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	 Tm:Y2O3 transparent ceramic scintillators with Tm concentrations of 0.01, 0.1, 1.0, and 10 
mol% were fabricated by the spark plasma sintering method to investigate their 
photoluminescence (PL) and scintillation properties. Both PL and scintillation peaks were 
observed in the range of 350–650 nm, corresponding to the 4f–4f transitions of Tm3+. 
Scintillation decay curves were well-approximated by two exponential components with decay 
time constants of 1.8–6.9 and 10–40 μs. Afterglow levels ranged from approximately 250 to 800 
ppm and tended to decrease with Tm concentration. Scintillation light yields under 241Am α-ray 
(5.5 MeV) irradiation were estimated to be approximately 1400–1500 photons/5.5 MeV.

1.	 Introduction

	 Scintillators are a type of phosphor that absorbs ionizing radiation and converts it into low-
energy photons, and they are used to detect ionizing radiation when coupled with 
photodetectors.(1,2) Such scintillation detectors are widely utilized in various fields, including 
security,(3) medicine,(4) environmental measurements,(5) and astrophysics.(6) The required 
properties of scintillators vary depending on each application. For instance, a high scintillation 
light yield (LY), an emission wavelength suitable for photodetectors, high density and effective 
atomic number (Zeff), and excellent chemical stability are often demanded.(7)

	 Most conventional scintillators have been developed in the form of single crystals.(8,9) Single 
crystals possess excellent optical properties and high uniformity, and they can be fabricated as 
large bulk materials. However, their fabrication generally requires long growth times and high 
production costs, and it is often difficult to grow materials owing to high melting points or phase 
transitions. Therefore, the development of scintillators in other material forms, such as 
transparent ceramics and glasses, has been actively investigated.(7,10–12) Among them, 
transparent ceramics have advantages such as a relatively short synthesis time, low-cost 
production, and high mechanical strength, since they are fabricated through solid-state reactions 
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similar to those used for conventional opaque ceramics.(13) Moreover, transparent ceramics are 
particularly effective for materials with high melting points or phase transitions near the melting 
temperature.(14,15) To date, extensive studies on transparent ceramics have mainly focused on 
rare-earth sesquioxide and garnet-based materials.(13,16–19)

	 In this paper, we focused on Tm:Y2O3 transparent ceramics as scintillators. Y2O3 is a 
promising scintillator host because of its relatively high density (5.01 g/cm3), high Zeff (~37), and 
excellent chemical stability.(20–22) It also has a high melting point (2410 °C) and undergoes a 
phase transition at around 2270 °C,(23) making it suitable for fabrication in the transparent 
ceramic form.(24)  As a luminescence center, Tm3+ exhibits sharp emission peaks in the range of 
300–650 nm,(25,26) which matches the high-sensitivity region of conventional photodetectors. 
Although Tm:Y2O3 transparent ceramic scintillators have been fabricated,(16,27) their dependence 
on Tm concentration has not yet been systematically investigated. In this study, Tm:Y2O3 
transparent ceramics with different Tm concentrations were prepared by the spark plasma 
sintering (SPS) method, and their optical and scintillation properties were examined.

2.	 Experimental Methods

	 Four Tm:Y2O3 transparent ceramic samples with Tm concentrations of 0.01, 0.1, 1.0, and 10 
mol% were prepared by the SPS method. Tm2O3 (>99.99%, Furuuchi Chemical) and Y2O3 
(>99.99%, Furuuchi Chemical) powders were used as starting materials, with a total weight of 
0.6 g. The powders were mixed uniformly using a mortar and pestle, and the mixture enclosed in 
graphite punches and a die was then inserted into an SPS device (Sinter Land, LABOX-100). The 
sintering temperature was raised to 600 °C within 5 min and held for 5 min, then raised to 1400 
°C within 8 min and maintained for 60 min under an applied pressure of 59 MPa. The samples 
were polished to a thickness of 1.0 mm using a polishing machine (MetaServ 250, BUEHLER).
	 Diffuse transmittance spectra and photoluminescence (PL) emission/excitation spectra were 
measured using a spectrometer (SolidSpec-3700, Shimadzu) and a spectrofluorometer (JASCO, 
FP-8600), respectively. X-ray-induced scintillation spectra,(18) decay curves,(28) afterglow 
profiles,(28) and pulse height spectra (PHS)(18) were measured using our original setup. 
Scintillation LYs of the Tm:Y2O3 samples were estimated by comparison with that of a 
commercial Ce:Gd2SiO5 (7000 photons/MeV, Hitachi Chemical). The shaping time was set to 10 
μs, and the wavelength-dependent quantum efficiency of the photomultiplier tube (R7600-200) 
corresponding to the emission spectrum of each sample was calculated to be 35% (0.01% Tm), 
32% (0.1% Tm), 31% (1.0% Tm), 32% (10% Tm), and 33% (Ce:Gd2SiO5).(29)

