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COMMUNICATIONS
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Upconversion fluorescence emission of B¥b®"-doped BjO;—Na,0—Nb,0s—GeQ, heavy metal

glass samples excited at 1.06n is experimentally investigated. The results reveal the existence of
intense emission bands centered around 520, 545, and 655 nm. The germano-niobate based host
glass presents high transparency in the region of 400—2700 nm, the capability of incorporating high
dopant concentrations, high melting temperature, and large resistance to atmospheric moisture. The
observed intensity of the green fluorescence emission, suggested that the niobium based host glass
material plays an important role in the efficiency of the upconversion process. Emission lines
centered at 425, 483, 503, 608, and 628 nm were also observel@9® American Institute of
Physics[S0021-89788)01401-7

Considerable attention has recently been devoted to thghates, and fluoride glasses, little attention has been directed
conversion of near infrared radiation to visible light in rare-to the study of nonlinear frequency conversion in niobate
earth doped glass materials, for a wide range of applicationglasses.
including color displays, optical data storage, biomedical di-  In this work, we report on the experimental investigation
agnostics, sensors, and undersea optical communications. § Upconversion fluorescence spectroscopy of *Bth®-

general, the upconversion process is accomplished via tHéOpgd hi"’(‘)\’y me?:] germalno-r;]lobatﬁ based glass s;@mples ex-
so-called frequency upconversion mechanism, first investic't®d at 1. 6um. The results show the generation of intense

gated by Auzel The frequency UpcOnversion process in.dreen and red signals centered around 520, 545, and 655 nm,

) o respectively. The results also suggest that the glass niobate
volves stepwise excitation and energy transfer between rar P y 99 9

. ) . %bmposition plays an important role in the upconversion ef-
earth ions in solids. The researchers’ effort has already led tﬁciency

the realization of rare—garth doped glass ladérdiber In the experiment, the excitation source was a cw Nd:
lasers ™ and sensor devicés.’ yttrium aluminum garnetYAG) laser operated at 1.06m.

A very important factor to be considered when develop-The excitation light was injected onto the samples by means
ing a rare-earth doped optical device, is the host materiabf a 5-cm-focal length lens. The laser beam waist at the
The host glass is desired to present a minimal absorptiosample location was approximately p4n. The signal light
coefficient within the wavelength range of interest, ultrafastemitted from the sample was collected by a 10-cm-focal
response times, compatibility with waveguide fabricationlength lens and coupled to an optical fiber bundle which
process, high optical damage threshold, and large nonlineagonveyed the signal light into a 0.34 m scanning spec-
ity. Particularly for temperature sensor devices, an importantrograph. The detection system comprised an S-20 uncooled
requirement for practical applications is that the materialPhotomultiplier tube, coupled to a lock-in amplifier and com-
must yield a large upconversion signal when excited withPUter: ,
powers comparable to commercially available diode Glas_s samples were prepared from reagen;—gr_ade bis-
lasers’'® Amongst many, fluoroindat®, fluorophosphaté! muth oxide (Bi;Os), sodium carbonatéNa,CO,), niobium

. 5 - _oxide (Nb,Os), and germanium oxideGeQy), as starting
fluorozirconaté? and heavy metal silicate glassédave al materials. They were carefully mixed in appropriate propor-

ready proven to satisfy the majority of the desired characterg, s ang melted in a platinum crucible in an electric furnace
istics mentioned above. However, unlike for silicates, phosz; temperatures between 1000 and 1100 °C. The samples had
the two sideqfaces polished so that they had plate shapes

3E|ectronic mail: artur@fis.ufal.br with dimensions of 3k11 and 2013 mm, and thickness of
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FIG. 1. Absorption spectrum of EW/Yb®*'-doped BjO;—Na,O—Nb,Os—

GeO, glass.
FIG. 3. Simplified energy-level diagram of the®Emnd YB* ions. Up-

wards arrows indicate excitation photons and downwards stand for fluores-
. . cence emission.
3.4 and 2.6 mm, respectively. The dopants concentrations

