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Abstract— Two different sensing structures based on a hollow 

microsphere Fabry-Perot cavity are proposed. The hollow 

spheroidal cavities are fabricated resorting only to fusion splicing. 

The first structure is based on a hollow microsphere located at the 

fiber end and works as a probe sensor. The structure was 

subjected to lateral load pressure and presents a sensitivity of 

1.56 ± 0.01 nm/N. The second proposed sensor relies on an in-line 

hollow microsphere. The sensing structure allows the detection of 

lateral loading, with a sensitivity of 2.62 ± 0.02 nm/N, as well as 

strain detection, with a sensitivity of 4.66 ± 0.03 pm/µε. The two 

proposed sensors present similar response when subjected to 

temperature and have low thermal sensitivity. 

 

 
Index Terms— Fabry-Perot Interferometry, Fiber Optics, 

Lateral Loading, Optical Sensors, Strain, Temperature. 

 

I. INTRODUCTION 

PTICAL fiber sensors based on interferometric 

configurations have been extensively studied in the last 

decades and have found many applications in physical and 

chemical sensing. The most explored configurations are the 

ones based on Mach-Zehnder [1], Sagnac  [2], Michelson [3] 

and finally, low finesse Fabry-Perot [4] interferometers. The 

low finesse Fabry-Perot is a very simple structure that results 

from the interference between two or more waves that go 

through different optical paths with different reflectivity in the 

sensor. The sensing applications for this configuration are vast, 

ranging from strain [5], pressure [6], magnetic field [7] and 

temperature [8]. Cavity fabrication can be achieved by using 

chemical etching [9], fiber Bragg Gratings (FBGs) serving as 

mirrors [10], micromachining [11] or by the use of fusion 

splicing [12]. The fusion splicing technique differentiates itself 

as an easy, fast and low cost fabrication method without 

chemical hazards. 

 Fabry-Perot cavities fabricated resorting only to fusion 

splicing have been achieved by using photonic crystal fibers 

(PCFs) [13] or simple standard optical fibers [14]–[16]. 

 In this work, two different sensing structures based on a 

hollow microsphere cavity are proposed. The first sensor 
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structure proposed is based on a hollow microsphere tip. This 

sensor shows great sensitivity to lateral load with very low 

thermal sensitivity. Subsequently, an in-line sensor structure 

with microbubble cavity is presented. This configuration yields 

a simpler reflected spectrum as the Fabry-Perot cavity can be 

treated as a two-wave interferometer. The sensor, besides being 

highly sensitive to lateral loading with low thermal sensitivity, 

presents the possibility to be subjected to strain. 

 

II. SENSOR FABRICATION 

 The proposed sensor fabrication involves only fusion 

splicing and cleaving processes, using three different manual 

splicing programs, schematized in Table 1. In the first step, 

presented in Fig. 1(a), a cleaved single mode fiber (SMF) was 

fusion spliced to a hollow core fiber (or silica capillary tube) 

using the manual Program 1- Table I. The electric arc was 

centered on the SMF to prevent the collapse of the hollow core 

fiber due to the heat of the fusion splicing process, while being 

able to join the two fibers. The resulting configuration was, 

then, cleaved to the desired length, as schematized in Fig. 1(b). 

This length controls the cavity length as well as the shape of the 

hollow microsphere. Applying two consecutive electric arcs at 

the tip of the hollow core fiber the microsphere was formed, as 
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Fig. 1.  Schematic diagram of the fabrication steps of the (a)-(d) tip sensor and 

(a)-(f) in-line sensor. Microscope photograph of (g) tip sensor and (h) in-line 

sensor. 
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shown in Fig. 1(c) and (d), using Program 2 – Table I. The first 

electric arc results in the formation of a hollow microsphere 

with thick silica walls, while the second electric arc narrows the 

silica walls. In Fig. 1(g) is depicted a microscope photograph of 

the resultant structure. The fabricated sensor presents a 

~175 µm air cavity with a ~30 µm silica wall. The sensor tip 

presents two optical cavities: the first is an air cavity and the 

second is a silica cavity formed on the outer wall. The resultant 

reflected signal, shown in Fig. 2(a), is the outcome of the 

interference of the three reflected waves that arises from the 

three interfaces in the sensor head. The first reflection occurs in 

the interface between the SMF and the air cavity and the second 

reflection arises in the interface between air and the silica wall. 

The third reflection results from the refraction index changes in 

the interface between the silica wall and the surrounding media 

from outside of the sensing head. Three different interferences 

occur: between the first and the second wave, between the first 

and the third wave, and between the second and the third wave. 

Due to the small cavity length provided by the silica wall, the 

interference between the second and the third wave may be 

neglected. The remaining interferences are dominant and their 

interaction results in a beat, as presented in Fig. 2(a). The 

hollow microsphere tip sensor structure allows the detection of 

transverse loading [17], and refractive index [18].  

