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A B S T R A C T

This work presents a luminescence thermometry system based on a programmable electronic module designed 
for precise control of excitation pulses using a UV LED source, enabling time-resolved measurements of lumi
nescence lifetime. This system was applied to investigate the influence of dopant concentration on the lumi
nescence lifetime of Er3+ ions in a barium and yttrium fluoride matrix (BaY2F8) doped with different 
concentrations (1, 2, and 3 mol%) and their possible effects on thermometric usage. Spectroscopic measurements 
revealed that the sample with 3 mol% of Er3+ exhibited the highest luminescence efficiency, without evidence of 
concentration quenching. The luminescence lifetime decreased with increasing temperature, which was attrib
uted to the increase in nonradiative de-excitation processes observed for all samples. The relative thermal 
sensitivity (Sr) was obtained from the lifetime dependence on temperature with the 3 mol% Er3+-doped sample 
presenting the highest Sr, reaching 0.36 % K− 1 at 317 K, indicating its potential usage as a non-contact lumi
nescent thermometer. The measurements were performed via an electronic module specifically developed for 
excitation and lifetime-based luminescence detection, allowing precise control of the excitation pulse parame
ters. The repeatability of the measurements reached approximately 98 %, confirming that the sensor is stable and 
highly reproducible. The results demonstrate that lifetime-based luminescence thermometry using Er3+-doped 
BaY2F8, combined with a programmable electronic module for precise excitation and detection control, provides 
a robust and accessible approach for temperature sensing, reducing the dependence on complex excitation 
sources, such as lasers, and increasing flexibility in data acquisition.

1. Introduction

The demand for increasingly accurate temperature measurements 
has driven the development of new approaches in thermometry. Among 
these methods, optical detection has emerged as an attractive approach 
because of its ability to perform noncontact measurements, enabling 
applications in systems where conventional sensors are rather unfeasible 
or may interfere with the process under evaluation. Several methodol
ogies stand out among the luminescent thermometry techniques such as: 
the luminescence intensity ratio (LIR), emission peak band shift, band
width variation, and luminescence lifetime decay. For each one a spe
cific characteristic is offered in terms of sensitivity and applicability.

Until recently, most of the works in luminescent thermometry have 
focused on luminescence intensity methodologies, and fewer studies 
have investigated the kinetic characteristics of luminescence. Lumines
cence lifetime-based thermometry overcomes some of the limitations 
associated with other techniques that rely on different spectroscopic 
parameters for temperature measurement. Although widely used, 
luminescence intensity ratio thermometry (LIR) presents drawbacks 
such as reduced thermal resolution and a low signal-to-noise ratio in 
weak emissions [1]. Moreover, the use of spectral parameters, such as 
emission peak band shifts and bandwidth broadening, also presents 
significant limitations, such as the need for high-resolution detection 
systems to accurately determine the peak position or the Full Width at 
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Half Maximum (FWHM) in real experimental conditions [2].
Early studies on lanthanide-activated phosphors indicated that 

temperature-induced variations in band shifts and bandwidth parame
ters are often too small to enable accurate measurements [3] because of 
the inherently narrow f–f transitions characteristic of these materials. In 
this context, lifetime-based thermometry has been proposed as an 
alternative to luminescent intensity thermometry methodologies. The 
main advantage of this technique is that luminescent decay is not 
affected by self-absorption or light scattering, making high-resolution 
measurements different from those of luminescent intensity-based 
methods [4]. Furthermore, measurements using lifetime-based ther
mometers are not affected by tissue depth in biological applications [5].

