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ARTICLE INFO ABSTRACT

Keywords: LiCa40(B03)3:Dy3+ (0.5 wt%) phosphors were investigated as potential thermoluminescent (TL) dosimeters

: 3 . . . . - . o
LiCa40(BO3)s:Dy” " under p irradiation. Following preheating at 155 °C for 10 s and readout at 2 °C s, the material exhibits a well-
Thermoluminescence

resolved main dosimetric peak at ~185 °C whose maximum temperature remains essentially independent of dose
between 1.4 and 150.1 Gy. The integrated TL signal and peak intensity follow a power-law dose dependence (I o
DP) with exponents b ~ 1.07-1.16, indicating an extended quasi-linear response with slight supralinearity at
higher doses. Variable heating rate analyses using the Hoogenstraaten and Booth-Bohun-Parfianovitch for-
malisms yield consistent activation energies of E ~ 0.86-1.6 eV and frequency factors on the order of 10'% s},
supporting the presence of a relatively deep and thermally stable dosimetric trap. Ty—Tstop and E-Tstop analyses
reveal a mixed trap hierarchy with stepwise quasi-stable energy intervals, indicative of thermally grouped
shallow, intermediate and deep trapping regions. Computerized glow-curve deconvolution resolves the com-
posite glow curve into ten general-order components (~0.85-1.65 V) prior to preheating, which reduce to five
deeper components (~1.44-1.67 eV) after thermal cleaning, consistent with the suppression of shallow traps and
the dominance of stable dosimetric levels. Post-irradiation storage exhibits a two-stage temporal evolution of the
~185 °C peak, characterized by early intensity build-up followed by long-term fading while Ty, remains constant,
behaviour consistent with charge redistribution within a mixed-trap framework. Overall, the results indicate that
LiCa4O(BO3)3:Dy>* combines a thermally robust main peak, extended quasi-linear dose response, and low
effective atomic number, supporting its potential for tissue-equivalent TL dosimetry.

Mixed trap hierarchy
Two-stage fading
Radiation dosimeter

1. Introduction detailed glow curve analysis and kinetic characterization enable opti-
mization of dosimetric performance [4,5].

Within this class, rare-earth-doped borates have proven particularly
promising because the host lattice can accommodate a rich defect
structure while activator ions introduce efficient recombination centres

and tune trap distributions relevant for TL [6,7]. Dysprosium is a widely

Borate-based phosphors have attracted sustained interest in lumi-
nescence dosimetry owing to their good thermal and chemical stability,
relatively low effective atomic number, ease of preparation, and favor-
able storage characteristics after irradiation, which together support

accurate dose recording over a wide range of conditions [1-3].
Numerous borate hosts, including lithium borates and complex
rare-earth borates, have been explored for TL applications, where
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used activator in oxide and borate phosphors; Dy3+ incorporation often
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reusability characteristics for dosimetric applications [8-11]. Dy>*-do-
ped borate and borate-related hosts have shown linear or extended
quasi-linear dose response, low detection thresholds, and stable TL
peaks amenable to kinetic analysis via methods such as variable heating
rate, initial rise and glow curve deconvolution [12,13].

The Li-Ca-borate family is an attractive platform in this context.
LiCaBO3 has already been identified as a versatile TL and photo-
luminescent host, with rare-earth doping enabling efficient emission,
tunable glow curves and satisfactory dosimetric characteristics [5,14].
More complex Li-Ca borates, such as Li4Ca(B03)2:Dy3+, exhibit
well-defined TL peaks under UV exposure, dose-dependent peak shifts
indicative of non-first-order kinetics, and measurable optical and ther-
mal fading behavior, highlighting the potential of Li-Ca borates for ra-
diation detection [9]. These results suggest that lithium—calcium borate
frameworks provide a flexible structural environment for stabilizing
Dy>*-related traps and tailoring TL performance via compositional
design.

LiCa40O(BO3)s belongs to the broader A4REO(BOs3)s-type borate
family, which has recently emerged as a robust host system for lumi-
nescent and dosimetric materials. Tb®*- and Srng*-doped LaCasO(BO3)3
and related CasLaO(BOg3)3 or YCa4O(BO3)3 compounds display complex
glow curve structures with high temperature dosimetric peaks, anoma-
lous or non-trivial heating rate behavior, good reusability, and linear or
extended dose response, supporting their suitability for TL dosimetry
and providing a rich platform for kinetic modelling [15,16]. These
findings indicate that the Ca4REO(BOs3)s-type borate framework can
host multiple, thermally well-separated traps and recombination cen-
tres, making LiCa4O(BO3)3 a particularly promising candidate where the
presence of Li © may additionally favor efficient charge transport and
trap formation.

In rare-earth-doped borates, Dy>* typically substitutes on trivalent
cation sites and participates in charge-compensated defect complexes
involving oxygen vacancies or monovalent cations, which act as elec-
tron/hole traps controlling TL peak position and kinetics [17]. In
Li-containing hosts, the high mobility and charge flexibility of Li ¥ can
modify the trap depth spectrum and promote coupling between shallow
and deep traps. In Ca4REO(BO3)3-type lattices, the presence of multiple
cation sublattices is expected to generate a complex trap hierarchy,
potentially responsible for high-temperature dosimetric peaks and
non-first-order behavior [18].

Understanding how Dy>*-related defect complexes shape the trap
depth distribution and recombination pathways is essential for con-
trolling fading behavior. In Dy-doped borate hosts, Dy-centred com-
plexes and oxygen-related defects generate a spectrum of shallow and
deep traps that govern both initial TL sensitivity and time-dependent
signal loss, with concentration-dependent changes in peak position
and kinetic order reported for Li4Ca(BO3):Dy°* and other Dy-activated
borates [19,20].

From a dosimetric standpoint, suitable trap depths, low fading, linear
dose response and near-tissue effective atomic number (Z¢¢s ~ 7-10) are
key performance criteria [2,21]. Recent Dy-doped low-Z borate systems
such as Al-Li-Zn borate, LngB03:Dy3+ and MgB4O7:RE have demon-
strated good linearity, low room temperature fading and Ze¢ close to soft
tissue or bone [20,22].

Although Dy>" has been extensively studied as a TL activator in
various borate and oxide hosts, and detailed kinetic analyses have been
carried out for several members of the RE-Ca4O(BO3)3 family, there is a
clear lack of systematic TL and kinetic investigations for Dy>*-doped
LiCa40(BO3)s. In particular, no comprehensive study has yet addressed
the dose-response characteristics, heating-rate dependence, reusability
and fading behavior, together with a consistent multi-method kinetic
analysis (VHR, IR, Tp—Tsop and CGCD) across different Dy3+ concen-
trations in this host.

