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A Readout Circuit for Femtofarad-Level Capacitive Sensors with

Parasitic Capacitance Suppression

LI Zhiming, LAN Zhechong, JIN Kaiyue, ZHANG Jie, ZHANG Hong

(School of Microelectronics, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to resolve the problem that the dynamic range of the readout circuit for femto-
level capacitive sensors is severely decreased by the relatively large parasitic capacitance caused by
chip fabrication process and application environment, this paper proposes a fully differential
readout circuit for capacitive sensors with automatic gain control. A switched capacitor sensing
circuit is employed to realize capacitance-voltage conversion and a fully differential amplifier with
3-bit automatic gain control is then adopted to amplify the sensor signal while adaptively
suppressing the voltage generated by the large parasitic capacitance. The differential output
voltage of the amplifier is converted into digital output by a 12-bit successive approximation AD
converter. This circuit is designed by 0.18 um CMOS technology with 3.3 V power supply.
Simulation results show that the proposed readout circuit achieves detection range larger than 1
pF, detection accuracy less than 1 fF, parasitic capacitance tolerance range of 2—10 pF, and
measurement time of 1. 2 ms. The circuit has 1.8 mW power consumption and 1.2 mm X 0. 89

mm silicon area, and can be applied in applications such as capacitive touch screens and mini-
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accelerators to improve the measurement accuracy.

Keywords: capacitive sensor; parasitic capacitance; readout circuit; automatic gain control;

successive approximation AD converter; capacitance-voltage conversion
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Fig. 1 System architecture
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