3.	 Results and Discussion

	 Figure 1 shows the diffuse transmittance spectra and the appearance of the Tm:Y2O3 
transparent ceramic samples. The 0.01, 0.1, and 1.0% Tm samples exhibited transmittance above 
50% in the visible wavelength range. Several absorption peaks were observed at approximately 
360, 470, 660, 680, and 790 nm, which were attributed to the 4f–4f transitions of Tm3+.(26) Figure 
2 presents the PL excitation/emission spectra of the Tm:Y2O3 transparent ceramics. Excitation 
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peaks observed in the range of 250–360 nm correspond to the 3H6–3P0,2 and 1D2 transitions of 
Tm3+.(30) Emission peaks at 460 and 480 nm are attributed to the 1D2–3F4 and 1G4–3H6 transitions 
of Tm3+, respectively.(26) A pronounced decrease in the PL intensity observed for the 10% Tm 
sample can be ascribed to concentration quenching.
	 The X-ray-induced scintillation spectra are shown in Fig. 3. Emission bands can be classified 
into two features: a broad band appearing at 300–500 nm and several sharp peaks detected at 
300–650 nm. The former band is attributed to the radiative recombination of self-trapped 
excitons (STE) of the Y2O3 host,(31) and its intensity decreased owing to Tm doping. The latter 
peaks originated from multiple 4f–4f transitions of Tm3+, whose emission was quenched in the 
10% Tm sample. Figure 4 indicates the X-ray-induced scintillation decay curves. The decay 
curves were approximated with a sum of two exponential components after excluding the 
instrumental response function. The origin of the τ1 component can be ascribed to a marginal 
emission of the host and Tm3+.(30) At low Tm concentrations (0.01–1.0%), the STE-related 
luminescence diminishes with increasing Tm, and τ1 becomes increasingly dominated by the 
4f–4f transitions of Tm3+, resulting in the gradual increase in τ1. In addition, the huge decrease 
in τ1 for the 10% Tm sample is attributed to concentration quenching. The origin of τ2 is assigned 
to the 4f–4f transitions of Tm3+.(25,26,30) The longest τ2 observed for the 0.01% Tm sample is 
attributed to the relatively low probability of nonradiative transitions among Tm3+ ions. At this 
low doping level, the average distance between Tm3+ ions is large, which suppresses cross-
relaxation and energy migration processes, resulting in a longer decay time despite the weak 
overall Tm3+ luminescence. With increasing Tm concentration, the average distance between 
Tm3+ ions decreases, facilitating nonradiative energy transfer and thereby reducing τ2. The huge 
decrease in τ2 for the 10% Tm sample is, similarly to τ1, attributed to concentration quenching.
	 Figure 5 shows the afterglow profiles. The evaluation methodology was the same as in our 
previous paper.(32) The afterglow ranged from approximately 250 to 800 ppm and tended to 
decrease with increasing Tm concentration. The 10% Tm-doped sample showed the lowest 
afterglow, which was close to that of the commercial Tl:CsI (268 ppm) scintillator evaluated 
under the same conditions.(28,33) Figure 6 presents the PHS of the Tm:Y2O3 transparent ceramics 

Fig. 1.	 (Color online) Diffuse transmittance spectra 
and picture (inset) of Tm:Y2O3 transparent ceramics.

Fig. 2.	 (Color online) PL emission (solid) and 
excitation (dash) spectra.
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under 241Am α-ray (5.5 MeV) irradiation. Distinct full-energy absorption peaks were observed 
for the 0.01, 0.1, and 1.0% Tm samples. The calculated LYs were 1430, 1470, and 1440 photons/5.5 
MeV, respectively. This value was comparable to that previously reported for 0.15 mol% 
Tm:Y2O3 transparent ceramics (935–1400 photons/5.5 MeV).(16) The LY values of the 0.01–1.0% 
Tm samples remained almost constant, and no concentration dependence was observed. This is 
possibly due to a trade-off relationship of Tm3+- and STE-related luminescence contributing to 
the overall LY. Another possibility is that the shaping time of 10 μs is insufficient to accumulate 
all the scintillation photons, and the estimated LY is underestimated in the highly Tm-doped 
samples. 

4.	 Conclusions

	 Tm-doped Y2O3 transparent ceramics were successfully synthesized by the SPS method, and 
both PL and scintillation peaks appeared in the range of 350–650 nm, corresponding to the 4f–4f 
transitions of Tm3+. The scintillation decay curves were well approximated by the sum of two 

Fig. 3.	 (Color online) X-ray-induced scintillation 
spectra of Tm:Y2O3 transparent ceramics.

Fig. 4.	 (Color online) X-ray-induced scintillation 
decay curves of Tm:Y2O3 transparent ceramics.

Fig. 5.	 (Color online) Afterglow profiles of Tm:Y2O3 
transparent ceramics.

Fig. 6.	 (Color online) PHS of Tm:Y2O3 transparent 
ceramics under 241Am α-ray irradiation (5.5 MeV).
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exponential components, with decay time constants of 1.8–6.9 and 10–40 μs. The scintillation 
LYs were estimated to be in the range of 1400–1500 photons/5.5 MeV.
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