The present work aims to fill this gap by (i) synthesizing LiCasO
(BO3)3:xDy>" phosphors with varying Dy>" concentrations and con-
firming the phase purity of the host lattice, (ii) characterizing the TL
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glow curve structure under ionizing radiation and evaluating the dos-
e-response behavior over a broad dose range, (iii) examining the in-
fluence of heating rate, reusability and storage (fading) on the main
dosimetric peak(s), and (iv) performing a detailed TL kinetic analysis
using the Variable Heating Rate, Initial Rise, Tmy—Tstop and CGCD ap-
proaches to determine trap parameters and elucidate the
trap-recombination scheme as a function of Dy*>" content. It is hy-
pothesized that Dy>" incorporation in LiCa4O(BO3)s modifies the trap
depth distribution and recombination kinetics via charge-compensated
defect complexes involving cation sublattices and oxygen vacancies,
leading to systematic, concentration-dependent changes in TL peak
position, kinetic order and fading behavior.

2. Sample preparation and characterization techniques

Dy>*-activated LiCa4O(BOs3)3 phosphors were synthesized via a sol-
—gel assisted combustion method using urea as a fuel agent. The starting
materials were lithium nitrate (LiNOs, Sigma-Aldrich, >99.99%), cal-
cium nitrate hydrate (Ca(NO3)2-xH20, Sigma-Aldrich, >99.9%), boric
acid (H3BOs, Merck, >99.5%), and urea (CO(NH3)2, Merck, >99.0%).
Dysprosium nitrate hydrate (Dy(NOs)3-xH20, Sigma-Aldrich, 99.9%
trace metals basis) was used as the activator precursor. All chemicals
were used as received without further purification. The Dy>" concen-
tration was varied at 0.5, 1, 2, 3, 5, and 7 wt% relative to the host
composition. In a typical preparation, stoichiometric amounts of LiNO3
and Ca(NOs3), were dissolved in 20 mL of deionized water under
continuous magnetic stirring. Boric acid was then added, followed by
the required amount of Dy(NOg3)s to achieve the desired dopant con-
centration. Urea was introduced to maintain the appropriate fuel-to-
oxidizer balance required for a self-sustaining combustion reaction.
The solution was heated at ~80 °C under constant stirring for approx-
imately 1 h to ensure complete dissolution and compositional homo-
geneity. Upon gradual evaporation of excess solvent, a viscous gel was
obtained. This gel was subjected to microwave irradiation, triggering
rapid combustion accompanied by gas release and formation of a porous
precursor powder. The as-combusted powders were subsequently
calcined in air at 800 °C for 2 h to improve crystallinity and remove
residual organic species. The heating rate during calcination was fixed at
5 °C min~}, and the furnace was allowed to cool naturally to room
temperature. The resulting fine powders were stored in a desiccator until
structural and TL characterization.

Phase identification and crystallographic analysis were carried out
using X-ray diffraction (XRD) with Cu Ka radiation (A = 1.5406 10\),
operated at 40 kV and 40 mA. Diffraction patterns were collected in the
20 range of 10°-80° with a step size of 0.02°. TL measurements were
performed using a Lexsyg Smart TL/OSL reader (Freiberg Instruments,
Germany) equipped with an internal °°Sr/°°Y beta irradiation source
providing a nominal dose rate of ~1.436 Gy s 1. Approximately 23.8 mg
of powder was pressed into 6 mm diameter pellets to ensure reproduc-
ible geometry and stable thermal contact during heating. After irradia-
tion, samples were heated from room temperature to 450 °C under a
linear heating regime. A reference heating rate of 2 °C s~! was applied
for standard glow curve acquisition. All TL measurements were con-
ducted under continuous nitrogen flow to minimize oxidation and sup-
press parasitic chemiluminescence.

3. Results and discussions
3.1. Structural properties

Fig. 1 presents the XRD patterns of undoped and Dy**-doped LiCBO
phosphors (0.02 and 0.05 mol). All diffraction peaks can be indexed to
the standard LiCBO pattern (JCPDS card no. 98-009-9386), confirming
the formation of a single-phase LiCBO structure without any detectable
secondary phases.

The main reflections located at 20 ~ 15°, 27°, 29°, 31°, 34°, 38°,
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Fig. 1. X-ray diffraction (XRD) patterns of Dy>*-doped LiCBO phosphors with different Dy>* concentrations (0.005, 0.01, 0.03, and 0.0). All diffraction peaks are

consistent with the standard data (JCPDS card no. 98-009-9503).

45°and 53° are characteristic of the LiCBO lattice planes. The overall
diffraction profiles remain essentially unchanged upon Dy>* incorpo-
ration, indicating that the host crystal structure is retained after doping.
Given the similar ionic radii and compatible coordination environments,
Dy>* ions are expected to substitute Ca?* sites in the LiCBO lattice. The
heterovalent substitution of Ca?" by Dy>" induces slight lattice distor-
tions due to both ionic size and charge mismatch, which is evidenced by
the small systematic shifts in the peak positions with increasing Dy>*
content. Charge compensation is most likely achieved through the for-
mation of intrinsic lattice defects, such as cation vacancies (e.g. LiT
vacancies) or associated defect complexes. The presence of sharp and
well-defined diffraction peaks for all compositions indicates good crys-
tallinity of the synthesized samples.

3.2. Spectral detection, Dy>* concentration and preheating effects on TL
glow curves

Fig. 2a shows the TL glow curves of LiCa4O(B03)3:Dy3+ (0.5 wt%)
recorded after 20 Gy irradiation using the BSL-TL 365 nm, IRSL-TL 410
nm, and IRSL-TL 565 nm filter combinations [23]. Although the overall
glow curve structure remains similar for all detection windows, the
highest intensity is observed with the IRSL-TL 565 nm filter, indicating
that the dominant TL signal is detected in the Dy>* emission region.

