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Abstract— In this paper a proof of concept of a switchable 

erbium doped fiber ring laser (EDFRL) system, demonstrated for 
temperature sensors multiplexing, was carried out showing a high 
linearity and a sensitivity of 1.55 GHz/°C. The system is based on 
the detection in the electrical domain of the resulting beat signal 
of two different laser lines generated by an EDFRL that operates 
in single longitudinal mode regime (SLM). The SLM operation is 
achieved by the use of phase shift fiber Bragg gratings (PSFBGs) 
with ultra-narrow bandwidths (BW) of 6 pm. Two Independent 
cavities for the reference signal and sensor signal generation are 
used to avoid the wavelength competition and to improve the 
stability. This configuration allows the control of the temperature 
operation point of the system by adjusting the temperature in the 
reference side. 
 

Index Terms—Erbium-doped fiber amplifier, Fiber lasers, 
Optical sensors, Temperature sensors. 
 

I. INTRODUCTION 

PTICAL fiber sensors can provide attractive means to 
monitor a variety of external perturbations as 

temperature, strain, bend, pressure, etc… Due to their well-
known advantages such as immunity to electromagnetic 
interferences and high sensitivity, they have received an 
increasing attention in recent years. Within the fiber optic 
sensors, one of the most extended system are the based on 
fiber Bragg gratings (FBGs). These kinds of sensors are 
widely used in structural health monitoring due to the high 
linearity in their response with temperature and strain. Also 
FBG technology has the added benefits of a mechanical 
robustness in harsh environments, compactness and simplicity 
in fabrication [1-3]. High resolution FBG technology has been 
also tested in biomedical applications [4] or in the monitoring 
of the manufacturing process [5]. There are different 
multiplexing methods for FBG sensors. One of the most 
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extended is the use of erbium doped fiber lasers based on 
FBGs reflectors for monitoring their wavelength variations 
into the optical domain [6-8]. On the other hand, several 
developed sensors use the electrical domain for their 
interrogation trough the frequency beating technique. These 
kinds of systems have a high sensitivity response with 
temperature changes and therefore a very small wavelength 
variation that cannot be measured using wavelength detectors. 
In [9] a temperature sensor based on the beating of a dual-
wavelength laser was demonstrated. The limitation of this 
system was the measured range due to the direct dependence 
of this range with the BW of the detector. In [10] was used a 
commercial tunable laser source (TLS) for beating its emission 
with the EDFRL signal. This system presented the same 
problem in the measurement range and increased the final cost 
because of the addition of a TLS. 

Another important issue is the convenience of using 
multiplexing techniques in order to reduce the cost per each 
sensor into the measurement system. A number of methods for 
sensors multiplexing have been investigated, such as 
wavelength division multiplexing [11] or time division 
multiplexing [12].  

Multi-wavelength erbium doped fiber ring lasers 
(MEDFRL) are very attractive sources, due to their 
advantages: they are simple structures that show a narrow line-
width and compatibility with other optical fiber components 
[1,13]. However, ring lasers are also susceptible to output 
power instabilities that can degrade the performance 
characteristics of the sensor. Different techniques have been 
proposed to decrease the instability; for instance, by cooling 
the erbium doped fiber (EDF)[14], using a dedicated EDF for 
each wavelength [15], or combining the erbium doped fiber 
amplifiers (EDFA) with semiconductor optical amplifiers 
(SOA) [16] or with Raman amplification [17].  
In this paper a proof of concept of a switchable optical fiber 
laser system for the multiplexing of temperature sensors has 
been carried out. It is based on the electrical detection of the 
beat of two EDFRL emission lines in single longitudinal mode 
operation. The SLM behavior is achieved by using PSFBGs 
with ultra-narrow BW. We used two independent rings for 
EDFRLs in order to reduce the output power competition and 
improve the stability. This configuration allows us to extend 
the temperature measurement range by using a temperature 
control reference.  

Switchable Erbium Doped Fiber Ring Laser 
System for Temperature Sensors Multiplexing 

Sergio Rota-Rodrigo, Luis Rodríguez-Cobo, María A. Quintela, Jose M. López-Higuera, Senior 
Member, IEEE and Manuel López-Amo Senior Member, IEEE 

O



Copyright (c) 2013 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

Sensors-7437-2012 
 

2

II.   EXPERIMENTAL SETUP 

 
Figure 1 shows the experimental setup of the proposed 

temperature-sensor system. That is based on the electrical 
domain detection of the mixing of two single-longitudinal 
mode erbium-doped fiber-ring laser emission lines. 

The wavelength selection of both emission lines obtained 
from our EDFRL: reference line and sensors lasing signal, is 
carried out using a combination of FBGs and PSFBGs .The 
FBG is located in-reflection using a circulator and its purpose 
is the coarse wavelength selection. The FBGs are centered on 
1550 nm, measured at room temperature (24°C ), having a 
reflectivity close to 90% and a corresponding full-width at half 
maximum (FWHM) of 0.120 nm. The PSFBG actuated as a 
narrow transmission filter with a FWHM less than 6 pm. 

Based on [18], any phase shift can be obtained by changing 
the sampling period of a Sampled Fiber Bragg Grating (SFBG) 
[19]. For this application the PSFBGs were written into a 
standard telecommunication optical fiber using the phase mask 
technique illuminated with a continuous laser emitting at 244 
nm. The sampling effect was generated by opening and closing 
the laser shutter at preset locations. The total length of the 
PSFBGs was L≈24 mm with a sampling period of P=1.5 mm. 
An increment in the sampling period P with a scale factor of 
F=1.5 located in the center of the grating creates an equivalent 
pi-phase shift in the first order of the SFBG. The obtained 
spectrum of the phase-shifted SFBG is detailed in the Figure 2. 