  In a second approach, an in-line configuration was 

fabricated by splicing a cleaved SMF to the tip of the hollow 

microsphere, using Program 3 – Table I. This configuration, 

presented in Fig. 1(b), allows strain sensing, while maintaining 

lateral loading sensitivity. The resultant reflected spectrum, 

presented in Fig. 2(b), is a two wave interferometer. In this case, 

the thickness of the microspheres is negligible when compared 

with the first structure, so the interference occurs between the 

reflected wave in the interface SMF/air and the reflected wave 

from the air/silica interface. 

III. EXPERIMENTAL RESULTS 

 The fabricated sensors were tested using a reflection 

interrogation system composed by a broadband optical source, 

an optical circulator and an Optical Spectrum Analyzer (OSA). 

The optical source had a bandwidth of 100 nm, with a central 

operation wavelength at 1550 nm.  

 Lateral loading response was tested for the two sensor 

structures using a three-point application setup in order to 
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Fig. 2.  Reflected spectrum of the (a) tip sensor, and (b) in-line sensor. 

 

 

TABLE I 

MANUAL SPLICING PARAMETERS 

Parameter Program 1 Program 2 Program 3 

Pre-fusion Time (s) 0 0 0 

Fusion Time (ms) 300 2000 600 

Arc Power* S-075 S+100 S-050 

* Absolute arc-power was not possible to attain; only relative values were 

attained (S being the standard value). 
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Fig. 3.  Lateral loading response for the tip and the in-line sensor. 
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Fig. 4.  Temperature response of the (a) tip sensor and (b) in-line sensor. 

 

 



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

 

3 

equally divide the applied load. The load response for the two 

structures is presented in Fig. 3. The sensor tip structure yield a 

1.56 ± 0.01 nm/N sensitivity. This result was at the same order 

of magnitude than the one previously reported in literature [17] 

for similar structures. Regarding the in-line structure, a 

sensitivity of 2.62 ± 0.02 nm/N was attained. This higher 

sensitivity may be due to the thinner walls presented in the in-

line hollow microsphere structure that will result in higher 

deformation to the applied load. Temperature response was also 

attained for the two structures, as presented in Fig. 4. The sensor 

tip was tested for temperatures in the range of 300 to 500 °C, 

and a sensitivity of 1.90 ± 0.06 pm/°C was attained. In the in-

line configuration, temperatures varied between 250 and 

600 °C and presents a linear response with a sensitivity 

of 1.17 pm/°C. Thermal expansion of the silica microsphere is 

the dominant behavior responsible for the shifting of the 

spectrum signal to higher wavelengths. The sensors presented a 

smaller temperature sensitivity when compared to similar 

structures, proposed by Ma et al. [17] and Ferreira et al. [19], 

and presented a sensitivity of the same order of magnitude to 

the achieved by Liu et al. [14]. For the first structure, the cross-

sensitivity between lateral loading and temperature is 1×10-3 

N/°C and, for the second structure, a lower cross-sensitivity of 

0.75 ×10-3 N/°C was achieved. 

 The in-line sensor was tested for strain, in a range of 1000 µε. 

As presented in Fig. 5, a linear response was attained with a 

sensitivity of 4.66 ± 0.03 pm/µε. The cross-sensitivity between 

strain and temperature was 0.25 µε/°C. A structure with an 

array of silica microspheres was proposed by Ferreira et al. 

[19], where a maximum sensitivity of -1.59 pm/µε was 

achieved, almost 3 times smaller than the sensor proposed in 

this work. Liu et al. [15] reported an all-fiber Fabry-Perot 

structure and a 2.9 pm/µε sensitivity was achieved for 79 µm 

cavity length, which is much smaller than the one obtained in 

the present case.  

 

IV. CONCLUSIONS 

 Two sensing structures based on a hollow microsphere 

Fabry-Perot cavity were proposed. The first configuration was 

based on a hollow microsphere fiber tip, which was tested for 

lateral loading and temperature. This sensing structure yielded 

high lateral loading sensitivity, namely 1.56 ± 0.01 nm/N, and 

a low thermal cross-sensitivity of 1×10-3 N/°C. 

 The second device was an in-line sensor fabricated by fusion 

splicing a SMF to a hollow microsphere structure. The 

proposed sensor was tested for lateral loading and strain, 

presenting sensitivities of 2.62 ± 0.02 nm/N and 

4.66 ± 0.03 pm/µε, respectively. The higher sensitivity to 

lateral loading may be due to the smaller outer silica walls when 

compared to the hollow microsphere-based sensor tip. This 

structure also presented a low thermal cross-sensitivity of 

0.75×10-3 N/°C, and a low cross-sensitivity between strain and 

temperature. The presented in-line structure may be suitable for 

lateral loading and strain sensing in harsh environments.  
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