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	 CaS transparent ceramics doped with various concentrations of Eu (0.01, 0.05, 0.1, and 0.5%) 
were synthesized by the spark plasma sintering method, and their structural, optical, and X-ray-
induced scintillation properties were evaluated. The ceramics exhibited high transmittance 
(~80%) with absorption bands corresponding to the 4f–5d transitions of Eu2+ ions at 300–350 nm 
and 400–600 nm. Under UV and X-ray excitation, a broad emission peak at around 650 nm was 
observed, which would be due to the 5d–4f transitions of Eu2+ ions. The practical applicability of 
the 0.05% Eu-doped CaS transparent ceramic was demonstrated through X-ray imaging of 
electronic components. The X-ray imaging system achieved a spatial resolution of at least 0.15 
mm.

1.	 Introduction

	 X-ray imaging has been applied in a wide range of fields, including medical diagnostics,(1,2) 
security,(3,4) and industrial inspection.(5–8) Among the detectors used in these applications, 
scintillation detectors are widely used and typically consist of a combination of a scintillator and 
a photodetector. Scintillators convert the energy of absorbed ionizing radiation into numerous 
low-energy photons, which are subsequently converted into electrons by photodetectors such as 
photomultiplier tubes or Si-photodiodes. Scintillators for X-ray detectors are required to have 
high light yield, low afterglow, and high detection efficiency. Since the required properties 
depend on the application, various types of scintillator have been developed.(9–13)

	 To date, most scintillators have been used in the bulk single crystal form, owing to their high 
optical quality. Recently, transparent ceramics have attracted significant attention for radiation 
detection applications.(14–22) Previous studies have shown that transparent ceramic materials 
such as Ce-doped Gd3Al2Ga3O12,(23) Ce-doped Lu3Al5O12,(24) Eu-doped BaFCl,(25) and Eu-
doped SrCl2

(26) can exhibit scintillation performance surpassing that of single crystals with 

mailto:h.kimura@aist.go.jp
https://doi.org/10.18494/SAM6031
https://myukk.org/


582	 Sensors and Materials, Vol. 38, No. 2 (2026)

identical chemical compositions. In this work, we focus on sulfide transparent ceramics because 
sulfide scintillators such as ZnS:Ag and Lu2S3:Ce have been reported to exhibit high scintillation 
intensity.(27,28) As the new sulfide scintillators, Eu-doped CaS powders have also attracted 
attention as a phosphor material, and in previous studies, its use in X-ray detection has  
been explored.(29,30) However, research has been limited to opaque ceramic forms because 
sulfide single crystals are difficult to grow from the melt owing to the easy formation of sulfur 
vacancies.(26,31) Therefore, we have developed Eu-doped CaS transparent ceramics formed by 
the spark plasma sintering (SPS) technique and investigated their structural, optical, and X-ray-
induced scintillation properties.

2.	 Experimental Methods

	 Eu-doped CaS transparent ceramics were synthesized by the SPS technique. As starting 
materials, the raw powders of EuS (Kojundo Chemical Lab., Purity: 99.9%) and CaS (Kojundo 
Chemical Lab., Purity: 99.99%) were used and uniformly mixed. The mixture was then placed 
into a graphite die and compressed between two graphite punches. The internal surface was 
covered with a graphite sheet of 0.2 mm thickness. Sintering was performed using an SPS 
furnace (Sinter Land, LABOX-215GH). During sintering, the temperature was raised to 1700 ℃ 
at a heating rate of 10 ℃/min and maintained for 1 h under a vacuum atmosphere (~10 Pa) while 
a uniaxial pressure of 80 MPa was simultaneously applied. The sintered ceramics were sectioned 
and the surfaces subsequently polished using sandpaper (600–3000 grits). 
	 To identify the crystalline phase, X-ray diffraction (XRD) patterns were measured with a 
diffractometer (Rigaku, MiniFlex600). For optical properties, the diffuse transmittance spectra 
and photoluminescence (PL) excitation/emission maps were obtained using a spectrometer 
(Shimadzu, SolidSpec-3700) and a Quantaurus-QY spectrometer (Hamamatsu Photonics, 
C11347), respectively. The X-ray-induced scintillation spectra and afterglow curves were 
measured using our original systems.(23,32) To evaluate the potential for X-ray imaging 
applications, X-ray imaging was performed using a Peltier-cooled CCD camera (Bitran, CS-
66UV) equipped with a lens (PF10545MF-UV, Nikon). During imaging, X-rays were irradiated 
using an X-ray generator (RXG-0118Mo, R-Tech) operated at 50 kV and 1 mA. As the imaging 
object, the electric component (24LC64-I/SN, Microchip Technology) with 0.15 mm lead widths 
within an epoxy resin matrix was used. The object was placed 5 cm from the X-ray target, and 
the dose rate was 300 mGy/s. X-ray imaging was performed by exposing the samples to X-rays 
for a duration of 5 s.