The utilized gain medium into the laser consists of two 
EDFs of 7m, one for the reference EDFRL and the other for 
the lasing sensor arm. These EDFs are pumped with the same 
laser at 1480 nm trough the 50:50 optical coupler, with a pump 
power of 200 mw. The selection of each sensor is made by an 
optical switch (HP 86061C) with a maximum switching time 
of 370 ms. The four outputs of the switch are connected to the 
sensing elements that consist of couples of FBG and PSFBG. 

A 4x2 coupler collects the signal from the operational branch 
of the switch. The isolators ensures the unidirectional 
operation of each EDFRL and therefore avoids the spatial 
hole-burning effect. 
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Fig. 2.  Simulated and measured in reflection spectra for the phase shift of the 
SFBG first order  

 
The signals from the selected sensor and the reference are 

mixed by a 50:50 coupler and their outputs are converted to 
the electrical domain by the photodetector (HP 11982A) that 
shows a BW of 20 GHz. An electrical spectrum analyzer 
(ESA) with 1 KHz of resolution (model HP 8592L) is used to 
retrieve the output signal. 

For the sensor characterization a Peltier unit having a 
thermo electrical cooler (TEC) is used. Figure 3 shows the 
disposition of the FBG and PSFBG on the Peltier. Each couple 
of FBG and PSFBG experiments the same temperature change 
and therefore the same variation at their wavelengths. A 
conducting paste was used to ensure the uniform distribution 
of the temperature. 

 

 
Fig. 1.  Experimental setup of the proposed switchable EDFRL system for temperature sensors multiplexing, where λi and λi’ are 
the FBGs and the PSFBGs, respectively. 
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Fig. 3.  Schematic representation of the experimental setup for the sensors 
temperature test. 

III.  EXPERIMENTAL RESULTS 

 
 Figure 4a shows the optical spectrum at 24°C measured at 

a high-resolution Brillouin optical spectrum analyzer (BOSA-
C Aragon Photonics) with a resolution of 0.08 pm. The 
wavelengths correspond to the reference EDFRL and the 
EDFRL of sensor 1. Both lasing signals operate in single 
longitudinal mode regime. Figure 4b displays the electrical 
spectra of the beat of these signals demonstrating the SLM 
behavior of both EDFRL. The peak at 11.9 GHz corresponds 
to the spacing between both lasers. 
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Fig. 4.  Optical output spectrum at 24°C measured at BOSA (a) and electrical 
output spectrum at 24°C measured at ESA (b). 

 
 

In order to determinate the response of the sensor with 
temperature variations and its instability, a series of 
measurements for sensor 1, ranging from 19 °C to 30 °C with 
steps of   1 °C was carried out. The reference arm operated at 
room temperature (24 °C). Each measurement step consisted 
of a period of 10 minutes with captures every minute (Fig 5a). 
The frequency instability was lower than 200MHz, value that 
as can be seen below not affected significantly the linearity of 
the sensor. This instability was due to the TEC instability in 
combination with the thermal insulation tolerance of the 
characterization setup that can easily cause fluctuations of 
0.1°C. Figure 5b shows the beat frequency dependence with 
the temperature, measured by using a time averaging 
technique. High sensitivity of 1.55 GHz/°C with a linearity of 
0.9993 was obtained, being these values are better than the 
obtained in [10] , that were 1.30 GHz/°C with a linearity of 
0.9662 or in [9] 1.47 GHz/°C  with a linearity of 0.9935. 
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Fig. 5.  Beat frequency dependence with time at different temperatures (a). 
Average beat frequency shift dependence with temperature (b). 

 
Considering that all of the FBGs and PSFBGs were written 

in the same fiber and with the same process, all of them have 
the same behavior with the temperature (1.55 GHz/°C) 
resulting in an absolute equation for the measured temperature: 

 

( )( ) 49.122
(º ) 24

1.55 ref

Freq GHz
T C T

−= − + −              (1)             
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By controlling the reference temperature (Tref) with a 
Peltier system we can displace the temperature operation point 
of the system maintaining the BW of the detector. Figure 6 
shows the theoretical range of an application where different 
reference temperatures are employed to improve the dynamic 
range. This is an important advantage in comparison with other 
sensors systems [9,10] wherein the temperature range is 
limited by the BW of the detector. 
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Fig. 6.  Theoretical beat frequency shift dependence with temperature for 
different reference temperatures. 

 
The transient switching response of the sensors was also 

studied. This switching time is defined as the time delay 
between the moment in which one sensor is turned off and the 
other has a stabilized output. For the measurement we 
employed a photo-detector (PDA400 provide by Thorlabs) and 
an oscilloscope (Agilent 54622A). Figure 7 shows the 
switching measured time from B1 to B4 output (solid line) and 
from B4 to B1 output (dotted line). For both the switching 
time were less than 250 ms. 
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Fig. 7.  Switching time from B1 to B4 output (solid line) and from B4 to B1 
output (dotted line). 

IV. CONCLUSIONS 

In conclusion, a new switchable erbium doped fiber ring 
laser system for multiplexing temperature sensors was 
proposed and experimentally demonstrated. The measurements 
show a high sensitivity of 1.55 GHz/°C and a high linearity. 
The system is based on the electrical domain detection of the 

beat of two laser lines operating in single longitudinal mode 
regime. The SLM operation is achieved by the use of PSFBGs 
with ultra-narrow bandwidths. Independent cavities for the 
generation of the reference signal and the sensors signals were 
used to avoid the wavelength competition and to improve the 
stability. By including a temperature control in the reference 
signal, the system allows a high dynamic range of operating 
temperature points for the sensor system, maintaining the 
receptor BW. Another advantage of the proposed structure is 
the possibility of increase the number of sensors by changing 
the 2x4 switch by another having a higher number of outputs. 
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