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A fluorescence based fiber-optic temperature sensor is demonstrated using a modulated pump laser in conjunction with a
piece of Erbium-doped fiber (EDF). The remote fiber sensor is based on a lifetime measurement of 90 cm long EDF, which
is diode-pumped by a 980 nm laser and can be used to measure temperature in the range of 26°C to 60°C. The sensitivity
of the sensor is obtained at 0.009 ms/°C with a linearity of more than 94%. The use of fibers of this type opens up significant
possibilities for high temperature sensor probes, which is effective and useful for its high resolution and precision.
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1. Introduction

The need for temperature measurement exists in many
applications for various processes. Although there are
many kinds of temperature sensors based on
thermoelectric effects, fiber-optic sensors offer many
advantages over them in certain applications [1-2]. Since
signals from the thermoelectric sensors are normally
mixed with intrinsic noise and extrinsic interferences, they
are imprecise to a certain degree and may contain
intolerable errors. Therefore, this type of sensors is inapt
for gauging temperature in microfluidic or nano-sized

devices, in extreme marine environments, and
underground geological sites where long distance
measurement or precision is required. For such

applications, fiber optical sensors offer a better alternative
since the optical signal does not suffer from interference
by electromagnetic fields and can be transmitted over
extremely long distances without any significant loss
[3-6].

A variety of fiber optical sensors have been
demonstrated recently for temperature measurement such
as the sensors based on Bragg gratings [7], scattering [8],
and fluorescence-based techniques [9]. Fiber Bragg
gratings are very efficient at temperature sensing and are
easy to implement; however, they always need additional
techniques to discriminate the Bragg shifts by temperature
and by strain/compression. On the contrary, the
fluorescence-based techniques are relatively independent
of ambient conditions besides temperature. One of the
widely used methods is the detection of fluorescence
lifetimes [10-11]. This method can be utilized with various
rare-earth-doped silica fibers. In principle, fluorescence is
induced by pump power at a certain wavelength that is
suitable for the doped ions, and only a straightforward

detection procedure is needed. An additional advantage of
such rare-earth-doped fiber sensors is that they are
compatible with a wide range of existing fiber-optic
multiplexing schemes that can simultaneously detect
multiple physical parameters.

The underlying principle behind the ability of the
rare-earth doped materials to be used as temperature
sensors [12] is their properties of emission and absorption
that are dependent on the temperature. This behavior is
due to the homogeneous broadening of the linewidth and
the changing population of the energy levels with
temperature. In the earlier work, a remote temperature
sensor has been proposed using fluorescence intensity-
ratio technique [13]. In this paper, a new temperature
sensor is demonstrated based on fluorescence decay time
in Erbium-doped silica fiber. This technique has the
advantage of incorporating a time based encoding system,
which is less sensitive to system losses such as those
associated with optical cables and connectors.

2. Experimental

Fig. 1 shows the schematic diagram of the
experimental set-up. The 980nm laser pump beam is
launched into a piece of 90 cm long Erbium-doped fiber
(EDF) via a wavelength division multiplexing (WDM)
coupler. The EDF is placed in a vacuum oven which
allows us to vary the fiber temperature within 25 to 200°C
interval. The fluorescence signal from the forward pumped
EDF is detected by a Ge photo-detector and processed
with a digital oscilloscope. The 980 nm pump beam is
chopped so as to generate a square-wave modulated signal
with pulse width of 2.2 ms, peak power of approximately
124 mW and frequency of 45 Hz. When the erbium-doped
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fiber is pumped with the photon energy of 980 nm, the
41,11/, erbium level is excited and the *I;3, metastable level
is quasi-instantaneously populated due to the non-radiative
transition. The population inversion between *l,3, and
*l117 level is responsible for the emission of fluorescence
at around 1550 nm. When the EDF is pumped at a fixed
rate, the fluorescence variation including a lifetime change
can reflect corresponding temperature. The temperature
dependent fluorescence lifetimes of the spontaneous
emission of the EDF is investigated and studied in this
work.
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Fig. 1. Experiment setup of fiber optic high temperature sensor.

3. Results and discussion

Fig. 2 shows the output spectrum of the amplified
spontaneous emission (ASE) of the forward pumped EDF
when the continuous wave pump power is fixed at 31 mW.
The ASE spectrum peaks at 1529 nm with the average
power of around -58 dBm. The temperature sensing
mechanism in this work is based on the temperature
dependence of the Erbium fluorescent lifetime decay. The
Erbium fluorescence lifetime is measured using a
modulated pump laser with power of approximately 2 mwW
and the results for temperature measurements of 85°C and
130°C are shown in Figs. 3(a) and (b), respectively. Fitting
the exponential curve produces lifetimes of 4.85 and 4.75
ms for temperatures of 85°C and 130°C accordingly. The
fluorescence lifetime data taken over the range of 25°C to
160°C are presented in Fig. 4. The graph shows the
existence of an inverse linear relationship between the
Erbium lifetime and the temperature. The fluorescence
lifetime data shown in Fig. 4 are mean values of
consecutive measurements at corresponding stabilized
temperature. The sensitivity of the sensor is obtained at
0.009 ms/°C with a linearity more than 94%. The lifetime
reduction is attributed to the quenching of the Erbium
luminescence, which results in less efficient excitation.
The quenching is mainly due to a decrease in the
absorption coefficient of Erbium ion as the temperature is
increased.

-56
-58
-60
-62
-64
-66
-68
-70
-72

Output Power (dBm)

1480 1500 1520 1540 1560 1580

Wavelength (nm)

Fig. 2. Output spectrum of the generated ASE with 980
nm pump power of 31mW.
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Fig. 3. Fluorescence lifetime decay of EDF at (a) 85 °C
and (b) 130 °C from a digital oscilloscope.
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Fig. 4. Lifetime of EDF as function of Temperature.

4. Conclusions

The fluorescence lifetime decay time of EDF as a
function of temperature in the 26-60°C range is
demonstrated for sensor application. The remote
temperature sensor is based on a lifetime measurement of
90 cm long of EDF, which is diode-pumped by a
modulated 980 nm laser. The sensitivity of the sensor is
obtained at 0.009 ms/°C with a linearity of more than 94%.
This temperature sensor is shown to be effective and
useful for its high resolution and precision.
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