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In this study, we demonstrate the effect of the microbottle resonator (MBR) based on whispering gallery modes
(WGMs) with two different diameters of tapered microfibre and its experiment with the formaldehyde (CH,0)
liquid sensor. The MBR with the bottle diameter, D, of 190 um was categorized by many spectra of transmission
modes. Then, the MBR was energized through two tapered microfibres with different diameters, 8 um and 10 um.
Differences between the two tapered microfibres with the MBR were determined for different concentration
levels of sensing liquid. In addition, p-values and stability levels of the two tapered microfibres were calculated.

According to the comparison results, the 8 um tapered microfiber has a much better competency than the 10 um
tapered microfiber when using the MBR.

1. Introduction

Recently, the optical microresonator (OMR) has received consider-
able. By supporting the whispering gallery mode (WGM), it has gained a
potential towards application in optical microsystems and miniatur-
ization attention [1,2]. The microtoroid, microsphere and microdisc
representing several geometries of the OMR allow coupling the lowest
volume mode with the high quality factor (Q-factor) value [3]. The
process is completed by having a total internal reflection between the
formation of WGMs and the microcavity surrounding the medium.
These microresonators are considered as 2-D resonators while confining
the mode in equatorial planes and allowed spectral properties defined
by their diameters.

OMRs supporting WGMs have been investigated to incorporate cy-
lindrical shaped structures. For example, optical filaments and OMRs
framed on strands are appraised for their particular way of confining
light, easy handling and useful applications [4,5]. Another example
includes the microbottle resonator (MBR) that has increased consider-
able attention because of its capability to support 3-D light confinement
of the WGM through a combination of the WG-bouncing ball and WG-
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ring principle [6]. The area of the WGM confinement model can be
defined with two distinctive MBR turning points corresponding to the
regional field enhancement. The efficiency of the add/drop function
can be increased owing to the presence of distinctive turning points in
MBRs [7]. MBRs are able to generate complex spectra transmitted with
high degenerated resonances, which is different with spherical micro-
resonator structure [8]. This is possible owing to multiple overlapping
MBR radii that allow bringing up the resonance spectra and trap the
light close to the MBR surface [9].

Formaldehyde is a dull toxic gas blended by the oxidation of me-
thanol and utilized as a germicide, disinfectant, histologic fixative and
broadly useful substance reagent for research facility applications [10].
Formaldehyde promptly dissolves in water and generally disperses as a
37% arrangement in water. Formalin, which is a 10% arrangement of
formaldehyde in water, is utilized as a disinfectant and for protecting
organic examples. Formaldehyde can be found naturally in smoke from
fires, car fumes and tobacco smoke. Small quantities of formaldehyde
can be accumulated via typical metabolic processes in many life forms,
including people [11]. It could cause throat, noise and eye irritation,
breathing difficulties, coughing, nausea, severe vomiting, sneezing,
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abdominal pain, renal injury, coma and fatality risk if consumed in a
large amount [12]. Since formaldehyde has been established as best-
known indoor air pollutant, effective and accurate formaldehyde de-
tection need to be designed to reduce the detrimental effect on the
human health. Thus, a simple, low cost and sensitive sensing approach
is crucially important for formaldehyde detection. To date several
sensing method to detect formaldehyde has been employed such as
spectroscopy, cataluminense, chemiresistor, gas chromatography and
high performance liquid chromatography (HPLC) [13-16]. However,
most of these techniques have some drawbacks in term of cost, sensing
time or complicated process.

Thus, in this paper, a simple sensing approach is proposed and de-
monstrated based on MBR. In this study, we conducted experiments
with a formaldehyde (CH,0) liquid sensor using an MBR with different
tapering diameters, i.e., 8 um and 10 uym. The MRB was formed using a
procedure called ‘soften-and-compressed’, which creates a bottle
structure from the standard SMF-28 fibre. The level of formaldehyde in
the liquids used for this study was between 0% and 5%. The liquids
were prepared by mixing formaldehyde with distilled water. The MBR
was exposed to these liquids for the sensing purpose.