were 500 and 5000 ppm/wt for g3 and YO3, respec-

tively. Figure 1 illustrates a typical absorption spectrum of\yhich the E?* in the excited statél 11/2 absorbs a 1.06m
our samples. As can be seen, the material presents a Wi%oton is also possible. The Erreached'S;, with phonon
transparency region extending from 400 nm to beyond 270@ssijstance. It is very important to point out the intense peak
nm. It is also shown in the spectrum, the three importantentered around 520 nm corresponding to Hg,;—*1 15/
absorption bands centered around 975 nm due ' Yéns  transition. The emission can be obtained whenevef'$he
and 520 and 1530 nm owing to Erions. level is excited. ThéH ., level is populated froMS,, via
Figure 2 shows a typical power spectrum of upconver-3 fast thermal equilibrium between the leveié:'® There
sion fluorescence visible radiation emanating from the glasgyist two main possible pumping mechanisms for the red
sample. The intense green emission bands centered arougfhission in E¥*/Yb®-doped glass. The first pumping
520, 545, and 655 nm, correspond, respectively, t6khg,  mechanism comprises the population of fi&, level, by
and *S;, and*F, transitions to thel 15, ground state of means of the process described previously, followed by a fast
Er’" ions, as indicated in the simplified energy level diagramnonradiative decay through multiphonon interaction from the
of Fig. 3. The excitation process for t&;,—*I15,, transi-  populated'S,, to *F4, and then to thél ,5, ground state. In
tion can be explained as followsin a first step, @ 1.0&m  the other possible mechanism, the excited-state, level
photon is absorbed by a Yb which provokes the populated via energy transfer betweerd Eand Y& ions,
?F712~°Fs, transition. The second step involves the excita-relaxes to“l,4, through a multiphonon interaction from
tion of an EF* in the*l 11, by means of the energy transfer \here*F ), is populated by an excited-state absorption. This
meChaniSﬁ’I of excited chH to Er3+ . Fina”y, as the third pump|ng mechanism also involves two 1[161 photons_
Step, either the same %thh absorbs a second 1%\1 The pump power dependence of the three main upcon-
photon or another nearby Yb being still in the’Fs, state,  version fluorescence bands was analyzed and the results are
transfers its energy to the same*Ey and the mechanism in depicted in the log—log plot of Fig. 4. As can be inferred
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FIG. 2. Visible upconversion fluorescence spectrum for Ju@6 pumping FIG. 4. Log-log plot of upconversion fluorescence emission as a function
wavelength. of pump power at 1.0G:m.
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from data, both green and red emissions intensities presentg@ssible route is through a one-photon excited state absorp-
a quadratic dependence upon excitation intensity. This betion from 4S;,, or energy transfer processes
havior indeed corroborates with the proposed routes for théYb3" in 2Fs, to EFT in 4S;),).

excitation mechanism involving two 1.0am photons to In conclusion, we have experimentally investigated, fre-
reach the upper emitting levels. It is important to mentionquency upconversion fluorescence spectroscopy i /Er
that differently from reports of Ref. 16, we have observed noYb3*-doped niobium based heavy metal glass excited at 1.06
saturation behavior in any of the three curves of Fig. 4, evenum. The results showed the emission of three intense visible
for pump powers as high as 3 W. It is also important to pointfluorescence bands centered around 520, 545, and 655 nm.
out that the upconversion process in this glass was so effifhe observed intensity of the green fluorescence emission
cient that the green emission could readily be seen with theuggested that the presence of the niobium in the host glass
naked eye, at pump powers as low as a few tens of miliwattanaterial plays a major role in the efficiency of the upconver-
For 100 mW absorbed power, as much asud of visible  sion process. This characteristic, added to the wide transpar-
upconversion fluorescence was generated, giving rise to ency region(400—2700 nny high vitreous transition and
conversion efficiencyy~10"% (n=1,,/1 ;09- The excitation melting point temperatures, the possibility to incorporate
Gaussian beam waist at the sample location w&g um,  high dopant concentrations and large resistance to atmo-
yielding an excitation power density in the sample of spheric moisture, makes the material an alternative contender
~1.1 kWicnt for the 100 mW cw power used in this mea- to optical temperature sensors.

surement. This is to be compared with results reported in

Refs. 16 and 17 where a maximum room temperature upcon-  The financial support for this research by Financiadora
version efficiency of~10"° was measured for Er/Yb-doped ge Estudos e Projeto&INEP) and Conselho Nacional de
heavy metal fluoride glasses. We believe that the relativelyyesenyolvimento Cieffico e Tecnolgico (CNPQ, Brazil-

high ~efficiency of frequency upconversion in our jan agencies, is gratefully acknowledged. J.A. Medeiros Neto

Er*'/Yb**-doped BjO;~Na,O-Nb,Os~GeQy samples, is and N. Aranha acknowledge CPqD-Telebras for financial
attributed to the presence of niobium in the host glass matrixgpnort.
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