3.	 Results and Discussion

	 XRD patterns of Eu-doped CaS transparent ceramics and the standard card of CaS (COD: 
9008606) are described in Fig. 1. All diffraction patterns were consistent with reference data for 
the face-centered cubic structure of CaS. With increasing Eu concentration, the diffraction 
peaks gradually shifted toward lower angles. This shift can be attributed to the substitution of 
Ca2+ ions (ionic radius: 1.12 Å for coordination number 8) by Eu2+ ions (ionic radius: 1.25 Å for 



Sensors and Materials, Vol. 38, No. 2 (2026)	 583

coordination number 8). Figure 2 shows the diffuse-transmittance spectra and photographs of 
Eu-doped CaS. In all the ceramics, the mesh patterns behind the ceramics are visible through the 
ceramics. The ceramics exhibit a red coloration, which became more pronounced with increasing 
Eu concentration. For the diffuse transmittance spectra, all the ceramics exhibited high 
transmittance of approximately 80% in the wavelength range of 600–800 nm. A decrease in 
transmittance at around 300–350 nm and 400–600 nm was observed and was enhanced as the 
Eu concentration increased. This behavior is attributed to absorption associated with the 4f–5d 
transitions of Eu2+ ions.(33–35)

	 Figure 3 shows PL excitation/emission maps of 0.1% Eu-doped CaS transparent ceramic as a 
representative. Under excitation of around 300–350 nm and 400–600 nm, the broad emission 
band was observed at around 650 nm, and the spectral shapes of all the ceramics were similar. 
Since the features of excitation and emission bands were consistent with those reported for Eu-
doped CaS opaque ceramics, the emission origin would be the 5d–4f transitions of Eu2+ 
ions.(29,36–39) The quantum yields of 0.01, 0.05, 0.1, and 0.5% Eu-doped CaS were determined 
using an integrating sphere under 460 nm excitation, and the obtained values were 16.1, 14.1, 
10.1, and 3.2%, respectively. These values are lower than the ~62.7% reported for previously 
studied Eu-doped CaS opaque ceramics.(29) In earlier studies, EuCl3 was used as the dopant, 
whereas in the present work, EuS was employed. In addition, the sintering temperature used in 
this study (1700 ℃) was higher than that reported previously (1000 ℃). These differences in the 
starting materials and sintering conditions may have affected the quantum yields.
	 X-ray-induced scintillation spectra of Eu-doped CaS transparent ceramics are shown in Fig. 
4. The shapes of the scintillation spectra were similar to those of the PL spectra, and the emission 
at around 650 nm matches the wavelength sensitivity of the Si-photodiode. With increasing Eu 
concentration, the emission peak positions shifted toward longer wavelengths. This wavelength 
shift is attributed to self-absorptions of Eu2+ ions, as indicated by the diffuse-transmittance 
spectra shown in Fig. 2. The inset of Fig. 4 shows the integrated scintillation intensity of Eu-
doped CaS transparent ceramics. In general, the integrated scintillation intensity depends on the 
output signal when used with integrating detectors, such as X-ray imaging systems. Among all 

Fig. 1.	 (Color online) XRD patterns of Eu-doped 
CaS transparent ceramics and the standard card of 
CaS (COD: 9008606).

Fig. 2.	 (Color online) Diffuse-transmittance spectra 
of Eu-doped CaS transparent ceramics. The inset 
shows photographs of Eu-doped CaS transparent 
ceramics.
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the ceramics, 0.05% Eu-doped CaS exhibited the highest emission intensity, suggesting that the 
optimal Eu doping concentration in CaS transparent ceramics is approximately 0.05%.
	 Afterglow curves of Eu-doped CaS transparent ceramics with 2 ms X-ray irradiation are 
shown in Fig. 5. Here, the afterglow levels were calculated using the following equation: 
(I2−IBG)/(I1−IBG), where I1 is the intensity during X-ray irradiation, I2 is the intensity at 20 ms 
after X-ray cut off, and IBG is the background intensity. The calculated afterglow levels are 
summarized in the inset of Fig. 5. Compared with the commercially available Tl:CsI scintillator, 
which has an afterglow level of ~0.04%,(40,41) the Eu-doped CaS transparent ceramics exhibited 
afterglow levels one to two orders of magnitude higher. If the near-room-temperature trap levels 
that cause afterglow can be reduced by introducing codopants or optimizing the sintering 
conditions, further improvement in the afterglow properties can be expected.(42,43)

	 Figure 6 shows the real-time X-ray imaging system and an X-ray image of an electric 
component using a 0.05% Eu-doped CaS transparent ceramic. The electric component, which 

Fig. 3.	 (Color online) PL excitation/emission maps 
and QY values of the Eu-doped CaS transparent 
ceramics.

Fig. 4.	 (Color online) X-ray-induced scintillation 
spectra of Eu-doped CaS transparent ceramics. The 
inset shows the integrated scintillation intensity of 
Eu-doped CaS transparent ceramics.

Fig. 5.	 (Color online) Afterglow curves of Eu-doped 
CaS transparent ceramics with 2 ms X-ray irradiation. 
The inset summarizes the afterglow levels.

Fig. 6.	 (Color online) Schematic of the real-time 
X-ray imaging system and an X-ray image of an 
electric component using a 0.05% Eu-doped CaS 
transparent ceramic.
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contains 0.15 mm lead widths within an epoxy resin matrix, was imaged to demonstrate that the 
X-ray imaging system employing 0.05% Eu-doped CaS transparent ceramics can achieve a 
spatial resolution of at least 0.15 mm. While this imaging test is preliminary, optimizing the 
scintillator thickness and detector setup may lead to higher spatial resolution. Consequently, the 
0.05% Eu-doped CaS transparent ceramic shows potential as a scintillator for X-ray imaging 
applications. 

4.	 Conclusions

	 We synthesized 0.01–0.5% Eu-doped CaS transparent ceramics by the SPS method, and their 
structural, optical, and X-ray-induced scintillation properties were investigated. All the ceramics 
exhibited high transmittance (~80%), and the absorption bands due to 4f–5d transitions of Eu2+ 
were confirmed at around 300–350 and 400–600 nm. Under UV excitation (300–350 and 400–
600 nm) and X-ray irradiation, the broad emission band at around 650 nm was observed, which 
was suitable for the wavelength sensitivity of the Si-photodiode. The X-ray imaging test was 
performed using 0.05% Eu-doped CaS, confirming that the spatial resolution was at least 0.15 
mm. The Eu-doped CaS transparent ceramic was regarded as a promising candidate scintillator 
for X-ray imaging applications. 
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