2. Experimental setup

The silica fibre was placed inside a splicing machine (Furukawa
Electric Fitel S178A) with high temperatures being applied at the
middle of the fibre while pressing both sides of the fibre at the same
time. This arching process changed the structure of the silica fibre to
make a bottle. The diameter of the bottle was determined by the
number of bends . The MBR can be physically defined by the following
three parameters: bottle distance across Dy, stem width Ds and neck-to-
neck length L, (Fig. 1). In this study, D, was set to 190 um. The fine
tapering process was applied on the silica single mode fibre (SMF) to
produce microfibre with two different diameters, 8 ym and 10 pm,
which allowed a bundle of modes bouncing on the MBR surface and
utilizing the WGM [17,18].

The tuneable laser source (ANDO AQ4321D) operating at wave-
length range from 1520 nm to 1620 nm was utilized for MBR char-
acterization on bare microfibres with different sizes, namely, 8 um and
10 um. The interval scale was 0.001 nm for the wavelength range be-
tween 1551.3 nm and 1551.6 nm for all concentration levels, while the
output power value was measured using an optical power meter
(THORLABS S145C).

Fig. 2(a) illustrates the sharp resonant depth of the transmitted
spectra at various liquid concentrations of formaldehyde when the
waist diameter of bare microfiber was fixed at 8 um. In each stage of the
concentration level, the insertion loss varies between —22dBm
and — 38dBm, where its value was decreasing when concentration
level was increasing [19]. The insertion loss was significantly different
for every concentration level, which was influenced by the non-adia-
batic microfibre and concentration of the liquid.

In Fig. 2 (b), the waist diameter of the bare microfibre used in the
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Fig. 1. SFM-25 structure changed to the microbottle resonator (MBR) with
L, = 182 um, D, = 190 pm and D; = 125 pm after the arc procedure.
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experiment is 10 um. This value allowed to achieve sharp depth re-
sonation of the transmission modes for every concentration level, which
is similar to Fig. 2(a) . However, the insertion loss varies between
—6.2d Bm and — 9.4dBm, which is much higher than the previous
size of the bare microfibre. The insertion loss decreased with the in-
creasing liquid concentration value. The size of the bare microfibre
formed with the non-adiabatic structure considerably influenced the
insertion loss.

Fig. 3 illustrates the experimental setup for formaldehyde liquid
concentration level sensing used for different bare microfibres. The
MBR was placed between the bare microfibre and liquid surface, where
the MBR at the bottom side was dipped into the liquid, while the top of
the MBR was attached using the bare microfibre. The idea was to allow
transmission of the spectra resonated on the MBR surface and experi-
ence the WGM with the formaldehyde molecule adsorbed along the
MBR surface. The positions of the microfiber crossing and MBR surface
immerse in formaldeyde solution are essential in ensuring that the
optical properties of the WGM may be compared. Therefore, to ensure
precision, we have controlled several parameters throughout the ex-
periment by using a three-axis micro-positioning stage. The distance
between the MBR and tapered fibre is fixed at O um for all measure-
ments and the cross position of the microfiber is position 90° perpen-
dicular to the MBR. The position of formaldeyde liquid is at the centre
of the MBR.

The optical power metre was connected to the end of the setup for
the output data collection, while the tuneable laser source attached to
the other end of the fibre supplied the light source. The concentration of
formaldehyde varied from 0% to 5%. A wavelength of 1551.3 nm was
used for every concentration level as transmitted power. The experi-
ment was repeated three times to minimize the random error. The re-
sults were recorded for all conditions. For the stability testing, the
transmission of spectra was recorded during 60s for different con-
centrations. All tests were conducted on two different bare microfibers
for the comparison purpose.

3. MBR performance as a CH»O liquid sensor with different
microfiber diameters

The average level of spectrum transmission using bare microfibres
with diameters of 8 ym and 10 ym and the MBR with Dy, = 190 pm for
different concentration level is illustrated in Fig. 4. Both bare micro-
fibres demonstrated a decreasing trend as the concentration level of
liquid increased, with the 8 um microfibre showing a more steep slope
than that of the 10 um microfibre. As mentioned in Table 1, the 8 ym
tapered microfibre showed a better performance for all tested para-
meters in terms of linearity, sensitivity, standard deviation and p-value.
The MBR with the 8 um bare microfibre achieved 3.6251 dBm/%,
which is higher than that of the MBR with the 10 um bare microfibre
achieving only 0.278 dBm/%. The linearity of the MBR with the 8 um
bare microfibre was over 95%, while for the other setup it was less than
60%. Overall, the MBR with the 8 um bare microfibre achieves a better
result than the MBR with the 10 um bare microfibre. However, the
losses were higher for the 10 um bare microfibre compared to that of
the 8 um bare microfibre. This is because the tapering waist diameters
were different, which led to more losses for every concentration level
tested [20-22].

