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ABSTRACT 

A novel intensity-modulated fiber-optic refractive index 
(RI) and strain sensor based on modal interferometer 
(MMI) is proposed. The sensing mechanism is mainly
based on the Mach-Zehnder interferometer (MZI) con-
structed by one down taper spliced between dual up ta-
pers on the single mode fiber (SMF). High-order clad-
ding modes are efficiently excited owing to the mismatch
of the mode filed diameter (MFD). Experimental inves-
tigations achieve a RI sensitivity of -22.437dBm/RIU and
a strain sensitivity of 0.0008dBm/με with R2 of 0.9972
and 0.9962 respectively. It has to be noted that this MMI
is only made of single SMF and is of low cost and easy
fabrication.
Keywords: miniaturized modal interferometer,
Mach-Zehnder interferometer, refractive index, strain

1. INTRODUCTION

Fiber optic sensors are widely used in temperature, strain, 
RI sensing, etc., due to their intrinsic advantages like 
easy to fabricate, small in size and sensitive to a great 
many physical parameters, including humidity, tempera-
ture, magnetic field, RI, strain, etc. So far, a myriad of 
techniques have been proposed in strain and RI sensing. 
Some of them only use SMF to form the MMIs, includ-
ing dual up-tapers [1-2] or down-tapers [3-4], pea-
nut-shape structures [5], core-offsets [6-7], concatenated 
single-mode abrupt taper and core-off section [8], large 
lateral offset fusion spliced between two abrupt tapers 
[9], trench and partially ablated fiber core [10], concate-
nated two micro-cavities [11], etc. Special fibers are as 
well employed to be spliced between two adjacent SMFs, 
like double cladding fiber (DCF) [12], thin-core fiber 
(TCF) [13], suspended twin-core fiber [14], multi-mode 
fiber [15-16], photonic-crystal-fiber (PCF) [17], Er/Yb 
co-doped fiber [18], etc. Besides, fiber Bragg grating 
(FBG) [19] and long period grating (LPG) [20] are also 
used to monitor the temperature, strain and RI. 

However, in most of the above mentioned tech-
niques, wavelength shifts are always used to detect 
measurands. In this paper, we propose an intensi-
ty-modulated up-taper-down-taper-up-taper (UDU) 
structure fabricated on a single SMF to realize RI and 

strain sensing without using the optical spectrum ana-
lyzer (OSA). It is of cost-effective, simple operation and 
fabrication.  

The UDU structure is formed by splicing a 
down-tapered fiber between two up-tapered fibers. The 
position of the down-tapered point is well-controlled and 
almost locates at the middle of the dual-up-tapered 
points. It’s sensitive to surrounding RI change and lon-
gitudinal strain. Experimental results show that, its sen-
sitivity to RI and strain reaches to -22.437dBm/RIU and 
0.0008dBm/με, respectively.  

2. PRINCIPLE

The schematic of the UDU is shown in Fig. 1. The dis-
tance from the down-tapered point to the two adjacent 
up-tapered points is equal and denoted by L. The UDU 
structure is only made of SMF. When the light injects 
into the first up-taper, due to the mode mismatch of the 
MFD, the cladding modes are efficiently excited. The 
injected light is then splitted into two parts, one propa-
gating along the core and the other transmitting towards 
the cladding. When the lights transmit over the 
down-taper, the cladding modes and the core mode will 
be influenced by the surrounding RI. At the second 
up-tapered junction, the cladding modes are recoupled 
into the fiber core and interfere with each other. 

Fig. 1. Schematic diagram of the UDU structure 

The transmission spectrum of the UDU with L= 2.5 
cm is shown in Fig. 2. We could see that there exist sev-
eral maximums and minimums which could be used to 
monitor the RI and strain. The spatial frequency spec-
trum is demonstrated in Fig. 3. It can be seen that except 
the strong core mode, other high-order cladding modes 
are as well effectively excited.  

Assuming that the collected light power equals I, it 
can be simply expressed as 
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Fig. 2. Transmission spectrum of the UDU structure 
 

  
Fig. 3. Spatial frequency spectrum of the UDU 

 

( )2 coscore cladding core claddingI I I I I δ= + +  

where I is the intensity of the interference signal, coreI  

and claddingI are the intensities of the core and cladding 

modes respectively, and δ  is the phase difference be-
tween the core mode and the cladding modes. Due to 
that δ  is a function of L and RI, we can monitor the L 
and RI by observing the transmission spectra of the pro-
posed UDU structure. 
 

3. EXPERIMENT 
 
A fusion splicer (Fujikura FSM-80s) is used to make the 
UDU structure. The two up-tapers almost have the same 

diameter of ~160μm, and the length of the down-taper is 

~250μm which can be controlled by the splicer. A 
C-band broadband source (BBS) is used as the light 
source. Here we use an optical spectrum analyzer (OSA) 
to facilitate the data acquisition by observing the spec-
trum shifts. The schematic configuration of the experi-
mental setup is shown in the Fig. 4. The UDU structure 
is totally immersed in solutions to be measured. 
 
3.1 RI sensing 
 
To measure the sensitivity to RI of the UDU, we chose 
the dip around 1560nm. Different concentrations of the 
NaCl solutions are chosen as the testing environments 
and the RI range is controlled from 1.3262 to 
1.3527[21]. 

 
Fig. 4. Schematic configuration of the experimental set-
up  

 
Fig. 5. The transmission spectra of the UDU with dif-
ferent RIs of the solutions 
 

 
Fig. 6. Transmission light intensity versus the RI around 
1560 nm 
 
When doing the RI sensing experiment, the total UDU 
structure is fully immersed into the solutions. The trans-
mission spectra of the UDU at different RIs around 
1560nm are shown in figure Fig. 5. Experimental results 
show quasi-linear relationship between the RI and light 
intensity, with linear R-squares of 0.9972 and RI sensi-
tivity of -22.437dBm/ RIU, as is shown in Fig. 6. 
 
3.2 Strain sensing 
 
A micro-displacement platform mounted on an optical 
table is used to induce different longitudinal strains to 
the UDU structure. The range of the strain is controlled 
from 0 to 400με with a step of 66.67με. To measure the 
sensitivity to strain of the UDU, we chose the dip around 
1550nm. The transmission spectra of the MMI at differ-
ent strains are shown as Fig. 7. Fig. 8 shows that there 
exists quasi-linear relationship between the strain and 
light intensity, with linear R-squares of 0.9962 and strain 
sensitivity of 0.0008dBm/με. 
 

4. CONCLUSION 
 
In conclusion, a novel intensity-modulated fiber-optic RI 
and strain sensor based on modal interferometer (MMI) 

 



 

 

is proposed. We only use light intensity to realize RI and 
strain sensing. In the coming days, more experiments 
should be carried to investigate the simultaneous moni-
toring of RI, strain and temperature with increased sensi-
tivity. 
 

 
Fig. 7. The transmission spectra of the UDU at different 
strain. 

 
Fig. 8. Transmission light intensity versus strain around 
1550 nm. 
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