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This experimental paper studied the effect of a single and double optical microbottle resonator's effect on ethanol gas 
sensors. The MBR is formed in two different sizes by the “soften-and-compress” technique from silica fiber SMF28. The 

characterization procedure for both single and double MBR can have Q-factor      with insertion loss value between -18 

dBm until -20 dBm. The MBR then experienced ethanol gas sensing with sensitivity, linearity, stability and repeatability 
performance defined by transmitted power value and wavelength shift results. Ethanol gas is used from 10% to 100% ppm 
on every procedure. Single MBR-B, which is slightly bigger than single MBR-A, manage to have excellent performance after 
all. The size of MBR influenced the sensor to be better in a sense. However, double MBR shows more exquisite 
performance than single MBR, where numbers of MBR affect the sensor performance after all. 
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1. Introduction 
 

Recently, optical fiber technology has captured high 

demand in several research fields such as communication 

engineering, sensor, optical laser, and plasmonic devices 

[1-3]. However, optical microresonator (OMR), a new 

sub-class of optical fiber, is lately involved in optical fiber 

sensors [4]. The OMR is then operated by manipulating 

whispering gallery modes (WGMs), enhancing the 

resonator's performance as a sensor [5]. Several OMR with 

different structures has been invented, such as 

microring,microdisc, microball and microloop for several 

numbers of application [6, 7]. The effect of WGMs on the 

OMR was seriously being investigated through assembly 

procedure, quality factor, and intrinsic losses, leading to 

virtuous performance outcomes [8]. However, this paper 

explored the WGMs of OMR for gas sensors. The OMR 

shape introduced in this paper was known as a microbottle 

resonator similar to the bottle structure, and believe it may 

receive, unlike WGMs manipulative as sensor [9, 10]. The 

WGMs worked by circulating across the MBR outer 

surface and turned the resonator sensitive toward 

surrounding changes which practical use as a sensor [5, 

11, 12]. The MBR may produce a free-spectral range, 

which is then used to calculate the quality factor and 

determine the quality of this sub-OMR as woks as sensor 

[13].  Ethanol is an organic chemical component generally 

found as a simple alcohol form [14]. It was written with 

the chemical formula of C2H6O, which is typically used in 

several medical applications like antiseptic or antidote and 

used in engine technology as a fuel [15]. Ethanol is 

colourless, slightly similar to wine, flammable, and always 

known as a volatile solvent [16]. Ethanol is produced by 

the chemical interaction of yeasts with sugars, known as 

the petrochemical process [17]. Ethanol has consistently 

been recognized as a suitable chemical solvent and 

continuously synthesises organic compounds [18]. 

Therefore, it would be the best sensing material that 

couraged the MBR to perform as well as the sensor.  
 

 
2. Characterisation of single and double MBR  
 

The technique used to form bottle structure known as 

“soften-and-compress” where utilized an electrical 

(Furukawa Electric Fitel S178A) arc from the splicer 

machine to heat the middle focused area on fiber [19] [20]. 

The fiber was compressed inward by the fiber holder 

during the heating process, allowing the heated area to 

bump and form the bottle look [19, 21]. The numbers of 

electrical arcs applied determined the size of the MBR, 

which guided by three parameters as bottle diameter   , 
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bottle stem diameter    and also bottle length   , as 

showed in Fig. 1 and Table 1. Three different MBR 

condition are prepared based on the size and the numbers 

of MBR, as showed in Fig. 2. The MBRs performance 

determined by characterized procedure which crucially 

coupling with taper microfiber. The taper microfiber is 

formed by ‘flame-brushing’ technique. 

 

 
 

Fig. 1. Size of MBR determined by bottle diameter   , bottle 

stem diameter    and bottle length    

 

 

  
Single MBR-A Single MBR-B 

 
Double MBR-AB 

 

Fig. 2. Single MBR-A, single MBR-B and double MBR-AB 

 

 

The coupling MBRs with taper microfiber is then 

connected to a tunable laser source (ANDOAQ4321D) and 

optical power meter (THORLABS S145C). This tunable 

laser source (TLS) supplied a range of wavelengths 1551.0 

nm to 1552.2 nm and the optical power meter (OPM) is 

then used to record the final transmitted spectral. The Q-

factor and FSR results of the single and double MBR 

calculated from the transmitted spectral to ensure the 

sensor's suitabilities of the resonator.  

 
Table 1. The MBRs size based on three parameters 

 

Micro-

bottle 

Resonator 

Neck-To-

Neck 

Length    

Bottle 

Diameter 

   

Stem 

Diameter 

   
MBR-A                   

MBR-B                   

 

Fig. 3 shows three transmitted spectral power signals 

using Q-factor values by three different MBRs conditions. 

The insertion loss of these graphs may differ due to the 

coupling gap between the MBRs and the taper microfiber. 

Additionally, free-space modes and overlapping of partial 

numbers lead to changes of insertion loss. The Single 

MBR-A can experience -18.5 dBm, slightly higher than 

Single MBR-B of -20 dBm. However, the insertion loss 

decreased to -22 dBm when Double MBR-AB was 

applied, lower than the previous. The size and numbers of 

MBRs used may influence insertion loss and numbers of 

resonance depth overall. 

