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Abstract— Random lasers are easier and cheaper to
manufacture than regular ones, being made of several materials
such as polymers, powders or dyes. Glass random lasers have
been rarely studied due to their inhomogeneous broadened
emission and low damage threshold. Here, we study Nd**doped
Te02-Zn0O-Al20;3 glasses with different concentrations of rare-
earth doping (4 wt.%, 8 wt.% and 16 wt.%). Emission intensity
per pump fluence and fluorescence decay time measurements
showed the potential of these glasses for random laser
applications in the near-infrared region.
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1. INTRODUCTION

Random lasers are different from regular lasers since the
stimulated emission is caused by scattering instead of a
physical cavity, making them easier to fabricate. They were
demonstrated experimentally for the first time in 1993 by
Gouedard et al. [1], and since then they have been made from
several materials [2-6], such as polymers [7] and dyes [8].
Glasses are promising materials to be used for random laser
fabrication, since their properties can be easily manipulated
with different matrices or rare-earth ions doping, which makes
them able to generate a wide range of wavelengths depending
on their composition. Glass random lasers, however, have
been rarely studied [9-11], since they present an
inhomogeneous emission band and low damage thresholds,
making their stimulated emission difficult to evaluate from
usual methods such as the narrowing of the emission
linewidth.

Here, we study random laser emission of Nd** doped
Te0,-ZnO-ALLOs; glasses [12,13] with three different
concentrations of Nd»O3 (4 wt.%, 8 wt.% and 16 wt.%). From
their temporal decay measurements, it was possible to obtain
the emission intensity curves, which showed a clear laser
threshold for the three concentrations of Nd,Os3,
demonstrating the presence of stimulated emission for this
material.

II. MATERIALS AND METHODS

A. Glass and preparation

The glass was prepared with 85.0 TeO,-12.95 Zn0O-2.05
AlO3; (TZA) composition, with 4 wt.%, 8 wt.% and 16 wt.%
0f Nd,Os. The melt-quenching method was used to prepare the
samples. The starting reagents were melted at 835°C during
30 minutes, using a platinum crucible, and then quenched in a
pre-heated brass mold, to be annealed at 300°C for two hours
and then cooled down to room temperature. A more
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fundamental characterization of this glass matrix can be seen
in [14].

The glass was turned into powder with an agate pestle, and
to obtain the smallest particles, isopropyl alcohol was added
and the suspension was placed within an ultrasound bath for
three minutes, allowing separation of the supernatant particles
(smaller) from the sunken ones (larger), giving particles of 1.5
pm average diameter, obtained through dynamic laser
scattering. After drying, 100 mg of the supernatant particles
were separated, and 0.1 mL of isopropyl alcohol was added to
form a thick paste. This paste was placed into a (5 x 50) mm?
well, having ~100 um depth. The paste was left to dry,
forming a film with the powder particles. Three samples were
prepared, one for each Nd»>O;3 concentration

B. Temporal measurements

First, we measured the absorption spectrum (Fig. 1a) in
order to verify the best wavelength for the pump. Since the
585 nm band (*Gs» + 2G712) has higher absorption than the 806
nm (*Fs,2) one, we chose to work with this shorter wavelength
band. For the temporal measurement, we used an OPOTek
model OPOlette laser system, with 10 ns pulses and repetition
rate of 20 Hz, operating at 585 nm wavelength, and power
varying from 0.1 mJ to 1.4 mJ. A RIGOL oscilloscope with 6
GSa/s and 350 MHz bandwidth was used to verify the decay
time of the studied samples. The setup used for these
measurements is shown in Fig. 1b.

III. RESULTS AND DISCUSSION

To determine the fluorescence decay time, four
measurements were taken for each pump energy to calculate
an average and standard deviation for each point. For low
energies, only fluorescence was observed, with a long decay
time of microseconds. Increasing the pump energy led to a
shorter pulse (with nanoseconds width), demonstrating the
presence of stimulated emission.

Regarding the emission intensity per fluence (energy per area)
measurements, by making different tests with filter
combinations in front of the photodetector, we realized that
the 1300 nm emission was being observed instead of the usual
1064 nm. This was verified by changing the OPO wavelength
to both 1064 nm and 1300 nm, and changing the filters
between a 1200 longpass filter and a 1064 nm bandpass.
Afterwards, we repeated the measurement, and could see
stimulated emission only for the 1300 nm line, while for the
1064 nm line only fluorescence was observed.

We verified the fluorescence decay time for each Nd,O3
concentration (Fig. 2), being 10.0 ps for 1064 nm and 20.4 ps
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Figure 1: a) Normalized absorption spectrum for the sample with 16 wt.% of
Nd,Os ; b) Experimental setup used for temporal decay measurements. A
glass cover slide is used to reflect 2% into a reference detector; reference
detector is a Thorlabs Si photodetector; filter 1 is a longpass 550 nm filter;
lens 1 has 150 mm focal length; lens 2 has 25 mm focal length; filter 2 is a
1000 nm longpass filter and either a 1200 nm longpass filter or a 1064 nm
bandpass filter; detector is a Thorlabs InGaAs photodetector.

for 1300 nm for 4 wt.%; 7.2 ps for 8 wt.% for 1064 nm and
9.5 ps for 1300 nm; and for 16 wt.%, 3.7 us for 1064 nm and
5.4 pus for 1300 nm. As expected, the decay times were shorter
for higher Nd>O; concentration, as reported in other works
[15]. Since the 1064 nm emission band has larger emission
cross-section, it was also expected that its decay times would
be shorter than for the 1300 nm one. [14]

As the energy was increased, a shorter decay appeared,
showing stimulated emission along with the fluorescence. By
subtracting one low energy decay from the higher energy
measurements we evaluated the emitted intensity of the
stimulated emission; these results are presented in Fig. 2¢ that
shows emission intensity versus fluence for the 1300 nm
emission. All samples presented random laser behavior under
pump power increase, with no output signal until the threshold
fluence is reached, followed by a linear increase of the output
intensity. We can see that the largest laser threshold occurs for
the sample with 4 wt.% of Nd,Os, at 1.43 mJ/mm?, and the
shortest one for the sample with 16 wt.%, at 0.96 mJ/mm?,
which is approximately the same for the sample with 8 wt.%.
This indicates a saturation of the laser threshold with Nd,O;
concentration.

Since the samples do not present the exact same thickness, it
is not possible to compare their intensity values. However, it
is possible to notice that the slope of the intensity is different
for each Nd>Os concentration; the highest slope takes place for
the sample with 4 wt.% of Nd,O3 whereas the lowest happens
for the one with 8 wt.%.

IV. CONCLUSIONS

We studied TZA samples with 4 wt.%, 8 wt.% and 16
wt.% of Nd»Os. The different fluorescence times for the 1064
nm and 1300 nm emission wavelengths were studied, showing
that for higher concentrations, the smaller is the decay time.
Moreover, the decay time for 1064 nm is always smaller than
for 1300 nm. The emission intensity per fluence was studied
and it was possible to verify a clear laser threshold for the three
samples, with the lowest value of 0.96 mJ/mm? for the one
with 16 wt.% of Nd,Os. This is, to our knowledge, the first
random laser result at 1300 nm for tellurite glasses.
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