The glow curve recorded under the IRSL-TL 565 nm filter (Fig. 2b)
exhibits a distinct peak at approximately 75 °C, a pronounced shoulder
around 112 °C, and a broader glow region centred near 182 °C. The
presence of multiple thermally resolved components is consistent with a
distribution of trap depths. Such composite glow structures are
commonly associated with overlapping trapping states and possible
trap-recombination centre interactions, although detailed kinetic anal-
ysis would be required for definitive identification [24,25]. The asym-
metry and peak overlap suggest deviation from ideal first-order kinetics,
potentially reflecting re-trapping processes and competitive

recombination between closely spaced trap levels.

Fig. 2c¢ presents the TL response as a function of Dy>" concentration
(0-7 wt%), measured with the IRSL-TL 565 nm filter. At concentrations
below 0.5 wt%, the TL intensity is markedly reduced, indicating insuf-
ficient activator density for efficient TL signal generation. The intensity
increases with Dy3+ content and reaches a maximum at approximately
0.5-1 wt%, defining the optimum concentration range for sensitivity. At
higher concentrations, the intensity decreases systematically. This
behaviour is consistent with concentration quenching and/or Dy-Dy
interactions, which may modify the defect environment and reduce TL
efficiency [26-28], possibly through the formation of Dy-related defect
clusters that alter local charge-compensation conditions.

Such concentration-dependent behaviour is consistent with a defect-
controlled TL mechanism, in which Dy>* ions influence both recombi-
nation probability and trap structure [10,29]. In this framework, Dy>*
incorporation may affect not only the density of recombination centres
but also the spatial correlation between traps and luminescent centres,
leading to mixed-trap structures. However, alternative or concurrent
mechanisms, such as cross-relaxation processes or changes in intrinsic
trap populations with increasing Dy>* content, may also contribute [30,
31], particularly at higher dopant concentrations where non-radiative
energy transfer pathways become more probable.

In order to further probe the stability of the trapping system, pre-
heating experiments were performed prior to TL readout. As shown in
Fig. 2d, the TL glow curves recorded after progressive preheating exhibit
a systematic reduction of low temperature components, while higher
temperature features persist up to their respective thermal stability
limits. Fig. 2d (inset) shows the corresponding variation of the inte-
grated glow curve area as a function of preheat temperature, clearly
indicating the progressive removal of shallow and thermally unstable
trap contributions [13,15]. This behaviour is characteristic of
borate-based TL phosphors exhibiting multi-trap structures with ther-
mally separated glow components. As the preheat temperature
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Fig. 2. (a) TL glow curves of LiCa4O(BO3)3:Dy>" (0.5 wt%) recorded after 20 Gy irradiation using different optical filter combinations (BSL-TL 365 nm, IRSL-TL 410
nm, and IRSL-TL 565 nm). (b) TL glow curve of LiCa4O(BO3)3:Dy3’Jr (0.5 wt%) recorded with the IRSL-TL 565 nm filter, showing a main peak at ~75 °C, a shoulder
around ~112 °C, and a broader glow region near ~182 °C. (c) TL glow curves recorded with the IRSL-TL 565 nm filter as a function of Dy?’Jr concentration (0-7 wt%)
under 20 Gy irradiation (d) TL glow curves recorded after progressive preheating at different temperatures prior to readout (IRSL-TL 565 nm), illustrating the
systematic removal of low-temperature components; inset: variation of the integrated TL glow curve area as a function of preheat temperature.

increases, carriers stored in the shallower portion of this distribution are
thermally released before the main readout, leading to a progressive
reduction in the integrated TL signal. The asymmetric and partially
overlapping glow curve structure suggests deviation from ideal
first-order kinetics, implying retrapping and competitive recombination
processes. In complex borate lattices, such behaviour has been associ-
ated with defect clustering and mixed-trap interactions [32]. Under
these conditions, preheating may not only empty shallow traps but also
slightly redistribute charge among remaining deeper traps prior to

readout. The pronounced reduction in integrated area above
~150-160 °C is consistent with the onset of depletion of traps contrib-
uting to the broader ~182 °C region, marking a transition from selective
shallow-trap cleaning to progressive depletion of traps relevant for
dosimetric stability. On this basis, a preheating temperature of 155 °C
for 10 s was selected as an optimized condition within this transition
region, ensuring effective suppression of shallow and thermally unstable
trap contributions while preserving the integrity of the deeper, ther-
mally stable dosimetric traps. Overall, the preheat-dependent area loss is
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dominated by thermal emptying of progressively deeper traps, while its
detailed temperature dependence is influenced by mixed-trap kinetics
inherent to the LiCa4O(B03)3:Dy3Jr system.

3.3. Dose-response behaviour and kinetic implications of the main
dosimetric peak

As shown in Fig. 3a, the p-irradiated TL glow curves of LiCa4O(BO3)3:
Dy>* (0.5 wt%) measured with IRSL-TL 565 nm after preheating at
155 °C for 10 s are dominated by a well-resolved main dosimetric peak
centred at ~185 °Cover the investigated dose range of 1.4-150.1 Gy.
The peak maximum temperature (Tp,) remains essentially unchanged
with increasing dose, while the peak intensity increases systematically.
The corresponding irradiation times ranged from approximately 1 s to
105 s for the applied dose interval, based on the dose rate of the internal
90gr /20y B source (~1.436 Gy s’l). Under these conditions, the influence
of fading during irradiation is expected to be negligible. This can be
attributed to the fact that the analysed TL signal is dominated by the
thermally stable high-temperature dosimetric peak (~185 °Q),

70000 T T T T T T T T T
n B irradiation dose (Gy):
i /i =14 -0-29 i
2= 20000 R —A—43 -y 57
"o 472 486
—>—10 -—-20
_E 50000 1 530 w4 2
O Q- 50/1 60.1
5 701 80.1
@ 40000 —90.1 —+—100.1 4
z - 150.1
8 Preheat@
© 30000 + 155°C for 10s -
; LiCa,0(BO,);:Dy(0.5%)
= IRSL-TL 565nm
c 20000 + -
2
£
1 g o
= 10000
0 S S S S s S
T T T T T T T T T
0 50 100 150 200 250 300 350 400 450

Temperature (°C)

(a)

10° 7 T

Materials Science in Semiconductor Processing 210 (2026) 110679

associated with relatively deep trapping levels that are not significantly
affected by short-term thermal release at room temperature. Further-
more, no observable shift in the peak maximum temperature (Ty,) with
increasing dose was detected, indicating that the trap structure remains
stable and is not influenced by irradiation-time-dependent effects.

This invariance of Ty, indicates that the trap depth associated with
the ~185 °C peak is not significantly affected by increasing trap occu-
pancy under the present irradiation conditions.

