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Abstract

Ubiquitous artificial intelligence (AI) promises to empower broad edge applications, from health-monitoring
and augmented-reality wearables to autonomous robots. To fulfill the big promises, the future electronics
must deliver unprecedented energy efficiency with new functionalities, enabling real-time adaptation and
lifelong learning at the edge. Such growing demands simply cannot be met by isolated advancements in
materials, devices, integrated circuits, and architectures, and requires cross-layer design for the next-
generation Al hardware.

In this talk, I will present my work on nanotechnology-inspired Al hardware, realized by exposing and
connecting the unique properties of emerging nanotechnologies at device and circuit levels all the way to the
diverse Al model characteristics. I will illustrate the cross-layer design, integration, and creation of new
compute kernels and chip architectures. First, I will present SAPIENS, the first integrated chip that enables
on-chip, one-shot learning with scarce and never-before-seen data, built with 65,536 RRAMs (resistive
switching memories) and mixed-signal silicon CMOS. Next, towards emerging Al paradigms beyond neural
networks, I will present the first experimental demonstration of three-dimensional (3D) nanokernels for
hyper-dimensional (HD) computing, seamlessly translating the intrinsic device physics and the native 3D
connectivity of multi-layer 3D memories into HD compute kernels. The cross-layer design methodology,
grounded on my device-to-system modeling work, has also been applied to other case studies.

I will conclude by outlining my vision for future nanotechnology-inspired Al hardware, bridging the worlds
of nanoelectronics and Al, to materialize energy-efficient, real-time machine intelligence at the edge.
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