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Abstract

In thiswork, we report on the generation of bright blue and red upconversion luminescence through the
sensitization of thuliumionsin Nd**/Yb® /Tm™ triply-doped 70%PbGeOs: 15%PbF,: 15%CdF, glass excited by
a diode laser source around 800 nm.

Introduction

Infrared-to-visible frequency upconversion in lanthanide doped materials has been extensively
investigated owing to the potential applicaions in visible upconversion lasers, fiber amplifiers, high density
memories or solid-state wlor-displays. Thus, there eists a need for novel solid-state materials capable of
producing efficient frequency upconversion processes. It is also important to study new routes for the
upconversion excitation in dternative host materials and identify the major relaxation and interadion
medhanisms between rare-eath ions implanted into the glass. The ion-pair interadion referred to as energy-
transfer, where the spedes excited by a pump photon cadled domor transfer its excitation to the other spedes
cdled acceptor present in the system, has receéved much attention in Er**-, Pr¥*-, and Tm>'-doped samples
sensitized with Yb**. In some peadliar situations, however, the ytterbium ions can play a role of an energy-
transfer bridging ion between a donnor and an acceptor ion.

Experimental Setup

The fluorogermanate glass samples used in our measurements had a @mpostion of
70%PbGe03:15%PbF,: 15%CdF, and triply-doped with Nd**/Yb*/Tm*. Glasses were prepared with high purity
(99.999%%) rare-eath oxides and all speda care was taken in the lab during the glass preparation in order to
avoid contamination due to aher rare-eath ions. The host material presents very good ogiicd quality, is gable
against atmospheric moisture. The material also exhibits high solubility alowing the incorporation of high
lanthanide mncentrations apart from being nonhygroscopic and possess high therma stability against
crystalli zation. The samples thickness were [11.0 mm and the excitation source was a cw diode laser operated at
840 nm. The pump beam was focused down into the samples by a 5 cm focd length lens. The fluorescence
signal was colleded by a fiber-bundle, and was dispersed by a 0.34 m scanning spedrograph with operating
resolution of 0.5 nm and deteded by a S-20 uncooled photomultiplier tube. A lock-in amplifier in conjunction
with a storage-scope cupled to a microcomputer was used for data aquisition and storage.
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Results and Discussions

Figure 1, shows upconversion fluorescence spectra of Tm*" ions under 800 nm excitation, for a sample
codoped with Yb(dotted line) and a Nd**/Yb*/Tm>* triply-doped sample(solid line). It is observed that the
presence of Nd*" in the system, produces a tenfold enhancement in the blue emission associated to the *G, — *Hs
transition of Tm*" ions, as compared to samples doped with Tm*/Yb*". The dependence of the upconversion
emission intensity as a function of the excitation power was examined and a quadratic power law behavior was
obtained indicating the participation of two pump photons in the upconversion excitation mechanism. The
upconversion excitation process of the Tm* ion 'G, emitting level was achieved by a initial energy-transfer
process from the 800 nm excited Nd** to Yb**. The excited Yb** then, transfer its energy to a Tm*" ion at the *H,
level excited by a pump photon at 800 nm. The upconversion excitation process is illustrated in the simplified

energy-level diagram of figure 2.
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Figure 1 - Room-temperature upconversion emission spectrum for the Nd**/Tm*/Yb* triply-doped sample
under 50 mW excitation power at 840 nm.
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Figure 2 — Simplified energy-level diagram for the Nd*/Tm*/Yb® ion system
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Conclusions

In this work, we have presented the generation of bright blue and red upconversion |luminescence
through the sensitization of thulium ionsin Nd*/Yb*/Tm?* triply-doped 70%PbGeOs:15%PbF,:15%CdF, glass
samples excited by a diode laser source around 800 nm. The results indicated that the presence of Nd ionsin the
system strongly affects the blue emission by thulium ions.

Acknowledgements

The financial support for this research by FINEP, CNPq, PADCT, and PRONEX-NEON, Brazilian
agencies, is gratefully acknowledged. The work of Luciano A. Bueno, S. J. L. Ribeiro and Y. Messaddeq has
the financial support from FAPESP - SP - Brasil.

References
[1] J. C. Wright, Top. Appl. Phys. 15 (1975) 239
[2] J. Qiu, and Y. Kawamoto, J. Appl. Phys. 91 (2002) 954



