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Abstract—We describe the characterization of a temperature
sensor based on the infrared-to-visible frequency upconversion
process excited in a sample of Er**-doped fluoroindate glass.
The present results demonstrate the feasibility of constructing
a compact practical device using a low-power CW 1.48-um diode
laser as the excitation source.

1. INTRODUCTION

ARE-earth (RE) doped materials are of interest for tem-

perature sensors because their absorption and emission
properties are temperature dependent, To date a number of
such sensors has been presented and the most successful
approach is based on the study of RE fluorescence whose
decay-time is a function of the sample temperature. For
this kind of application the fluorescent material is excited
by a pulsed light source of an appropriate wavelength and
the fluorescence signal decay-time is determined by a time-
resolved processing circuit. This method was introduced about
ten years ago [1] and has been employed by several authors
[11-[5].

More recently a new approach also based on the temperature
dependence of the RE fluorescence was proposed in [6].
The authors used a fluoride glass codoped with Er®t and
Yb3*t and measured the sample’s temperature by determining
the signal ratio of two fluorescence lines of a Boltzmannian
population associated to excited states. The signal processing
was simplified since the temperature was determined from the
ratio of two line intensities, instead of time-resolved mea-
surements. However, an important requirement for practical
application of the new method is the selection of an appropriate
material that must present a large upconversion signal while
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excited with low-power laser diodes. The use of oxide glasses,
for example, is not practical because the large nonradiative
relaxation suffered by the RE ions when incorporated in this
class of host makes them poor upconverters. On the other hand,
fluorozirconate glasses are not appropriate either because of
their sensitivity to humidity.

In the present paper we report the use of a new class
of fluoroindate glasses doped with Er®* as a temperature
sensor based on the method introduced in [6]. Accordingly, the
efficient infrared-to-visible upconversion process is achieved
using a 1.48-pm CW low-power (5 mW) laser diode that ex-
cites a significant population to the thermally coupled excited
levels *Hy, /2 and 18, /2+ which generate the double frequency
fluorescence signal required.

The samples used were prepared following the procedure
given in [7] and have the compositions (mol %): 39 — z
InF3-20ZrF>—16BaF,—205rF;—2GdF3—~2NaF-1GaFs—xErF,y
(x = 2, 3). These fluoroindate glasses present high trans-
parency from the ultraviolet to the middle-infrared and large
resistance to atmospheric moisture. Moreover, our recent
studies [8]-[11] have shown their large potential for photonic
applications because their phonons have small energies
(<507 cm™'), they present large frequency upconversion
efficiency and it is possible to incorporate large concentrations
of RE ions to the matrix.

Fig. 1 shows schematically the excitation and decay chan-
nels related to the states *Hyyyo and 1Sy, whose fluores-
cence intensity ratio is the basis of our sensor. As indicated
by the solid arrows, the pump diode laser resonant with
e i /2 =4, /2 (ransition initiates the upconversion process.
The upconverted fluorescences at ~522 nm and =543 nm are
quite strong and readily visible by the naked eye. The spectra
obtained for 23 °C and 175 °C are presented in Fig. 2. We
have observed that when the glass temperature is raised, the
intensities of both fluorescence lines at ~522 nm and ~343 nm
decrease as well as their ratio. On the other hand, their peak
positions did not change in the temperature range of our
measurements (23-175 °C). The behavior of the fluorescence
signal, Iy, with the laser intensity, I,, was also determined
and the dependence, I, oc IV, with N =~ 3 was verified.
This result indicates that three laser photons participate in
the upconversion process. For the Er’t concentrations and
laser wavelength used, frequency upconversion is mainly
due to energy transfer processes and the contribution of
excited state absorption is negligible [11]. Accordingly, after
excitation to the *I,, /2 Sstate, energy transfer between three
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Fig. 1. Simplified energy levels scheme of Er'*. The downwards arrows

indicate the upconverted fluorescence and the curved arrows on the right side
stand for energy transfer,

excited Er®* ions at that level will take one ion to the states
QHH/Q or "183/2. The energy transfer can be resonant or

' nonresonant with phonon emission or absorption compensating

the energy mismatch. Afterwards, radiative transitions to the
ground state give rise to the observed green fluorescence at
~522 nm (*Hyyys ~+*1152) and =543 nm (*Say2 —L15/2).
The temperature behavior observed is consistent with previous
reports for fluorozirconate glasses [12]. Because of the small
energy gap (=750 cm~!) between the levels 2H11/2 and '153/2,
the state *Hy /5 may also be populated from S, /2 by thermal
excitation and a quasithermal equilibrium occurs between the
two levels. As a consequence of the quasithermal equilibrium,
the ratio of the two fluorescence intensities may be written
as R = 522/[543 = EXI){—AE/A‘ZT}, where AFE is the
energy gap between the levels Hyy;5 and “Sy, k is the
Boltzmann constant, and C' is a parameter that depends on the
levels lifetime and their electronic weight.

To determine the temperature behavior of the R-ratio un-
der conditions similar to the ones required for a practical
temperature sensor, the laser light was delivered to the glass
sample through a single-mode-fiber. The fluorescence intensity
was measured using an optical spectrum analyzer and for the
signal capture the sample was butted to a two-meter-long
multimode fiber. Thus, the temperature transducer was very
compact. The behavior of the R-ratio is shown in Fig. 3 for
the sample with =z = 3. The exponential dependence of the R-
ratio with temperature was asserted from the best fit presented
in Fig. 3(a), which gives C = 11.2 and AE = 769 cm™!.
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Fig. 2. Green upconverted fluorescence (normalized to the stronger
line) corresponding to the transitions Hyy/n —*1j5/2(522 nm) and
1840 —*5/2(R543 nm): (a) 23°C; (b) 175 °C. Sample concentration:
o =8,

For the sample with 2 = 2 we have obtained C = 7.39 and
AE = 742 cm™!, From the C' values we obtain the ratio
between the levels lifetimes 7(*Hyy/0)/7("S3/2) = 2.36, and
359 forx =2, and z = 3, respectively. The different values
obtained are due to the dependence of the levels lifetime with
the Er** concentration [9]. From Fig. 3(b) we calculated the
sensor sensitivity as 0.004/°C.
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Fig. 3. (a) Logarithmic plot of the relative intensities of the transitions at
522 nm and 543 nm (Jsz2/I543) versus the inverse temperature; (b) Relative
intensities versus the sample temperature. Sample concentration: r = 3.

The present results for the upconversion efficiency can be
favorably improved if Yb*+ /Er*+ codoped samples are used.

Another important aspect to consider is the suitability of the
fluoroindate glass to be fibered, and the possibility to the use
the doped fiber as the active sensing element.

Finally, we mention that a practical device will require a
simple and inexpensive electronic circuit to process the ratio
between the two signals instead of the elaborate circuitry used
in the devices based on the analysis of decay-time temperature
dependence. From the calculated sensor sensitivity, a precision
>+1 °C can be obtained if the electronic circuitry allows
division with four digits or more. Moreover, the temperature
sensor is insensitive to light intensity variations of the pumping
source as well as possible fluctuations and losses of the optical
signal during propagation through the addressing fiber coupled
to the sensor.
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