
minescent dosimeters (TLDs) were used. A set of 16 LiF (Bycron, TLD-
100) detectors were exposed to the radiation generated by the
compact X-ray tube described in section 2.2. One group of 8 detectors
was individually irradiated at the sample holder for 10s, while the other
group was exposed for 20s. The tube potential of 40 kV/40 pA remained
constant for all exposures. Four detectors from each group were posi-
tioned between a lead filter of (0.50 & 0.05) mm thickness, while the
remaining four detectors were exposed without any filter. This config-
uration facilitated the determination of the photon-effective energy
incident on the detector.

For dose evaluation, a subset of detectors, previously selected based
on TL response, were exposed to known kerma in air values from a 1*7Cs
source. An ionization chamber of 6 cm® (Radcal Co.), positioned at the
same location (227 cm from the source) as the samples, was utilized to
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Fig. 4. Interface of software created based in LabVIEW showing a temperature ramp graphic. Set point (red line) and temperature in real-time (white line). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

14
a) 145°C
12 - Al,0,:C
- 10 EB“U“
=
&
z 8-
& 0
c ~ nﬂ -
g 4 g°
E °1 ¢
o 2
44 20
400°1
z
£
]
2 4 c
g
50°C 2 0001
0 T T T T T 'J 2
50 100 150 200 250 300 ¥ 00
Temperature (°C) s
=
8000 b) 420nm
g
g 6000 + Fig. 6. TL spectrum of Al,O3:C exposed to 4.3 Gy from X-rays obtained in
8 LUMI22 system.
2
g 4000 measure the kerma in air values ranging from 1.6 mGy to 48 mGy. The
b= slope of the linear relationship between TL intensity and kerma in air
r values provided the calibration factor necessary to determine dose
o« equivalent values. The methodology for dose evaluation and photon
2000 energy determination is the same procedure applied in the individual
monitoring service at the Laboratory of Dosimetry of the University of
325nm 695nm Sao Paulo (Okuno et al.,, 2017). An automated TL/OSL reader (Risg
0+ . . . —— e ——— SRR model DA-20) was used for TL readout with data analysis performed
200 300 400 500 600 700 800 900 1000 using QtiPlot software. Finally, a summary of all the specifications of the
Wavelength (nm) LUMI22 system is presented in Table 1.
Fig. 5. a) TL glow curve of Al,03:C. The sample was previously irradiated with 3. Results and discussion

1 Gy from X-rays and heated at a rate of 3 °C/s. b) RL spectrum of Al;03:C

acquired with an integration rate of 60s. 3.1. Temperature ramps

For accurate generation of thermoluminescence curves, precise
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Fig. 7. a) TL glow curve of Al;03:C,Mg. The sample was previously irradiated
with 4.5 Gy from X-rays and heated at a rate of 1 °C/s. b) RL spectrum of Al;O3:
C,Mg acquired with an integration rate of 60s.

adjustment of the control system and the heating ramps is essential,
optimized by PID gains. The developed system enables the generation of
curves with heating rates ranging from 1 to 5 °C/s, with the transformer
output power regulated to accommodate common heating rates used in
TL. The interface of the system is shown in Fig. 4.

Numerous tests were conducted to achieve optimal adjustment for
heating rates between 1 and 5 °C/s. PID values were calculated and
tested iteratively until the heating ramp closely matched the setpoint.
Fig. 4 illustrates the program interface and provides an example of one
of the PID adjustments made. To control the PID gains, it was necessary
to restrict the PWM signal to 45 % due to the high-current intensity in
the power-transformer.

3.2. Dose rate obtained at the sample position

The dose rate obtained at the sample position, as determined using
TLDs, was measured to be 7.1 mGy/s. Based on the responses of de-
tectors with and without filters, it can be inferred that the incident
photon energy is lower than 30 keV when the fixed tube potential of 40
kV/40 pA is used. This calibration was chosen to ensure consistency and
comparability in our measurements. The variation in dose rate settings
(not shown here) was explored to understand its effect on the RL signal,
and the results demonstrated that the 40 kV/40 pA setting provided the
most reliable and intense response.
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Fig. 8. TL spectrum of Al;03:C,Mg exposed to 4.3 Gy from X-rays obtained in
LUMI22 system.

