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A cantilever Mach-Zehnder interferometer (CMZI) strain sensor is proposed and its strain sensing characteristics are 

experimental demonstrated through investigating the dip wavelength and fringe visibility (FV) of its interference spectrum with 

the strain changing. While the strain increasing, the interference intensity dip wavelength appears blue shift, its FV shows 

increasing at the beginning, after achieves a maximin point, then decreases. At the range of its VF maximum, the wavelength 

versus strain presents the highest sensitivity. Therefore, using this CMZI sensor, high-sensitivity strain sensing can be 

obtained by controlling the sensing range near the maximum point of VF, and more large strain sensor range can be achieved 

by increasing the mismatching ratio of fiber cores. This device also can be applied to displacement, liquid level, refractive 

index and bending sensing. 
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1. Introduction 

 

In-line optical fiber interferometers, such as Mach-

Zehnder interferometer [1], Michelson interferometers [2] 

and Fabry-Pérot interferometer [3], have received 

considerable attentions in recent years because of their all 

fiber compact structure, low cost, convenient operation and 

many sensing applications [4, 5]. Recently, optical fiber 

Mach-Zehnder interferometer (MZI) has attracted lots of 

interests in strain, micro-displacement and liquid level 

sensing. C. R. Liao et al. presented an in-line MZI strain 

sensor based on an air cavity fabricated by femtosecond 

laser at the single-mode fiber (SMF) core with 6.8pm/μɛ 

sensitivity within 1800μɛ [6]. Jiangtao Zhou et al. 

demonstrated a strain and temperature simultaneous 

measurement fiber in-line MZI based on misaligned a short 

section of thin core fiber (TCF) spliced between two 

sections of standard SMF [7]. Lecheng Li et al. proposed a 

singlemode-multimode-thinned-singlemode MZI sensor of 

axial strain measurement with sensitivity -2.99 pm/μɛ and 

water level sensitivity -175.8 pm/mm, respectively [8]. 

Changyu Shen et al. proposed an optical fiber axial micro-

displacement sensor based on MZI with sensitivity -

0.385dB/μm, which was constructed by a bowknot-type 

taper combing with a fiber core-offset between two SMFs 

[9]. Bo Dong et al. reported a lateral force sensor based on 

a singlemode-multimode-singlemode optical fiber MZI 

[10]. Yuan Sun et al., fabricated a kind of strain sensor 

based on single mode-multimode-single mode optical fiber 

twisted MZI structure, in which different strain sensitivities 

were realized by controlling the torsional number of the 

circles of the sensing fiber [11]. Adel Abdallah, proposed a 

novel strain sensor based on a hollow-core photonic 

bandgap fiber MZI interferometric structure [12]. Fan Yang 

et al. demonstrated an MZI strain sensor based on a 

multimode fiber- photonic crystal fiber cascaded structure 

with -14.89pm/μɛ sensitivity [13]. However, some 

abovementioned optical fiber in-line MZIs is fabricated by 

using relatively complex and high-cost method and devices. 

Moreover, in all above MZI sensors, the strain is directly 

loaded onto the bare optical fiber, which will make the 

sensor easy to be broken and difficult to achieve practical 

application. 

In this paper, a kind of CMZI (cantilever in-line Mach-

Zehnder interferometer) strain sensor is fabricated by 

pasted a single mode-mulitmode-thin core-multimode-

single mode optical fiber MZI on a metal cantilever. In this 

sensor, strain is applied on the cantilever end rather than 

directly on the bare optical fiber, thus the strain rupture can 

be avoided. In our experiments, the strain versus 

interference dip wavelength and its fringe visibilities (FV) 

intensity of CMZI interference relationship curves are 

gotten, which shows that the dip wavelength has blueshift 

within 0-636μɛ, and the fringe visibilities (FV) intensity 

presents gradually increase at the beginning, and decrease 

after gets the maximum value, meanwhile, near the VF 

maximum point, the wavelength versus strain can get the 

highest sensitivity.  
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2. Theory 

 

 

 

Fig.1. The schematic diagram of the in-line MZI 

 

In our experiments, the schematic of the MZI is shown 

in Fig. 1. A 15mm long TCF is spliced between two 5mm 

long step index multimode optical fibers (MMFs), the 

core/cladding diameter of MMF is 105/125μm. These 

sections are spliced between two standards SMF. The TCF 

has mode field diameter of 4.5μm at 1550nm wavelength 

and 125μm cladding diameter, respectively. Through the 

first lead-in SMF, the light is launched into the first MMF 

as shown in Fig. 1. At its first splice point, the light power 

is divided into two parts. One part still transmits in the fiber 

core, another part of the light power can be coupled to the 

cladding and multi-cladding modes can be excited because 

of large diameter mismatch between SMF and MMF1. 

Similarly, at the first splicing point between MMF and TCF, 

the light power is also split into two portions due to the 

mode field mismatch. At the TCF-MMF splice point, part 

of the TCF cladding modes that couple back into the core 

of the MMF. Consequently, they are recoupled into the core 

of lead-out SMF and interferent. The interference spectrum 

is formed by cladding and core modes and its transmission 

spectrum can be expressed as [14] 

               

     
22 2

0 0 0

2
1 2 1- cos

eff

out

n
I E E E


    



 
       

 

 (1) 

 

where, 0E is the electrical field amplitude of launched 

field into the fiber.  is the splitting ratio between core and 

cladding light power in the TCF,   is the propagation 

loss of cladding mode, effn is the difference of the effective 

refractive indices between core and cladding modes, L is 

the geometry length of the TCF, and is the wavelength of 

the propagating light.  