 

 
Single MBR-A 

 

 
Single MBR-B 

 

 
Double MBR-AB 

 

Fig. 3. Single and double MBR with different Q-factor values, 

numbers of resonating depth and insertion loss (color online) 

 

 

The equation estimation defines the Q-factor and 

Lorentzian fitting, which can have      for all MBRs, 

similar with previous. The equation estimation is 

determined by calculating the value of λ/∆λ with λ marked 
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as the frequency resonant. Fig. 3 showed that the Single 

MBR-B managed to have the highest Q-factor value than 

MBRs, due to the size bigger than others with           .  
 

 

3. Single and double MBR as ethanol gas  
    sensor 
 

Fig. 4 shows the experimental arrangement where the 

setup placed inside a sealed chamber. The cross-section of 

the MBRs experiences the sensing mechanism while the 

WGMs are deployed over the resonator. The sealed 

chamber is used to control the circulation of the ethanol 

gas, and the ethanol gas used is from 10% ppm to 100% 

ppm. The temperature level keeps changing due to 

different ethanol gas used during the process [22]. Every 

gas percentage produced a separate graph and repeated 

three times and remained 60 minutes for each repetition, 

preventing random error during data collection for all 

MBRs. The single MBR-A used input signal 1551.107 nm, 

single MBR-B is 1551.038 nm, and double MBR-AB is 

1551.030 nm. 

 

 

Fig. 4. The experiment setup for MBR ethanol gas sensor

 

    
Single MBR-A 

 

    
Single MBR-B 

 

    
Double MBR-AB 

 

Fig. 5. Sensor performance analysis for single and double MBR ethanol gas sensor 
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The performance of the MBRs ethanol gas sensor 

determined by sensitivity, linearity, stability, and 

repeatability, which evaluated from the transmitted 

spectral and wavelength shift as Fig. 5. The transmitted 

spectral graph showed increases in power value for each 

gas used while the wavelength shifted to the right due to 

the increasing value of gas percentage. The Single MBR-A 

received sensitivity 0.054 dB/% ppm with 99.42% 

linearity and wavelength shifted from 1551.109 nm to 

1551.120 nm with a small interval of 0.011 nm. 

The Single MBR-B manage to have a sensitivity value 

of 0.0851 dB/%ppm with a linearity of 99.62%, which is 

slightly higher than MBR-A. The wavelength shifting 

happened in 0.02 nm interval from 1551.040 nm to 

1551.060 nm. Due to the size, the MBR-B performed a 

suitable sensing mechanism towards ethanol gas sensing. 

However, the combination of single MBRs, named double 

MBR-AB, served well as a gas sensor with 0.2013 

dB/%ppm of sensitivity and 99.93% linearity, which was 

higher than the bunch. The size and numbers of MBR 

influences performed as a sensor. Fig. 6 is the sensitivity 

and linearity value recorded from the shifting of the 

wavelength. This double MBR-AB had a higher sensitivity 

of 0.3 pm/%ppm with 99.6% linearity. These analyses 

demonstrated that a bigger size is better to be used as a 

sensor, and double MBR may perform better than a single 

MBR. 

 

 
 

Fig. 6. Sensor performance analysis from wavelength  

shift data (color online) 

 

 
 

Fig. 7. The stability results (color online) 

 

 

The stability performance of single and double MBR 

sensors as shown in Fig. 7, experienced 60 minutes 

stability test. However, the chart only presented 100% 

ppm ethanol gas represents where the MBRs showed a 

tremendous stability test with the power value remaining 

close to each reading along 60 minute periods. All results 

recorded in Table 2. 

 

 
Table 2. Performance of single and double MBRs 

 

From Transmitted Power 

MBRs Single-

A 

Single-

B 

Double-

AB 

Sensitivity 

(dB/%ppm) 

0.0540 0.0851 0.2013 

Linearity 

(%) 

99.42 99.62 99.93 

From Wavelength Shift 

MBRs Single-

A 

Single-

B 

Double-

AB 

Sensitivity 

(pm/%ppm) 

0.1 0.2 0.3 

Linearity 

(%) 

96.8 99.5 99.6 

 

 

4. Conclusions 
 

This experimental paper inspected the presentation of 

single and double MBR as ethanol gas sensors. The 

resonators were designed by a method known as “soften-

and-compress” from SMF-28 silica fiber. The MBRs 

characterization for Q-factor value via microfiber with 

    diameter. The single and double MBRs managed to 

have a Q-factor of      where the most significant size 

contributes the enormous value of the Q-factor. The single 

and double MBRs then applied as an ethanol gas sensor 
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where 10% to 100% ppm gas was used as a sensing 

medium. Via transmitted spectral and wavelength shift, the 

single MBR-B, the biggest resonator, performed well as 

ethanol gas sensor. However, the performance the double 

MBR-AB was used as a gas sensor showed tremendous 

performance after all. Here, the size and resonator 

numbers may influence the resonator performed as a gas 

sensor.  
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