Numerical Investigation on Microfluidic Integrated
Side Polished Fiber to Detect Biological Analytes
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Abstract—To improve the integration and sensitivity of surface
plasmonic resonance (SPR) detection systems, we have numer-
ically inversigate the SPR microfluidic integrated side polished
fiber (SPF) sensor to detect the biological analytes. The proposed
device consists of PDMS microfluidic channel and few layer MoS-
nano coated SPF. Finally, the integrated microfluidic channel with
SPF bio sensor evaluated by flow velocity of micro fluidic channel
and SPR occurring wavelength.

Index Terms—Microfluidic Channel, Side polished fiber, Sur-
face plasmonic resonance, MoS> nanosheets

I. INTRODUCTION

The surface plasmon resonance (SPR) technique is funda-
mentally based on the evanacent field interaction at a metal-
dielectric interface. These metallic structures possess a highly
localized electromagnetic field, making them highly sensitive
to the refractive indices changes of the surrounding medium
[1]. This techniques can be extensively utilized for various bio-
component detection such as biomarkers, toxins, pathogens
and allergens. Microfluidic technology enables the analysis
and manipulation of substances inside a microchannels with a
requirement of minimum volume of samples [2]. The Properly
designed microfluidic chips can improve the efficiency of
substance detection. The hybrid system of optical fiber with
microfluidics results in rapid detection, high sensitivity, good
reproducibility and high integration. As a result, numerous
researchers have combined fiber-based SERS technology with
microfluidics to create various microfluidic fiber-based SERS
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probes. Recently, Fan et al. integrated end-face fiber SERS
probes into a microfluidic chip, achieving a detection sen-
sitivity of 10 mol/L for R6G [3]. In this work, We have
integrated the microfluidics channel with SPF in order to
improve resonance effect through controlled flow assistance.

II. DESIGN

In section.Il, we illustrate about the design of the mi-
crofluidic integrated MoS» nanocoated SPF to detect the bio-
analytes which is shown in Fig.1(a). The proposed design
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Fig. 1. (a) Schematic view of microfluidic integrated SPF Sensor. (b) Field
profile of SPF sensor integrated with microfluidic channel.



consists of two major sections as microfludic channel and
MoS; nanocoated SPF. Firstly, we have design the microfludic
channel to utilize advantages of compact size, effecient flow
control, requirement of low sample volume in order to improve
the bio-substance detection of SPF. The proposed microfluidic
channel has a length and height of 4.25 and 1.5 cm, respec-
tively. The channel width of microfluidic channel is varied
ranges from 1 to 1000 pum. The proposed PDMS microfluidic
channel comprises three regions. Region 1 and Region 3 has
called as entrance and exit region, respectively, which consists
of two inlets and outlets with a diameter of 0.5 mm. Inlets
and outlets are used to insertion of human serum as well as
PBS sloution and collection wastes, respectively. Region 2 is
a middle region or mixing region of human serum and PBS
solution. Further, the Region 2 supplies the mixed solution to
the side polished MoSs coated sensing region. Further, MoS,
nano coating is varied from monolayer to fewlayers(1l to 10)
with a fixed single layer thickness as 0.625 nm. The considered
SPF is regarded as a single-mode fiber, featuring core and clad
diameters of 8 pym and 125 pm, respectively. The upper and
above the core polished length of SPF is about 26 and 17
mm, respectively. The polished depth of SPF is about 58 pm.
Further, Fig.1(b) shows the field profile associated with SPF.
In real time integration aspects, the microfluidic channel can
be integrate with SPF by plasma bonding.

III. RESULTS AND DISCUSSION
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Fig. 2. Variation in velocity profile of microfludic channel with respect to
the variation in channel width.

Fig.2 depicts the velocity profile of proposed microfluidic
channel with respect to the various channel width. Here,
Region 1,2 and 3 represents the entrance,middle and exit
region of microfluidic channel, respectively. one can see in
Velocity profile that that the velocity of region 1 is same as
3.9 x 1073 ms~! of region 2 and 3 at a channel with of 125
and 150 pm, respectively. Initially,the velocity is set at 2.5 x
1073 ms™! at the inlet of the microfluiudic. The maximum
velocity of region 2 (middle) and region 3 (exit) is attained
73 x 107 3ms~! and 7.7 x 1073 ms~1, respectively, at a
channel width of 950 pum. Further, Fig.2 indicates that the exit
velocity get slightly exceeds the middle region velocity due to
the reduction of cross sectional area of microfluidic channel

in the exit region. Hence, one can infer from the figure that
constant velocity and enhanced velocity of entrance region and
middle, exit region can be at microfluidic channel width of 950
pm. Thus, we fix the channel width as 950 pm through out
studies.
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Fig. 3. Variation of loss as well as effective refractive index of core and SPR
mode with repect to the wavelengths.

SPR is generally identified when the real effective indices
and losses of the core and SPR mode indices match [4].
Resonance between core and evanescent field mode occurred
only when the loss and real effective indices value of both
modes gets matched. Fig.3 illustrates the real parts of the
effective index and loss of both the core and the evanescent
field mode as functions of wavelength. From Fig.3, it is clear
that the real part of the both the mode indices of SPF match
at 745 nm wavelength. On the same hand, the peak of the loss
can also observed at 745 nm wavelength. Hence, the proposed
SPF exhibits the SPR effect around the wavelength range of
745 nm.

IV. CONCLUSION

In this work, the microfluidic channel integrated SPF has
been proposed to improve the performance of SPR based
bio analytes detection system. The proposed design exhibits
the maximum velocity of 7.3 x 1073ms™! at 950 um of
microfluidic channel width. Further, The SPF sensor exhibits
the SPR at a wavelength of 745 nm for bio analytes detection.

REFERENCES

[1] “Numerical study of a d-shaped optical fiber spr biosensor for monitoring
refractive index variations in biological tissue via a thin layer of gold
coated with titanium dioxide,” Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, vol. 304, p. 123358, Jan 2024.

[2] A.-G. Niculescu, D. E. Mihaiescu, and A. M. Grumezescu, “A review
of microfluidic experimental designs for nanoparticle synthesis,” Interna-
tional Journal of Molecular Sciences, vol. 23, pp. 1-32, July 2022.

[3] M. Fan, P. Wang, C. Escobedo, D. Sinton, and A. G. Brolo, “Surface-
enhanced raman scattering (sers) optrodes for multiplexed on-chip sensing
of nile blue a and oxazine 720,” Lab Chip, vol. 12, pp. 1554—-1560, March
2012.

[4] M. Valliammai, K. Senthilnathan, P. Ramesh Babu, and S. Sivabalan,
“Influence of quasi-periodic cladding on single mode behavior in a
leakage channel fiber: Towards the enhancement of modal discrimination
and low bending loss of the Ip01 mode,” Optics Communications, vol.
389, pp. 239-246, April 2017.