The dose-response characterization was performed in the range
1.4-150 Gy in order to ensure reliable and reproducible measurements
of the thermally stable high-temperature TL peak (~185 °C). This dose
interval provides a sufficiently high signal-to-noise ratio for accurate
kinetic and dose-response analysis. At lower doses (<1 Gy), the TL
signal associated with the deep dosimetric traps becomes comparatively
weak under the present experimental conditions, which reduces the
reliability of quantitative evaluation. Furthermore, the analysis focuses
on the thermally stable high-temperature peak, while low-temperature
components were excluded due to their rapid fading and limited dosi-
metric relevance. At very low doses, the relative contribution of such
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Fig. 3. (a) TL glow curves of LiCa40(B03)3rDy3+ (0.5 wt%) recorded under IRSL-TL 565 nm detection following p-irradiation over the dose range 1.4-150.1 Gy
(preheated at 155 °C for 10 s prior to readout), showing systematic intensity increase with dose. (b) Dose-response behaviour of the integrated TL glow-curve area as
a function of p dose (1.4-150.2 Gy) plotted on a log-log scale, fitted using a power-law function (y = a-x®), indicating near-linear response. (c) Dose-response
behaviour of the main peak intensity (I,,) as a function of  dose in the same range, also fitted with a power-law function, demonstrating quasi-linear dependence

with high correlation.
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unstable components becomes more pronounced, which is not consis-
tent with the scope of the present study.

The dose dependence of the integrated TL signal is presented in
Fig. 3b, where the log-log plot of integrated glow curve area versus dose
is well described by a power-law function y = a-x® with b ~ 1.07 and R?
~ 0.999. Similarly, the dose dependence of the main peak intensity (I,)
shown in Fig. 3c yields b ~ 1.09 with comparable correlation. These
near-unity exponents demonstrate an extended quasi-linear response
over more than two decades of dose, with only slight supralinearity at
higher doses. No evident saturation or peak distortion is observed within
the studied interval up to ~150.1 Gy.

The combination of a dose-stable peak position (Fig. 3a) and quasi-
linear intensity increase (Fig. 3b and c) suggests the presence of a
thermally stable dosimetric trap governing the ~185 °C emission. From
a kinetic standpoint, the absence of significant peak shift with increasing
dose is commonly associated with first-order or low-retrapping general-
order kinetics, where the peak temperature remains largely independent
of the initial trap population. The slight supralinearity (b > 1) indicates
limited retrapping or weak competition effects during trap filling, sug-
gesting behaviour closer to quasi-first-order kinetics rather than strictly
ideal first-order behaviour.

Materials Science in Semiconductor Processing 210 (2026) 110679

However, definitive identification of the kinetic order of the ~185 °C
peak requires dedicated kinetic analysis. VHR and IR methods can test
for order-dependent shifts in Ty, and enable extraction of activation
energies, while comparison of experimental peak shape factors with
theoretical predictions allows discrimination between first- and general-
order kinetics. In addition, CGCD would be necessary to resolve poten-
tial overlapping components and quantitatively evaluate retrapping ef-
fects within the mixed-trap framework inferred for LiCa4O(B03)3:Dy3+.

Overall, Fig. 3a—c collectively demonstrate that LiCa4O(B03)3:Dy3+
exhibits a stable main dosimetric peak at ~185 °C with extended quasi-
linear dose response and kinetic features consistent with low-retrapping
general-order or quasi-first-order behaviour, supporting its suitability
for dosimetric applications.

3.4. Heating-rate dependence and kinetic interpretation of the main TL
peak

Fig. 4a—c presents the influence of heating rate (0.5-5 °C s™!) on the
main TL peak of LiCa4O(B03)3:Dy3+ (0.5 wt%) centred at ~185 °C
under IRSL-TL 565 nm detection following 20 Gy p-irradiation. As
shown in Fig. 4a, the peak maximum temperature (Tp,) shifts
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Fig. 4. (a) TL glow curves of LiCa40(B03)3:Dy3Jr (0.5 wt%) recorded under IRSL-TL 565 nm detection at different heating rates (0.5-5 °C s™Y after 20 Gy
B-irradiation, showing systematic shift of the main peak towards higher temperatures with increasing heating rate. (b) Variation of normalized peak parameters (Ty,,
full width at half maximum (FWHM), and integrated glow-curve area) as a function of heating rate, illustrating heating-rate-dependent peak broadening and intensity
changes. (c) Dependence of peak maximum temperature (Ty,) on heating rate; both uncorrected and thermally corrected Ty, values.
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systematically toward higher temperatures with increasing heating rate.
Simultaneously, the full width at half maximum (FWHM), integrated
area, and normalized peak parameters exhibit smooth heating-rate-
dependent trends (Fig. 4b) [33].

The systematic displacement of T, with increasing heating rate is a
characteristic feature of thermally activated release processes within the
Randall-Wilkins formalism. Both first-order and general-order kinetics
predict such heating-rate dependence, with Ty, typically exhibiting an
approximately logarithmic dependence on p [34]. The near-logarithmic
trend observed for both uncorrected and thermally corrected Ty, values
in Fig. 4c is therefore consistent with a dominant trap governing the
~185 °C peak and supports the applicability of the VHR method for
activation energy determination [35,36]. Temperature-lag corrections
were applied to the measured Ty, values following the method proposed
by Kitis and Tuyn [37], which accounts for the dependence of apparent
peak temperature on heating rate. To account for the apparent shift of
the glow peak temperature with increasing heating rate, the tempera-
ture lag effect was evaluated using a standard logarithmic correction
approach following Kitis and Tuyn [37]. The corrected peak tempera-
ture Tpy; corresponding to a heating rate p; was calculated relative to a
reference heating rate f; according to the relation:

T, — T :
ij =Ty —————In|= (€8]
In (ﬂi) j
h

where Ty, and Ty, represent the peak temperatures at heating rates p;
and fj, respectively, and Ty; and T2 correspond to two selected
reference heating rates p; and By. This correction accounts for the delay
between the nominal heater temperature and the actual sample tem-
perature, which becomes more pronounced at higher heating rates.

The temperature-lag parameter was effectively determined by ana-
lysing the systematic variation of Ty, with heating rate and minimizing
the dispersion in the extracted activation energy values. The corrected
temperatures were then used in subsequent kinetic analyses to obtain
more consistent and physically meaningful estimates of the activation
energy.

