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Fluorescence of glass containing rare earth ions
(Sumita Optical Glass,. Inc) oONARUHITO SAWANOBORI

Glasses containing rare earth ions, which are visible fluorescent active substances, show
fluorescence in a wide range of UV excitation. Glasses containing Eu®" (trivalent europium)
for red (R), Tb*" (trivalent terbium) for green (G), and Eu** (divalent europium) for blue (B)
are known to exhibit red-green-blue fluorescence. The excitation and fluorescence properties
are different depending on the type of rare-earth ion and the ion valence. Figure 1 shows the
fluorescence spectra of the three types of rare earth ions when excited by ultraviolet light at a
wavelength of 365 nm. Trivalent rare earth ions, Tb* and Eu**, fluoresce due to electronic
transitions called f-f transitions, and have sharp peaks with small half-widths as shown in
Figure 1. The divalent rare-earth ion Eu?* does not emit fluorescence due to f-f electron
transitions, which is characteristic of rare-earth ions; Eu?" emits fluorescence due to f-d
transitions with mixed d electron orbitals, resulting in a fluorescence spectrum with a wide
emission peak width, as shown in Figure 1. The decay time of Tb*" is on the order of 10
seconds from the time the excitation is stopped, and the decay time of Eu*" is almost the same.
The decay time of Eu?’, however, is much shorter, on the order of 10 seconds. This
phenomenon also reflects the difference in the electronic transitions between trivalent and
divalent rare earth ions in the emission mechanism."

Optical glasses, which are used as materials for optical elements, contain a large amount of
rare-earth oxides, such as B,0s-Ln,Os (Ln: rare earth elements). The fluorescent glasses
containing Eu*" and Tb* are based on such optical glasses, but the glasses containing Eu**, a
divalent rare earth ion, are produced by a redox reaction during melting. However, the glasses
containing divalent rare earth ions, Eu?", use fluoride-based fluorophosphate glass as the matrix
glass, considering the effect of the matrix component on the luminous efficiency and the
promotion of divalent ion formation by controlling the redox reaction during melting. As an
example of the application of glasses using the fluorescence of rare-earth ions, the glass is used
as a key component of a sensor system for controlling the illuminance of ultraviolet light
sources. When UV light is irradiated on fluorescent glass containing rare earth ions under
certain conditions and the intensity of the UV light is changed, the fluorescence intensity (1x)
and the excitation light intensity (mW) are measured with an illuminance meter, and a linear
relationship is shown between the fluorescence intensity (Ix) and the excitation light intensity
(mW). Therefore, it is possible to convert UV light into visible light by using rare earth ions,
and then measure the light with a photodiode through an optical fiber to convert it into UV light
intensity for measurement comparison.
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