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 A comparative study on the radioluminescence properties of Ce-doped SrAl2O4 single 
crystal and translucent ceramic was performed. The transmittance of the synthesized ceramic is 
20–30% in the visible region. Both samples exhibit photo- and radioluminescence with a broad 
emission peaking at 380 nm. The decay curves are fitted by a single exponential decay function 
with decay time constants of 30–50 ns, consistent with the typical value of the emission for the 
5d–4f transitions of Ce3+. From the pulse height spectra measured under 241Am γ-ray (59.5 keV) 
irradiation, the scintillation light yields are 17000 ph/MeV for the single crystal and 6100 ph/
MeV for the synthesized ceramic. The scintillation light yield and afterglow of the present 
samples show a negative correlation.

1. Introduction

 Scintillators convert ionizing radiation into visible–UV photons, and they have been widely 
utilized to measure ionizing radiation in the fields of security,(1) medical imaging,(2,3) and 
resource exploration.(4,5) In general, required properties of scintillators include high scintillation 
output, short decay time, high energy resolution, and high effective atomic number; however, 
since no materials currently satisfy the requirements of all applications, R&D has been 
performed continuously on scintillators in various forms such as single crystals,(6–11) 
ceramics,(12–14) films,(15,16) glasses,(17–23) and liquids.(24–26)

 Our research has focused on rare-earth-activated alkali-earth aluminates, which have been 
intensely studied in phosphor fields(27–29); in particular, Eu,Dy-co-doped SrAl2O4 is a well-
known long-lifetime phosphorescent material.(30) We previously studied some alkali-earth 
aluminate compounds as scintillator candidates,(31–34) and we reported that SrAl2O4 crystals 
doped with Eu exhibited a high scintillation light yield (LY).(32) Then, we focused on a translucent 
ceramic to improve the properties.(34) Because of their industrial advantages such as a low 
production cost, transparent ceramics have been mainly studied in the laser field.(35–37) In 
addition, for some radiation-induced phosphors, an improved scintillation LY(38) or storage 
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luminescence has been reported.(39,40) In particular, spark plasma sintering (SPS) often enhances 
storage-luminescence properties because sintering in highly reductive conditions can generate 
defect centers. In this study, we investigated the radioluminescence and afterglow properties of 
both Ce-doped SrAl2O4 single crystal and translucent ceramic. In recent years, 
radioluminescence and storage-luminescence properties have been found to be complementarily 
related in some materials(41) owing to energy conservation related to radiation-induced 
luminescence, and the systematic investigation of radiation-induced luminescence is important 
to comprehensively understand the luminescence phenomena induced by ionizing radiation.

2. Materials and Methods

 A 1% Ce-doped SrAl2O4 ceramic was synthesized using an SPS furnace (LabX-100, Sinter 
Land). A mixture of raw powders of CeO2 (99.99%), SrCO3 (99.99%), and Al2O3 (99.99%) with a 
molar ratio of CeO2:SrCO3:Al2O3 = 0.01:1:1 was sintered at 1450 ℃ for 10 min and then at 1600 
℃ for 20 min with a pressure of 70 MPa. A 1% Ce-doped SrAl2O4 crystal was prepared by the 
floating zone (FZ) technique. A sintered precursor rod was loaded into an FZ furnace (FZD0192, 
Canon Machinery), and growth was conducted with a pulling speed of 5 mm/h and a rotation 
rate of 20 rpm. The photoluminescence (PL) spectra, decay time, and quantum yield (QY) were 
measured using Quantaurus-QY and Quantaurus-τ systems (C11347-01 and C11367, Hamamatsu 
Photonics). X-ray-induced radioluminescence (XRL) spectra, XRL decay time, afterglow, and 
pulse height were measured using a laboratory-made setup.(38,42) 

3. Results and Discussion

 The synthesized Ce:SrAl2O4 crystal and ceramic samples are shown in Fig. 1. The crystal 
sample is colorless and transparent, while the ceramic sample is pale brown and translucent. 
Since only the ceramic was synthesized under reducing conditions, color centers such as oxygen 
defects are expected to be the cause of the pale brown appearance of the ceramic sample. Under 
UV irradiation (254 nm), blue luminescence due to Ce3+ can be seen. The diffuse transmission 
spectra of the crystal and ceramic samples are shown Fig. 2. The crystal shows a transmittance 
of 70–80% in the visible range, while the ceramic shows a transmittance of 20–30%. In the 
spectra of the single crystal, strong absorption signals are observed at 260 and 320 nm owing to 
the 4f–5d2 and 4f–5d1 transitions of Ce3+, respectively.
 The PL spectra of the crystal and ceramic samples are shown in Fig. 3. In both samples, 
excitation peaks appear at 260 and 325 nm, consistent with the absorption signals in Fig. 2. A 
broad emission at 380 nm is observed, whose origin is attributed to the 5d–4f transition of Ce3+ 