The modest increase in FWHM with increasing f suggests slight peak
broadening relative to an ideal single-trap first-order system, where
peak shape would remain strictly invariant. Such behaviour is
commonly associated with low-retrapping general-order kinetics or with
partially overlapping components in mixed-trap systems. In rare-earth-
doped borate hosts, complex glow curve structures and coupled
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shallow—deep trap hierarchies have frequently been reported, leading to
effective kinetic orders marginally above unity under varying heating
conditions.

The systematic yet smooth variation of integrated area and normal-
ized peak parameters with §§ further indicates that the ~185 °C peak
remains thermally stable and structurally coherent over the studied
heating-rate range. The absence of anomalous peak distortion or irreg-
ular intensity enhancement suggests operation within the conventional
quasi-equilibrium regime, where VHR analysis yields reliable estimates
of trap parameters provided that temperature lag and thermal quench-
ing effects are properly accounted for.

3.5. Reusability

The 15-cycle TL measurements shown in Fig. 5a and b demonstrate a
highly reproducible dosimetric response of LiCa4O(B03)3:Dy3+ (0.5 wt
%) under identical irradiation and readout conditions. As observed in
Fig. 5a, the main dosimetric peak at ~185 °C is retained with essentially
unchanged peak position throughout all consecutive cycles, indicating
that the associated trapping level remains thermally stable under
repeated use and that no observable structural modification occurs
within the applied readout protocol.

The cycle-to-cycle variation of the normalized main-peak intensity
presented in Fig. 5b remains within +5, which lies within typical
experimental variability [38]. This behaviour demonstrates good
readout reproducibility with negligible sensitivity degradation over
repeated irradiate-preheat-read sequences.

Together with the previously established dose-stable peak position
and quasi-linear dose response of the ~185 °C peak, these results sug-
gest that the dominant trapping level exhibits sufficient thermal
robustness and resistance to cumulative thermal and irradiation effects.
Overall, LiCa4O(B03)3:Dy3+ (0.5 wt%) demonstrates good reusability,
acceptable cycle-to-cycle reproducibility, and suitability for routine TL
dosimetric applications.

4. Kinetic analysis
4.1. Heating-rate-based kinetic analysis of the main TL peak
The Hoogenstraaten method determines the activation energy (E)

from the heating-rate dependence of the peak maximum temperature
(Tm), assuming a logarithmic relationship between Ty, and the heating
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Fig. 5. (a) TL glow curves of LiCa4O(B03)3:Dy3‘ (0.5 wt%) recorded under IRSL-TL 565 nm detection over 15 consecutive readout cycles following 20 Gy
B-irradiation (preheated at 155 °C for 10 s prior to each measurement), illustrating the reproducibility of the main dosimetric peak at ~185 °C. (b) Cycle-to-cycle
variation of the normalized main peak intensity (I,) as a function of readout number, showing measurement reproducibility within +5% deviation bands.
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rate (B). In this approach, the relation is expressed as

2

o(F) i ()
where k is the Boltzmann constant and s is the frequency factor. By
plotting In(T2 /) versus 1/Tp, the activation energy E is obtained from
the slope of the resulting linear relation.

The Booth-Bohun-Parfianovitch (BBP) method is an alternative
heating-rate approach that evaluates E using pairs of peak temperatures
measured at different heating rates. For two heating rates p; and po, with

corresponding peak temperatures Ty,; and Ty, the activation energy is
calculated as

Tml T"lz ﬁl T"lz 2
E=k Tml - Tmz fn |:ﬂ2 (Trm) :| (3)

This method provides an independent estimate of the activation
energy and is commonly used to validate kinetic parameters derived
from conventional heating-rate analysis.

The Hoogenstraaten plots constructed from the heating-rate mea-
surements (Fig. 6) exhibit good linearity for both uncorrected and
temperature-lag-corrected peak maximum temperatures, indicating that
the heating-rate formalism is applicable within the investigated p range
(0.5-5 °C s~ 1) for the ~185 °C dosimetric peak. The linear regression
coefficients indicate a well-defined dominant trap group governing this
glow peak under the applied experimental conditions.

The activation energy (E) values obtained from the slope of the
Hoogenstraaten plots and from the Booth-Bohun-Parfianovitch (BBP)
method are summarized in Table 1. Both methods yield comparable E
values within experimental uncertainty, supporting the reliability of the
extracted kinetic parameters under the assumption of a single dominant
peak with limited overlap. As expected, temperature-lag correction re-
sults in slightly higher E values, reflecting the systematic shift of
measured Ty, toward lower apparent temperatures at higher heating
rates.

The obtained activation energy (~1.2-1.26 eV, depending on
correction) corresponds to a relatively deep trapping level in the context
of TL dosimetry and is consistent with thermal stability under room-
temperature storage and the applied preheat-readout protocol. The
corresponding frequency factor (s) values fall within the typical range

T T T T T T
13.0 . i
Equation: y = Intercept + Slope*x i
| Value Error
Intercept -9.96903 1.774
Slope 0.85764 0.070
12.5 1 R-Square 0.98024 1
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Fig. 6. Hoogenstraaten plot of the main TL peak (~185 °C) of LiCa4O(BO3)3:
Dy3+ (0.5 wt%) obtained from heating-rate measurements (0.5-5 °C sH.
Linear fits of In(T2/| B) versus 1/Ty, are shown for uncorrected and temperature-
lag-corrected data, from which the activation energy (E) and frequency factor
(s) were determined.
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Table 1

Activation energy (E) of the main TL peak (~185 °C) of LiCa40(B03)3:Dy3Jr (0.5
wt%) determined by Hoogenstraaten and BBP methods using uncorrected and
temperature-lag-corrected T, values. Frequency factors (s) from Hoogen-
straaten analysis are also listed.

B (°C/s) Maximum 1
UnCorrected Corrected
1 1.20 1.20
2 1.13 1.23
4 0.92 1.25 Booth-Bohun-Parfianovitch
5 0.87 1.26 Method
Average E 1.03 + 0.16 1.24 + 0.03
E (eV) 0.86 + 0.07 1.26 + 0.01 Hoogenstraaten's Method
(0.5-5°C/s)
sGs™hH 2.13x10° 1.28x10"3

reported for rare-earth-doped borate TL phosphors, further supporting
the physical plausibility of the derived parameters.