3.3. TL and RL spectra of commercial dosimeters

Several tests were carried out to evaluate the LUMI-22 system, uti-
lizing samples of Al;03:C,Mg, Al;03:C, and TLD-100. The Al;03:C,Mg
sample used in this study was grown by the Czochralski technique
(Akselrod et al., 2003; Brandle, 2004), commercially produced by
LANDAUER Inc. The sample was cut into a rectangular parallelepiped
(8.0 x 1.6 x 0.5 mm®) weighing 48 mg. Likewise, the Aly03:C sample
was produced by LANDAUER Inc., but in this work, powder samples
weighing 50 mg were used. The last sample used was TLD-100 (Bicron)
with dimensions of (3.2 x 3.2 x 1.0 mm®).

For thermoluminescent measurements, the samples were irradiated
with ~1 Gy (40 kV/40 pA source) and then heated up to 300 °C. RL
experiments were carried out from the sample at room temperature,
with an integration time of 60 s. TL spectra were collected for the
samples previously exposed to ~4.3 Gy. The samples were heated up to
~300 °C at arate of 1 °C/s. For the acquisition of spectra, an integration
time of 15s was chosen, meaning the spectra were saved every 15 °C.

3.3.1. ALO3:C

Carbon-doped alumina (Aly03:C) is widely studied in the field of
dosimetry as a thermoluminescence dosimeter with high sensitivity
(Akselrod et al., 1990). Alp03:C has applications in personal and envi-
ronmental dosimetry using ionizing radiation (Kalita and Chithambo,
2017; Yukihara and McKeever, 2006). The high sensitivity of this ma-
terial is attributed to C doping in Al;O3, which promotes the formation
of a large concentration of color centers, also known as F and F™ (Kalita
and Chithambo, 2017). In Fig. 5, the results for TL (with a heating rate of
3 °C/s) and RL signals of Aly03:C are presented. Two glow peaks were
observed, one centered at 50 °C and another at 145 °C. These emissions
are consistent with findings in the literature, particularly regarding the
dosimetric peak. Chithambo et al. (2014) performed TL measurements
at 0.4 °C/s and reported the main glow peak of Al;03:C at 156 °C, and
two others at 36 and 268 °C. Ogundare et al. (2013) analyzed the TL
response of this similar sample and identified the dosimetric glow peak
around 200 °C, along with two smaller peaks at 74 and 342 °C with a
heating rate of 5 °C/s. In the RL spectrum, three emissions were
observed at 325, 420, and 695 nm, with the main emission occurring at
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Fig. 9. a) TL glow curve of TLD-100. The sample was previously irradiated with
4.5 Gy from X-rays and heated at a rate of 1 °C/s. b) RL spectrum of TLD-100
acquired with an integration rate of 60 s.

420 nm. This emission pattern aligns with previous works in the liter-
ature. For example, Rodriguez et al. (2011) obtained RL results for
Al03:C, reporting an intense peak at 415 nm and another peak with a
low signal at 325 nm. These emissions are associated respectively to the
F and F' centers.

Fig. 6 shows the TL spectrum of Al;03:C. The sample exhibited two
emissions peaks at 425, and 695 nm corresponding to the glow peak at
175 °C, with the emission at 425 nm being the most intense among those
observed. Rodriguez et al. (2011) obtained similar results for this sam-
ple, reporting a large emission peak in the TL spectrum at 415 nm
associated with the F centers.