Different materials have been studied for luminescent thermometer 
applications, and the vast majority used LIR, such as Y2O3 [6], YF3 [7], 
NaYF4 [8], NaY(MoO4)2 [9], Y3Al5O12 [10], YVO4 [11], CaBa2WO6 
[12], and among others. Over the past few years, the lifetime parameter 
has been increasingly used as a sensor for luminescent thermometry. 
Eu3+ and Sm3+-doped YNbO4 phosphor powders [13] were synthesized 
via solid-state reaction and evaluated as optical thermometers using 
both fluorescence intensity ratio (FIR) and luminescence lifetime 
methods. The lifetime curves showed clear thermal dependence from 
303 K to 773 K and were well described by a temperature-dependent 
charge transfer (TDCT) model. Absolute sensitivities reached up to 7 
× 10− 3 K− 1 at high temperatures, highlighting lifetime as an effective 
parameter for optical thermometry in harsh environments. Y2O3 nano
particles co-doped with Yb3+/Er3+ [14] were investigated as lumines
cent thermometers for biological applications, using upconversion 
luminescence and lifetime-based analysis. Suspended in aqueous me
dium, they exhibited a relative sensitivity of up to 0.50 % K− 1 at 310 K, 
with lifetime measurements showing high stability and accuracy even 
under optical scattering conditions, reinforcing their potential for 
non-invasive in vivo thermal monitoring. (Sr,Ba)YTaO phosphors doped 
with Eu3+ [15] were synthesized via solid-state reaction and evaluated 
through lifetime-based luminescent thermometry, exhibiting high 
thermal stability and quantum yield. PDMS films doped with these 
phosphors showed promising performance for dual-function applica
tions such as thermal sensing and anti-counterfeiting, highlighting the 
versatility of Eu3+-based materials in optical technologies. Eu3+-based 
metal–organic frameworks (MOFs) with multipodal benzoate ligands 
[16] were synthesized and evaluated as optical thermometers through 
fluorescence lifetime measurements. These structures exhibited strong 
luminescence, prolonged lifetimes, and high thermal and chemical sta
bility, enabling a direct correlation between temperature and lifetime 
without the need for auxiliary ligands. The results highlight the strong 
potential of these MOFs for fluorescence-based sensing and the devel
opment of new rare-earth optical materials. Several other studies on 
luminescent thermometry can be found in the reviews [17,18].

Most of the system quoted herein and fund in the literature are 
yttrium-based materials due to the ability to replace Y host ions by rare- 
earth ions without charge compensation mechanisms and small lattice 
distortions. The advantage of using rare-earth ions in luminescent 
thermometry is their wide range of energy levels and intense lumines
cent emission [15]. The wide variety of electronic transitions in 
rare-earth ions gives rise to distinct decay time constants over a broad 
temporal range (nanoseconds to microseconds). These luminescent de
cays are affected by the physical properties of the sample as well as by 
the temperature and that is the main reason why they may be useful as a 
temperature probe [19].

Fluoride materials are particularly interesting in luminescent ther
mometry applications because of their high thermochemical and phys
ical stability [20], low phonon energy [21], wide band gap [22], and 
high thermal conductivity [23]. Among others, barium yttrium fluoride 
(BaY2F8) has also been well studied as a potential material for lumi
nescent thermometry applications [24–27]. However, all these reports 
are focused on luminescence intensity methodologies, such as the FIR 
and LIR, and there are no studies on lifetime-based thermometry 

properties in BaY2F8 to date. In this work, we explored the thermometric 
properties of Er3+-doped BaY2F8 single-crystal samples [28]. Optical 
properties, with an emphasis on luminescence lifetime-based ther
mometry, were investigated in the range of 303–423 K. Measurements 
were carried out at different temperatures, allowing the influence of the 
doping concentration on the luminescent response of the material to be 
assessed. Additionally, structural and spectroscopic characteristics such 
as emission and excitation spectra were also discussed, providing com
plementary information on the luminescence processes in the Er-doped 
BaY2F8 system and its potential applicability as optical thermal sensors.

2. Methodology

Er3+-doped BaY2F8 single crystals were grown via the zone melting 
method under a HF atmosphere from BaF2 and YF3 (and ErF3) powders. 
The raw materials were weighed and mixed in a nonstoichiometric 
composition, according to the BaF2-YF3 phase diagram [29], with the 
addition of ErF3 for doped samples with 1.0, 2.0 and 3.0 mol% nominal 
concentrations. The precursors were melted at 980 ◦C in a platinum 
reactor under HF flow, and Pt crucibles were used to prevent contami
nation. Subsequently, Er3+-doped BaY2F8 single crystals were grown via 
the floating zone (FZ) melting method under a HF atmosphere, resulting 
in ingot crystals with high purity. The zone melting method enables 
crystal growth by moving a localized molten region along a solid ma
terial, allowing controlled solidification and redistribution of impurities 
due to solubility differences between the solid and liquid phases [30].

