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A B S T R A C T

We investigate the use of a class of whispering gallery mode optical resonators, namely, optical
microbottle resonators (MBR) as a relative humidity (RH) sensor. The MBR is fabricated via the
so-called “soften-and-compress” method to create a bulge (bottle) structure with a bottle dia-
meter =D 190μmb , stem diameter of =D 125μms and bottle length of =L 182μmb . The MBR is
then optically excited by using a 2 μm optical microfiber and was found to have a Q-factor
of> 104. The MBR was then employed as a humidity sensor with a RH range of between
40%–80% and the performance is compared with a no-MBR microfiber. The MBR RH sensor was
found to have a sensitivity 0.0487 dB/%, linearity> 90% and P-value>105 and is superior to
the no-MBR microfiber in all measured parameters. The MBR RH sensor was also found to have
good repeatability and stability over a period of 60 s. The wavelength shifted for the MBR is
0.03 nm greater than no-MBR.

1. Introduction

Optical microresonator (OMRs) has been garnered significant interest recently due to its wide potential applications in optical
sensors, lasers and plasmonic devices [1–5]. OMRs operate by creating continuous internal reflection at specific resonant wavelengths
and has been realized in several structure such microdisks, miropillars, microrings and photonic-crystal cavities [6–14]. Whispering
gallery modes (WGM) resonators, in particular, have been extensively studied due to several advantages including ease of fabrication,
high Q factors and low intrinsic losses [15,16]. Lord Rayleigh was the first to discover whispering gallery resonance phenomenon in
the dome of the St. Paul’s cathedral in London [17]. He observed that sounds could be hear at specific points along the circumference
of the dome length, indicating that the sound waves form so-called whispering gallery modes within the dome structure. The same
concept of the sound reflection along the cathedral dome may be translated in the optical domain by OMRs the similar geometries,
thus exhibiting similar resonance features for whispering gallery mode.

One subclass of WGM resonators, the microbottle resonator (MBRs), has recently been shown to have one of the highest Q factors
and FSR for silica based resonators [16,18]. These advantages make them ideal for silica-based sensors. WGM resonators have been
employed successfully in a variety of sensing environments and has the advantage of being unperturbed by high external electro-
magnetic fields [19,20]. Indeed, the WGM optical sensors exhibited high sensitivity, high accuracy and speed with minimal optical
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loses [21].
This paper studies the performance of MBR based humidity sensors. Several research papers on humidity sensing with OMRs are

given in Table 1 [22–27]. In this work, the performance between the MBR with no-MBR humidity sensor is compared. The MBR was
fabricated by the so-called “soften-and-compress” technique from a standard SMF28. The MBR is first characterized by using a 2 μm

Fig. 1. Optical MBR fabricated with Lb = 182 μm, Db = 190 μm and Ds = 125 μm.

Fig. 2. MBR WGM transmission modes of micro-bottle resonator coupled on micro-tapered fiber 2 μm diameter.

Fig. 3. Micro-bottle resonator attached on micro-tapered fiber 2 μm diameter.

Fig. 4. Transmitted power value for MBR and no-MBR microfiber varies with percentage of humidity.
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microfibre before the being employed for a humidity range of 40–80%, and then compared with no-MBR microfiber for sensing
performance. [28,29].

2. Experimental setup

The WGM employed in this work was fabricated from a standard SFM-28 by using the so-called “softened-and-compress” method
[30]. A continuous length of SMF-28 fiber is manually clamped in a manual splicing machine (Furukawa Electric Fitel S178A) before
being heated with an electrical arc and compressed inwards from both ends of the fiber. This creates a bulge in the centre of the fibre,
with the size being determined by the number of arcs employed [18]. The resulting MBR structure is then physically characterized by
three parameters, namely, the bottle diameter Db, the stem diameter Ds and the neck-to-neck length Lb, as show in Fig. 1. In this work,
Db was set at μm190 , similar to previous works [18]. A biconical optical microfibre with a waist diameter of μm2 , fabricated by the

Table 2
Analysis of MBR and no-MBR microfiber performance in humidity sensing activity.

Parameters No-MBR With MBR

Linearity (%) 84.38% 94.61%
Sensitivity (dB/%RH) 0.0256 0.0487
Standard deviation (dBm) 0.2972 0.3044
P-value 8.40× 10−6 2.07× 10−5

Linear Range (% RH) 40 - 80 40 - 80

Fig. 5. Repeatability performance of (a) MBR and (b) no-MBR microfiber varies with humidity level.
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flame brushing method, is employed to optically excite the MBR [31].
The MBR was first characterized by using a tuneable laser source (ANDO AQ4321D) with a wavelength range between 1520 nm

and 1620 nm, launched into the MBR via a microfiber with a taper waist of μm2 . The laser was tuned from 1551 nm to 1559 nm with
a wavelength interval of 0.001 nm and the output is collected by using an optical power meter (THORLABS S145C). The transmission
spectral of the MBR is shown in Fig. 2, where sharp resonant peaks can be clearly observed [32]. The insertion loss from both the
microfiber and MBR is approximately -30 dBm and is similar when different MBRs of the same size is employed, and may be opti-
mized by controlling gap between MBR and microfiber [33]. The Q-factor of the MBR, defined as λ λΔ / where λ is the resonant
wavelength, is found to be ×5.4359 104 which is smaller than other previous work [34]. This is thought to be due to the microfiber,
which contributes significantly to the insertion loss of the entire microbottle ensemble.