3.3.2. Al,03:C,Mg

Aly03:C,Mg is widely studied as a dosimetric material and has
demonstrated its applicability for a wide spectrum of radiations (Kalita
and Chithambo, 2017; Kalita and Chithambo, 2018; Munoz et al., 2021;
Rodriguez et al., 2011; Saharin et al., 2014; Trindade et al., 2020, 2019;
Trindade and Jacobsohn, 2018), with a particular emphasis on neutron
dosimetry (Akselrod and Sykora, 2011; Sykora et al., 2007, 2008). The
increase in the concentration of F and F+centers, along with the for-
mation of aggregated and perturbed F-type centers (F*(Mg), F**(Mg),
F2T(Mg), F'(2 Mg), F>Y(2 Mg), F>*(2 Mg)), promotes an increase in
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Fig. 10. TL spectrum of TLD100 exposed to 4.3 Gy from X-rays obtained in
LUMI-22 system.

luminescence intensity (Chithambo et al., 2022).

Fig. 7 shows the TL (with a heating rate of 1 °C/s) and RL spectrum of
Al,03:C,Mg. Four glow peaks were observed, centered at ~60, ~95,
~185 and ~ 270 °C. Similarly, Chithambo et al. (2020) reported two
glow peaks at 60 °C and 150 °C when the Al;03:C,Mg was exposed to the
X-ray irradiation dose of 3.6 Gy. In the RL spectrum, peaks were
observed at ~330, ~415, ~515, and ~740 nm. According to Chithambo
et al. (2020), RL measurements with a sample exposed to X-rays at room
temperature (30 °C) exhibited two emission bands centered at 420 nm
and 510 nm, which aligns with the results shown in Fig. 7b. Moreover,
Peto and Kelemen (1996), using beta radiation, reported an emission
band appearing between 410 and 420 nm that is associated with F
center, being the most intense band in the radioluminescence from
Aly03:C and Al;03:C,Mg. In addition, as noted by Akselrod and Kortov
(1990) and Akselrod et al. (2003), the band about 325 nm is associated
with F' centers, and Mg doping induces new broad RL bands at ~ 520
and ~ 750 nm, attributed F?*)(2 Mg), F* (2 Mg) centers, respectively.

Fig. 8 shows the TL spectrum of Al;03:C,Mg. Four emissions were
observed, centered at ~325, ~420, ~510, and ~740 nm, all with the
highest emission temperature at 165 °C. Additionally, a lower intensity
glow peak was notable at 250 °C with an emission centered at ~530 nm.
This observation aligns with previous findings, suggesting that the glow
peak centered at 165 °C may also be associated with the traps respon-
sible for the glow peak at 185 °C. The TL spectrum correlates with the
results of RL, sharing similar explanations as mentioned earlier.
Furthermore, Chithambo et al. (2020) obtained results of TL spectra for
unannealed and annealed samples of Al;03:C,Mg. The unannealed
sample showed two emission bands at 330 and 410 nm at a temperature
of 150 °C, while the annealed sample showed bands at 330 nm and 410
nm at temperatures of 60 and 155 °C, respectively. These emission
centers closely match those obtained in this work.

3.3.3. TLD-100

LiF:Mg,Ti, commercially known as TLD-100, is extensively employed
in individual and area monitoring, as well as a luminescence dosimetry
(Yukihara et al., 2022). LiF:Mg,Ti was initially synthesized by Morehead
and Daniels in 1952, subsequently patented by the Harshaw Chemical
Company in 1963 (Horowitz et al., 2019). It has been commercially
available in three isotopic forms: TLD-100 (natural Li), used in this
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study, and TLD-600 (enriched 6Li), and TLD-700 (enriched 7Li)
(Horowitz et al., 2019).

