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Design and implementation of phase automatic alignment system for demodulation circuit
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(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: In the space gravitational wave detection project, the realization of high - precision capacitive displacement
sensing technology is directly related to the realization of the core indicators of the project. In the space gravitational wave
detection project, the realization of high precision capacitive displacement sensing technology is directly related to the realization
of the core indicators of the project. In capacitive displacement sensing link, the demodulation circuit’s noise removal ability
limits the performance of the whole link, where the phase difference between the reference signal and the input signal affects the
circuit’ s noise removal ability. Aiming at the limitation of current research, in order to maximize the SNR of the system, a
demodulation circuit phase automatic alignment system is proposed. Firstly, the constitution of the whole system is introduced.
The phase alignment method based on momentum descent method is introduced in detail. The phase of the reference signal
moves automatically, and the moving step is adjusted dynamically according to the momentum gradient descent method. Then,
the waveform of phase sensitive detector is detected. Then the phase automatic alignment system of demodulation circuit is
proposed by combining the two methods, which improves the reliability and anti-interference of the system. The calibration
platform is used to simulate the capacitance difference in capacitance displacement sensing. The proposed method is compared
with the ergodic phase alignment method. It is found that the proposed method can accurately align the phase with an average
performance improvement of 0.136%.

Keywords: gravitational wave detection; capacitive displacement sensing; weak signal; demodulation circuit; phase

sensitive detection; momentum gradient descent method; waveform detection; system design
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