The performance of the MBR and microfiber humidity sensors were then investigated by employing the setup shown in Fig. 3. The
MBR and the microfiber are placed inside a sealed chamber, with the humidity monitored by a hygrometer (RS 1365) at ambient
room temperature of 25 °C at atmospheric pressure 1.0 atm. One end of the microfiber is connected to the tuneable laser source, with
the other end connected to an OPM to measure the transmitted power. The humidity was then varied from 40% to 80% using silica
gel. First, the wavelength was set at 1551.1 nm and the transmission of the MBR at different humidity levels are recorded. The
experiment was carried out three times to reduce random errors and to investigate the repeatability of the humidity sensor. The MBR
was then removed and the humidity sensing performance of a no-MBR microfiber was investigated as a comparison. The stability of
the sensor was also studied by recording the transmission at different humidity levels for a period of 60 s.

3. Performance of MBR and No-MBR microfiber as humidity sensing

The averaged transmission of the MBR and the no-MBR microfiber at different humidity levels is shown in Fig. 4. Overall, the
transmission decreases with increasing levels of humidity for both MBR and no-MBR microfiber. However, the sensitivity, linearity,
standard deviation and p-value of the MBR is significantly better as compared to the no-MBR microfiber, as recorded in Table 2.
Indeed, the sensitivity of the MBR is almost two times greater (0.0487 dB/% as compared to 0.0256 dB/%) with the linearity being
almost 10% higher, though the errors in the microfiber is slightly lower, as evidenced in Fig. 4. These results indicate that the MBR

Fig. 6. Stability performance of (a) MBR and (b) no-MBR microfiber varies with time.
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humidity sensor significantly outperforms the no-MBR microfiber as a humidity sensor. This may be explained by the fact that there is
a higher degree of surface adsorption results on the MBR humidity sensor. This adsorption induced loss is magnified as the light
circulates multiple times in the MBR, reducing the power with each round trip, thus significantly increasing the sensitivity [35,36].

The repeatability of the setup was studied by repeating the experiment three times for both the MBR and no-MBR microfiber [37].
As showed in Fig. 5, the results were consistent for both MBR and no-MBR microfiber, with similar values of sensitivity – more than
0.04 dB/% for the MBR and less than 0.03 dB/% for the no-MBR microfiber, respectively. The linearity values for both MBR and no-
MBR microfiber was also similar, as depicted in Table 1. Therefore, in general, the MBR performed much better as a humidity sensor
as compared to the no-MBR microfiber.

Fig. 6 (a) and (b) showed stability of the MBR and no-MBR microfiber humidity sensor over a period of 60 s. Both the MBR and
no-MBR microfiber is remarkably stable over the 60 s interval. The variation in the transmission is less than 0.5% and in the MBR, is
only noticeable at humidities exceeding 60%. As adsorption effects are relatively fast, this result indicate that the sensor is very stable
over the investigated humidity levels [37].

Experiment continue by defined the wavelength shift for every humidity level. Each of humidity percentage were performed
different wavelength based on previous research done recently [38]. Fig. 7 showed the different wavelength shift between the MBR
(a) and no-MBR (b) used in the experiment. The MBR showed batter wavelength shifted than no-MBR where it shifted from
1551.03 nm until 1551.16 nm, with 0.13 nm shifted in between. While no-MBR setup managed to have 0.1 nm shifted where the
wave moved from 1551.05 nm to 1551.15 nm. This is another simple proved the ability showed by the MBR for humidity sensing is
grater performed than no-MBR.

4. Conclusions

This paper studied the performance of MBR and no-MBR microfiber as humidity sensor. The MBR is fabricated by the “soften-and-
compress” method, creating a ‘bottle’ shape with a bottle diameter of =D μm190b , stem diameter of =D μm125s and bottle length of

=L μm182b . The fabricated MBR is then optically excited by a TLS via a μm2 optical microfiber and characterized by sweeping the
TLS wavelength from 1551 nm to 1552 nm with a step of 0.001 nm. The MBR was found to have a Q-factor of ×5.4359 104. This is
significantly similar to previous work and is thought to be due to the losses from the microfiber. The performance of the MBR as a

Fig. 7. Wavelength shift of (a) MBR and (b) no-MBR microfiber on every humidity level.
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humidity sensor is then evaluated and compared with a no-MBR microfiber. The linearity, sensitivity, standard deviation and P-value
were calculated, and the MBR was found to be superior to the no-MBR microfiber for each parameter. The high p-value (> 10−5)
indicate that measurements were done correctly. To increase accuracy in data collection, the MBR and no-MBR microfiber under-
going three-time repetition and 60 s stability test for each of humidity level. The wavelength shifted showed by the MBR is higher
0.03 nm than no-MBR, where is showed that the MBR performance is better than no-MBR.
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