Fig. 9 shows the TL (with a heating rate of 1 °C/s) and RL spectrum of
TLD-100. The TL glow curve of TLD100 exhibited six glow peaks, with
the main and most intense peak occurring around 215 °C. The shape of
the curve and the observed peaks closely resemble those found in other
studies (Horowitz et al., 2019; Yukihara et al., 2022). For example,
Horowitz et al. (2019) reported the occurrence of the most intense glow
peak at 200 °C, with a heating rate of 1 °C/s. The RL analysis revealed
two emissions at ~440 and ~650 nm, with the most intense peak pre-
viously reported in the literature with emission around 410 nm (Pet6
and Kelemen, 1995; Zimmerman, 1971). Additionally, Peto and Kele-
men (1995) identified other less intense peaks around 460, 520, and
560 nm, attributing these emissions to radiation-induced optical ab-
sorption bands present in the pure LiF matrix.

Fig. 10 shows the TL spectrum of TLD-100. The spectrum shows a
large emission peak at ~430 nm, related with the maximum intensity
observed at ~210 °C. This emission is also evident at temperatures of
120, 170, and 275 °C. In addition, for temperatures above 200 °C,
notable emissions in the infrared region are observed, which have not
yet been influenced by the black-body radiation emitted during the
heating of the kanthal plate.
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Fig. 12. TL glow curves of Al,03:C previously irradiated with 1Gy, for different
heating rates (from 1 up to 5 °C/s).

3.3.4. Repeatability and various heating rates

To evaluate the repeatability of the RL signal, 20 measurement cycles
were performed using Al;03:C sample with an integration time of 20 s.
Repeatability tests were also conducted for the TL using the same Al;O3:
C sample, with 10 measurements performed at a dose of 1 Gy and
heating rate of 3 °C/s. The results are shown in Fig. 11.

For RL measurements, we focused on the main peak, where the
sample exhibited a coefficient of variation (CV) of 2.6 %. The RL peak
also presented the following characteristics: a full width at half
maximum (FWHM) of 68.9 + 0.5, a peak intensity of (648 + 17) counts,
and a peak position of (422 + 2) nm. For TL measurements, the main
glow peak showed a CV of 1.3 %, with a FWHM of 64.5 + 0.5, a peak
intensity of 12.7 + 0.2 counts, and peak position of (146.0 + 0.9) °C.
These results underscore the high reliability of the measurements ob-
tained with the LUMI22 system.

In addition, we also performed TL measurements with heating rate
variation tests ranging from 1 up to 5 °C/s using the Al;03:C sample,
with the results summarized in Fig. 12. An increase in glow peak in-
tensities was observed, as well as the shift in the temperatures associated
with the main glow peak as the heating rate varied. This behavior is
consistent with observations in other materials (Chithambo et al., 2014;
Yazici et al., 2003). The results indicate that the heating curves in the TL
measurements using LUMI22 are suitable, allowing the use of heating
rates from 1 to 5 °C without affecting the measurement parameters (such
as PID or transformer power control).

4. Conclusion

In this study, an integrated thermoluminescence-radioluminescence
measurement system has been developed, denoted as LUMI22. The
system demonstrated excellent performance in generating temperature
ramps, achieving temperatures ranging from room temperature up to
~350 °C with different heating rates (1 up to 5 °C/s). The software
implemented to perform measurements and temperature control proved
to be effective for laboratory tests and small-scale sampling.

The estimated dose rate at the sample position on LUMI22 was
~0.43 Gy/min. The tests conducted with Al;03:C,Mg, Al;03:C, and
TLD100 yielded results consistent with those reported in the literature,
confirming the reliability of the custom-made system. Furthermore, the
results of the repeatability and heating rate variation tests using the
Al;03:C sample further attest to the robustness of the LUMI22 system.
The low coefficients of variation observed in both RL and TL
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measurements highlight the system’s consistent and reliable perfor-
mance. Moreover, the total cost of developing the prototype equipment,
including materials and labor costs but excluding software e licenses,
was estimated to be approximately US$ 40,000.00. This cost-effective
solution demonstrates that the LUMI22 system meets the expectations
for experimental techniques such TL, RL, TL spectroscopy, and RL as a
function of temperature in the field of ionizing radiation dosimetry.
Overall, the system offers a cost-efficient alternative compared to com-
mercial systems while maintaining high-quality performance.
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