Overall, the agreement between Hoogenstraaten and BBP methods,
together with the linear heating-rate behaviour, suggests that the main
dosimetric peak of LiCa40(BO3)3:Dy>" is governed by a well-defined
trapping centre exhibiting behaviour consistent with low-retrapping
general-order (quasi-first-order) kinetics, rather than conclusively
demonstrating strictly ideal first-order behaviour. Definitive determi-
nation of kinetic order, however, requires complementary analyses (e.g.,
peak-shape evaluation, IR method, CGCD) to fully resolve possible
overlapping contributions within the mixed-trap framework.

4.2. Tin—Tsop analysis and trap structure interpretation

To further examine the trapping structure of LiCa4O(B03)3:Dy3+
(0.5 wt%), the Tp—Tstop method was applied by progressively increasing
the Top temperature prior to each TL readout. The evolution of the glow
curves with increasing preheat temperature (Fig. 7a) demonstrates
gradual removal of lower-temperature components while higher-
temperature structures persist up to their respective stability limits,
indicating the presence of multiple trapping levels.

The corresponding Tm—Tsop plot (Fig. 7b) exhibits quasi-linear Ty,
increase in the lower Ty, region. Similar behaviour was reported by
Benavente et al. for LizB407:Cu,Ag, where linear Ti,—T;op Segments were
interpreted as being consistent with a quasi-continuous trap distribution
or strongly overlapping discrete trapping levels [39]. Importantly, that
study emphasized that Tp—Tstop analysis alone cannot uniquely distin-
guish between continuous trap distributions and closely spaced discrete
levels without complementary CGCD and kinetic modelling [40].

In intermediate temperature regions, plateau-like segments of
Tin—Tsop behaviour are observed, suggesting the temporary dominance
of relatively discrete and thermally stable trapping levels. These plateau
regions coincide with quasi-stable intervals observed in the E-Tgyp
evolution (Fig. 7c), reinforcing the presence of thermally distinct trap
groupings. It should be noted that This behaviour arises solely from the
intrinsic stepwise Top sequence of the Ty—Tsop protocol, without any
additional independent stabilization preheat. Comparable behaviour
has been described in rare-earth-doped borates where Tp—Tsop, VHR
and CGCD were used jointly to separate overlapping components.
However, Tp—Tstop behaviour by itself does not provide direct infor-
mation about kinetic order and should not be interpreted as definitive
evidence for first- or general-order kinetics [7,40,41].

Fig. 7c presents the activation energy evolution derived from the
Tiy—Tstop analysis. The E-Tgop dependence shows stepwise variations,
with lower activation energies obtained at small T,p values and pro-
gressively higher energies emerging as deeper trap regions dominate
after thermal cleaning of shallower levels. These quasi-stable E intervals
indicate the presence of thermally distinct trapping regions rather than a
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Fig. 7. (a) TL glow curves of LiCa4O(BO3)s:Dy>" (0.5 wt%) after successive preheating at different Tsop temperatures, showing progressive removal of low-
temperature components. (b) Corresponding Ti,—Tsop plot indicating multiple trapping levels and a mixed trap structure. (c) Activation energy (E) as a function
of Tgop derived from successive preheating analysis, showing stepwise variations that reflect the presence of multiple thermally distinct trapping levels within the
mixed trap hierarchy of LiCa40(B03)3:Dy3+ (0.5 wt%). (d) Refined E-Tj,, behaviour at higher Ty, after progressive preheating, highlighting quasi-stable activation-
energy intervals of deeper trap groups.
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single uniform trap depth. Nevertheless, such stepwise behaviour should
be regarded as indicative of trap grouping rather than definitive proof of
fully isolated discrete levels, since similar E-Tgp trends may also arise
from strongly overlapping peaks or quasi-continuous trap distributions.

Considering the pronounced overlap of the ~75, ~112 and ~182 °C
components in the present glow curves, the overall Ty;—Tsiop and E-Tgqp
behaviour consistently supports a mixed trap hierarchy composed of
shallow, intermediate and deeper trapping levels. Similar complex
multi-component trap structures have been reported for lithium borate
systems, including Li;B407:Cu,Ag and Dy-doped lithium borates [11,
19], where TM-Tstop analysis was typically supported by CGCD to
resolve overlapping contributions [42].

In order to further refine the trap-structure interpretation, the evo-
lution of activation energy after systematic preheating is presented in
Fig. 7d. Compared with the broader E-Tg,, trend shown previously, the
refined analysis highlights more clearly defined quasi-stable E intervals
following the progressive removal of shallower components. These
clustered E regions further substantiate the presence of multiple ther-
mally distinguishable trapping domains.

Notably, the persistence of discrete E plateaus after successive
thermal cleaning suggests that deeper trap groups become dominant
once overlapping shallow contributions are suppressed. However,
consistent with the limitations of Tp—Tsop methodology, these E clusters
should be interpreted as indicative of thermally grouped trap regions
rather than definitive evidence of isolated single trapping levels. Similar
stepwise E evolution in lithium borates has been associated with mixed-
trap hierarchies where overlapping discrete peaks and quasi-continuous
distributions may coexist.

The refined E-Top behaviour therefore strengthens the interpreta-
tion of a multi-level trap hierarchy in LiCa4O(BO3)s:Dy>" and provides
qualitative guidance for subsequent deconvolution analysis, without
imposing rigid constraints on the exact number of trapping components,
but instead defining physically meaningful energy intervals to be tested
in subsequent CGCD analysis.

4.3. CGCD analysis

The TL glow curves of LiCa4O(BOg,)3:Dy3Jr (0.5 wt%) exhibit pro-
nounced asymmetry and significant peak overlap, indicating that the
measured signal arises from multiple trapping levels rather than a single
kinetic process. To separate these overlapping contributions and obtain
individual trap parameters, CGCD was performed.

Deconvolution was applied to glow curves recorded both before and
after preheating treatments in order to evaluate the roles of shallow and
thermally stable traps. The analysis was carried out using the tgcd
package implemented in the R environment [43].

Each component was fitted assuming general-order kinetics (GOK)
[44]. The TL intensity for a single GOK peak is expressed as:

b

_ b1
1) = exp (g (1= T0)) [+ 5 o0 iz T 7o) )| @
where E is the activation energy, Ty, is the peak maximum temperature,
b is the kinetic order, k is the Boltzmann constant, and I is the
maximum intensity.

The number of components was increased progressively and retained
only when it produced a significant improvement in fit quality while
maintaining physically reasonable parameter values consistent with the
trap structure inferred from the Tyy—Tsop and E-Tyop analyses.

