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Summary of the Research Project
This project focuses on developing self-contained sensing dice for planar and 3D magnetic field detection based on miniaturized matrices of ∆E-effect sensors. Grounded on the theory and technology developed in the previous funding period, we will establish spatially resolved multi-directional measurements with miniature sensor arrays not available to-date. Such matrices with high spatial resolution or more than a few independent sensor elements do not exist. Addressing these shortcomings is especially essential for applications targeting mobile measurements. Robust sensing and communication nodes will be realized in MEMS and ASIC technology to enable a compact design of <1 cm³ as a reliable sensing technology for biomedical applications. 
Existing sensor system models will be extended to guide the system design and optimize large-scale, three-dimensional sensor matrices, including flux concentrators and flux guides. Upon these findings, sensing structures will be developed and fabricated for the medical applications pursued in the CRC and beyond. Targeted are two-dimensional sensing fields for spatio-temporal monitoring of magnetic activity as well as tri-axial sensing cubes. Each structure will include miniaturized electronics for edge-based signal processing, power management, and communication. This will be done using heterogeneous integration with COTS, MEMS, and ASIC technology. 
A close collaboration is envisioned with other projects in the CRC. The sensor fabrication will be based on the shadow-mask technology developed in the previous funding period in A4 and be done in collaboration with A1, Z1, and A6. The electronics development is founded in the sub-circuits and concepts previously developed in A4, which will be used to realize the novel matrix readout and processing electronics. The new concepts and implementations are researched in collaboration with B1 and Z2. Project A4 will maintain continuous engagement with the application projects B10 and B11(N) and supply sensor systems for measurements. Similarly, A4 will provide existing signal and noise models and samples to explore the origin of magnetic noise in collaboration with project A10. It is envisioned that the results and systems realized in this project will also directly impact cutting-edge research beyond this consortium, specifically building fruitful links of exchange with the neighboring CRC 1461 hosted in Kiel that deals with brain-inspired neuromorphic circuits.
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