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A Sr;Y(PO,); single crystal was grown by the optical floating zone technique using four
xenon arc lamps. The photoluminescence and scintillation properties in the vacuum ultraviolet
(VUV)—visible range were investigated. A broad emission peak appeared at 300—600 nm under
the irradiation of both VUV light and X-rays. The scintillation decay time constants were
obtained to be 40 and 370 ms. They would be respectively related to self-trapped excitons and
some defects. The light yield and energy resolution of Sr;Y(PO,); were revealed to be 260
photons/5.5 MeV-a and 19%, respectively, by measuring pulse height spectra of 2*'Am a-rays
(5.5 MeV).

1. Introduction

Phosphors for ionizing radiation detection are categorized into scintillators and storage-type
phosphors.(!3) Scintillators immediately convert ionizing radiation into low-energy photons
after absorbing the incident high-energy radiation.® In the case of storage-type phosphors, they
capture carriers that are generated by incident radiation at trapping centers and emit photons
upon stimulation by external energy sources such as heat and light.®) The fluorescence
phenomena induced by external heat and light are recognized as thermoluminescence (TL) and
optically stimulated luminescence (OSL), respectively.®) The application fields of the above
phosphors are widespread: medical,(’-® security,®” and personal dose monitoring.1%!") The
required properties for the materials vary depending on the application; therefore, appropriate
materials are selected for use in terms of their physical and chemical properties such as
luminescence intensity, decay time, density, effective atomic number (Z,), and hygroscopicity.
Further search of new scintillators and storage-type phosphors has been conducted to improve
their performance and satisfy the required standards for radiation detection.(?-12-19)
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Scintillators for a-ray measurements are especially used in monitoring radioactive
contamination and its spatial location.2923 Alpha and high beta particle emitters have been
detected in the reactor buildings of the Fukushima Daiichi Nuclear Power Station (FDNPS). The
scintillators are required to have low—medium Z, to distinguish the signals between o-rays and
noises such as y-rays. Furthermore, high light yields (LYs) and energy resolutions are important
for improving the detection efficiencies and discrimination abilities for nuclear species such as
in the case of U and Pu isotopes. Ag-doped ZnS has been conventionally mounted and used as
a-ray survey meters.?22Y The Z,, of 27 and the LY of 38000 photons/MeV®) are ideal
performance characteristics; however, the energy resolution is in sufficient for distinguishing the
energies from different types of a-rays. The material form of ZnS is polycrystal line; therefore,
scatterings of scintillation light at some defects and grain boundaries can lead to a decrease in
energy resolution.

A Sr3Y(POy); single crystal has potential for scintillator use in a-ray measurements because
it has a Z - of 33, which is close to that of ZnS, and has high transparency, which can reduce the
scattering of scintillation light. In addition to the above characteristics, phosphates including
A;5(POy)s-type materials (4 and B are respectively alkaline earth metal elements and rare-earth
clements)6-27) have been reported to show bright luminescence in the visible range, which
matches the wavelength sensitivities of conventional Si-based detectors. This is an advantage for
detector applications because scintillators are used in combination with photodetectors. In this
study, the growth of a Sr;Y(PO,); single crystal and its luminescence and scintillation properties
were investigated.

2. Materials and Methods

A S1;Y(PO,); single crystal was grown by the floating zone (FZ) method. SrCO; (4N), Y,04
(4N), and NH4H,PO, (4N) were used as raw materials. They were weighed in a stoichiometric
ratio and mixed to homogeneity with a mortar and pestle. Then, they were transferred into an
aluminum crucible and sintered at 1200 °C for 12 h for decarbonization. The obtained powders
were ground and molded into a rod shape by applying a hydrostatic pressure of 10 MPa. The rod
was sintered at 1200 °C for 10 h. By using the rod and an FZ furnace having four xenon arc
lamps (Crystal Systems, FZ-T-12000-X-VPO-PC-YH), crystal growth was conducted.

The powder X-ray diffraction (XRD) pattern was measured with a diffractometer (Rigaku,
MiniFlex600). Vacuum UV (VUV) excitation and VU V-excited emission spectra were measured
at the UVSOR synchrotron facility (BL-7B). An X-ray-induced scintillation spectrum, a decay
curve, and pulse height spectra of 2! Am a-rays (5.5 MeV) and 137Cs y-rays (0.662 MeV) were
measured with our original setups.®-2%)

3. Results and Discussion
Figure 1 shows the photograph and XRD pattern of the prepared Sr;Y(PO,); sample. The

surfaces of the sample were polished for the luminescence and scintillation measurements. The
length and thickness were roughly 2—4 mm and 1 mm, respectively. The sample was transparent
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Fig. 1.  (Color online) Photograph (inset) and XRD patterns of Sr;Y(POy)s.

and colorless. To confirm the crystalline phase, the XRD pattern was investigated. The pattern
matched with a reference from the JCPDS card (44-0320). Furthermore, no other phases such as
SrO and Y,0; were observed; hence, the sample had the single phase of Sr;Y(PO,); with a
eulytite-type structure.(>?