from the past study of powder forms.(43–45) The QY values under excitation at 330 nm are 39% 
for the crystal and 10% for the ceramic. Figure 4 shows the PL decay time profiles monitored at 
380 nm under excitation at 280 nm. From the calculation using least-squares fitting, the decay 
time constants is approximately 30 ns, which is a typical decay time constant for the 5d–4f 
transition of Ce3+.(46,47) No other components were detected. 
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 The XRL spectra of SrAl2O4:Ce are shown in Fig. 5. A broad emission peak at 380 nm due to 
the 5d–4f transition of Ce3+ is observed in both samples. The peak position in the ceramic 
sample slightly redshifts in comparison with that of the crystal sample because the crystal 
sample may have a lower dopant concentration than the ceramic sample because of segregation. 
The XRL decay time profiles of SrAl2O4:Ce are shown in Fig. 6. The decay curves are 
approximated by a single exponential decay function, and the decay time constants are 48.1 ns 
for the crystal sample and 45.2 ns for the ceramic sample. The obtained decay time constants are 
significantly larger than the PL decay owing to the different energy migration processes 
considered compared with PL. The PL decay reflects the direct excitation and relaxation at 
emission centers, while an additional transportation process from the host to emission centers 
occurs in scintillation. 

Fig. 4. (Color online) PL decay prof iles of 
SrAl2O4:Ce samples.

Fig. 3. (Color online) PL spectra of SrAl2O4:Ce 
samples.

Fig. 2. (Color online) Diffuse transmission spectra 
of SrAl2O4:Ce samples.

Fig. 1. (Color online) Photographs of SrAl2O4:Ce 
samples.
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 The pulse height spectra under 241Am γ-ray (59.5 keV) exposure are shown in Fig. 7. Here, the 
shaping time is 0.5 μs for both the synthesized samples and a reference Ce-doped Gd2SiO5 
(GSO) crystal (OXIDE) with LY of 8000 ph/MeV. The crystal shows a clear photoabsorption 
peak at 600 ch, while the ceramic sample shows a shoulder-like peak at 213 ch. Taking into 
account the quantum efficiency of the photomultiplier tube (40% at 380 nm and 34% at 430 nm), 
the LY values of the crystal and ceramic samples are 17000 and 6100 ph/MeV, respectively. 
 The afterglow curves after X-ray irradiation for 2 ms are shown in Fig. 8. The afterglow level 
(AG) was calculated using the equation AG = (I2 − IBG)/(I1 − IBG), where IBG, I1, and I2 denote the 
signal intensities obtained before and during X-ray irradiation and at t = 20 ms after X-ray 
cutoff, respectively. The AG values are 1460 ppm for the crystal and 1,900 ppm for the ceramic. 
The AG values of the present samples are much larger than those of practical X-ray scintillators 
such as Bi4Ge3O12 (~10 ppm).(42,48)

Fig. 8. (Color onl ine) Af terglow cur ves of 
SrAl2O4:Ce.

Fig. 7. (Color online) Measured pulse height spectra 
of SrAl2O4:Ce samples and reference GSO crystal.

Fig. 6. (Color online) XRL decay prof iles of 
SrAl2O4:Ce.

Fig. 5. (Color online) XRL spectra of SrAl2O4:Ce.
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4. Conclusions

 The PL, RL, and afterglow properties of the Ce-doped SrAl2O4 crystal and ceramic samples 
were evaluated to investigate their dependence on the material form. The Ce-doped SrAl2O4 
crystal and ceramic samples show PL and RL signals peaking at 380 nm owing to the 5d–4f 
transition of Ce3+, and the decay time constants are almost the same as the typical values of Ce-
doped phosphors. From the pulse height spectra, the LY values of the crystal and ceramic 
samples are 17000 and 6100 ph/MeV, respectively. The ceramic sample has a fourfold lower 
transmittance at the emission wavelength (380 nm) than the crystal sample, which would directly 
decrease QY fourfold. According to Robbins’ theoretical formula,(49) LY is expressed as 
LY ∝ S × QY/Ebg, where S and Ebg are the energy transport efficiency and bandgap energy, 
respectively. This formula suggests that LY is proportional to QY, and the results are consistent 
with the formula. Therefore, the low transmittance of the ceramic sample is considered to be 
related to the decrease in LY. In addition, LY and AG showed a negative correlation for both 
samples, which follows the energy conservation laws related to irradiation with ionizing 
radiation. Furthermore, the AG values of both samples are higher than those of practical 
scintillators. In our previous work,(33) the thermoluminescence properties of undoped and Ce-
doped SrAl2O4 were investigated. The undoped sample did not show a significant signal, while 
the Ce-doped sample showed a low-temperature peak that may have been related to AG. This is 
possibly due to charge compensation defects because of Ce doping, which would cause an 
increase in AG as well as a decrease in LY. On the basis of the energy conservation rule related to 
absorbed radiation energy, LY improves as AG is suppressed. One of the proposed means of 
suppressing AG is to reduce the number of defects by the charge compensation of Sr2+ and Ce3+ 
ions. To balance the charge, doping monovalent ions may suppress charge compensation defects.
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