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In the present study, we investigated the photoluminescence (PL) and scintillation properties
of Sm:CaHfO;. All Sm:CaHfO; samples showed multiple PL emission peaks due to the 4f-4f
transitions of Sm3*. Additionally, the PL quantum yield of 0.5% Sm:CaHfO; was 62.8% under
excitation at 410 nm, and the value was the highest among the samples. Under X-ray irradiation,
all the samples showed emission peaks due to the 4f-4f transitions of Sm3". Afterglow levels at
20 ms after 2 ms X-ray irradiation were 6000—22000 ppm.

1. Introduction

A scintillator can instantly convert ionizing radiations such as X- and y-rays into numerous
low-energy photons (scintillation photons). Scintillation photons are converted to an electrical
signal by a photodetector like a Si photodiode (Si-PD).(1:2) This measurement system is used in
radiation detectors in security®—) and medical® applications. In particular, airport baggage
screening devices and X-ray flat panel detectors are integrated-type detectors that measure
scintillation intensity by integrating scintillation signals over a certain time. Scintillators
designed for integrated-type detectors require large effective atomic number (Z.g), high density
to enhance the probability of interaction with X-rays,(”) high scintillation intensity, high chemical
stability for long-term use, and low afterglow level (AL). CAWO, (CWO) and TI:Csl single-
crystal scintillators are currently used in integrated-type detectors. However, CWO contains Cd,
a toxic substance, and T1:Csl shows small deliquescence and relatively high AL. As a result,
alternative materials are being sought in various material forms such as single crystals,®26)
ceramics,®1%2730) and glasses.G1-4)

CaHfO; has large Z.s (65.2), high density (6.95 g/cm?), and high chemical stability. Up to
now, scintillation properties of various rare-earth-doped (Ce?*,#?) Eu3*,(#3) Tbh3*,(#4:45) Dy3T (46)
and Tm>*#7)) CaHfO; single crystals have been evaluated, and Dy:CaHfO showed a high light
yield (LY) of 20000 photons/MeV. Therefore, CaHfO; single crystal is an excellent host for
testing a new scintillator. Sm>" exhibits several emission peaks within 500-700 nm, matching
the sensitivity of the Si-PD typically used in general integrated-type detectors. In the present
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study, we investigated the scintillation and photoluminescence (PL) properties of Sm:CaHfO4
single crystals.

2. Experimental Setups

CaO (99.99%), HfO, (99.95%), and Sm,03 (99.99%) were used as starting materials. The
amount of CaO was increased by 10% above the stoichiometric ratio,*? and the concentrations
of Sm were 0.05, 0.1, 0.5, 1.0, and 2.0%. Crystals were grown in the same manner as in a
previous study.*?) The less cracked portions of the crystallized rods were selectively divided and
polished using a grinder polisher (Buehler, MetaServ 250) to prepare samples for evaluation.

Powder X-ray diffraction (PXRD) patterns were observed using an X-ray diffractometer
(Rigaku, MiniFlex 600). PL excitation and emission spectra and PL quantum yield (QY) were
measured using Quantaurus-QY (Hamamatsu Photonics, C11347). PL decay curves were
evaluated using Quantaurus-t (Hamamatsu Photonics, C11367). X-ray-induced scintillation

spectra, decay curves, and ALs were measured using our original experimental setups.48:4°)

3. Results and Discussion

Crystals were successfully grown, and single crystalline rods were obtained. From these
rods, some parts were selected for polishing, and after polishing, the length, width, and thickness
of the samples were determined to be 2, 2—4, and 0.6 mm, respectively. The samples appeared
colorless and transparent. Except for these polished parts, the remaining parts were crushed for
XRD measurements. The PXRD patterns of all the samples were almost the same as those of the
rare-earth-doped CaHfO; single crystals synthesized by our research group.#?>-#7) The patterns
were consistent with the reference pattern of CaHfO; (International Crystallographic Diffraction
Data No. 36-1473), and no extra peaks were detected. Therefore, the samples have a single-phase
structure of CaHfO;, which belongs to the Pnma space group of the orthorhombic structure.®%->1)