The CGCD results obtained before and after preheating are presented
in Fig. 8a and b, with the corresponding kinetic parameters summarized
in Tables 2 and 3, respectively.

Prior to preheating (Fig. 8a), the TL glow curve exhibits pronounced
asymmetry and a broad composite structure that is satisfactorily
resolved into ten individual components (F.O.M. = 1.28%). The low-
temperature region (~66-110 °C) is described by four peaks with
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Fig. 8. (a) CGCD of the TL glow curve of LiCa40(B03)3:Dy3+ (0.5 wt%) before
preheating (b) after preheating.

activation energies ranging from 0.85 to 1.31 eV, corresponding to
shallow and thermally less stable trapping levels. In the intermediate
temperature range (~123-157 °C), three additional components with
activation energies between ~1.30 and 1.58 eV are identified, repre-
senting moderately stable traps. The high-temperature region
(~178-220 °C) is dominated by three deeper components with activa-
tion energies in the range of ~1.51-1.65 eV, associated with thermally
more stable and dosimetrically relevant trapping levels. The kinetic
order parameter b varies between 1.05 and 1.21, indicating slight de-
viation from ideal first-order kinetics and supporting a low-retrapping
general-order behaviour. The frequency factors (10''1-10'7 s71) fall
within typical ranges reported for borate phosphors, supporting the
physical plausibility of the extracted parameters.

After preheating (Fig. 8b), the glow curve becomes significantly
simplified and can be adequately described using five components (F.O.
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Fig. 9. (a) TL glow curves of LiCasO(BO3)s:Dy>" (0.5 wt%) recorded at
different storage times (0 s to 10 days) after 20 Gy p-irradiation, showing non-
monotonic fading behaviour of the main peak at ~185 °C. (b) Normalized
main-peak temperature (Ty,) and integrated TL glow-curve area as a function of
storage time.

M. = 2.45%). The shallow low-temperature peaks observed before
preheating are largely suppressed, consistent with the removal of

Table 2
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thermally unstable traps as indicated by the Tp—Tsp analysis. The
remaining peaks exhibit activation energies concentrated in the range of
1.44-1.67 eV, confirming that the post-preheating glow curve is domi-
nated by deeper and more thermally stable trapping levels. The principal
dosimetric peak around 180-233 °C remains clearly resolved, with ki-
netic order parameters close to unity (b &~ 1.01-1.19), again indicating
general-order kinetics with limited retrapping.

It should be noted that the activation energies obtained from CGCD
(1.44-1.67 eV) are slightly higher than those derived from the variable
heating-rate analysis (~1.2-1.26 eV). Such differences are frequently
observed in complex and partially overlapping glow curves, where VHR
yields an effective activation energy associated with the dominant trap
group, whereas CGCD resolves thermally grouped components that may
include deeper sub-levels within the same hierarchical structure.
Considering experimental uncertainty, peak overlap effects and model
dependence, the obtained values remain physically compatible and
mutually supportive.

Importantly, the selection of ten components prior to preheating was
not arbitrary but guided by both the pronounced asymmetry of the
experimental glow curve and the independently inferred trap regions
from the Tp—Tsop and E-Tg,, analyses. The progressive inclusion of
components was terminated once further additions did not yield a sta-
tistically meaningful improvement in the figure of merit (F.O.M.) or
resulted in physically unrealistic parameter values. Moreover, the sys-
tematic reduction to five components after preheating provides internal
validation of the deconvolution approach: shallow, thermally unstable
peaks identified in the initial fit disappear consistently following ther-
mal cleaning, while deeper components remain stable. This coherent
evolution across independent analyses (Tm—Tstop, Preheating behaviour,
and CGCD) supports the interpretation of a multi-level trap hierarchy
rather than mathematical overfitting. Nevertheless, glow-curve decon-
volution in strongly overlapping borate systems remains inherently non-
unique; therefore, the extracted components should be interpreted as
physically consistent trap groups within a constrained kinetic frame-
work, rather than uniquely resolved discrete trapping levels.

It should be noted that glow-curve deconvolution (CGCD) is inher-
ently non-unique, and the number and parameters of the fitted com-
ponents may depend on the selected fitting procedure and initial
constraints. In this study, the deconvolution was guided and constrained
by physically meaningful parameter ranges and by consistency with the
expected TL kinetic behaviour, in order to obtain a realistic represen-
tation of the glow-curve structure rather than a purely mathematical fit.
Similarly, the Tp-Tsop method does not always produce well-defined
plateau regions, particularly in systems with closely spaced trap levels
or significant peak overlap. In such cases, gradual variations in the
Tm—Tstop curve may still reflect a distributed or mixed trap system rather
than discrete, well-isolated traps. Therefore, the interpretation of the
trap structure in the present work is based on the combined evaluation
of CGCD, variable heating-rate measurements, and Ty—Tsop analyses,
which together provide a consistent and physically meaningful
description of the underlying trapping system, despite the known

Kinetic parameters obtained from CGCD analysis of the TL glow curve of LiCa40(BOs)3:Dy>" (0.5 wt%) before preheating, including activation energy (E), kinetic
order (b), peak temperatures (T, Tm1, Tm2), symmetry factor (p), and frequency factor (s).

. E, (eV) b Ty (°C) T (°C) Tz (°C) B s

1st Peak 0.85 1.14 66.6706 49.0022 79.5302 0.41307 7.39 x 10%
2nd Peak 1.09 1.15 82.85 67.653 93.9639 0.41975 5.34 x 10'*
3rd Peak 1.25 1.08 96.85 82.7734 106.777 0.41065 2.24 x 10'®
4th Peak 1.31 1.09 109.7312 95.3083 119.9549 0.40715 3.61 x 10'®
5th Peak 1.30 1.13 123.6583 107.902 135.0683 0.41037 6.17 x 10'°
6th Peak 1.44 1.17 139.0908 123.5931 150.5392 0.4312 7.84 x 10'®
7th Peak 1.58 1.07 157.0413 142.0243 167.5757 0.41703 6.39 x 10"
8th Peak 1.65 1.21 178.6441 162.2506 190.9892 0.41996 473 x 10"
9th Peak 1.61 1.12 194.2344 176.5106 206.999 0.42898 3.02 x 10'®
10th Peak 1.51 1.05 221.85 201.1504 236.2112 0.40761 3.37 x 10'*

11
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Table 3
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Kinetic parameters derived from CGCD analysis of the TL glow curve of LiCa4O(BO3)3:Dy>" (0.5 wt%) after preheating, showing the remaining thermally stable

components and their corresponding E, b, T, Tim1, Tme, 4, and s values.

