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Fig.1. The fabrication process drawing of prolate microbottle resonator: (a) the single fiber was
heated via electrical arc discharge; (b) the microsphere was formed; (c) another fiber was placed to
align the microsphere; (d) the microbottle resonator was formed.
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Fig.2. Geometrical schematic and basic parameters of the microbottle resonator
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Fig.5. The detecting system diagram for the resonant spectra characteristic of the microbottle
resonators; the illustration is the microscopy enlarged graph of the coupling system consisting of
the microbottle resonator and the tapered fiber.
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Fig.6. The resonance spectra of the microbottle resonator for different coupling gaps in coarse

scanning, the angular and axial resonant mode in the first order radial mode, angular FSR (FSR, ;)
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Table 1. Comparison of FSR value of experimental data and theoretical data.
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Research on selection of whispering-gallery modes and
Fano resonance of prolate microbottle resonators’
Wang Meng-Yu>? Meng Ling-Jun?® Yang Yu? Zhong Hui-kai® Wu TaoY'
Liu Bin? Zhang Lei? Fu Yan-jun? Wang Ke-Yi?"
1) (Key Laboratory of Nondestructive Test (Ministry of Education), Nanchang Hangkong
University, Nanchang, Jiangxi, 330063, China)
2) (Department of Precision Machinery and Precision Instrumentation, University of Science and
Technology of China, Hefei 230026, China)

Optical microresonators supporting whispering-gallery modes have been
intensively studied in past decades due to their practical applications ranging from
fundamental science to engineering physics. Among such microresonators, microsphere
resonators have been demonstrated ultra-high quality (Q) factor, however, their shapes
usually becomes non-standard spherical body, leading to irregular resonant spectra.
Microring resonators have unique potential in integraibility on chip, but the fabrication
imperfections limit their Q-factor only to 10°. In addition, the free spectral range (FSR)
just deponds on their radius. Due to the advantages of high Q-factor, standard shape,
slender mode field distribution, microbottle resonators have been demonstrated
excellent performance in cavity quantum dynamics, nonlinear optics, high-sensitivity
sensing, and micro-laser.

In this paper, we theoretically and experimentally investigate a systematic study on
the spectral characteristics of prolate microbottle resonators. Firstly, in theory, field

distribution theory of the microbottle resonator was studied in detail based on Helmholtz
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equation. In experiment, prolate microbottle resonators were fabriated via arc discharge
technology. Secondly, the radial modes and axial modes of the microbottles were
efficiently excited with the help of a coupled tapered fiber waveguide. By adjusting the
coupling gap between the microbottle and the waveguide, three cupling states
concluding under-coupling, critically-coupling and over-coupling were transfomed. In
our experiment, the whispering-gallery modes excited were identifiable and recognized.
The resonant modes with an ultra-high Q-factor up to 1.78 x 108 was achieved. The
characteristic of ultra-high Q-factor make the microbottle hold great potential in
biochemical sensing, nonlinear optics, and micro-laser. The tuning stability was
enhanced by keeping the waveguide in touch with the microbottle. We investigated
selective excitation of whispering-gallery modes by adjusting different coupling points.
As a result, clean spectra with robust coupling were observed. The stable device is
suitable to improve sensing performance. Finally, Fano resonance effect was obtained
by choosing the diameter of the tapered fiber waveguide. The results showed would has
a great significance for an enhanced approach in sensing, nonlinear optics and cavity

guantum dynamics.

Keywords: optical microresonator, microbottle resonator, whispering-gallery modes, mode

selection, Fano resonance
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