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Abstract: This paper focuses on the investigation of multilevel modulation of whispering gallery mode (WGM)
spectra based on the Ge2Sb>Tes (GST) phase - change material composite microsphere cavity. Its objective is to
achieve efficient and reproducible multilevel regulation of WGM spectra by virtue of the reversible phase transition
property of GST materials. To break through the bottlenecks of insufficient modulation depth and unstable intermedi-
ate states in traditional multilevel modulation of WGM microcavities, in the course of this study, the GST-coated mi-
crosphere cavity was first fabricated and its optical properties were tested. Subsequently, combined with simulation
analyses under different phase states, the differences in basic optical properties between this composite microsphere
cavity and intrinsic silicon - based microsphere cavities were compared. Finally, extinction ratio tests and multilevel
modulation experiments were carried out. The research results show that the WGM resonance peaks of the GST-coat-
ed microsphere cavity effectively maintain the resonant characteristics of intrinsic silicon - based microsphere cavities

and possess a high quality factor. Meanwhile, the GST-coated microsphere cavity can stably and reproducibly
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achieve an intensity modulation of approximately 15 dBunder static phase transition modulation, with seven stable

modulation levels obtained. This study provides a feasible device scheme and experimental basis for applications

such as multilevel optical storage, programmable optical modulation and integrated sensing, and exhibits broad appli-

cation prospects in the field of integrated optics.

Keywords: Composite Microsphere Cavity; Ge2Sh.Tes; Whispering Gallery Modes; High Quality Factor; Multilevel

Spectral Modulation
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Fig. 1 (a) Fabrication process of fiber microspheres using a
fiber fusion splicer; (b) Microscopic images of the fi-
ber microspheres; (c) Electron microscopy images
of the fiber microspheres; (d) Reproducible fabrica-
tion of intrinsic silicon-based microsphere cavities

with a diameter of approximately 180 pm
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Fig.2 (a) Structural schematic and SEM images of the GST-coated microsphere cavity; (b) GST-coated microsphere cavities

in two phase states
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Fig. 3 Schematic diagram of the spectral modulation setup for GST-coated microsphere cavities
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Fig. 4 (a) WGM resonant peaks and their fitting curves of

the intrinsic silicon-based microsphere cavity; (b)
WGM transmission spectra of the intrinsic silicon-
based microsphere cavity
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(a) WGM resonant spectra of the GST-coated microsphere cavity in two GST phase states; (b) Consistency between the

extinction ratio and the variation of resonant wavelength of the GST-coated microsphere cavity; (c) Resonant characteris-

tics of the GST-coated microsphere cavity in two phase states; (d) Resonant wavelengths of the GST-coated microsphere

cavity in two phase states
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Fig. 8
the modulation of the GST-coated microsphere cavity
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(a) Modulation level spectra of the GST-coated microsphere cavity in different phase states; (b) Schematic diagram of
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Fig.9 (a) Multilevel modulation spectra of the GST-coated microsphere cavity; (b) Cyclic modulation spectra of the GST-coat-

ed microsphere cavity; (c¢) Corresponding resonant wavelengths at each level for the GST-coated microsphere cavity;

(d) Intensity distribution and linear fitting results of the multi-level modulation for GST-coated microsphere cavity
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