The grown crystals exhibited an ingot-like morphology, with a 
transparent monocrystalline central region. An example of the central 
region of the 2 mol% Er-doped BaY2F8 crystal is shown in the supple
mentary material on Fig. S1. Crystals of approximately 4 cm in length 
were obtained, free of cracks, inclusions, and bubbles. More detailed 
information on the crystal growth procedure, and sets of Scanning 
Electron Microscopy (SEM) images of the samples can be seen in detail 
in Cruz [30]. The single crystals were powdered by grinding in an agate 
mortar and used for characterization.

The crystalline structure of the samples was investigated via X-ray 
diffraction (XRD), which was carried out in a RIGAKU Ultima+ 2000/PC 
diffractometer with Cu Kα radiation. The measurement was performed 
at room temperature and atmospheric pressure, operating at 40 kV/30 
mA, with a 2θ range from 20◦ to 65◦ in step scan mode with steps of 
0.02◦. The experimental data were compared with the powder XRD 
pattern of the standard crystal structure extracted from the Inorganic 
Crystal Structure Database (ICSD).

The excitation and emission spectra were recorded for all Er-doped 
BaY2F8 sample (1, 2 and 3 mol%), using an ISS PC1 spectrofluorom
eter using an ENERGETIQ plasma lamp (model EQ-99) and an excitation 
monochromator operating in the 180–800 nm range, with a spectral 
resolution of 0.25 nm. Excitation spectra were acquired with the emis
sion fixed at 550 nm, whereas emission spectra were obtained with the 
excitation fixed at 378 nm, using a 470 nm high-pass filter and an Ocean 
Optics QE65 Pro spectrometer coupled to the fluorimeter via an optical 
fiber.

Luminescence lifetime measurements were performed by exciting 
Er3+-doped samples via an ultraviolet (UV) LED with an emission peak 
centered at 390 nm, driven by an electronic module specifically 
designed to excite photoluminescent materials via voltage signals 
adjustable via pulse width modulation (PWM) [31]. The module allows 
the adjustment of the time interval during which the excitation LED 
remains on (TON), i.e., the sample excitation period, and the interval in 
which the LED remains off (TOFF), corresponding to the decay curve 
acquisition time. These intervals can be set from milliseconds down to 
hundreds of nanoseconds, offering an efficient and affordable solution 
for time-resolved luminescence studies across a wide range of materials.

In addition to the electronic circuit, a graphical interface was 
developed to control and monitor the excitation parameters in a user- 
friendly way. This interface enables real-time configuration of TON and 
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TOFF values and selection of the time unit (ms, μs, or ns), allowing 
flexible adaptation to different experimental conditions and emission 
decay profiles. The system was designed to be portable, low-cost, and 
compatible with commercial LEDs, eliminating the need for pulsed laser 
systems excitation. A patent related to this device has been filed (BR 10 
2025 009260 3), and its architecture and operation were essential to 
enable precise control over the excitation cycles used throughout this 
study. An example of the interface and excitation waveform is provided 
in the Supplementary Information (Fig. S2).

Fig. S3 shows the schematic setup used in the luminescence decay 
time measurements, which were carried out with a JANIS CCS-450 
cryostat system as the sample holder and included a CTI-CRYOGENICS 
model 8200 closed-cycle helium compressor and a REFRISAT water 
chiller unit. A LAKESHORE 340 temperature controller (a) was 
employed, along with the sample chamber (b), where the sample under 
analysis was placed and all the required components for the measure
ments were integrated, including the excitation LED (c) and a HAMA
MATSU photomultiplier tube, model PMT R928 (d), powered with a 
stabilized high-voltage supply, and model TCH 3000-2XA1A from 
TECTROL (e). The PMT signal was visualized via an oscilloscope model 
LECROY WAVESURFER 104 (f). The same setup was used to measure the 
signal from the excitation LED itself, which was reflected off the rear 
side of an aluminum sample holder to obtain the pulse profile. All 
measurements were performed in triplicate, using an excitation pulse of 
1 ms (TON) followed by 4 ms (TOFF), programmed by the electronic 
module (g), over a temperature range from 303 K to 423 K in steps of 10 
K. The full setup used for lifetime measurements is illustrated in Fig. S3.

