Journal of Physics: Conference

Series
PAPER « OPEN ACCESS You may also like
. - Belt conveyor speed detection based on
Fiber Laser Temperature Sensor based on fiber-oplic Sagnac interferometer vibration
sensor
Sag nac | nterfe rometer Yaru Hou, Pingjuan Niu, Jia Shi et al.
- Candidates for a possible third-generation

. X X gravitational wave detector: comparison of

To cite this article: M A Omar et al 2019 J. Phys.: Conf. Ser. 1371 012016

ring-Sagnac and sloshing-Sagnac

speedmeter interferometers
S H Huttner, S L Danilishin, B W Barr et al.

- Quantum noise of non-ideal Sagnac speed

View the article online for updates and enhancements meter Interferometer with asymmetries
article online p : S L Danilishin, C Gréaf, S S Leavey et al.

G N o | Discover

how sustainability

The 3 : intersects with
Electrochemical ¢ |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.144.187.103 on 03/05/2024 at 13:57


https://doi.org/10.1088/1742-6596/1371/1/012016
https://iopscience.iop.org/article/10.1088/1555-6611/ad21ee
https://iopscience.iop.org/article/10.1088/1555-6611/ad21ee
https://iopscience.iop.org/article/10.1088/1555-6611/ad21ee
https://iopscience.iop.org/article/10.1088/1361-6382/34/2/024001
https://iopscience.iop.org/article/10.1088/1361-6382/34/2/024001
https://iopscience.iop.org/article/10.1088/1361-6382/34/2/024001
https://iopscience.iop.org/article/10.1088/1361-6382/34/2/024001
https://iopscience.iop.org/article/10.1088/1367-2630/17/4/043031
https://iopscience.iop.org/article/10.1088/1367-2630/17/4/043031
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsskahkFsNcLFXlu_lRfQV9tBBawoO5jc3Mp4OL4PCtcGW0VeKuRb8VFVybPjDWtaVULALbdJ5TxszTkrmiVmfxu_phZEuTuj1AfO7CQZrfmXsigB1wD8yCiiPntiD69n7OTBnUX9Qc3GYr-iLKakjraZFhNxfIZyVfmmK2KbghU0UxaPXGSBynM__FPydDS3hoCvKRIRDRAMgtGGvjmBm2GRW3XAzv4TzKQ4m-y48uIiBUx0FZC2mMa4oq757MMd2l5ptvAXn40nzIoOYA4jUPBxqtMoh9dg1br3TKj9O9XSJoFvtkAplW2WlFoSxJc01bYmhrfIkwdUWMfzKldB4ysEqBefg&sig=Cg0ArKJSzPZSZLdTnYOG&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

Photonics Meeting 2019, The 2nd Annual Conference and Workshop IOP Publishing
Journal of Physics: Conference Series 1371(2019) 012016  doi:10.1088/1742-6596/1371/1/012016

Fiber Laser Temperature Sensor based on Sagnac
Interferometer

M A Omar!, N A Cholan **, A M Abdulrahman®, N A N Jaharuddin®, R Talib!
and N H Ngajikin'

"Faculty of Electrical and Electronics Engineering, Universiti Tun Hussein Onn
Malaysia 86400 Parit Raja, Batu Pahat, Johor, Malaysia.

2Research Center for Applied Electromagnetics, Universiti Tun Hussein Onn
Malaysia 86400 Parit Raja, Batu Pahat, Johor, Malaysia.

noran@uthm.edu.my

Abstract. A fiber laser temperature sensor which is based on Sagnac interferometer is proposed
in this work. The fiber laser consists of an erbium-doped fiber amplifier for signal amplification
and a Sagnac interferometer for signal filtering. The Sagnac interferometer is made of 30 cm
polarization maintaining fiber (PMF) and it acts as the sensing head. Experimental results
suggest that the temperature does affect the laser wavelength. As the temperature varies from
30°C to 41°C, the laser wavelength is shifted to the lower wavelength from 1596.5 nm to 1581.8
nm with the recorded sensitivity of 1.1965 nm/°C. The change of the laser wavelength with
temperature validates the use of this fiber laser as the temperature sensor.

1. Introduction

In recent years, all-fiber optical sensors especially those with high sensitivity have gained great interest.
Such a growing demand for fiber laser sensors stems from their advantages of simple structure, high
sensitivity, high signal-to-noise ratio (SNR), and excellent stability [1]. Due to these advantages, fiber
laser sensors have been successful in measuring temperature, strain, refractive index, vibration, twist,
gas absorption and so on [2]. They have found applications in biomedicine, environmental monitoring,
agricultural engineering, health monitoring and aeronautics [3].

Optical fiber sensors could be in the form of wavelength-modulated sensors, intensity modulated
sensors and interferometric sensors. The mechanism for wavelength modulated sensors such as fiber
Bragg grating (FBG) is based on the wavelength shift [4], [5]. Despite offering a wide dynamic range,
the fabrication of the sensor head is rather complex. Intensity modulated sensors meanwhile work based
on the change of the light intensity [6]-[8]. They are simpler in fabrication but prone to the instability
due to the intensity fluctuation. As for interferometric sensors such as Mach-Zhender, Sagnac and Fabry-
Perot sensors, the sensing function is obtained from the interference effect of propagating lights [9]-
[14]. The interferometric sensors are basically more stable in comparison to intensity modulated sensors.

