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Optical microbottle resonator with polyvinyl alcohol
coating for sodium alginate concentration sensing
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The research paper defined the effect of polyvinyl alcohol (PVA) coating on optical microbottle resonator (MBR) for sodium
alginate concentration sensor. The resonator made from silica fiber SMF28 used a technique known as “soften-and-
compress”. The MBRs size is based on the three parameters, which is bottle diameter (Dy), stem diameter (Ds) and bottle
length (Lp). The MBR was then coated with PVA and named MBR-PVA-A, MBR-PVA-B and MBR-PVA-C. The coated MBR-
PVA was then coupled with microfiber for characterisation and able to have Q-factor >10° for all conditions. The MBR-PVAs
were then used for the sodium alginate sensor with liquid concentrations ranging from 1% to 6%. The MBR-PVAs
performance is ultimately excellent, where the results are based on transmitted power and wavelength shift analysis. The
MBR-PVAs are promising as sodium alginate concentration sensors by the sensitivity, linearity, stability, and repeatability

performance.
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1. Introduction

Fiber optic captured intention widely in
communication and non-communication applications [1-
5]. Optical microresonator (OMR) is a fiber optic sub-
creation explored in various applications [6, 7]. Recently,
the OMR operated by whispering gallery modes (WGM)
was then applied in laser, sensor and plasmonic devices [8-
10]. The modes in the OMRs then narrowed spatially and
transiently, increased optical forces, promising quality
factor and extending the lifetime of photons. By this
concept, the OMRs may be constructed in numerous
structures such as microring, microdisc, micropillar and
microsphere [11-14]. WGMs on optical resonators then
seriously explored different preferences such as
tremendous quality factor, decaying in intrinsic losses, and
modest assembly methods [15, 16]. This paper promotes
one class of the OMR known as microbottle structure
resonator (MBR), made from optical silica fiber with a
bump in the midriff, which is of fibre, similar to bottle
look. The WGMs freely coursed across the MBR surface,
opposite the bottle axis, making this resonator valued in
sensing application. However, an electromagnetic field on
the MBR surface cooperates with the sensing medium as
part of sensor application [6, 17-19]. It made the MBR
slightly similar due to the concept of potation with surface
plasmon-polaritons (SPPs) electromagnetic fields [20, 21].
Hence, the MBR proving exceeds the quality factor and
free spectral range (FSR), suitable as a sensor application

[22-24]. The MBR previously showed tremendous
performance in several sensing applications such as
temperature, humidity and gas sensors [25-29].

This article promoted the coating MBR as a sodium
alginate sensor. Several experimental research on sodium
alginate sensors have been explored but non-other
resonator used for it, as Table 1. This sodium alginate,
known as salt from the alginic acid used to retain the water
in meat, increases elasticity and improves the product’s
freshness [30, 31]. The coating material used is polyvinyl
alcohol, chosen due to the similarity refractive index with
the MBR base material, 1.4793 for polyvinyl alcohol and
1.4515 for silica fiber. The coating may increase the MBR
size, producing high quality factors and FSR [32, 33]. The
MBR-PVA coating is the first type of resonator used as a
sodium alginate sensor. The experiment began by forming
three different MBR sizes utilising a technique known as
“soften-and-compress”, then coating with the PVA by the
“drop-casting” technique. The coated MBR-PVAs are then
excited with microfiber 2um diameter for characterisation
to ensure the resonator is ready to be used as a sensor [34,
35]. The sodium alginate was prepared in liquid form with
a range of concentrations from 1% to 6%. The MBR-
PVAs is performed as a sodium alginate sensor by
determining the sensitivity, linearity, stability and
repeatability results. These parameters may obtain the
capability of the MBR-PVAs as a sodium alginate
concentration sensor.
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Table 1. List of reported research on sodium alginate sensor

No. Title Publish  Sensitivity
Date

1. Green, in situ fabrication of 2020 0.0022
silver/poly(3-aminophenyl AA/uM
boronic acid)/
sodium alginate nano gel and
hydrogen peroxide sensing
capacity

