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Analysis of influence of capacitance on mass sensitivity of quartz
crystal microbalances

Sun Shizheng Zheng Tiancheng He Zeyin Huang Sicheng Liu Xinpeng
(School of Mechanical and Electrical Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: To investigate the influence of capacitance on the mass sensitivity of quartz crystal microbalances in oscillating
circuits, an equivalent circuit model impedance analysis method for oscillating circuits was proposed. Firstly, an
equivalent circuit model was established to analyze the relationship between impedance and frequency., and the
corresponding relationship between capacitance and mass sensitivity was revealed. Secondly, multi physics field coupling
simulation experiments were conducted. and the influence of capacitance on its mass sensitivity was explored. Finally,
the experimental system platform was built, and the quality sensitivity experiment was carried out. The results indicate
that parallel capacitors have a relatively small impact on their mass sensitivity. The mass sensitivity of the 1.01 pF
capacitor in series is increased by 8.01 X 10 * Hz/ng, while the mass sensitivity of the 15.84 pF capacitor in series is
increased by 1. 49X 107% Hz/ng. This conclusion helps to better understand the influence of capacitance on the mass
sensitivity of quartz crystal microbalances, providing strong support for the portable and miniaturized design of such
sensors.
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Fig. 1 Colpitts crystal oscillator circuit
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Fig. 2 Equivalent circuit model of crystal oscillation
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Fig. 5 Relationship of capacitance value and mass

sensitivity change of quartz crystal microbalance
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Experimental system for series parallel
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