In this work, we demonstrate a temperature sensor using a reflective Sagnac loop in a fiber ring laser.
The laser wavelength is found to have a linear relationship with temperature. As the temperature varies
from 30°C to 41°C, the laser wavelength is shifted to the lower wavelength from 1596.5 nm to 1581.8
nm with the sensitivity of 1.739 nm/°C.
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2. Methodology

The experimental setup of the fiber ring laser for temperature detection is shown in Fig. 1. The ring laser
consists of a custom-made erbium-doped fiber amplifier (EDFA), a reflective Sagnac loop filter and an
output coupler. The EDFA comprises of a 10m erbium-doped fiber (EDF) which is pumped by a 980
nm laser diode through a wavelength division multiplexing (WDM) coupler. The 10m EDF provides
optical amplification over the C-band region [15], [16]. Meanwhile, the reflective Sagnac loop is
developed by a combination of a 50:50 coupler and a 30 cm polarization maintaining fiber (PMF). The
Sagnac loop functions as a comb filter in which the spacing is influenced by the birefringence and length
of the PMF. A 90:10 coupler is utilized to tap out 10% of the oscillating light for the laser output.
Throughout the experiment, the output spectrum is captured using an optical spectrum analyzer (OSA)
with a resolution of 0.05 nm.

Besides filtering, the Sagnac loop in this design also behaves as a temperature sensor head. In order
to experience different temperatures, the sensor head is placed in a temperature chamber. As the
temperature of the sensing head increases, the birefringence of the PMF in the Sagnac loop also changes
as well. This consequently causes a shift of Sagnac loop transmission spectrum and ultimately a shift of
laser wavelength.
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Fig. 1. Experimental setup of fiber laser temperature sensor.

The Sagnac loop structure together with the circulator is shown in Fig. 2. The Sagnac loop consists
of a 3-dB coupler and a PMF as the birefringent element. The mechanism of the Sagnac loop as the
temperature sensor is as follows; the input light firstly enters the 3-dB coupler via the circulator. In the
3-dB coupler, the signal is split into a clockwise and anti-clockwise direction. These two light beams
then pass through the PMF and they get a phase difference due to the birefringence of the PMF. When
the two light beams recombined at the output port of the 3-dB coupler, the interference spectrum can be
formed. The phase difference ¢ is given by

¢ =27BL/2 (1)
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where, B is the birefringence of the PMF, L is the length of the PMF, and 2 is the wavelength of the
input light. The output transmission spectrum at the circulator is a periodic function of the wavelength,
which is stated as [11]
T=(A-cos¢p)2 (2)
If ¢ =2 zm, the transmission spectrum will reach its maximum intensity. Here, m is an integer. A
change in the phase can be induced by either changing the PMF length AL or the birefringence AB which
is stated as
¢'=27 B+AB) (L+AL)/A 3)
As the PMF is not strained, therefore AL << L and Eqn (3) can be reduced to
¢'=2r B+AB)L/A 4)
Resulting from the change of phase, the phase difference A¢ is defined as
Ap =¢'-¢ =2 zABL/ 1 (5)
which contributes to the shifting of the transmission spectrum. That mean, shifting of the transmission

spectrum of Sagnac loop can be induced by changing the temperature of the PMF.
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Fig. 2. Sagnac loop configuration

3. Results and discussion

The threshold power of the laser is firstly investigated. The threshold power is defined as the amount of
EDF pump power at which the laser output power increases significantly. Figure 3 shows the change of
laser output power as compared to the input pump power. In this investigation, input pump power
increases from 0 mW to 80 mW with a step of 5 mW. An optical power meter is used to measure the
laser output power. It can be seen from Fig. 3 that the threshold pump power is above 20 mW and
beyond it, the output power increases linearly with the pump power. Based on the curve fitting, the
recorded laser efficiency is x%.
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The evolution of the laser output spectrum with input pump power is then examined. Figure 4 shows
the output spectrum as the pump power increases from 0 mW to 80 mW with a step of 5 mW. In this
observation, the temperature is set at 33°C. Based on Fig. 4, it is observed that the laser spectrum starts
to appear at 25 mW. That mean, the input pump power from 0 mW to 20 mW is not enough to generate
the laser output spectrum
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Fig. 3. Laser output power with a variation of pump power
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Fig. 4. Laser output spectrum with a variation of pump power

The behavior of the laser output spectrum as the temperature changes is then explored. Figure 5
illustrates the change of the output spectrum as the temperature sensor head is varied from 30°C to 41°C
with a step of 1°C. In this observation, the pump power is fixed 200 mW. It is noticeable from Fig. 5
that the laser output spectrum shifts to the shorter wavelength with increasing temperature. When the
temperature is set to 30°C, the laser wavelength is at 1570.69 nm and it shifts to the shorter wavelength
at 1556.88 nm as the temperature is fixed at 41°C. The blue-shift of the laser wavelength with increasing
temperature is due to the change of the PMF birefringence in the Sagnac loop. The birefringence change
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modifies the interference effect between the clockwise and anti-clockwise light, leading to the blue-shift
of the laser output spectrum.

Figure 6 meanwhile plots the laser output wavelength as a function of temperature. It is evident that
the laser output wavelength shifts linearly as temperature increases from 30°C to 41°C. Linear fitting is
also done to the data in Fig. 6 and the slope of the linear line is found to be 1.1965 nm/°C. This slope
basically represents the temperature sensitivity of this fiber laser sensor.
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Fig. 5. Laser output spectrum with a variation of temperature
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Fig. 6. Laser output wavelength with a variation of temperature

4. Conclusion

In summary, a fiber laser temperature sensor based on Sagnac interferometer is presented. The fiber
laser consists of a Sagnac interferometer working as a signal filter and EDFA for signal amplification.
The sensing head is made of 30 cm PMF. Based on experimental results, it is evident that temperature
indeed affects the laser wavelength. As the temperature varies from 30°C to 41°C, the laser wavelength
experiences a blue-shift from 1596.5nm to 1581.8nm. The recorded sensitivity for this fiber laser sensor
is 1.1965 nm/°C.
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