Figure 2 shows the VUV excitation and emission spectra of Sr;Y(PO,);. Under excitation
light at 170 nm, a broad emission peak appeared at 300-600 nm. Similar emission spectral
features were confirmed in Ba;Y(PO,4);*® and some phosphates.®? From the spectral feature
and large Stokes shift, the emission origin is thought to be related to self-trapped excitons
(STEs). A photoluminescence (PL) excitation peak at 100200 nm can be due to band-to-band
transitions between (PO4)3".G132 An excitation peak at 200 nm was also observed in other
phosphate materials.%3) Thus, it can be due to charge transfer transitions between Y3* and O?".
Figure 3 shows the X-ray-induced scintillation spectrum and scintillation decay curve of
Sr;Y(POy);. A broad emission peak was confirmed at 300—600 nm as well as the VU V-excited
emission spectrum (Fig. 2). A scintillation decay curve was measured by monitoring at 160—650
nm. The decay curve was fitted by a sum of three exponential functions. The fastest component
was due to an instrumental response function (IRF) that was caused by an excitation source. In a
previous report of an X-ray-induced scintillation spectrum of BasLa(PO,);, the spectrum
convoluted the two origins: STEs and some defects.?”) Hence, it was reasonable that two decay
components due to the material appeared. The second component had a decay time constant of
40 ms. The order of the decay time constant matched the value of triplet—singlet transitions of
STEs confirmed in ScPO, (10 ms);®? thus, the component was considered to be related to STEs.
The slowest component had a decay time constant of 370 ms. The origin is unclear; however, it
could be associated with defects according to the scintillation spectra due to STEs.

Figure 4 shows the pulse height spectrum of *'Am a-rays (5.5 MeV) measured using
Sr;Y(PO,);. As a reference for estimating the LY of Sr;Y(PO,);, the spectrum of 3’Cs y-rays
measured using Gd,SiOs (GSO, LY: 7500 photons/MeV©®?) is also displayed. Sr;Y(PO,); shows a
clear full energy absorption peak. By comparing the channel number of this peak with that of a
photoabsorption peak of GSO, the LY of Sr3Y(PO,); was calculated to be 260 photons/5.5
MeV-a. This value was much lower than that of Ag-doped ZnS. However, the energy resolution
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Fig. 2. (Color online) VUV excitation and emission Fig.3. (Color online) X-ray-induced scintillation
spectra of Sr3Y(PO,);. Solid line shows an emission spectrum (inset) and decay curve of Sr;Y(POy)s.
spectrum under excitation at 170 nm. Dashed line Dashed line shows IRF.

shows an excitation spectrum monitored at 400 nm.
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Fig. 4. (Color online) Pulse height spectra of 2! Am a-rays measured using Sr;Y(PO,); and '37Cs y-rays measured
using GSO.

was calculated to be 19% in Sr;Y(PO,);, which was superior to that of Ag-doped ZnS.
Sr;Y(PO,); was reported to show TL when stimulated at 50-150 °C.343%) Therefore, some
carriers generated by inserting ionizing radiation were captured at the trapping centers, which
can be stimulated by the energy at 50-150 °C, and this led to the low LY.%%) In some materials,
the amount and type of trapping center were successfully changed by doping impurities.37-3®)
Furthermore, PL emission efficiencies can also be increased. According to the Robins model, LY
is proportional to band gap energy, energy transfer efficiency, and PL emission efficiency.(%)
Hence, the LY of this material could be improved by controlling the traps such as by doping
cations of different valences with host compositions ¢7) or by introducing luminescence centers,
which can lead to high emission efficiencies.(2%40:41)

4. Conclusions
A Sr;Y(PO,); single crystal was synthesized by the FZ method. Its luminescence and

scintillation properties were examined. It showed a broad emission peak at 300—600 nm under
both VUV light and X-rays. The scintillation decay time constants of 40 and 370 ms were
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confirmed. The former could be related to STEs and the latter to some defects. A pulse height
spectrum of 2! Am a-rays (5.5 MeV) was measured using Sr;Y(PO,);. A clear full energy peak
appeared, and the LY and energy resolution were respectively calculated to be 260 photons/5.5
MeV-a and 19%. This good energy resolution is advantageous over the conventional scintillator
for a-ray measurements, although the material needs a major improvement in LY.
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