The interference dip wavelength of this MZI spectrum 

can be written as [15] 
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where, m is an integer, which means the number of 

cladding modes. The fringe visibility of the MZI spectrum 

can be expressed as 
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where, V is fringe visibility. 

This MZI is pasted on a cantilever, which structure is 

shown in Fig. 2. If a load P is applied at the free end of the 

cantilever, the cantilever will bend with it, and the tensile 

strain will be caused on the beam surface. The bending 

moment M of section 0x on the cantilever can be express 

as [15] 

             
 0M d x P 

              
(4) 

where, d is the length of this cantilever. 0x is the TCF 

pasted section. The stress  along beam axial direction is  
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(5) 

where, h is the thick of the cantilever. I is inertia moment 

of 0x  section. 

The strain x  of the cantilever caused by load P  can be 

approximated as 
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E
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(6) 

 

where, E is elasticity modulus of the spring steel material 

of the cantilever.    

  

 

Fig. 2. Spring steel cantilever and experimental setup 

 

 

3. Experimental results and discussions 

 

In order to get more sensitive to the strain, the sensing 

part TCF of the MZI is pasted on the center and nearly 

closed to the fixed end of the cantilever. In our experiment, 

the length, thick, width and TCF stick section of the 

cantilever is 100mm, 0.5mm, 15mm and 30mm, 

respectively. Experimental setup is shown in Fig. 2. A 

broadband optical source (BBS) is used to inject light into 

the MZI, and an optical spectrum analyzer (YOKOGAWA 

AQ6370) is used to measure the spectral response of the 

senor. In order to eliminate the disturbance of the light 

source, a subtract between the measured spectrum of the 

sensor and the original spectrum of the light source was 

done. 
Fig. 3 shows the overlap of transmission interference 

spectrum of the strain increasing step by step from 0 to 
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636μɛ at the room temperature (20℃). From this figure, it 
can be found that there are three obvious interference 
transmission dips. These dip wavelengths and their fringe 
visibilities are gradually shift with the strain increase. Two 
curves of the relationship between the dip wavelength and 
its fringe visibility versus the strain are shown in Fig. 4. We 
can find that the dip wavelength shows a blue shift with 
strain and its fringe visibility shows increase at the 
beginning of the strain increasing, after gets a maximum 
point, then it shows decrease with the strain increase. The 

observed wavelength in Fig. 4 and its drift trend are marked 
by arrows. Other dips can also be used as observation 
wavelength, because they come from different cladding 
modes, and all of them have different strain sensitivities. 
From the sensing principle, we can know that their 
temperature variation is the same, so, other wavelength 
measurements can be used to eliminate the temperature 
cross-sensitivity of this type of strain sensor. 

 

 
 

Fig. 3. The overlap spectra of the CMZI through loading 

 

 

Fig. 4. (a) Dip wavelength and its fringe visibilities change with strain curves and (b) linearly fitting curve of experiment data 

near the VF maximum point  
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It can be analyzed as follows: at the beginning, the 

interference dip wavelengths changed smoothly with the 

strain increasing on the cantilever, because the stress is 

relatively small and resulting in cantilever bending is not 

enough, the wavelengths change mainly caused by the core-

cladding offset [4]. With the strain continue increase, the 

wavelength drifts appear higher sensitivity than that of 

before, which is due to that at that time, the wavelengths 

shift is caused by the combination of core-cladding offset 

and the interference length being stretched. From Fig. 4, it 

can be observed that, with the strain increasing, the FV 

began to grow gradually, after the relatively FV reached the 

maximum value, the FV begin to gradually decreases with 

the increase of the strain. This can be explained by Eq. (3). 

According to MZI, the FV in the interference pattern 

depends strongly on the ratio of lights coupled into the core 

and cladding in TCF. In this sensor, the TCF is the mainly 

sensitive part. The bending of the TCF can cause the change 

of the coupling coefficient (  ). Therefore, as the coupling 

coefficient increases gradually approaching the optimum 

coupling point (the point that transmission depth reached 

the maximum value) corresponding to the two sections of 

the end face of an optical fiber coupling coefficient. With 

the strain continue increase, the cantilever continues to 

bend, the fiber coupling position continues to change, and 

the coupling coefficient is also changed. At this time, the 

transmission depth is gradually reduced. By comparing two 

curves in Fig. 4, it can be seen that the wavelength versus 

strain sensitivity is high near the maximum VF point, which 

can get -20.9pm/με.  

 

 

4. Conclusions 

 

In conclusion, a CMZI device is proposed and its strain 

sensing characteristics are experimental studied. As we 

known, the interference spectrum of this kind of in-line 

MZI are come from the interference between core modes 

and several low-order cladding modes [2]. In this 

experiment, several interference dip wavelengths are 

existing in the CMZI spectrum. The interference dip 

wavelengths have same strain performance. The dip 

wavelengths all appearance blue shift with the strain 

increasing. At the beginning, wavelength shift with strain 

increase shows small sensitivity. As the strain continues to 

be increased, the sensitivity of the sensor is significantly 

improved. The relationship between fringe visibility and 

strain of the interference dip wavelengths are also studied. 

With the strain raised, FV is begun to grow gradually, after 

reachig the maximum point, the FV begin to decrease. The 

highest wavelength versus strain sensitivity exists at the 

range of near the maximum point with -20.9pm/με. From 

this experiment, using this CMZI strain sensor, high-

sensitivity measurement can be obtained by controlling the 

sensing range near the maximum point of VF, and the strain 

sensor range can be expanded by increasing the 

mismatching ratio of fiber cores, in order to meet the 

requirements of different strain sensing. 
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