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	 We synthesized 20Lu2O3-30Ga2O3-50SiO2 glasses doped with various concentrations of Sn 
using a floating zone furnace equipped with Xe arc lamps. The samples showed a luminescence 
band around 450 nm in both photoluminescence (PL) and scintillation spectra. The origin of the 
luminescence was ascribed to the T1–S0 transition of Sn2+ on the basis of the luminescence 
wavelength and PL decay time constant. The highest scintillation intensity and PL quantum 
yield were observed from the 1% Sn-doped sample. The afterglow level tended to decrease with 
increasing Sn doping, and the afterglow levels of the 1 and 3% Sn-doped samples were 
comparable to that of the conventional Tl-doped CsI scintillator. The optimal concentration of Sn 
for the glass was estimated to be 1%.

1.	 Introduction

	 A scintillator is a type of phosphor that can convert high-energy ionizing radiation into low-
energy photons. The applications of scintillators are diverse, and they are used in medicine,(1) 
security,(2) and high-energy physics.(3) The main properties required for scintillators are a high 
light yield, short decay time, good energy resolution, low afterglow level, chemical stability, and 
suitable effective atomic number (Zeff). No scintillator yet meets all of these requirements, and 
many researchers are investigating novel scintillators.(4–11) In the case of X- or γ-ray detection, 
the main interaction between the ionizing radiation and the scintillator is the photoelectric effect, 
and the cross section is proportional to the fifth power of Zeff.(12) Therefore, a large Zeff is 
important for high-energy X- or γ-ray detection. Although some commercial crystalline 
scintillators have a large Zeff,(13) the only commercial glass scintillator is 6Li-glass (GS-20, Saint-
Gobain), which is used for neutron detection and has a small Zeff (Zeff = 22.8).(14) Glass 
scintillators have several advantages over crystalline scintillators, such as a lower cost, a wider 
range of possible compositions, and better workability. However, glasses containing heavy 
elements (such as rare earths) often require melting at a high temperature of over 2000 ℃. 
Therefore, the synthesis of a large-Zeff glass is difficult using conventional techniques. 
	 One of the solutions to this problem is the floating zone (FZ) method. This method was 
originally used for single-crystal growth;(15) however, we succeeded in applying it to glass 
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synthesis.(16) The FZ method does not require a crucible, meaning the possibility of 
contamination from a crucible can be ignored. In addition, an FZ furnace equipped with Xe arc 
lamps can allow melting at high temperatures of up to 3000 ℃.
	 In this study, we used Lu2O3-Ga2O3-SiO2 glass as the host material. Since some Lu-
containing crystalline scintillators including Lu2SiO5 and Lu2Si2O7 have a large Zeff and high 
light yield,(17–20) Lu2O3-SiO2 glass is also expected to show good scintillation properties. Ga2O3 
was predicted to play the role of an intermediate (network former) for this glass. Additionally, we 
added Sn to the host material as a luminescent center because some silicate glasses doped with 
Sn showed good luminescence properties.(21,22) In this study, we synthesized 20Lu2O3-30Ga2O3-
50SiO2 glasses (Zeff  = 56.2) doped with Sn and evaluated their optical and scintillation 
properties.

2.	 Materials and Methods

	 We synthesized 20Lu2O3-30Ga2O3-50SiO2-xSnO (x = 0.1, 0.3, 1, and 3) glasses using an FZ 
furnace (FZ-T-12000-X-VPO-PC-YH, Crystal Systems Corporation) equipped with four Xe arc 
lamps. The starting materials were Lu2O3 (5N, Nippon Yttrium), Ga2O3 (4N, Furuuchi 
Chemical), SiO2 (4N, Rare Metallic), and SnO (2N, High Purity Chemicals). The powders were 
mixed homogeneously and taken into a balloon to form a cylindrical rod by applying hydrostatic 
pressure The ceramic rods were sintered at 1200 ℃ for 8 h in air. Other details are explained in 
our previous report.(16) The only difference from our previous report was that the molten part 
was placed in a Pt crucible filled with water to quench it. Part of the obtained sample was 
polished by a polishing machine (Byehler, MetaServ 250), and the remaining part was crushed 
into a powder for powder X-ray diffraction (XRD) measurement. A diffractometer (Rigaku, 
MiniFlex600) was used for XRD. 
	 Photoluminescence (PL) excitation and emission spectra and the PL quantum yield (QY) were 
measured using a Quantaurus-QY system (Hamamatsu Photonics, C11347). PL decay curves 
were measured using a Quantaurus-τ system (Hamamatsu Photonics, C11367) so as to obtain the 
PL decay time constants. Our original setup was used to measure scintillation spectra.(23) The 
scintillation intensity was compared using the scintillation spectra, taking into consideration 
differences in the sample weights. Afterglow profiles were obtained by an afterglow 
character izat ion system.(24) The af terglow level  ( ppm) was calculated as 
1000000 × (I2 – IBG)/(I1 – IBG), where IBG, I1, and I2 are the background signal intensity, the 
signal intensity during X-ray irradiation, and the signal intensity obtained 20 ms after the 
irradiation was cut off, respectively. 

