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Design and performance analysis of the detection integrated circuit of
differential MEMS capacitance diaphragm gauge
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Abstract : [ Objective] The measurement accuracy of the detection circuit for micro-electro-mechanical systems (MEMS) capacitance
diaphragm gauges (CDG) is susceptible to environmental temperature and parasitic capacitance. To address this issue, we design a
high-performance differential measurement integrated circuit based on a differential MEMS CDG to improve the stability and
precision of CDG measurements. [ Method] On one hand, a MEMS CDG with a differential pressure structure was employed to
eliminate the sensor’s inherent temperature drift. On the other hand, the detection circuit, based on the switched-capacitor principle,
incorporated a fully differential amplifier, a clock module, and a sample-and-hold circuit to construct a differential capacitance
detection system. This system leverages the correlated double sampling technique, which inherent to the combination of the fully
differential amplifier and sample-and-hold circuit, to suppress offset voltage, temperature drift,and parasitic capacitance interference.

A capacitance-voltage conversion chip is fabricated using a 0. 18 ym complementary metal-oxide-semiconductor (CMOS) process and
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verified by experimental tests. [ Results] The circuit achieved a differential measurement range of 420 pF, which can convert tiny

capacitance changes into voltage signals with a resolution of 0. 136 7 V/pF and a nonlinear error of 0. 2% FS. In addition, in the

temperature experiment, the maximum standard deviation of the output voltage of the detection circuit is 0. 002 3 V,indicating good

stabilities. The chip consumes 2. 5 mW of power and secures a layout area of 0. 87 mm X 0. 87 mm. [ Conclusion] The designed

differential detection circuit effectively mitigates the effects of parasitic capacitance and temperature. significantly enhancing

measurement stability and accuracy. This work provides a feasible solution for miniaturized and high-precision vacuum metering.

Keywords: MEMS; capacitance diaphragm gauge (CDG) ;integrated circuit; fully differential amplification; sample and hold
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