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Figure 1. Scanning Electron Microscope photograph of a pro-
totype 4-DOF gyroscope.
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Figure 2. (a) A conceptual MEMS implementation of a con-
ventional single-mass rate gyroscope. (b) The response of the
overall 2-DOF system with varying drive and sense stiffness
mismatch. The highest response corresponds to the case where
the drive and sense modes are matched, and the response am-
plitude diminishes as the mismatch increases.
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Figure 3. (a) A MEMS implementation of the 4-DOF design
concept. The active mass is electrostatically driven to achieve
mechanical amplification by the passive mass, and the Coriolis
response of the passive mass in the sense direction is detected.
(b) Response of the dual-mass system has the flat operating
region between the two resonance peaks.
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Figure 4. Closed-loop driving scheme of dual-mass gyroscope.
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Figure 5. Modeling of asymmetric imperfections in the 4-DOF
gyroscope. The asymmetric imperfections can be modeled as an
angle of elasticity �� for substrate-active mass suspension, and
�� for the suspension between the active mass and the passive
mass .
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Figure 6. Effect of (a) �� variation, and (b) �� variation on
4-DOF system response.
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Figure 7. Scanning Electron Microscope (SEM) photograph of
(a) the comb-drives, and (b) the air-gap sense capacitors.
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Figure 8. Experimental verification of the wide constant-
amplitude operation frequency band. 4-DOF system provides
a constant-amplitude oscillation frequency band over 10 times
larger than conventional gyroscopes under same operation con-
ditions.
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Figure 9. Demonstration of mechanical amplification in drive
direction. The oscillation blur of the passive mass is highlighted
on the left. At the antiresonance frequency, the passive mass
amplitude is over an order of magnitude larger than the active
mass amplitude.
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