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Abstract

With the evolution of Industry 5.0 and the Internet of Things, Al
robots often integrate visual sensors with tactile sensors for precise object
manipulation. However, issues such as the inability to detect objects at very
close distances and visual blind spots persist. This study demonstrates the
tactile force sensor integrated with the proximity sensor using the TSMC
CMOS process, both achieving performance enhancement and mitigating
drift caused by environmental coupling. For the capacitive proximity
sensor, floating shielding electrodes improve the proximity sensor’s
responsiveness, and symmetric structure design of proximity sensor has
reduced the electric field coupling, thereby optimizing field distribution
and sensitivity. For the piezoresistive force sensor, with a guided-beam
structure and Wheatstone full-bridge routing when under a normal force,
boosts the signal sensitivity and eliminates the thermal drift through
differential signal processing.

Keywords: CMOS-MEMS, monolithic integration, tactile force sensor,
proximity sensor, reverse stress, floating shielding electrode, electric

field coupling, Wheatstone full-bridge, thermal drift.

II