. E, (eV) b T (°C) Ty (°C) Tz (°C) B s

1st Peak 1.44 1.16 164.85 147.3972 177.6776 0.42792 6.40 x 10'°
2nd Peak 1.58 1.04 180.057 163.5085 191.4718 0.42026 6.62 x 10'®
3rd Peak 1.65 1.19 191.85 174.5669 204.7425 0.43156 1.34 x 107
4th Peak 1.61 1.01 211.85 193.3331 224.3324 0.40686 6.67 x 10"
5th Peak 1.67 1.07 233.85 214.115 247.6915 0.41611 5.99 x 10'°

limitations of each individual method.
5. Post-irradiation temporal evolution and fading behaviour

LiCa40(B03)3:Dy3+ (0.5 wt%) exhibits a clear hierarchy of shallow,
intermediate and deep trapping levels with strong peak overlap and
mixed-trap interactions. Previous preheating and Tp-Tsiop analyses
demonstrated that progressive thermal cleaning removes shallow com-
ponents while deeper structures persist, and that E-Tgop evolution
proceeds in stepwise, quasi-stable intervals consistent with thermally
grouped trap regions rather than a single uniform depth [16,45]. As
shown in Fig. 9, the fading experiment reveals a two-stage temporal
evolution of the main dosimetric peak (~185 °C): (i) a monotonic in-
tensity increase during the first several hours of storage, followed by (ii)
a subsequent long-term decrease. Importantly, the peak maximum
temperature remains essentially constant during storage. The invariance
of Ty, indicates that the trap depth associated with the dosimetric peak
does not change, and that the observed intensity variation is not related
to structural modification or formation of new traps, but rather to
redistribution of charge populations among pre-existing trapping states.
The absence of any measurable shift in Ty, during storage further sup-
ports that the dominant dosimetric trap depth remains unchanged,
reinforcing the redistribution hypothesis rather than structural
evolution.

Within a mixed-trap borate system, such early post-irradiation build-
up can be physically interpreted as delayed charge migration from
shallow or metastable traps toward deeper, thermally stable dosimetric
traps [46,47]. Slow inter-trap transfer at room temperature, possibly
mediated by defect clusters involving Dy>t and charge-compensation
centres, may progressively increase the occupancy of the ~185 °C
trap. Notably, after the applied preheating protocol the glow curve is
dominated by a single main peak (~185 °C), implying that the
early-time intensity build-up primarily reflects redistribution processes
within the trap-recombination network feeding this dosimetric peak
rather than evolving contributions from separate low-temperature
components. After this metastable equilibration stage, conventional
thermal detrapping and recombination processes dominate, leading to
long-term fading. It should be emphasized that post-irradiation intensity
build-up is not widely reported as a generic feature of rare-earth-doped
borates, where monotonic fading is more commonly described [18].
Therefore, the present behaviour is best regarded as system-specific and
consistent with strong inter-trap coupling in a hierarchical trapping
network, rather than as a universal property of Dy-borate phosphors.

While the proposed interpretation is physically plausible and inter-
nally consistent with Ty—Tgiop, E-Tstop and CGCD results, alternative
mechanisms such as slow room-temperature detrapping combined with
competitive recombination or defect reconfiguration cannot be entirely
excluded without dedicated time-resolved or isothermal TL in-
vestigations [48,49].

The two-stage temporal behaviour could, in principle, be described
by a coupled rate-equation model involving shallow-to-deep trap
transfer followed by conventional thermal detrapping. Although such
modelling is beyond the scope of the present study, the observed time
scale of intensity build-up is compatible with thermally assisted redis-
tribution among traps with activation energies in the 1.0-1.3 eV range.
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The observed two-stage storage behaviour is consistent with the trap
hierarchy revealed by the CGCD analysis. Prior to preheating, the
presence of multiple shallow and intermediate components suggests that
a fraction of the charge is initially stored in metastable traps, which may
progressively transfer to deeper dosimetric traps during early storage.
The subsequent dominance of deeper components after preheating
further supports the interpretation that the delayed intensity build-up of
the ~185 °C peak arises from inter-trap redistribution within a mixed-
trap framework rather than from the formation of new trapping centres.

From a dosimetric perspective, the absence of any observable shift in
the peak maximum temperature (Ty,) during storage, together with the
dominance of the high-temperature TL peak after preheating, indicates
that the main trapping level remains thermally stable and suitable for
reliable dose evaluation over the investigated storage period.

6. Conclusions

LiCa4O(B03)3:Dy3+ (0.5 wt%) exhibits a well-defined main dosi-
metric TL peak at ~185 °C with dose-independent peak temperature and
an extended quasi-linear dose response (b ~ 1.07-1.16) over 1.4-150.1
Gy, indicating a thermally robust trapping level suitable for medium-
dose applications. Heating-rate analyses using the Hoogenstraaten and
Booth-Bohun-Parfianovitch approaches yield consistent activation en-
ergies of E ~ 0.86-1.26 eV and frequency factors on the order of 10*3
s~ values physically reasonable for a relatively deep dosimetric trap
and compatible with good room-temperature stability under the applied
preheat-readout protocol. Tr—Tstop and E-Tiop analyses reveal stepwise,
quasi-stable energy intervals, supporting a mixed trap hierarchy
comprising shallow, intermediate and deep trapping regions rather than
a single uniform depth distribution. Within this framework, CGCD so-
lutions resolving ten components before preheating and five deeper
components after preheating provide a physically consistent though
inherently non-unique representation of thermally grouped trap fam-
ilies, confirming that post-preheat glow curves are dominated by deeper,
more stable trapping levels. The observed two-stage post-irradiation
evolution of the ~185 °C peak early intensity build-up followed by long-
term fading at essentially constant Ty, is consistent with mixed-trap ki-
netics involving delayed inter-trap charge redistribution and subsequent
conventional thermal detrapping. Nevertheless, alternative mechanisms
such as slow room-temperature detrapping or defect reconfiguration
cannot be excluded without dedicated time-resolved or isothermal TL
investigations. Overall, the combined kinetic and dosimetric charac-
teristics indicate that LiCa40(BO3)3:Dy3+ is a promising borate-based TL
phosphor with favorable properties for practical dose recording
applications.
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