3. Results and discussion

Fig. 1 shows the XRD patterns of the undoped and doped samples 
compared with the reference pattern [32]. No additional diffraction 
peaks were observed for the Er3+-doped samples, which indicates that 
no additional phases were formed by the presence of the dopant and 
since Er has a lower vapour pressure than either Ba or Y [33], this is a 
strong indication that the dopant ions were successfully incorporated 
into the host matrix.

Photoluminescence (PL) measurements were performed to investi
gate the Er3+ electronic transitions in the BaY2F8 host and to investigate 
the influence of different dopant concentrations on the intensity and 
spectral distribution of the light emitted by the samples. Figs. 2 and 3
show the excitation and emission spectra, respectively, for all samples. 
In the excitation spectrum (Fig. 2), all samples exhibit well-defined 
peaks in the 350–425 nm region, attributed to the characteristic elec
tronic transitions of Er3+, with the main excitation peak centered at 378 

nm. The spectral shape is similar for all samples with different dopant 
concentrations suggesting that the electronic structure of the emitting 
centres remains unchanged. However, the relative peak intensities vary 
with the Er3+ concentration, being highest for the sample with 3 mol% 
Er-doped (blue line). This increase is clearly associated with higher 
photon absorption due to the higher density of active ions, resulting in a 
more intense optical response. The following electronic transitions could 
be identified in the excitation spectrum: 4I15/2 → 2K15/2, 4I15/2 → 4G9/2, 
4I15/2 → 4G11/2 (most intense peak), and 4I15/2 → 2G9/2 [34,35].

Fig. 3 shows the emission spectra for all samples obtained under 378 
nm excitation. It reveals multiple characteristic Er3+ peaks in the 
500–1100 nm range, with green emission corresponding to the 2H11/2 → 
4I15/2 and 4S3/2 → 4I15/2 transitions (most intense peak), red emission 
corresponding to 4F9/2 → 4I15/2, and other transitions such as 4S3/2 → 
4I13/2 and 4I11/2 → 4I15/2 [22,34–36]. The emission band intensities 
follow the same trend observed in the excitation spectra, being highest 
for the 3 mol% Er-doped sample. This behaviour suggests that, up to this 
concentration, increasing the dopant still enhances the luminescence 
intensity, with no clear evidence of concentration quenching.

Luminescence lifetime measurements were performed in triplicate 
for the three samples. The time decay curves were measured separately 

Fig. 1. X-ray diffraction measurements of undoped and Er-doped BaY2F8.

Fig. 2. Excitation spectrum of Er-doped BaY2F8 samples with different Er 
concentrations.

Fig. 3. Emission spectrum of Er-doped BaY2F8 samples with different Er 
concentrations.
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and the luminescence lifetime values were obtained from fitting the 
experimental curves to a first order single exponential decay model and 
the values obtained can be seen in the supplementary material on 
Tables S1, S2, and S3, showing the calculated lifetime values, the fitting 
errors and χ2 of the fittings, average lifetime, and standard deviation, 
considering the entire proven temperature range. Also in the supple
mentary material, Fig. S4 presents triplicate measurements of the sam
ple 2 mol% Er3+-doped measured at two chosen temperatures, 303 and 
423 K. It can be seen that the independent measurements displayed quite 
small variations in the same temperatures. Further discussions in this 
work consider only the average lifetime of the three independent mea
surements performed for each sample at each temperature.

