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Er*’-doped TeO,~WO; glass has been fabricated and characterized. Judd-Ofelt intensity
parameters Q, (t=2, 4, 6) were calculated by absorption spectrum and Judd-Ofelt theory and
found to be ,=5.38x102° cm?, Q,=1.78x107° cm?, Q=0.75x10"* cm’. Intense green and
weak red emission bands centered at 530 nm, 548 nm and 659 nm, corresponding to
2Hi1p—l1sn, *S30—*11s, and “Fos—*11s), transitions of Er’’, were observed under 977 nm
excitation. The dependence of upconversion intensities on excitation power presents two
photon absorption processes for the three emission bands. The upconversion mechanism is
discussed, and the dominant mechanisms are excited state absorption and energy transfer
upconversion. The intense frequency upconversion fluorescence of Er’*-doped TeO,~WO;
glass may be a potential material for developing upconversion fiber optical devices.

1. Introduction

In recent years, the upconversion fluorescence of infrared light to visible light by rare earth
ions doped glasses and crystals has been investigated extensively, due to the possibility of
infrared-pumped visible lasers and the potential applications in areas such as color display, optical
data storage, and medical diagnostics [1-3]. Er’" ions are the most studied among rare earth ions, and
the upconversion process of Er’* ion in various kinds of host materials has been investigated [4—6].
Tellurite glasses possess one of the lowest phonon energies of the oxide glasses and have a high
refractive index, which enhances radiative transition in rare earth ions, making them attractive hosts
for upconversion lasers. Although fluoride glasses have lower phonon energies, tellurite glasses are
interesting alternatives because of their superior chemical durability, thermal stability, and mechanical
strength [7]. By now, in binary tellurite glasses, the upconversion fluorescence has reported in
Er’*-doped TeO,~Na,O [8], TeO,—PbO [9], TeO,~ZnO [10], and TeO,~Nb,Os [11]. Here the
frequency upconversion fluorescence of Er’*-doped TeO,—WO; glass was reported.

2. Experimental

Glass with molar composition 75Te0,—25WOs was prepared. The Er’" doped concentration
in the glass was 1.0 wt%. TeO,—WOs; glass was melted using high purity raw materials in a quartz
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crucible at the temperature 800 °C. The melted glass was poured in a preheated steel mold and
annealed at glass transition temperature. Six surfaces of the glass sample were polished to high optical
quality and used for the following experiments.

The absorption spectrum of the glass sample was recorded with a
PERKIN-ELMER-LANBDA 900UV/VIS/NIR spectrophotometer over a spectral range of
350-1700 nm. Frequency upconversion spectrum was obtained with a TRIAXS550 spectrofluorimeter
pumped by a 977 nm LD. All the measurements were taken at room temperature.

3. Results and discussion
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Fig. 1. Absorption spectrum of 1.0wt% Er’"-doped TeO,~WO; glass.

Fig. 1 shows the absorption spectrum of 1wt% Er’" doped TeO,~WOs glass. The band
assignments are also indicated in the figure. The Judd-Ofelt parameters [12,13] were performed using
the experimental oscillator strengths of the 4f«>4f transitions obtained from this spectrum and
determined by using a least-squares fitting approach, were found to be Q,=5.38x10%" cm’,
Q=1.78x10% cm?, Q,=0.75%x10"%" cm>. According to previous studies [14], €, is related to the
symmetry of the glass while €4 is inversely proportional to covalency of the Er—O bond. As shown in
Table 1, the Q4 in TeO,—WO; glass is smaller than those in phosphate, fluorophosphates and fluoride
glasses and larger than those in germanate, silicate glasses, which indicate that covalency of the Er—O
bond is higher than those in phosphate, fluorophosphates and fluoride glasses and lower than those in

germanate and silicate glasses.

Table 1. Intensiy parameters, Q,(t=2, 4,6) of Er*" in various glasses.

Glass Qz 94 QG
Phosphate [15] 6.65 1.52 1.11
Germanate [15] 5.81 0.85 0.28

Silicate [15] 4.23 1.04 0.61
Fluride [15] 291 1.27 1.11
Fluorophosphates 2.91 1.63 1.26
[16]
TeO,—WO; glass 5.38 1.78 0.75
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The frequency upconversion fluorescence of TeO,—WO; glass excited at 977 nm was shown
in Fig. 2. Two green emission bands centered at 530 nm and 548 nm correspond to transitions
Hy1,— 115 and *S3,—*5), transitions, respectively. The strong green fluorescence was observed in
experiment. Weak red emission band at 659 nm corresponding to transitions *Fon—*115, also exists.
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Fig. 2. Upconversion spectrum of 1.0wt% Er**-doped TeO,-WO; glass.

In an upconversion mechanism the upconversion emission intensity |, is proportional to the
mth power of the infratedd excitation intensity lg; i.e., I, o IR, where m is the number of the IR
photons absorbed per upconversion photon emitted. Plotting loglup versus loglir yields a straight line
with slope m, as shown in Fig. 3 for the green and red emissions. The values of m obtained were 2.08,
1.92 and 1.77, respectively. These results indicate that a two-photon absorption contributes to the
green and the red upconversion emission bands.
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Fig. 3. Dependence of the integrated intensity of upconversion emission on excitation power.

According to the energy-matching conditions and the quadratic dependence on excitation
power, the possible upconversion mechanisms for the emission bands are discussed based on the
simplified energy levels of Er’" presented in Fig. 4. For the green emissions, in the first step, the *I;
level is directly excited at 977 nm. The second step involves the excitation processes based on the
long-lived 1, level as follows: energy transfer (ET) Tt 1 Fr0+ 5, and excited state
absorption(ESA) Tpta photon—>4F7/2. The populated *F5 level Er’' then relaxes rapidly and
nonradiatively to the next lower levels H,,,, and *S3), resulting from the small energy gap between the
levels. Er’" ions at the ZH“/Q state can also decay to the 4S3/2 state due to the multiphonon relaxation
process. The estimated energy gap between the 2H,,, state and the next lower state *Ss/, is ~800 cm .
Thus, multiphonon relaxation rate is very large and the 530 nm emission intensity is reduced. The
above processes then produce the two 2Hy1 =5 and %S5, 15 green emission, respectively. The
red emission band is originated from the *Fo/y—"1;5), transition and the population of *Fy, are based on
the processes as follows: ESA: T3ta photon—>4I9/2, and ET between Er’" ions:
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4113/2+4111/2—>4F9/2+4115/2. The 4113/2 level is populated owing to the nonradiatively relaxation from the
upper ‘1,1, level. Besides, the nonradiatively process from *Ss,, level, which is populated by means of
the process described previously, to *Fo level also contributes to the red emission.
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Fig. 4. Energy level diagram of Er*" ions and upconversion mechanism in Er**-doped
TeO,-WO; glass.

4. Conclusions

Er*"-doped TeO,~WOs glass has been fabricated and characterized. The Judd-Ofelt intensity
parameters Q(t=2, 4,6) were calculated by Judd-Ofelt theory. Infrared to visible upconversion
fluorescence of Er’"-doped TeO,—WOs5 glass, excited by 977 nm LD, was reported. The frequency
upconversion fluorescence of Er'’-doped TeO,—WOj; glass has been investigated experimentally.
Intense green and weak red emission bands centered at 530 nm, 548 nm and 659 nm, corresponding to
Hi10 L5, *S30— 115 and Fon—"ly5 transitions of Er' ", were observed under 977 nm excitation.
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