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Phase Control Loop Design based on Second Order PLL Loop Filter
for Solid Type High Q-factor Resonant Gyroscope
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Abstract: This paper suggests a design method of an improved phase control loop for tracking resonant frequency of solid type
precision resonant gyroscope. In general, a low cost MEMS gyroscope adapts the automatic gain control loops by taking a velocity
feedback configuration. This control technique for controlling the resonance amplitude shows a stable performance. But in terms of
resonant frequency tracking, this technique shows an unreliable performance due to phase errors because the AGC method cannot
provide an active phase control capability. For the resonance control loop design of a solid type precision resonant gyroscope, this
paper presents a phase domain control loop based on linear PLL (Phase Locked Loop). In particular, phase control loop is exploited
using a higher order PLL loop filter by extending the first order active PI (Proportion-Integral) filter. For the verification of the
proposed loop design, a hemispherical resonant gyroscope is considered. Numerical simulation result demonstrates that the control
loop shows a robust performance against initial resonant frequency gap between resonator and voltage control oscillator. Also it is
verified that the designed loop achieves a stable oscillation even under the initial frequency gap condition of about 25 Hz, which
amounts to about 1% of the natural frequency of a conventional resonant gyroscope.
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Fig. 3. Block diagram of phase control loop for gyroscope proof
mass frequency control.
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Table 1. Performance table of phase detector types.

Analog Phase Detector | Sequential Phase Detector
Signal/Noise Good Bad
Capture Range Bad Very Good
Tracking Bad Good
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Table 2. Gyroscope resonator parameters for simulation.

Parameter Value Unit
Proof Mass 3e-3 [ke]
Natural Frequency 2500 [Hz]
Spring Constant 7.40e5 [N/m]
Damping Ratio 2.00e-6 [N-s/m]
F 3 AEHedS AT AT Seby.
Table 3. Phase control loop parameters for simulation.
Parameter Value Unit
K, 2.77 [V/rad]
K, 56.55 [rad/V]
Lock-in Range 5 [Hz]
VCO Initial Frequency 2500 [Hz]
VCO Error 5,10,25 [Hz]
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