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	 The optical, thermally stimulated luminescence (TSL), and optically stimulated luminescence 
(OSL) properties of CsBr:Cu transparent ceramics were evaluated. As the photoluminescence 
properties, two emissions around 460 and 490 nm related to Cu+ and Cu2+ ions, respectively, 
were observed under excitation at around 300 nm, and the quantum yield of CsBr:Cu (0.01%) 
was 17.3%. After X-ray irradiation, all the samples showed a broad TSL and OSL emission band 
around 400–500 nm. All the samples exhibited good proportionality in the TSL and OSL dose 
response functions in the dose ranges of 0.01–100 and 1–1000 mGy, respectively.

1.	 Introduction

	 Bulk inorganic phosphors have been utilized to measure ionizing radiation, and they are 
mainly classified into scintillators and storage phosphors.(1) Scintillators convert ionizing 
radiation such as X- and γ-rays into numerous ultraviolet–visible photons, then the converted 
photons can be detected by photodetectors such as photodiodes and photomultiplier tubes. Bulk 
inorganic phosphors have been used in various fields, including security,(2) medical imaging,(3) 
well logging,(4) astrophysics,(5) and particle physics.(6) On the other hand, storage phosphors 
temporarily store the incident radiation dose, and then the stored energy can be released by 
external simulation to emit photons. The photons obtained by the stimulation of heat or light are 
called thermally stimulated luminescence (TSL) and optically stimulated luminescence (OSL), 
respectively.(7) Since the TSL and OSL intensities are proportional to the incident radiation dose, 
storage phosphors are used for personal dose monitoring(8–13) and imaging plates.(14–19)

	 So far, most research on scintillators and storage phosphors has been on various material 
forms including single crystals,(20–24) glasses,(25–29) and opaque ceramics.(30–32) In recent years, 
transparent ceramics have attracted much attention as a new material form.(33–36) When a 
scintillator or storage phosphor is transparent, luminescence can be detected from not only the 
surface but also inside the material. Additionally, transparent ceramics generally have a lower 
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sintering temperature, higher uniformity of the dopant, and higher mechanical strength than 
single crystals. In particular, we found that the TSL and OSL properties of transparent ceramics 
synthesized by spark plasma sintering (SPS) were enhanced in some materials,(37–39) since the 
SPS was performed in a highly reductive environment, which effectively generates defect 
centers. However, there are few reports on the TSL and OSL properties of transparent ceramics 
synthesized by SPS.
	 In this study, we focused on CsBr, which is a promising host material for storage phosphors 
because of its effective X-ray absorption.(40,41) According to previous reports, CsBr:Cu crystals 
show strong OSL emission in the blue to green region.(42,43) However, there are no reports on 
CsBr:Cu in the transparent ceramic form. Therefore, we synthesized CsBr:Cu transparent 
ceramics by SPS and investigated their optical, TSL, and OSL properties. 

2.	 Experimental Procedure

	 CsBr:Cu (0.01, 0.1, and 1%) transparent ceramics were synthesized by SPS using raw powders 
of CsBr (99.99%, Furuuchi Chemical) and CuCl2·2H2O (99.99%, Kojundo Chemical Laboratory). 
These powders were mixed and loaded in a cylindrical graphite die and held between two 
graphite punches. As shown in Fig. 1, the temperature of the SPS equipment was increased from 
20 to 450 °C at a rate of 43 °C/min, then maintained at 450 ºC for 10 min while applying a 
pressure of 6 MPa. After sintering, the surfaces of samples were mechanically polished with 
sandpaper. 
	 To evaluate the optical properties of the samples, in-line transmittance spectra were obtained 
by a spectrophotometer (SolidSpec-3700, Shimadzu). Photoluminescence (PL) excitation and 
emission maps as well as the PL quantum yield (QY) were obtained using an absolute PL 
quantum yield spectrometer (Quantaurus-QY C11347, Hamamatsu Photonics). PL decay curves 
were obtained using a fluorescence lifetime spectrometer (Quantaurus-Tau C11367, Hamamatsu 
Photonics). The TSL spectrum as a function of temperature was measured using a customized 
setup.(44,45) To obtain the TSL dose response function, the TSL signal was obtained using a 
commercial TSL reader (TL-2000, Nanogray) after various irradiation doses.(46) As the radiation 
source, we used an X-ray generator (XRB80P &N200×4550, Spellman) equipped with a 

Fig. 1. (Color online) SPS processing conditions.
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conventional X-ray tube having a W anode target. The X-ray tube was operated with a tube 
voltage of 40 kV, and the irradiated dose was calibrated using an air-filled ionization chamber 
(TN30013, PTW). OSL emission and stimulation maps of CsBr:Cu transparent ceramics after 
X-ray irradiation (10 Gy) were obtained using a spectrometer. The OSL dose response function 
was obtained using a spectrofluorometer (FP-8600, JASCO) after X-ray irradiation with various 
doses during stimulation at 630 nm.(47)

3.	 Results and Discussion

	 Figure 2 shows photographs of the CsBr:Cu transparent ceramics under room light and 302 
nm excitation. When the sample thickness was fixed at 10 mm, all the samples were transparent. 
Under 302 nm excitation, all the samples produced a verdigris-colored emission. In-line 
transmittance spectra of the CsBr:Cu transparent ceramics are shown in Fig. 3. The transmittance 
increased with increasing Cu concentration. 
	 For all the samples, absorption bands were observed around 275 and 315 nm. Since the 
absorption bands were similar to those reported for CsBr:CuBr2 and CsBr:CuO crystals, their 
origin was concluded to be 3d94s–3d10 transitions of Cu+ and Cu2+ ions, respectively.(42,43)

