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Abstract 

A mixed-signal processing approach for high-performance analog-to-digital (A/D) interfaces, focusing on 
innovation at A/D and digital-to-analog (D/A) interfaces by utilizing signal feature extraction and algorithm-
circuit co-design, is presented to improve the performance of mixed-signal integrated circuits (ICs) and 
systems. To demonstrate how significantly system performance is improved with the above idea, a high-
channel count, high-density implantable single-cell resolution neural interface for future high-bandwidth 
brain-computer interfaces (BCI) will be introduced in detail. The IC features wired-OR lossy compression 
during digitization, thus preventing data deluge and massive data movement. By discarding unwanted baseline 
samples of the neural signals, the output data rate is reduced by 146× on average while allowing the 
reconstruction of spike samples. The recording array consists of pulse-position modulation (PPM)-based 
ADPs with a global single-slope (SS) analog-to-digital conversion scheme, which enables a low-power and 
compact pixel design with significantly simple routing and low array readout energy. The neural recording IC 
features 1024 channels with a pixel pitch of 36 μm that can be directly matched to a high-density MEA. The 
IC achieves the smallest area per channel (36 × 36 μm2) and the highest energy efficiency among the state-of-
the-art high density neural recording ICs published to date. 
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