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ABSTRACT   

In this work a strain sensor based on a suspended core fiber is proposed. The sensor comprises a suspended core PCF 
between SMFs and is based on the multimode interference generated in these transitions. A strain sensitivity study for 
different sensing heads and stage separation lengths was carried out showing a sensitivity of -2.42 pm/με for the best 
case. Also the sensing head was tested for curvature and temperature, showing in the first case that it is insensitive to 
curvature effects, and secondly, that for small sensor lengths it was insensitive to temperature variations. 
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1. INTRODUCTION  
Fiber optic sensors have attracted much interest because of their competitive application in the monitoring and control of 
some physical parameters. In particular, strain sensors has grown significantly in importance for heath monitoring of 
aerospace, marine or civil structures, and in fabrication processes, among others.[1,2]. A fiber optic sensor presents 
advantages such as their immunity to electromagnetic interferences, small size, reliability, remote sensing ability, and 
multiplexing capability. Some fiber-optic sensors use Photonic crystal fibers (PCFs), that consist of a regular array of air-
holes along the entire length of a thread of pure silica glass. These optical fibers present diverse improved features 
compared with common single-mode fibers (SMFs) [3], one of the most important for strain sensors is the low sensitivity 
with temperature due that it is made of pure silica. 
 
There are different ways to achieved strain sensors based on PCFs. There are strain sensors based on multimode 
interference by tapering a section of PCF to causes coupling between the multiple modes [4]. In [5] a study of the 
sensitivity variations with the taper waist diameter was presented (up to -3.12pm/με). Also a strain sensor was reported 
based on collapsing a short region between the SMF-PCF splice to allows the coupling of only two modes in the PCF (-
2.8pm/με) [6]. 
 
Other authors reported strain sensors based on birefringent PCFs by detecting wavelength changes in a Hi-Bi PCF 
Sagnac interferometer configuration (1.21pm/με) [7] or by detecting amplitude variations in an in-reflection Hi-Bi PCF 
polarimetric interferometer sensor [8] and also using a 3 holes suspended core PCF in Sagnac configuration [9]. A strain 
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L sensor length, when the stages length is increased, is necessary a major displacement to obtain the same strain, this 
way the PCF, with a lower Joule module than SMF, experiments a major displacement that constitute a major sensitivity. 

Secondly the sensitivity varies with the sensor length. These variations are due to the combination of the different modes 
of the PCF. When the light is coupled from the SMF to the PCF, few modes are excited, each one with a different 
propagation constant β, that produce a phase delay among modes. In the transition from the PCF to the SMF the different 
modes are combined with its respective phase differences, generating the interference pattern that can be expressed by: 

௉ܲ஼ிିௌெி = หܽଵଶ + ܽଶଶ݁௜(ఉଵିఉଶ)(௅) + ⋯+ ௝ܽଶ݁௜(ఉଵିఉ௝)(௅)หଶ 
Where ௝ܽ	 and ߚ௝	are, respectively, the amplitude and the propagation constant of each mode, and L is the PCF sensor 
length. When a strain is applied to the sensor an increment of the length ΔL is produced and the interference equation is 
expressed now by: ௉ܲ஼ிିௌெி = หܽଵଶ + ܽଶଶ݁௜(ఉଵିఉଶ)(௅ା∆௅) + ⋯+ ௝ܽଶ݁௜(ఉଵିఉ௝)(௅ା∆௅)หଶ 

This way each mode experiments a different change in its phase. This effect that depends on the sensor lengths, in 
combination with the different amplitude of the modes, provokes the changes of the sensing head sensitivity shown in 
figure 3. The best values of strain sensitivity, -2.42pm/με and 2.40pm/με, were achieved for L=0.5 and L=7.5cm sensor 
lengths, respectively, with a 50cm stages separation. 

 

 
Figure 3.  Sensor´s sensitivity characterization in function of the sensor length (L) and the stage lengths (d). 

Taking into account this strain characterization, a temperature study for the 5mm and 75mm sensor lengths was carried 
out. Figure 4 shows that for the 75mm sensor a sensitivity of 5.93pm/ºC was achieved. However, for the 5mm sensor the 
temperature effect is negligible due to its short length. 

 
Figure 4. Characterization of the wavelength shift with temperature for the 5mm (red) and 75mm (black) sensor length.  
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Also, a curvature study effect was carried out showing that the behaviour of the sensor remains constant for bending 
radios higher than 0.25 m. This is due to the sensor is based on a multimode interference that depends of its total length 
and the propagation constants´difference and modes field amplitudes are not significantly altered when curvature is 
applied. 

3. CONCLUSIONS 
To summarize, a strain fiber optic sensor based on multimode interference was presented and demonstrated. The sensing 
head was accomplished by using a suspended core PCF in transmission. A characterization study of the influence of the 
length of the sensor and the applied strain in the sensitivity of the system was carried out. This study shows that the 
sensitivity was increased with the separation of the stages separation and also shows an optimal sensor length of 5mm 
and 75mm with the higher sensitivities, for a 0.5m stage separation, of -2.42pm/με and 2.40pm/με respectively. For this 
sensor length values a temperature characterization was also carried out, showing that the best length sensor option is the 
5mm, that is practically insensitive to temperature variations, whereas the 75mm sensor has a sensitivity of 5.93pm/ºC. 
Also the insensitivity of system to the curvature effect was demonstrated.  
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