2. Carbon dots—Sodium 2019 0.109
alginate hydrogel: A novel I/nm

tetracycline fluorescent
sensor and adsorber

2. Characterisation of MBR-PVAS

The MBR was formed using silica fiber SMF28 by a
method known as “soften-and-compress”, where the
WGM was utilised for spectral characteristic [35]. The
bottle structure on the midriff fiber is formed using the
splicing machine (Furukawa Electric Fitel S178A) by
heating that area with an electrical arc. The fiber is
compressed direction inwards from both right and left
sides simultaneously. The size of the bottle is determined
by the number of arcs applied during the heating process
[22]. The MBR structure is shown in Fig. 1, characterised
by three parameters of bottle diameter Dy, bottle stem
diameter D, and bottle length L,, similar to previous
works [22]. The microfiber with a 2um diameter used
together with the MBR for characterisation and sensing
procedure is then fabricated using a method known as
“flame brushing” [36, 37]. Three sizes of the MBR used in
this experiment showed in Table 2. The MBRs than
experienced procedure known as “drop-casting” allowed
the PVA to be coated on the top of the MBRs surface, as
shown in Fig. 2. The PVA coating solution was prepared
by dissolving 5 mg PVA with 12 ml of distilled water and
stirred for 6 hours long inside the ultrasonic cleaning
machine (GT SONIC-P2). The coating MBRs was left to
dry for 24 hours long. The coating thickness was measured
to have 10um for all MBR, respectively. The coating
MBRs than named as MBR-PVA-A, MBR-PVA-B and
MBR-PVA-C.

Fig. 1. The MBR with parameter of L, = 183 um,
Dy = 180 um and Ds = 125 um

Table 2. The size of the MBR before the coating procedure

- 170 pm 125 pm 182 pm
- 180 pm 125 pm 183 pum
- 190 pm 125 pm 184 pm

Polyvinyl Alcohol (PVA)
Coating on MBR

Microbottle Resonator
(MBR)

Fig. 2. The MBR experienced the “drop-casting”
method for PVA coating

Before being applied for sensing purposes, the MBR-
PVAs are then characterised for quality factor and FRS
results. The tunable laser source (ANDOAQ4321D)
supplied a wavelength for the experiment, ranging from
1551 nm to 1551.3. This tunable laser source was perfectly
suitable to be used because of the capability to generate a
wavelength range from 1520 nm to 1620 nm with 0.001
nm intervals perfectly. The wavelength used for the MBR
characterisation could be in any range, and the best range
is 1550 nm. However, 1551 nm is selected to be used in
this procedure to widen the potential of the MBR and
allow the MBR to work in the different wavelength ranges.
The final transmitted power was collected by an optical
spectrum analyser (OSA, Anritsu MS9710C). As a result,
Fig. 3 showed the transmission spectral with promising
quality factor by the size of the MBR-PVA [38]. All
coating resonators manage to have different insertion loss
values where the MBR-PVA-A is -32dBm, which is
higher than others. The insertion loss may differ for each
MBR-PVAs due to the coupling distance between the
MBR-PVAs with microfiber and the coating thickness on
the resonator surface [27, 39]. Free-space radian modes,
over-coupled with the microfiber and numbers of partially
overlapping may also cause different insertion losses in
spectral transmission [38, 40]. Therefore, the depth and the
number of the resonant from the transmitted spectral may
change due to the size of the MBR-PVAs.
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-32.0 — T The Q-factor is defined by estimation and Lorentziant
___________ b Insertionloss = __ fitting, where all sizes manage to have >10° which was
325 1 acceptable as previous research [22, 41]. The estimation of
a the Q-facto is by A/AX, where A describe as the resonant
D330} frequency. The Lorentzian fitting is defined by Origin
5 programming utilised. Fig. 3 showed the Q-factor of the
8 335) MBR-PVA-C is the highest due to the size, which was
% largest among the rest, with 6.038x10°. The MBR-PVA-A
% 240l Hransmidsion | and MBR-PVA-B managed to have 5.374x10° and
8 5.791x10” respectively. The size of the MBR-PVA would
S sk i determine the Q-factor and insertion loss. The free spectral
] range (FSR) depended on the MBR size, where the larger
P Q=5374x10° | size of resonator causes the smallest value of FSR as

. . . . . showed in Fig. 3.
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Fig. 3. The MBR-PVAs transmission spectral with

resonant depths while coupled with microfiber 2um

diameter. The Q - factor changed due to the size of the
resonator (color online)

3. Performance of MBR-PVAs as Sodium
Alginate Sensor

The MBR-PVAs was then used for sodium alginate
concentration sensing, as shown in Fig. 4. The MBR-
PVAs coupled with microfiber 2um diameter allowed the
WGMs spatially cross the resonator, which was then
manipulated to be a sensing mechanism. One end of the
microfiber is connected to the TLS for wavelength
supplied, while another end is connected to an optical
spectrum analyser for transmission spectral recorded. The
experiment was conducted in a sealed chamber, which
helps to remain the humidity and temperature level always
at the same level. The observation began when the setup
was supplied with a range of wavelengths as an input
source. The sodium alginate is used from 1% to 6%
concentration, with every output power from different
liquid concentrations recorded. The same procedure was
repeated by a three-time cycle, which may reduce random
error during data collection. To increase the sensor’s
performance, it may remain 120 minutes long for the
stability testing procedure. All the procedures applied for
three sizes of MBR-PVAs. However, the input wavelength
may be different due to the resonant depth’s transmission
spectral in Fig. 3. For example, the MBR-PVA-A used the
input wavelength of 1551.065 nm, while the MBR-PVA-B
and MBR-PVA-C may wuse 1551.063 nm and
1551.072 nm.

