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Abstract: A novel, MMI-based all-fiber structure, which consists of two single-mode fibers 
and a multimode fiber polished on both sides, is described. The light propagation 
characteristics of this fiber structure, as well as its superior sensing performance, are analyzed 
theoretically by using the beam propagation method (BPM). This fiber structure demonstrates 
a significant spectral response to changes of the surrounding refractive index (RI), and the 
measured results exhibit good agreement with the predicted data. The measured average RI 
sensitivity is as high as 151.29 nm/RIU over an RI range from 1.3450 to 1.4050, when the 
polished depth is 30 µm on both sides of the multimode fiber. This fiber structure can be an 
advantageous platform for various applications, especially for a lab-on-fiber type sensing 
application. 

© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction

Multimode interference (MMI), referring to convergence and divergence of a number of 
modes, generally exists in multimode fibers and waveguides. Over the past few decades, 
much effort has been devoted to the investigation of the MMI phenomenon and its induced 
self-imaging effect [1–3]. So far a range of integrated optical devices based on MMI, 
including beam splitters [4], combiners [5] and multiplexers [6], have been successfully 
investigated, that significantly promotes the development of telecommunication networks. 
However, for those multimode waveguide based photonic integrated circuits, the 
misalignment and insertion loss between MMI waveguide and silica optical fiber always 
induce low coupling efficiency and information missing at the coupling joint section of both. 
The multimode optical fiber (MMF), by contrast, exhibits an ultra-low splicing loss with 
existing optical fibers, and relatively easy integration with other optical fibers to form robust 
devices. Thus, the MMF has been a widely used optical medium for various applications, 
such as microscopy [7], laser [8], sensors and transducers [9,10]. 

The single-mode-multimode-single-mode (SMS) fiber structure, comprising a length of 
multimode fiber (MMF) and two single-mode fibers (SMFs), has become a promising 
research topic as a result of its easy fabrication, electromagnetic field immunity etc. Notably, 
numerous sensors based on an SMS fiber structure were proposed over the past decade, such 
as temperature sensors [11] and strain sensors [12,13]. However, the sensing capability of the 
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5. Conclusion

In conclusion, a novel DSPSMS fiber structure is fabricated from a standard SMS fiber 
structure by employing a side polishing technique, which is reported for the first time. 
Through calculating the light propagation characteristic of MMF polished on both sides, it 
was found that the resulting transmitted mode field distribution is dependent on the degree of 
centro-symmetry and gives rise to complicated MMI patterns. The sensing performance of 
this fiber structure was also calculated and these demonstrated that it has a high dependence 
on SPD. Three DSPSMS fiber samples with different SPD values (d = 10 μm, 20 μm and 30 
μm) were successfully fabricated and their physical appearance was compared with a standard 
MMF using microscopic imaging. The experimental results have shown that over an RI range 
from 1.3450 to 1.4050, the measured average RI sensitivity is as high as 64.82 nm/RIU for d 
= 10 μm, 85.29 nm/RIU for d = 20 μm, and 151.29 nm/RIU for d = 30 μm. 
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