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ABSTRACT: A cost-effective fiber Bragg grating (FBG) based temper ature sensor has been studied and the
experimental results are presented in this paper. Power measurement scheme has been implemented for
temperature sensing using matched pair of FBGs and use of Optical Spectrum Analyzer is thus avoided.

M aximum sensitivity of 545 nW/ C has been obtained.
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[.INTRODUCTION

Fiber Bragg gratings have been very successfully used
through spectral modulation scheme by many
researchers for temperature and strain sensing apart
from other parameters like acceleration, pressure and
vibration etc [1-6]. Further, multipoint or distributed
sensing has been made possible by measuring the
wavelength shift on the Bragg wavelength with respect
to the change in the measurand [7-10]. However, these
methods require an Optical Spectrum Analyzer (OSA)
or other wavelength interrogation scheme making it a
complex and costly sensor system. In this work, we
present a simple, low-cost and effective temperature
sensor using a matched pair of FBGs and employing
power measurement  techniqgue. The  power
measurement scheme enables temperature sensing
without the use of OSA or any other wavelength
interrogation, thus making the sensor simple, less bulky
and cost-effective.

A. Temperature Sensing Using FBG

A fiber Bragg grating consists of fiber core refractive
index modulation in a periodic manner. These gratings
are photo-inscribed in alength of few centimeters of the
fiber core, with different techniques to induce changes
in the refractive index of the core. When probed with a
broadband source, the grating reflects a spectral peak
caled as the Bragg wavelength (Ag). The Bragg
wavelength is a function of the inscribed grating pitch
(period) and effective refractive index along the grating
andisgivenas:

Ag =2 Nt A (D)

where ng; is the effective refractive index of the fiber
and A is the period of the grating. Each reflection from
the index perturbation is in phase with the next one at
As and any change in fiber properties, such as strain,
temperature, or pressure, which varies the modal index,
or grating pitch leads the change in Bragg wavelength

[4].

The temperature response of the Bragg wavelength is
due to two factors namely, the change in the effective
refractive index of the glass due to the thermo-optic
effect and the thermal expansion of the glass resulting
in a change in the grating pitch. The Bragg wavelength
shift dueto temperature can be expressed as[11] :

alg _ (e 51 Oty
AT T her oT AT ...(2)
52 = (a+9AT .3
‘B

where a is the thermal expansion coefficient, § is the
thermo-optic coefficient due to the temperature
dependence of the refractive index of the fiber and AT
is the change in temperature. Both these coefficients are
functions of temperature and for silica fiber, the
thermo-optic effect is the dominant factor contributing
to the observed shift in the Bragg wavelength due to
change in temperature [12].

I1. EXPERIMENTAL SETUP

The experimental set up is shown in Fig. 1. Two
uniform FBGs written separately on two different fibers
are used here. For implementing the power
measurement scheme, it is required that the reflection
spectra of the two FBGs are either identical or dlightly
overlapping. Also, the pair of FBGs is to be placed in
such a manner that FBGL1 (sensor FBG) is subjected to
temperature variations while the FBG2 (reference FBG)
is insusceptible to temperature effects. In this work,
both the FBGs having the same temperature sensitivity
have been used to achieve maximum accuracy in
measurement. To implement the power measurement
scheme, the FBG1 (sensor) has been kept in a controller
based crystal temperature oven and FBG2 (reference)
has been isolated by keeping it free from temperature
effects.
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Fig. 1. Schematic of Setup for power measurement scheme.

[11. WORKING OF THE MEASUREMENT
SCHEME & EXPERIMENTAL RESULTS

Two different combinations of sensor and reference
FBGs have been experimented to study the power
measurement scheme. In the first combination, a sensor
FBG having Bragg wavelength of 1549.88 nm with
FWHM of 0.41 nm and a reference FBG having Bragg
wavelength of 1550.04 with FWHM of 0.31 nm have
been used.

At room temperature, because of the difference in the
Bragg wavelength of the sensor and the reference FBG,
lesser output power is obtained from the reference
FBG. As the temperature is increased, the Bragg
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wavelength of the sensor FBG shifts towards higher
values from 1549.88 nm and hence approaches towards
the Bragg wavelength of the reference FBG at 1550.04
nm. Accordingly, the output intensity from reference
FBG increases with increase in the temperature. The
temperature at which the Bragg wavelength of both the
FBGs match, corresponds to the maximum overlapping
spectrum and this gives the maximum observed power.
If the temperature is further increased then Bragg
wavelength of the sensor FBG crosses the Bragg
wavelength of the reference FBG and hence there is a
decrease in the measured power at the reference FBG.
Theresult isshownin Fig. 2.

25 35 45

55

65 75 85

Temperature {°C)

Fig. 2. Variation in power with temperature for first combination

The front and back slopes of the above graph are
separately plotted in Fig.3 to analyze the sensitivity for
each case. It is observed that the front and back slopes
have a sensitivity of 83.6 nW/'C and 99.5 nW/'C
respectively. In the second combination, a sensor FBG

having Bragg wavelength of 1550.04 with FWHM of
0.31 nm and areference FBG having Bragg wavelength
of 1549.83 nm with FWHM of 0.45 nm have been used.
The result for measured power versus temperature is
shownin Fig. 4.
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Fig. 3. Front and back slope sensitivity.
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Fig. 4. Variation in power with temperature for second combination.

It is observed that the initial measured power
corresponds to the maximum overlap of spectrum
between the two FBGs. Here, since the sensor FBG has
a higher Bragg wavelength than the reference FBG, as
the temperature is increased, the Bragg wavelength of
sensor FBG shifts further away from the Bragg
wavelength of reference FBG. This resultsin a decrease
in the measured power at the reference FBG. This
combination offers a limited temperature range
compared to the first combination but offers much
higher sensitivity of 545 nW/°C.

IV.CONCLUSION

Power measurement scheme has been successfully
employed for temperature sensing with FBGs.
Minimum sensitivity of 83.6 nW/°C and maximum
sensitivity of 545 nW/°C has been obtained by the set
up for two different combinations of FBG pairs. The
use power measurement instead of wavelength shift
measurement ensures a cost-effective aternate and
eliminates the use of bulky optical spectrum analyzer.
The range of temperature measurement can be
increased by using reference FBG with maximum
possible FWHM. One limitation of this scheme is that

the accuracy of measurement is limited by the stability
of input power.
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