MBR-PVA coupled with
= microfiber ‘

Sealed Chamber

(a)

(b)
Fig. 4. The MBR-PVAs applied for sodium alginate
concentration sensor (a) and the MBR couple with
microfiber (b) (color online)
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Every concentration of sodium alginate used may
produce its wavelength shift. The shifting might differ for
each coated resonator used. As mentioned in Fig. 5, the
MBR-PVA-A wavelength shifted from 1551.064 nm to
1551.074 nm, MBR-PVA-B shifted from 1551.063 nm to
1551.076 MBR-PVA-C is from 1551.072 nm to 1551.087
nm. The shifting proves that the MBR-PVAs own their
capability in molecule adsorption while used as a liquid

sensor. It also showed that this coating MBR could be
used as a liquid concentration sensor. The shifting interval
showed by MBR-PVAs defined that the biggest size of
coating resonator; MBR-PVA-C produce large wavelength
shifting than others. It proved that the resonator’s size
influenced the MBR-PVA-C to have a large shifting on
transmitted wavelength.
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Fig. 5. The wavelength shift produced by different MBR-PVAs where the sensitivity, linearity and stability engaged with the
shifting to determine the sensor performance (color online)
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Fig. 5 showed the transmitted power decreased by
increasing the wvalue of the liquid concentration,
respectively. The experiment repeated three cycles for
each MBR-PVAs to reduce random error during data
collections. Three cycles of repetition combined as
average value define the sensitivity and linearity for each
coating resonator. The linearity data of the MBR-PVAs
showed some magnificent values that can have >90% for
all conditions. The sensitivity value showed by the MBR-
PVA-C is much higher with 2.0908 dB/%, where the
MBR-PVA-B is only 0.999 dB/%, and the MBR-PVA-A
is 0.6405 dB/%. By these results, the MBR-PVA-C
showed the best performance as a sodium alginate
concentration sensor. However, these sensitivity and
linearity results were collected from transmitted power
analysis compared with sensitivity and linearity collected
from wavelength shift analysis. As shown in Fig. 6, the
linearity may show tremendous results, where >90% for
all conditions. The sensitivity of the MBR-PVA-C
managed to have 2.9 pm/%, which was higher than MBR-
PVA-A with 2.0 pm/% and MBR-PVA-B with only 2.7
pm/%. By these comparisons, the MBR-PVA-C, the
largest coating resonator, showed the best performance as
a sodium alginate sensor.
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Fig. 6. The sensitivity and linearity performance by
wavelength shifting analysis (color online)

The stability test was wused to optimise the
performance of MBR-PVAs as a sodium alginate
concentration sensor. As shown in Fig. 7, the stability
performance is then taken from 6% of liquid
concentration. The coating resonator remained in this
concentration for 120 minutes long. This may ensure that
the MBR-PVAs may work for a long duration of time.
Furthermore, the results showed that all MBR-PVA
managed to remain in good condition with tremendous
stability performance. This may confirm that the MBR-
PVA:s is suitable for use as a liquid concentration sensor.
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Fig. 7. The stability performance of MBR-PVAs as
sodium alginate sensor (color online)

4, Conclusions

This experimental research paper investigated the
performance of coated MBR as a sodium alginate
concentration sensor. The MBR formed using the “soften-
and-compress” technique, which then coated with PVA by
the “drop-casting” method. Three coated MBR sizes
named MBR-PVAs are then characterised using TLS and
optical spectrum analyser. The MBR-PVAs produced
transmitted spectral with different resonant depth values.
The Q-factor is defined to have >10° for every coated
MBR. The MBR-PVAs was then applied as the sodium
alginate concentration sensor. The input wavelength might
differ for each size of MBR-PVAs, based on the resonant
depth from the transmitted spectral graph. Sensitivity,
linearity, stability and repeatability are listed parameters
used to indicate the best coated MBR performance as a
sensor. The MBR-PVA-C, the biggest size among others,
shows the best performance as a sodium alginate
concentration sensor. This showed that the size might
influence the coated MBR to perform well as a liquid
sensor.
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