Fig. 4 shows the average luminescence decay time measurements for 
all the samples. The measurements were performed with temperatures 
varying from 303 K to 423 K in 10 K intervals, for the Er3+-doped 
samples with 1.0 (b), 2.0 (c) and 3.0 mol% (d). Fig. 4 (a) shows the curve 
fitted considering exponential-type decay, and the fitting was performed 
considering that the experimental response is a result of the true lumi
nescence decay response of the sample convoluted to the excitation 
profile (also indicated in Fig. 4(a)). The fittings were done via the ISS 
Vinci software package that basically search the best set of parameters of 
the first order decay exponential model that convoluted to the measured 
experimental excitation profile reproduces the response curves. It is 
important to mention that the excitation pulse width was fixed at 1 ms, a 
value selected to ensure that the system reached a steady-state excitation 
regime prior to the decay acquisition [37,38]. This condition was veri
fied experimentally based on the growth profile of the signals and life
time values under excitation with pulses from 50 μs to 2 ms, as shown in 
Fig. S5, indicating that the TON of 1 ms was the smallest value considered 
that indicates that a steady state under excitation is achieved.

The measurements revealed a decrease in the component with 
increasing temperature which can be attributed to increases in non
radiative deexcitation processes, such as energy transfer between 
neighbouring Er3+ ions assisted by phonons [24]. As the temperature 

increases, the lattice vibrations intensify, favouring nonradiative energy 
transfer and consequently reducing the luminescence efficiency. As a 
result, the luminescence lifetime decreases, making it possible to 
establish a correspondence between the luminescence lifetime and the 
temperature. In this model, the radiative rate is considered constant, as 
it does not influence the decay time with temperature variation. 
Considering a two-level system composed of a ground state and an 
excited state, the luminescence lifetime (τ) as a function of temperature 
is given by: 

τ(T)= 1
kR + kNR(T)

(1) 

where kR = 1/τR is the radiative transition rate, kNR(T) = 1/τNR(T) is the 
nonradiative transition rate, τR is the radiative lifetime, and τNR(T) is the 
nonradiative lifetime.

According to the Mott–Seitz (MS) model [39], the nonradiative 
transition rate varies with temperature as follows: 

kNR(T)= kNR0e

(
− ΔE
kT

)

(2) 

where kNR0 is the nonradiative transition rate at zero K, ΔE is the acti
vation energy of the nonradiative process or the energy gap between the 
excited and lower levels, and k is the Boltzmann constant. By multi
plying Eq. (1) by the radiative lifetime, which is denoted as τ0 since it is 
constant in this case, and relating it to Eq. (2), the luminescence lifetime 
as a function of temperature in the MS model can be expressed as: 

τ(T)= τ0

1 + τ0kNR0e

(
− ΔE
kT

) (3) 

Fig. 5 presents the lifetime values obtained over the temperature 
range from 303 K to 423 K, along with the curve fittings using the MS 
model. The τ vs. T data for all the samples exhibit a decreasing trend 

Fig. 4. Luminescence lifetime decay curves: experimental data, exponential fit, residual intensity and excitation signal of 2 mol% Er-doped BaY2F8 at 303 K (a), 1 
mol% Er-doped BaY2F8 from 303 K to 423 K (b), 2 mol% Er-doped BaY2F8 from 303 K to 423 K (c) and 3 mol% Er-doped BaY2F8 from 303 K to 423 K (d).
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with increasing temperature. The fitting results are in good agreement 
with the experimental data. This behaviour is characteristic of thermally 
activated de-excitation processes in which the increase in temperature 
enhances the interaction between Er3+ ions and phonons in the crystal 
lattice, favouring nonradiative relaxation mechanisms as proposed by 
Shi and Mudring [40]. In the 3 mol% Er3+-doped sample, although the 
emission is more intense (Fig. 3), the lifetime is shorter than that of the 2 
mol% Er3+-doped sample, suggesting that interactions between dopant 
ions can promote nonradiative energy transfer processes, reducing the 
persistence of luminescence. Thus, although concentration quenching 
does not yet dominate the luminescence emission efficiency of the 3 mol 
% Er3+-doped sample, the lifetimes indicate that ion‒ion interactions 
may be already in place affecting the relaxation dynamics, shortening 
the decay time of the highly doped sample.