3.	 Results and Discussion

	 Figure 1 shows the appearance of the samples. After polishing, each sample was 
approximately 3 mm long and 1 mm thick. The weights of the 0.1, 0.3, 1, and 3% Sn-doped 
samples were 64, 38, 25, and 43 mg, respectively. All samples were colorless and transparent and 
contained small cracks. The XRD patterns of the samples are shown in Fig. 2. Since a halo peak 
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at 30° was observed, the synthesized samples were amorphous. The halo peak position 
corresponded to the reference pattern of Lu2Si2O7 (COD 8100597). Therefore, the synthesized 
glasses may have formed a Lu2Si2O7-like structure.(25) 
	 Figure 3 depicts the PL excitation and emission spectra of the samples. A broad emission 
band was observed around 450 nm under excitation of around 300 nm. On the basis of the PL 
spectra and PL decay time constants (described later), the origins of the excitation and emission 
of the samples were ascribed to the S0–S1 and T1–S0 transitions of Sn2+, respectively.(21,22,26) A 
redshift of the excitation band with increasing Sn concentration was observed. In a previous 
study, the reason for the redshift was given as follows. The S1 band can be split into two different 
energy bands: higher and lower energy bands. Compared with the higher energy band, the lower 
energy band is more easily affected by the Sn concentration, with a redshift occurring with 
increasing Sn concentration.(27) The PL QY values of the 0.1, 0.3, 1, and 3% Sn-doped samples 
were 4.3, 7.0, 11.3, and 10.3%, respectively. A high PL QY of approximately 100% has been 
reported for some Sn-doped glasses, and the PL QY values of our samples were considerably 
lower.(21,27) Therefore, Sn4+, which does not contribute to luminescence, might have been 
generated by oxidation and incorporated as a network former in the present samples.
	 Figure 4 shows the PL decay time profiles of the Sn-doped samples. The excitation and 
monitoring wavelengths were 280 and 450 nm, respectively. The decay curves were fitted with a 
single exponential decay function. The obtained decay time constants of the 0.1, 0.3, 1, and 3% 
Sn-doped samples were 5.06, 5.11, 5.13, and 5.12 μs, respectively, which are typical values for the 
T1–S0 transitions of Sn2+.(22,27,28)

	 Figure 5 shows the scintillation spectra of the samples after correction for the weight of each 
sample. A broad emission band around 450 nm was observed for all the samples, similarly to in 
the PL spectrum. Thus, the origin of the luminescence was ascribed to the T1–S0 transition of 
Sn2+. The highest scintillation intensity was detected from the 1% Sn-doped sample.
	 Figure 6 shows the afterglow profiles of the Sn-doped samples. The afterglow levels of the 
0.1, 0.3, 1, and 3% Sn-doped samples were 1861, 1068, 390, and 422 ppm, respectively. The 
afterglow level tended to decrease with increasing Sn doping, and the afterglow levels of the 1 

Fig. 2.	 (Color online) XRD patterns of the samples 
and reference of Lu2Si2O7 (COD 8100597).

Fig. 1.	 Appearance of the synthesized samples.
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Fig. 6.	 (Color online) Afterglow profiles of the samples after 2 ms X-ray irradiation. The signal intensity was 
corrected for the background.

Fig. 5.	 (Color online) X-ray-induced scintillation 
spectra of the samples. The intensities were corrected 
for the weight of each sample.

Fig. 4.	 (Color online) PL decay time profiles of the 
samples. The excitation and monitoring wavelengths 
were 280 and 450 nm, respectively.

Fig. 3.	 (Color online) PL excitation and emission spectra of the samples.
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and 3% Sn-doped samples were comparable to that of the conventional Tl-doped CsI scintillator 
measured under the same condition.(29) Afterglow is a type of storage-type luminescence caused 
by shallow trapping centers and thermal stimulation at room temperature.(30,31) A low afterglow 
level indicates a small number of shallow trapping centers and high energy migration efficiency 
in the scintillation process. Generally, the scintillation efficiency is proportional to the energy 
migration efficiency and the luminescence efficiency (PL QY).(13) In this study, the trend of the 
scintillation intensity closely matched those of the PL QY and afterglow level. Therefore, the 
optimal Sn concentration for the 20Lu2O3-30Ga2O3-50SiO2 glass scintillator was estimated to be 
1%. 

4.	 Conclusions

	 We successfully synthesized 20Lu2O3-30Ga2O3-50SiO2 glasses doped with Sn using an FZ 
furnace equipped with Xe arc lamps. The XRD patterns of the samples indicated that they were 
amorphous and formed a Lu2Si2O7-like structure. The PL and scintillation spectra showed 
luminescence at around 450 nm, and the PL decay time constant of the samples was 
approximately 5 μs, which is a typical value for the T1–S0 transition of Sn2+. The highest PL QY 
and scintillation intensity were obtained from the 1% Sn-doped sample. The afterglow level 
tended to decrease with increasing Sn doping. The afterglow levels of the 1 and 3% Sn-doped 
samples were comparable to that of the conventional Tl-doped CsI scintillator. From the 
viewpoint of both the scintillation intensity and afterglow level, the optimal Sn concentration for 
the 20Lu2O3-30Ga2O3-50SiO2 glass was estimated to be 1%. 
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