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Design, Fabrication and Characterization of Micro
Glass Hemispherical Shell Resonator
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(School of Electronic Science & Engineering, Southeast University, Nanjing 210096, China)

Abstract; DARPA has recently exerted effort towards the miniaturization of three dimensional shell
resonator gyro, especially high-performance hemispherical resonator gyro, to achieve inertial-grade
micromachined vibratory gyro. This paper proposes a foaming process to fabricate micro shell re-
sonator with its diameter smaller than 1ecm. The foaming process utilizes the thermal decomposi-
tion of the foaming agents under high temperature to release gas, and hence pressure difference
and surface tensions drive the viscous glass to form 3D axisymmetric shells. Results show that the
fabricated shell has the center frequency of n=2 wineglass mode resonant frequency at 11kHz and
a frequency split of 72Hz between the two degenerate modes (a relative frequency mismatch of
0.65%) with their corresponding Q-factor of 970 and 1127, respectively. The foaming process
may provide a low-cost way for controllably shaping high-performance micro shell resonators.
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Fig. 1 Drift error depending on Q-factor

(assuming Q =10million here), working

frequency and control accuracy
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Fig. 2 Simulation results: (a) Main mode shapes of a complete hemispherical shell resonator; (b) The relation of resonant

frequencies with the shell radius (Insets: in-plane and out-of-plane vibratory displacement of wineglass mode n=2, 3);

(¢) The dependence of resonant frequencies on the shell thickness (Insets: simplified meshing of a complete hemispherical shell resonator)
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Fig. 3 A low aspect-ratio micro shell resonator

with 6mm-diameter
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Fig. 4 Cross-sectional SEM view of a micro shell resonator
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Fig. 5 Resonant frequencies of the shell obtained from Laser
Doppler Vibrometer using single point mode (Inserts: a

near-hemispherical shell resonator with 6mm diameter)
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Fig. 6 Measured velocity along the rim of the shell at two

degenerate n =2 wineglass modes
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Fig. 7 Frequency split between n =2 wineglass modes

measured at atmospheric pressure and at room temperature
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