Using the results from Fig. 5, it is possible to calculate the relative 
sensitivity (Sr). This parameter is the absolute sensitivity normalized to 
the measured quantity, i.e., the percentage variation of the variable 
being measure as function of T per unit of temperature change (%K− 1), 
as shown in equation (4). Relative sensitivity allows for the comparison 
of different thermometric methods, such as those based on the intensity 
ratio and luminescence lifetime. 

Sr =
Sa

τ 100%=
1
τ

⃒
⃒
⃒
⃒
dτ
dT

⃒
⃒
⃒
⃒100% (4) 

Fig. 6 shows the results of the calculated relative sensitivity (Sr) for 

all three concentrations of Er3+ showing that the 3 mol% Er3+-doped 
sample (blue curve) presented the highest Sr across the entire analysed 
temperature range, with a maximum of 0.36 % K− 1 at 317 K, indicating 
that this sample is the most suitable for luminescent thermometry ap
plications within the screened dopant concentration. This means that it 
can provide better performance as a thermal sensor, allowing higher 
resolution when considering different temperatures, since it shows a 
more significant variation in lifetime as temperature changes. Further
more, the temperature resolution (or temperature uncertainty) was 
estimated using the expression: 

δT =
1
SR

.
δτ
τ (5) 

where the relative thermometric parameter error is defined as δτ/τ. For 
the 3 mol% Er-doped BaY2F8 sample, which presented the best ther
mometric performance among the investigated compositions, the min
imum thermal resolution achieved was 0.034 K at 403 K. Thermal 
resolution values below than 0.1 K are considered satisfactory [41]. 
Thus, the system studied in the work meets this criterion in the inves
tigated range. The full resolution profiles for all samples over the 
303–423 K range are presented in the Supplementary material (Fig. S6). 
As shown in the Supplementary material on Table S2 and S3, both the 2 
mol% Er3+-doped and 3 mol% Er3+ -doped samples exhibit consistent 
statistical behaviour, with low standard deviations and strong agree
ment among the triplicate lifetime measurements. Notably, the 3 mol% 
Er3+-doped sample not only displays the highest sensitivity among the 
compositions but also a more pronounced lifetime decreases with 
increasing temperature. This is accompanied by high reproducibility, 
lower uncertainty at most temperature points, and robust lifetime sta
bility across repeated measurements, supporting its suitability for ac
curate and reliable thermal sensing applications.

Table 1 presents the relative sensitivity (Sr) values for Er3+ dopants 
in different host matrices, as reported in the literature. For comparison 
purposes, only the maximum Sr value within the 303–423 K temperature 
range was considered for each case. The analysis includes various 
luminescence-based methodologies, such as the fluorescence intensity 
ratio (FIR), bandwidth, band shift and lifetime. The values obtained in 
the present study are comparable to those reported for other matrices.

Although the Sr determined here is not among the highest reported, 
the lifetime-based approach offers significant advantages, such as in
dependence from excitation uniformity and sample geometry and 
reduced susceptibility to external influencing factors that can compro
mise measurements in other methodologies. However, one limitation of 
this technique is the requirement that the excitation pulse width and 
time between pulses of the light source must match the timescale of the 

Fig. 5. Dependence of the luminescence lifetimes with temperature from 303 K 
to 423 K and corresponding fitted curves for all Er-doped BaY2F8 samples.

Fig. 6. Relative sensitivity of Er-doped BaY2F8 samples from 303 K to 423 K.

Table 1 
Performance comparison of thermal sensors based on different luminescence 
methods using Er3+ dopants in various host matrices (with the maximum Sr 
value considered within the 303–423 K temperature range).

Material Exc. (nm) Method Sr (% K− 1) Ref.