	 Figure 4 shows PL excitation and emission maps of the CsBr:Cu transparent ceramics. Two 
excitation bands were observed around 275 and 315 nm, consistent with the absorption bands. 
The CsBr:Cu samples showed a broad emission band around 460 nm under 275 nm excitation, 
while all the samples exhibited a broad emission band around 490 nm under 315 nm excitation. 
The spectral shapes were similar to those in previous reports on CsBr:CuO and CsBr:CuBr2 
crystals, and the emissions around 460 and 490 nm were considered to be related to Cu+ and 
Cu2+ ions, respectively.(42,43) OH− ions and oxygen impurities may have existed in the matrix 
because CuCl2·2H2O was used as a starting powder. The QY values of CsBr:Cu (0.01, 0.1, and 
1%) were 17.3, 14.4, and 12.2%, respectively, which were higher than those of CsBr:Eu 
transparent ceramics (0.8–3.4%).(48) 

Fig. 2. (Color online) Photographs of CsBr:Cu 
transparent ceramics under room light and 302 nm 
excitation.

Fig. 3. (Color online) In-line transmittance spectra of 
CsBr:Cu transparent ceramics. The inset is an 
enlargement of the 200–500 nm region.



2190	 Sensors and Materials, Vol. 33, No. 6 (2021)

	 PL decay curves of the CsBr:Cu transparent ceramics are presented in Fig. 5. The monitoring 
and excitation wavelengths were 490 and 265 nm, respectively. The decay time constants were 
obtained by fitting the tail part of the decay curves with the sum of two exponential decay 
functions to avoid the influence of the instrumental response function (IRF). The obtained faster 
and slower components were 16.8–22.6 and 106–119 μs, respectively, consistent with the values 
in previous reports on CsBr:CuO crystal and Cu-doped materials.(42,49,50) 
	 Figure 6 shows the TSL spectrum as a function of the temperature of the CsBr:Cu transparent 
ceramics after X-ray irradiation (10 Gy). TSL glow peaks appeared at around 85 and 150 °C, and 
the intensity of the peak at around 150 °C increased with increasing Cu concentration. Similar 
glow peaks have been observed for Eu-doped CsBr. Thus, the peak was considered to originate 
from the CsBr host.(51) All the samples showed a broad emission band around 400–500 nm in the 
TSL spectra, consistent with a previous study.(52) Judging from the spectral shapes, the emission 
originated from 3d10–3d94s transitions of the Cu+ ion.(42,49,50) TSL dose response functions of 
CsBr:Cu transparent ceramics are shown in Fig. 7. All the samples showed good proportionality 
in the dose range of 0.01 to 100 mGy. The detection limit was comparable to that of commercial 
personal dosimeters.(53)

	 Figure 8 presents OSL emission and stimulation maps of the CsBr:Cu transparent ceramics. 
An OSL emission band around 400–500 nm was observed under stimulation with a wavelength 
of 620 nm. Since the spectral features were similar to those of the TSL, the origin of the emission 
was considered to be the same. However, the intensity of the peak around 500 nm due to Cu2+ 
ions was lower than that for the CsBr:Cu crystal in previous reports.(42) This may have been 
because the amount of Cu2+ ions was smaller than that in previous studies since SPS was 
performed in a highly reductive atmosphere in the previous studies. OSL dose response 
functions of the CsBr:Cu transparent ceramics are shown in Fig. 9. All the samples exhibited 
dose response functions with a good proportional relationship in the range of 1–1000 mGy, and 
the detection limit was less than that of CsBr:Eu transparent ceramics.(48) Since the detection 

Fig. 4. (Color online) PL excitation and emission maps 
of CsBr:Cu transparent ceramics.

Fig. 5. (Color online) PL decay curves of CsBr:Cu 
transparent ceramics.
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limit depends on the measurement setup, it is expected that the detection sensitivity can be 
improved by optimizing OSL readers.

4.	 Conclusions

	 CsBr:Cu transparent ceramics were synthesized by SPS, and their optical, TSL, and OSL 
properties were investigated. Under excitation at around 300 nm, all the samples showed PL 
emission bands around 275 and 315 nm, which were related to Cu+ and Cu2+ ions, respectively. 
TSL and OSL emission bands were observed around 400–500 nm. Although the spectral shapes 

Fig. 6. (Color online) TSL spectrum as a function of 
temperature of CsBr:Cu transparent ceramics after 
X-ray irradiation (10 Gy).

Fig. 7. (Color online) TSL dose response functions of 
CsBr:Cu transparent ceramics.

Fig. 8. (Color online) OSL emission and stimulation 
maps of CsBr:Cu transparent ceramics.

Fig. 9. (Color online) OSL dose response functions of 
CsBr:Cu transparent ceramics.



2192	 Sensors and Materials, Vol. 33, No. 6 (2021)

of the samples were consistent with that of the CsBr:Cu crystal, the intensity of the peak around 
500 nm due to Cu2+ ions was lower than that of the CsBr:Cu crystal. For all the samples, the dose 
sensitivities using TSL and OSL were confirmed to be as low as 0.01 and 1 mGy, respectively. 
The detection limit using TSL was comparable to that of commercial products.
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