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Abstract—This paper presents a C-shaped optical fiber
sensor for refractive index measurement. The design and
simulation of the C-shaped optical fiber were conducted via
Wave Optics Module-COMSOL Multiphysics®. The refractive
index measurement ranging from 1.30-1.40 is performed. The
simulation results showed that the C-shaped design has the
potential to act as a refractive index sensor with sensitivity of up
to 0.966348101, higher than simulated D-shaped OFS with
estimated sensitivity of up to 0.966334412.
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1. INTRODUCTION

Optical fiber sensor (OFS), a well-known refractometer
has been widely demonstrated in measuring physical,
chemical, and biological parameters, offering simple
refractive index (RI) measurement for quality control and in
situ monitoring. To fabricate this optical miniature sensor, a
part of the optical fibre cladding is modified and replaced with
target measurand either in form of liquid, gas, or vapour to
measure its various properties based on the RI changes.
Microfiber OFS has strong sensitivity performance in which
the cladding layer is fully modified to expose the evanescent
field to interact with the sensing medium. However, after
cladding modification, a small segment of the fiber becomes
extremely thin, causing it to be fragile and hard to handle [1,
2]. To mitigate these drawbacks, side-polished OFS has been
introduced where the one side of the fibre is polished to form
a D-shaped structure. Despite the heightened mechanical
stability from the cladding support as compared to the
microfiber OFS, it has low sensitivity due to limited
evanescent field exposure [3].

An early investigation of the C-shaped OFS was
conducted by Tan et al. in which the C-shaped design was
implemented on fiber Bragg grating to act as a
temperature-insensitive refractometer with similar operating
principle as the D-shaped OFS [4]. The C-shaped structure
offers strong mechanical stability to support the sensor and
greater evanescent wave exposure compared to D-shaped
OFS. In another work, Xie et al. used dual C-shaped cavities
to develop a Fabry-Perot interferometer (FPI) based sensor
[5]. The C-shaped cavities consist of an inner bore diameter of
40 pm and an outer diameter of 160 um which were serially
spliced to the SMF in alternate arrangement. The proposed
sensor showed its strong potential for highly stable sensing
application in measuring biological samples. Additionally, the
sensor can be fabricated on-tower and multiplexed.

Despite the limited available literature on this particular
sensor design, its advantages as mentioned before have
proven its feasibility as a new OFS design. In this paper, a
C-shaped OFS is designed and simulated via Wave Optics
Module-COMSOL Multiphysics® software. Furthermore, the
electric field distribution throughout the sensor and effective

RI changes at different analyte RI medium are also studied and
the underlying physics are discussed.

II. DESIGN AND SIMULATION

The 3-dimensional and cross section of the structure under
investigation are illustrated in Fig. 1. The structure consists of
single mode fiber (SMF) with core and cladding diameter of
8um and 125um, respectively. As depicted in Fig. 1(a), to
form the ‘C’ shape, a quarter of the cladding structure was cut-
off using right triangle at apex of 90° from the fibre centre.
The cut-off region was then replaced with sensing medium
(analyte) for simulation purposes as shown in Fig. 1(b).
1550nm is chosen as the operating wavelength where the
lowest attenuation window of practical fiber is established [6].
The analyte RI is set from 1.30-1.40, the typical range of a
liquid RI [7]. A three-term Sellmeier equation is used to
express the SMF’s RI at near infrared wavelength region as
described in Eq. 1:
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Where, n is the refractive index of the material and / is the
operating wavelength. Both core and cladding have different
Sellmeier coefficients. Detail information can be found in this
reference [8].

III. RESULTS AND DISCUSSION

A. FElectric Field Disctribution

Fig. 2 shows the simulation output as the light wave
propagates through the fibre structure. In a selective study, the
coloured illustration of the electric field distribution is
illustrated through SMF and C-shaped optical fiber when
exposed to the analyte medium at 1.33 of RI for comparison
purposes as shown in Fig. 2(a) and Fig. 2(b). The red and blue
colour represents the maximum and the minimum electric
field intensity. In the SMF structure, the electric field is
concentrated at the centre and equally distributed indicating
that the light is strongly confined in the core. In contrast, in
the C-shaped sensor, the electric field slightly shifted towards
the core/cladding boundary due to lower RI contrast between
these two mediums compared to core/analyte boundary. For
both cases, the electric field gradually decreases when
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Fig. 1. The structure of C — shaped OFS in a) 3D and b) cross section
geometry for simulation purposes
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Fig. 2. Coloured illustration of normalized electric field intensity around the fiber core for (a) SMF, (b) C — shaped when exposed to the
analyte medium with RI of 1.33 and (c) MFD of C — shaped OFS at different analye RI

reaching the core/ cladding and core/analyte boundary as the
light energy attenuated as it reaches the boundary with
different RI medium. The electric field distribution of the
C-shaped OFS can be analysed by studying the mode field
diameter (MFD) as depicted in Fig. 2(c). A large variation of
MFD can be seen by changing the analyte RI. At the
core/analyte boundary, the penetration depth of the evanescent
wave increases with the increase in analyte RI. The
penetration depth depends on the RI difference between the
core and the analyte. The lower the RI difference, the higher
the penetration depth probing further into the analyte medium
which in turn leads to more energy dissipation, hence,
decreasing the electric field intensity.

B. Effective Refractive Index and Sensor Sensitivity

Effective RI, ngy refers to the effective property of the
waveguide altogether with given measurand. In principle, the
ney is not influenced by external surrounding medium but the
cladding modification can significantly affect the n.y of the
waveguide due to evanescent wave interaction while counting
the analyte medium as a part of its n.; value. Different n,ycan
be obtained by changing the analyte RI. The registered ney
changes are plotted at different analyte RI as shown in Fig. 3.
As the analyte RI increases from 1.30 to 1.40, the n. also
increases. The estimated sensitivity achieved by the C-shaped
OFS is 0.966348101, higher than simulated closest design, D-
shaped OFS, with estimated sensitivity of 0.966334412 which
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Fig. 3. Effective RI changes of C — shaped and D - shaped OFS at
different analyte RI

110

results at the highest analyte RI of 1.40. This is expected since
the evanescent wave exposure area of C-shaped is larger than
D-shaped OFS.

IV. CONCLUSION

This work demonstrated the design and simulation of
C-shaped OFS at different refractive index ranging from
1.30-1.40. Different analyte RI shows different electric field
distribution and evanescent field without being overlapped.
The estimated sensitivity achieved by the C-shaped sensor is
0.966348101, higher than simulated D-shaped OFS with
estimated sensitivity of 0.966334412 which results at the
highest analyte RI of 1.40. The simulated design pointed to a
convincing potential design as a new type of OFS.
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