Figure 1 shows the PL excitation and emission spectra of the 1.0% Sm:CaHfO; sample as a
representative. The vertical and horizontal axes of the spectrum indicate excitation and emission
wavelengths, respectively. All the samples exhibited several emission peaks derived from the
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Fig. 1. (Color online) PL spectrum of 1.0% Sm:CaHfO; sample.
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4f-4f transitions of Sm3*.%? The PL QY values of all the samples were evaluated under excitation
at 410 nm and accumulating signals at 500—680 nm. The QY values ranged from 18.3 to 62.8%
depending on Sm concentration. Figure 2 shows the PL decay curves of the samples. The decay
curves were measured under excitation (1z,) at 410 nm and monitoring (1g,,) at 600 nm and
approximated using a single exponential function. The obtained decay time constants ranging
from 1.0 to 1.3 ms are similar to those of Sm-doped materials previously reported;3->¥ thus, the
constants would be due to the 4f-4f transitions of Sm>*. On the basis of the QY values and decay
time constants, the radiative (k) and nonradiative (k,,) transition rates were calculated and are
listed in Table 1. As the concentration of Sm increased from 0.5 to 2.0%, k; decreased and k,,,.
increased, indicating that concentration quenching occurred in the 1.0 and 2.0% Sm:CaHfO;
samples.

Figure 3 shows the X-ray-induced scintillation spectra of the samples. The spectra showed
emission peaks originating from the 4f-4f transitions of Sm3".0>36) Figure 4 shows the X-ray-
induced decay curves of the samples. The decay curves were approximated using a single
exponential function with decay time constants of 1.2—1.5 ms except for instrumental response
functions (IRFs). These decay time constants would be due to the 4f-4f transitions of Sm>*
according to the results of PL decay curves. Following these scintillation properties, the AL was
evaluated. AL values at Sm concentrations of 0.05, 0.1, 0.5, 1.0, and 2.0% at 20 ms after 2 ms of
X-ray irradiation were determined to be 22000, 12000, 11000, 10000, and 6000 ppm,
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Fig. 2. (Color online) PL decay curves of all samples.

Table 1

PL properties of Sm:CaHfO3 samples.

Sample 0Y (%) Decay “(‘:‘nz)consmm ks e (571
0.05% Sm:CaHfO3 18.3 1.3 140 630
0.1% Sm:CaHfO3 274 1.3 210 560
0.5% Sm:CaH{fO3 62.8 1.2 520 310
1.0% Sm:CaHfO3 55.6 1.1 510 400

2.0% Sm:CaHfOs 44.1 1.0 440 560
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Fig. 3. (Color online) Scintillation spectra. Fig. 4. (Color online) Scintillation decay curves.

respectively. These AL values were somewhat higher than those of the commercial scintillators
for integrated-type detectors, such as CWO (~10 ppm) and TI:CsI (~300 ppm).“? HfO, is widely
recognized as a phosphorescent material,®”) and a small amount of remaining HfO, may act as a
source of afterglow. Given that the AL decreased with increasing Sm concentration, it is possible
that Sm decreased the AL in CaHfO;. This requires further study. Owing to their high AL, the
application of Sm:CaHfO; to airport baggage screening devices is not feasible. However, they
may be suitable for use in radiography devices with inspection intervals long enough to eliminate
the impact of afterglow.

4. Conclusions

0.05, 0.1, 0.5, 1.0, and 2.0% Sm:CaHfOj; single crystals were synthesized by the FZ method,
and their PL and scintillation properties were evaluated. In the PL and scintillation spectra, all
the samples showed emission peaks originating from the 4f-4f transitions of Sm3*. The PL QY of
the 0.5% Sm:CaHfO; sample was 62.8% under excitation at 410 nm, and this value was the
highest among all the samples. In afterglow curves, the obtained AL values were within the
6000—22000 ppm range and rather higher than those of commercial scintillators, CWO and
T1:Csl. Considering all the PL and scintillation results, the application of Sm:CaHfO; single
crystals to airport baggage screening devices in the security field is difficult, but they have
potential for use in radiography devices like chest X-ray examination devices.
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