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Abstract

Bright multiwavelength visible upconversion luminescence through cooperative energy-transfer in
Tb3+/Yb3+-codoped tellurite glasses excited at 1.064 µm is reported. A fourfold thermally induced
enhancement in the cooperative energy-transfer process is demonstrated.

Introduction
Multi-ion interaction in novel rare-earth doped materials has recently attracted much attention owing to

the fact that the effect can be beneficial in the construction of photonic devices. The multi-ion interaction
warrants conditions for the so called sensitization process where the species excited by a pump photon transfer
its excitation to the other species present in the material [1]. The ion-pair interaction referred to as energy-
transfer has been extensively investigated in trivalent Er-, Pr-,  and Tm-doped samples sensitized with trivalent-
ytterbium. In this work, bright visible upconversion emission excited through cooperative energy-transfer and
thermal effects in Tb3+/Yb3+-codoped 60TeO2-10GeO2-10K2O-10Li2O-10Nb2O5  glasses excited at 1.064 µm is
investigated.

Experimental Setup
The tellurium-oxide glass samples used in our measurements had a composition of 60TeO2-10GeO2-

10K2O-10Li2O-10Nb2O5 doped with 10000 ppm/wt of Tb3+ ions and 20000 ppm/wt of ytterbium. Glasses were
prepared with high purity (99.9999%) rare-earth oxides and all special care was taken in the lab during the glass
preparation in order to avoid contamination due to other rare-earth ions. The host material presents very good
optical quality, is stable against atmospheric moisture, it exhibits low optical attenuation from 400 nm to 5.0 µm,
and due to the >2.0 refractive index, one expects to obtain significantly high radiative decay rates of rare-earth
energy levels. The material also exhibits high solubility allowing the incorporation of high lanthanide
concentrations apart from being nonhygroscopic and possess high thermal stability against crystallization. The
samples thickness were ∼ 2.5 mm and the excitation source was a cw Nd:YAG laser operated at 1.064 µm. The
pump beam was focused down into the samples by a 5 cm focal length lens and the pump beam waist at the
samples location was ∼60 µm. The fluorescence signal was collected by a fiber-bundle, and was dispersed by a
0.34 m scanning spectrograph with operating resolution of 0.5 nm and detected by a S-20 uncooled
photomultiplier tube. A lock-in amplifier in conjunction with a storage-scope coupled to a microcomputer was
used for data acquisition and storage.

Results and Discussions
Bright upconversion luminescence around 485, 550, 590, 625 and 655 nm, identified as due to the

5D4→7FJ (J= 6, 5, 4, 3, and 2) transitions of the terbium-ions, respectively, was generated as presented in the
spectrum portrayed in figure 1. Bright upconversion luminescence around 485, 550, 590, 625 and 655 nm,
identified as due to the  5D4→7FJ (J= 6, 5, 4, 3, and 2) transitions of the terbium-ions, respectively, was generated
as presented in the spectrum portrayed in figure 1. The population of the Tb3+-ions 5D4 excited-state level is
assigned to cooperative energy-transfer from pairs of ytterbium-ions excited via a phonon-assisted anti-Stokes
process. The dependence of the visible upconversion luminescence as a function of the sample temperature was
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examined in the interval between 300K and 500K and the results showed an enhancement in the emission
intensities as depicted by the green emission in the plot of figure 2. A fourfold upconversion emission
enhancement was observed with a peak intensity occuring around 410K as indicated in the plot depicted in fig. 2.
The enhancement of the upconversion process is due to the temperature dependence of the Yb3+-sensitizer
absorption cross-section under anti-Stokes excitation. A model based upon conventional rate-equations using
multiphonon-assisted absorption for the ytterbium excitation combined to the energy migration effect between
Yb3+-Yb3+ pairs and Tb3+ ground-state depopulation via multiphonon excitation of the 7F’s excited-states,
described quite well the experimental results[2].

Figure 1- Room-temperature upconversion emission spectrum for the Tb3+/Yb3+-codoped sample under 1.0 W
excitation power  at 1.064 µm.

Figure 2 - Green upconversion emission intensity as a function of the sample temperature at a fixed excitation
power of 1.0 W. Symbols stand for experimental data and solid line is the theoretical fit.
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Conclusions
In conclusion, thermally induced enhancement of infrared-to-visible frequency upconversion through

cooperative energy-transfer in Tb3+/Yb3+-codoped tellurite glass was demonstrated. Bright upconversion
emission extending from blue to red corresponding to transitions commencing at the 5D4 excited-state of the
terbium-ions was observed. The population of the Tb3+-ions 5D4 excited-state level is assigned to cooperative
energy-transfer from pairs of ytterbium-ions. A fourfold upconversion luminescence enhancement in the 300K –
500K interval was also observed. The enhancement of the upconversion process is due to the temperature
dependence of the Yb3+-sensitizer absorption cross-section under anti-Stokes excitation. A model based upon
conventional rate-equations using multiphonon-assisted absorption for the ytterbium excitation combined to the
energy migration effect between Yb-Yb pair and Tb3+ ground-state depopulation via multiphonon excitation of
the 7F’s excited-states, described quite well the experimental results.
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