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We developed a method to co-dope active centers other than silver and
achieved simultaneous integrated dosimetry and real-time measurement in a device. We demonstrated
the feasibility of real-time radiation measurement using a phosphate glass containing europium oxide

powder. Furthermore, by adding aluminum and tin to the substrate, we identified another strong
luminescent center in the phosphate glass and observed broadband white luminescence under deep
ultraviolet excitation.
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Compact and convenient dosimeter devices can be an effective tool for dose distribution
profiling of various radiation fields such as X-rays, protons, and carbon beams used in
medical diagnosis and treatment. Phosphate glasses, which is widely used as highly reliable
personal dosimeters, exhibits phenomena of radio-photoluminescence (RPL) that is
corresponds to the total amount of radiation exposed to the device. Unfortunately, the
possibility of real-time measurement of the radiation using these phosphate glasses has not
yet been fully guaranteed due to the build-up effect.

2. MIEEOHB

In response to this issue, we have been developing a method of co-adding active centers
other than silver and have been studying devices that can simultaneously achieve integrated
dosimetry and real-time measurement. Recently, we have demonstrated the feasibility of
real- time radiation measurement in phosphates with europium oxide (Eu203) powder.
However, another problem raised that the readout wavelength of the RPL from silver
activator overlapped with that of radioluminescence (RL) from Eu+ activators. More recently,
we could find another intense photo and radio luminescence centers in phosphate glass by
actively adding aluminum (Al) and tin (Sn) to the substrate. Broadband white luminescence
was observed at deep UV excitation below 300 nm. By combining these fluorescent centers
with silver activators, we might have a potential to enlarge the possibilities of real-time
radiation detection and measurement by RL without background noise during RPL readout
is expected to be achieved. In this presentation, we will report a prototype of an aluminum
(AD-doped glass device and the measurement results under various radiation exposure.

3. WD FHE

Phosphate glass (PG) substrate was formed by mixing aluminum metaphosphate
(A1(POs3)s) and sodium metaphosphate (NaPOs) powders with a mass ratio of 1:1 to form the
main material. In addition to this major chemical composition, aluminum powder was
introduced as an impurity with 0.2 mol% concentration. The entire glass matrix was heated
at 1000°C for 2 hours, and then shaped into a hemispherical glass bead structure by rapid
cooling method using cylindrical indentations formed on a chrome copper plate. Aluminum
co-doped silver activated phosphate glass beads were prepared and 33 connected to an optical
fiber (THORLABS: M29L05) via a SMA optical fiber attachment (Amphenol Insert Fibre
Optic Connector). Combined with a photomultiplier tube (Photomultiplier tube, PMT: HPK:
H1890-01), a real- time measurement device was realized.

4. WFIERLE

The example of the measurement utilizing developed phosphate glass is shown in Fig.
1. It was confirmed that the RL intensity increased linearly with the increase in the dose
measured by a semiconductor dosimeter (RaySafe ThinX RAD X) When the X-ray tube
voltage and current were changed, the change in RL was confirmed as well as the dose change.
This device is composed of only low atomic number elements and is less likely to cause
disturbance in radiological diagnostic images. Fast speed response is quite beneficial to track
radiation like scanning ionized particles for the treatment. Further optimization of the device
1s necessary as a more appropriate and simple real-time measurement material for
radiological diagnostic and therapeutic applications.
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Fig.1. The relationship between radioluminescence from
phosphate glass and X-ray tube current.
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