The sensing performance depends on the accuracy of the collected
data. Hence, the experiment was repeated three times for all conditions,
which also reduced the random error that probably happened during
the experiment [23]. The results are shown in Fig. 5, where the three
experiments are represented by the three line graphs for both the 8 ym
and 10 um bare microfibres used with the MBR. Notably, when com-
paring Fig. 5(a) and Fig. 5(b), the 8 um bare microfibre demonstrates a
fine decreasing line as opposed to that of the 10 ym bare microfibre.
This fine line somehow influenced the analysis of the bare microfibres
on their sensing performance and capability. The 8 um bare microfibre
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Fig. 2. The MBR transmission spectra for different concentration levels:
(a) 8 um tapered fibre waist diameter and (b) 10 um tapered fibre waist diameter.
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Fig. 3. MBR with formaldehyde and bare microfibres with the waist diameter of 8 ym and 10 um for concentration liquid sensing.
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Fig. 4. Transmitted power values for different concentration levels of for-
maldehyde for the MBR with 8 um bare microfibre (A) and 10 um bare micro-
fibre (B).

Table 1
Performance analysis of the 8 um and 10 ym bare microfibres with the MBR in
formaldehyde sensing.

Parameters 8 um Bare 10 um Bare microfibre
microfibre
Linearity (%) 99.10% 33.18%
Sensitivity (dBm/% 3.6251 0.278
concentration)
Standard deviation (dBm) 1.497 6.365
P-value 8.3x 1077 7.59 x 107°
Linear range (%) 0-5 0-5

with the MBR showed stable results across the three experiments.

Fig. 6(a) and Fig. 6(b) represent the stability test for the 8 ym and
10 um bare microfibres with the MBR performed for liquid concentra-
tion sensing during 60s. The MBR with the 8 um bare microfibre
showed less stable results compared to that of the 10 um bare micro-
fibre. Hence, it can be concluded that the diameter of the bare micro-
fibre influences the stability of sensing performance. Herein, the MBR
with the 10 um bare microfibre demonstrated more stable reactions for
the different concentration levels than that with 8 um. This is attributed
to the handling of the microfiber, which is easier with a larger diameter
and thus reduces the measurement errors.

Future work should be focused on exploring another sensing ap-
proach for the WGM sensor since the intensity based sensor may not
produce an accurate measurement. The arrangement and structure of
MBR and microfiber should be optimized to obtain a sharp resonance
and the shift of resonance wavelength should be observed during
changes in the environment or formaldehyde concentration.
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Fig. 5. Transmitted power value of (a) 8 um and (b) 10 um bare microfibre with
the MBR for the three experiments with varied liquid concentration levels.

4. Conclusion

This paper described the performance of two microfibres with dif-
ferent diameters and the MBR utilized as a formaldehyde liquid sensor.
A method known as ‘soften-and-compressed’ was applied to a silica
fibre that created a bulge area on the fibre called the MBR with the stem
diameter of 125 um, bottle diameter of 190 um and bottle length of 182
um. The MBR was then excited through the two tapered microfibres
with the diameters of 8 yum and 10 ym via a tuneable laser source and
characterized by shifting the wavelength of the TLS from 1551.30 nm to
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Fig. 6. Transmitted power of (a) 8 um and (b) 10 um bare microfibre with the
MBR for stability performance with 60 s of data collection.

1551.60 nm with the wavelength interval of 0.001 nm. The comparison
between the two different diameters of the tapered fibre was reported
based on four parameters: linearity, sensitivity, standard deviation and
p-value. According to the results, the 8 ym tapered microfibre is more
efficient than the one with the waist diameter of 10 ym. The p-values
for each dimeter was > 10>, while the stability of the two tapered
microfibres was measured during 60s.
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