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ABSTRACT   

Tapering single mode-multimode-single mode structures to enhance sensitivity is proposed and experimentally 
demonstrated. 50 mm-long coreless MMF sections are spliced between SMFs and tapered. They are characterized in 
strain and an increase in strain sensitivity is obtained with taper diameter reduction. Sensitivities as high as -23.69 pm/με 
for the 15 μm taper are attained. A combination of an untapered and tapered SMS is proposed as a sensing system for the 
simultaneous measurement of strain and temperature. 
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1. INTRODUCTION  
Multimode interference (MMI) has been thoroughly investigated and many applications namely in integrated optics have 
sprouted from such concept. Self-imaging of the input light field has led to the development of directional couplers, 
beam splitters, and multiplexers just to name a few [1]. Multimode interference can also be obtained in optical fibers 
using a step-index multimode fiber (MMF) and can be used for optical communication and sensing [2]. The most usual 
form of an MMI-based optical fiber device consists of a multimode fiber section spliced between two single-mode fibers 
(SMF) forming an SMF-MMF-SMF structure (SMS) [3]. SMS fiber structures have been employed as many optical 
devices such as a displacement sensor [4], a fiber lens [5], refractometer sensors [6], bandpass filters [7], and edge filters 
[8]. Recently, Wang et al. proposed and experimentally demonstrated a high sensitivity evanescent field fiber 
refractometer based on a tapered multimode-single-mode fiber structure [9].  

This work presents a tapered SMS structure that acts as a multimode interference device. The sensing head is composed 
by a 50 mm-long section of coreless multimode fiber, spliced between to SMF 28. On the coreless multimode section, 
tapers with different cross sections ranging from the untapered 125 μm to 15 μm were fabricated. Simulations of a 
conventional SMS structure and one that includes a taper in the multimode region were compared. Different SMS 
sensing heads with different taper dimensions were characterized in strain.  

2. SETUP AND SIMULATIONS 
The sensing heads are composed of a piece of coreless multimode silica fiber spliced between two single-mode optical 
fibers (see Figure 1). On the coreless multimode fiber, a taper is produced by the flame-brushing technique. This 
technique employs a flame that is swept along the fiber while it is being stretched and thus leads to the reduction of the 
transverse cross-section and the creation of a taper. 
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Figure 3. Spectral responses of the 125 μm SMS (a), and the tapered 74 μm (a) and 25 μm (b) SMSs. 

          
                                                        (a)                                      (b) 

Figure 4. (a) Wavelength shift vs. applied strain for the several taper structures; (b) Relationship between strain sensitivity 
and taper size. 

The theoretical expression plotted in Figure 4 (b) and given by equation (1) is derived from a purely geometrical point of 
view and is a mere estimate of the strain sensitivity of such structure namely FBGs and LPGs [10, 11]. Strain sensitivity 
varies nonlinearly with taper waist diameter. It increases as taper diameter decreases: from -2.08 pm/με for the untapered 
SMS to -23.69 pm/με for the 15 μm tapered SMS. 
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These tapered SMS structures can be used for the simultaneous measurement of temperature and strain using two 
different diameter tapers. A solution is presented using the matrix method. It should be taken into account that the 
material is always the same, thus it is expected that the temperature sensitivity will also be approximately the same and 
independent of the taper diameter ( ( ) ( ) TTT κκκ ≈≈ 15125 ). Considering, for example, the 125 μm and the 15 μm tapers 
one has: 
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Inverting the matrix one can obtain expressions for the temperature and strain variations as a function of the sensitivities 
and wavelength shifts: 
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4. CONCLUSIONS 
Tapers were produced on SMS structures and were characterized in strain. From the simulations it was ascertained that 
the creation of a taper in the MMF section of the SMS does not destroy the MMI pattern. In fact, what happens is that the 
self-images appear more closely packed in the taper region. An increase of 1039% in strain sensitivity was achieved 
when tapering the SMS structure from 125 μm (-2.08 pm/με) to 15 μm (-23.69 pm/με). Combining two SMS structures, 
for example, one untapered and one tapered, it is possible to measure strain and temperature simultaneously. 
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