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Abstract: A dual-core photonic crystal fiber (DC-PCF) sensor based on fiber Mach-Zehnder
interferometer is proposed and demonstrated for stress sensing with a sensitivity of 1.4
pm/pe and hydraulic pressure sensing with a sensitivity of -41 pm/MPa.
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1. Introduction

Owning to numerous advantages such as temperature insensitivity for stress sensing, high sensitivity for pressure
sensing, immunity to electromagnetic interference and so on, photonic crystal fibers (PCFs) [1-4] have been
studied extensively in fiber sensors[5,6]. Recently, interferometer sensors based on dual-core fiber (DCF) attract a
wide range of research interests, which have shown some advantages such as small size, flexibility application,
stability and other fine features[7,8]. In this letter, we demonstrate a novel fiber sensor based on a dual-core
photonic crystal fiber (DC-PCF) which forms a fiber Mach-Zehnder interferometer (MZI) after splicing to single
mode fibers (SMFs). The sensor based on a 20-mm DC-PCF has a sensitivity of 1.4pm/pe for stress sensing with
a range form 0 to1500ue and a sensitivity of -41pm/MPa for hydraulic pressure sensing with a range form 0 to
20MPa.
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Fig.1 (a) Experimental setup of stress/pressure sensing system; (b) Cross-section of the DC-PCF

2. Experiment and analysis

The experimental setup of stress/pressure sensing system was shown in Fig.1 (a). A fiber MZI was formed by
splicing a DC-PCF with two SMFs where the two fiber cores of DC-PCF act as the two arms of MZI. We used a
C+L Band amplified spontaneous emission (ASE) light source with an output spectrum from 1520 nm to 1610 nm
and an optical spectrum analyzer (OSA) with the resolution of 0.02nm and the sensitivity of -80 dBm. The
DC-PCF used in our experiments was fabricated by ourselves in the HongKong Polytechnic university and Fig.
1(b) shows the cross-section of the DC-PCF. The DC-PCF is formed by a triangular lattice of circular air holes
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with two missing holes as two fiber cores which are separated by one air hole. Two fiber cores have different size
resulting in different mode index. The diameter of DC-PCF is 125um, and the distance of two fiber cores is about
18um. Owing to the mode index difference between the two fiber cores of DC-PCF, a MZI pattern could be
achieved by measuring the transmission spectrum. We can ignore the mode coupling between the two fiber cores
due to the relatively large air hole between the two fiber cores. The transmission of the MZI based on DC-PCF

can be given by
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where |1, l.and @ is light intensity of the two fiber cores and phase difference respectively. The phase

difference @ can be written as
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where L is arm length of the MZI. A is the signal wavelength in vacuum. AN is the mode index difference
between the two fiber cores of DC-PCF. According to Eq. (1) and Eq. (2), the peak wavelength of the
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transmission spectrum is achieved when the phase difference satisfies the following equation
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where M is an integer.
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Fig.2(a)Output spectrum responses of the stress sensor for the different stress;(b)Wavelength shift of the interference spectra vs. different
stress;(c)Transmission spectra of the pressure sensor under different pressure;(d) Peak wavelength of the pressure sensor around 1549 nm
VErsus pressure.

In our experiment, a 20-mm DC-PCF was used as the sensing element for the axial stress sensor. Fig. 2(a) shows
the output spectrum responses of the stress sensor with the different axial stress. Obviously, the output
interference spectrum shifts to the long wavelength when the axial stress increases monotonically. In order to get
the sensitivity of the stress sensor, we draw the curve for the wavelength shift of the interference spectra versus
different axial stress, which was shown in Fig. 2(b). The peak wavelength shift has a good linear relationship with

the stress, and the sensitivity of the stress sensor is 1.4pm/pe with a measurement range form O
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to1500pe. Transmission spectra of the 20-mm DC-PCF based hydraulic pressure sensor for the pressure of 0.05,
3.31, 6.26, 9.3, 12.19, 15.20, 18.13, and 20.88 MPa was shown in Fig. 2(c). We can observe a blueshift of the
transmission spectrum of the 20-mm DC-PCF based hydraulic pressure sensor when the pressure applied to the
DC-PCF increases. A linear relationship between the peak wavelength and the pressure can be observed. When
we focus on the peak wavelength around the 1549 nm as shown in Fig. 2(d), we can get a sensitivity of -41
pm/MPa with a measurement range form 0 to 20MPa for the DC-PCF based pressure sensor.

3. Conclusion

In conclusion, we present a DC-PCF stress/pressure sensor based on a fiber MZI. The sensor based on a 20-mm
DC-PCF has a stress sensitivity of 1.4pm/ue and a pressure sensitivity of -41pm/MPa. The wavelength shift of the
sensor has a good linear relationship with stress or pressure, which indicates the DC-PCF’s application for

measurements of the stress and pressure.
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