Bi-doped silica glass - analysis of luminescent center
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Recently, we have discovered a new infrared emission from a bismuth-doped silica glass (BiSG)[1]. The
emission of BiSG at 1.25 um with 0.8-um excitation has a very wide spectrum, which is 300 nm of full width at
half maximum (FWHM) and long lifetime (630us), and, therefore, we have pointed out the possibilities that this
new infrared emission would be useful as a core-material of an optical amplifier at zero-dispersion wavelength
and a ultra-short pulse generation. The optical amplification and the laser oscillation phenomena are reported by
several researchers [2,3], however, the luminescent mechanism is still being discussed. In this paper, we propose
the structural model of Bi luminescent center expected by examining the local environment of Bi ions in BiSG
using several analytical methods.

1) The quality of glass and fluorescence intensity (roles of aluminum ions) [4]

AlLLO; addition is effectively afects to increase the fluorescence intensity. The intensity of BiSG
(BiSG_A ;Bi,0; :1.0mol%, Al,0O5 :2.3mol%) emmits around three orders of magnitude larger than that of BiSG
(BiSG_B ;Bi,05 :1.0mol% without Al,0O3). BiSG_A have glassy wetting while BiSG_B did not show glassy
wetting. Therefore, it is considered that both Bi and Al atoms should be close together, and the roles of
aluminum ions are summarized into following two points; a) to assist the configuration of the peculiar
luminescent center of Bi ion with
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2) Electron spin resonance (ESR)[1]
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4) X-ray photoelectron spectroscopy T ) SiO2 glass network
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spectrum is sensitive to the local { pentavalent state. _) *3 6-fold coordination of Bis* is only reported.

environment of an ion, especially, Fig. 1 The expected local structure of Bi ion in BiSG.

valence state. We observed the
binding energies of Bis; 7, in Bi metal, Bi,Os, and BiSG. These peaks are shifted to higher energy in order of Bi
metal (0)-> Bi,O3 (3+)-> BiSG. The BiSG valence state is expected to be higher (Bi’") than that of Bi,Os.
5) *’Al-NMR [4]

The *’AI-NMR peak on BiSG exists at the same as a-Al,Os3. Therefore, Al ions of 6-fold corundum structure
are dominant in BiSG.

In conclusions, we propose that the local structure of Bi ion in BiSG shown in Fig.1. These results will help to
study out the luminescent mechanism on the peculiar Bi infrared luminescent center.
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