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Abstract

With the surge in demand for high-precision current detection in new energy vehicles, smart grids
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and industrial automation, the performance improvement of MEMS Hall current sensors faces se-
vere challenges in packaging technology. Traditional two-dimensional packaging methods are dif-
ficult to meet the coordinated needs of digital chips and MEMS chips in signal integrity, thermal
management and process compatibility, resulting in accuracy attenuation, intensification of tem-
perature drift and limited large-scale production in high-frequency environments. This paper sys-
tematically analyzes the core technical bottlenecks of compatible packaging and proposes an inno-
vation path based on three-dimensional heterogeneous integration (3D Heterogeneous Integration)
and advanced material innovation. Through case studies (such as Tesla Powerwall3’s packaging tech-
nology), the effectiveness of three-dimensional stacking, low CTE/high thermal conductivity mate-
rials and electromagnetic shielding strategies was verified, and the influence mechanism of pack-
aging structure on sensor performance was explored. The research results provide theoretical sup-
port and technical direction for the industrialization of the next generation of high-performance
Hall current sensors.
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Figure 1. Tesla Powerwall3 product diagram
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