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Upconversion property and light scattering in Tm®*-doped glass-ceramics

Yoshinari MIURA", Yong DING Takashi MURATA, Yusuke HIMEI, Tokuro NANBA*
(Received November 30, 2001)

Glass-ceramics containing Pb,Cd, [F, microcrystallites were prepared through heat treatment of
Tm>'/Yb**doped SiO,-Al,O0s-PbF,-CdF, glasses. The crystallite size was controlled by varying the
heat-treatment time. By changing glass composition, two types of strong optical scattering, Rayleigh
and Mie scattering modes were observed for the glass ceramics. In the case of Rayleigh scattering, the
scattering region expanded to the long-wavelength side with increasing the heat-treatment time. On the
other hand, in the case of Mie scattering, the region were hardly dependent on wavelength, and visible
light was widely scattered. It was argued that the different scattering phenomena were caused by the
different size of the crystallites or their morphogical texture. Furthermore, the glass-ceramics with
strong optical scattering showed higher upconversion fluorescence intensity than the matrix glass. The
mechanisms for the enhanced upconversion due to the scattering were discussed.
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Fig.la. X-ray diffraction patterns of Glass
A and its glass—ceramics prepared by the heat
treatment at 530°C for Omin, 2, 4, 6 and 8h.
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Fig.2a. Average crystallite size for the

glass—ceramics prepared from Glass A by the
heat-treatment at 530°C for Omin, 2, 4, 6 and

8h.
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Fig. 1b. X-ray diffraction patterns of Glass B and
its glass-ceramics prepared by the heat treatment
at 550°C for 5min, 0.5, 1, 2, 4, 6 and 8h.
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Fig.2b. Average crystallite size for the

glass—ceramics prepared from Glass B by the
heat-treatment at 550°C for 5min, 0.5, 1, 2, 4,
6 and 8h.
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Fig. 3a. Optical transmission spectra of Glass
A and its glass—ceramics prepared by heat
treatment at 530°C for Omin, 2, 4, 6 and 8h.
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Fig. 3b. Optical transmission spectra of Glass
B and its glass—ceramics prepared by heat
treatment at 550°C for 5min, 0.5, 1, 2, 4, 6
and 8h.
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Fig.4a. TEM image of the glass—ceramics
prepared from Glass A by the heat treatment at
530°C for 8h.
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Fig. 5a. Upconversion fluorescence spectra under
the laser excitation (650nm) on the Tm** *H level
for Glass A and its glass—ceramics prepared by the
heat treatment at 530°C for Omin, 2, 4, 6 and 8h.
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Fig.4b. TEM image of the glass—ceramics
prepared from Glass B by the heat treatment
at 550°C for 8h.
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Fig. bb. Upconversion fluorescence spectra under
the laser excitation (650nm) on the Tm** *Hy level
for Galss B and its glass—ceramics prepared by
the heat treatment at 550°C for 5min, 0.5, 1, 2,
4, 6 and 8h.
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Fig.6. Energy level diagram of Tr* and the
mechanism of frequency upconversion
fluorescence. The solid arrows denote the
absorption or emission process. The dotted arrow
represents the multiphonon relaxation process
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