PbNa 810 FIR 0,31 [46]
PbW 810 FIR 0,2 [46]
CaBa2WO6 980 FIR 0,45 [12]
Ba4Yb3F17 980 FIR 0,2 [47]
YOF 365 FIR 1,67 [48]
BaGd2O4 377 FIR 1,6 [49]
NaLaMgWO6 378 FIR 1,04 [50]
La2MgTiO6 380 FIR 1107 [51]
Na5Gd9F32 980 FIR 1,08 [52]
YVO4 350 Bandwidth 0,35 [11]
YVO4 350 Band shift 0,34 [11]
Cs3GdGe3O9 980 Lifetime 0,49 [44]
NaYF4 980 Lifetime 0,16 [45]
Cs2(Na/Ag)BiCl6 980 Lifetime 0,38 [42]
Y2O3 522 Lifetime 0,37 [43]
BaY2F8 390 Lifetime 0,36 This work
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analysed material. One of the novelty results of the present work, in 
addition to study of the usage of the luminescence lifetime of Er-doped 
BaY2F8 as a potential contactless thermometry was the development of 
electronic module [31] which was required and used to measure the 
luminescence lifetime, allowing precise programming of the excitation 
exposure time duration (TON) and the interval between light pulses 
(TOFF) of the light source. Furthermore, the use of LEDs as the excitation 
source makes the experimental setup more accessible than systems that 
employ lasers, as is the case in most of the studies listed in Table 1, 
particularly the LIR methodology-based ones and those that also use the 
lifetime-based approach [42–45], among other recent studies.

To evaluate the signal reproducibility and stability of the thermo
metric sensing, ten consecutive cycles of heating‒cooling of the material 
were performed. At each cycle, the lifetime at minimum and maximum 
temperatures was measured for the 3 mol% Er3+-doped sample since it 
presented the best relative sensitivity. The results of these cycles are 
shown in Fig. 7 and the repeatability were quantified via equation (6)
[53]:where Δm is the average value of the temperature measurement 
parameter and Δi corresponds to the individual value of the measured 
parameter in each cycle. Good repeatability is indicated when R > 95 % 
[54]. The results obtained here confirm the high chemical stability of 
inorganic fluoride matrices [7], demonstrating the excellent perfor
mance of the luminescence lifetime-based thermometer, with approxi
mately 98 % repeatability.

4. Conclusion

This study evaluated the performance of Er3+-doped BaY2F8, with 
concentrations of 1, 2, and 3 mol%, as a thermal sensor based on the 
luminescence lifetime. The excitation and emission spectra indicated 
that the 3 mol% Er3+-doped sample presented the highest luminescence 
overall efficiency, whereas the lifetime analysis revealed a decreasing 
trend with increasing temperature, confirming the intensification of 
nonradiative processes. Although increasing the dopant concentration 
to 3 mol% did not cause noticeable quenching of the luminescence ef
ficiency, energy interactions between dopant ions began to influence the 
de-excitation processes, resulting in a reduced luminescence lifetime.

The temperature dependence of the relative sensitivity (Sr) revealed 
that the 3 mol% Er3+-doped sample was the most sensitive one reaching 
a value of Sr = 0.36 % K− 1 at 317 K and, as a consequence, is the best 
sample within this work for contactless luminescence thermometric 
applications. Additionally, the repeatability measurements for this 
sample also demonstrated high reproducibility with approximately 98 
%, further reinforcing the feasibility of the material for practical appli
cations. Compared with other Er3+-based luminescent thermometers, 
the lifetime-based method offers significant advantages, such as inde
pendence from the excitation source intensity and reduced susceptibility 
to geometric and environmental variations.

Finally, compared to recent related studies, this work contributes to 
the field by introducing Er3+-doped BaY2F8 as a novel material with 
potential application as lifetime-based luminescent thermometry. 
Another important output of the present work was the development of a 
suitable and programmable electronic module specifically for lifetime 
measurements, which allowed precise adjustments of the time profile, or 
duty cycle, of the excitation source with variable TON and TOFF param
eters. Combined with the use of commercial LED’s, this module allowed 
a precise experimental control, reducing costs, as compared to the laser- 
based systems. Thus, the results of this study not only contribute to the 
understanding of the thermal luminescence mechanisms in Er3+-doped 
BaY2F8 but also reinforce its applicability as a promising material for 
optical thermal sensing with a relatively easy and cost-effective setup.
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