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Abstract: Brain-on-a-Chip Interface (BoCI, Brain-on-a-chip Interface) couples laboratory-cultured “brains” with

microelectrode arrays to form bioelectronic hybrid systems. These systems enable information exchange with external

environments through stimulation encoding and neural signal decoding. BoCI provides a highly controllable experimental

platform for studying neural network information processing and learning-memory mechanisms. It also establishes a technical

foundation for developing next-generation biological intelligent systems. Additionally, BoCI shows significant potential in

neuromodulation and neural repair applications. This review systematically summarises recent advances in BoCI research.

First, it described three core components for building BoCI: biological foundations, electrode interfaces, and information

interaction methods. Then, it focused on two major application directions: biological computing, neuromodulation and repair.

Finally, it discussed current challenges and future development trends.
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Fig.1 Architecture overview of BoCI
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