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Abstract

The goal of this 4-hour tutorial is to review the recent work on the development of hybrid digital
semiconductor/nano-electronic integrated circuits. The nano-electronic circuits described here
are primarily nanogrid (nano-crossbar) structures. These structures will most likely be fabricated
on top of traditional CMOS technology, often in a hybrid architecture called CMOL. It is likely
that such nanogrid technologies will be the first nanoelectronic technologies to be manufactured
in volume and find wide-spread use. The basics of nanogrid techniques as well as some sample
architectures and simulations will be presented, including terabit-scale memories, FPGA-like
reconfigurable logic circuits, reconfigurable DSP-like circuits, and mixed-signal neuromorphic
circuits.

In addition, the state of the art in nanogrid fabrication will be discussed, such as the recent
experimental demonstration of reproducible crosspoint devices and nanowire crossbars with 15-
nm-scale half-pitch. Much of this tutorial has been borrowed from “Hybrid
CMOS/Nanoelectronic Circuits: Opportunities and Challenges,” a tutorial offered by K.
Likharev, D. Strukov, and G. Rose at ISCAS 2008, with the authors’ permission.

Outline:
13.00 Introduction:

—  Critical review of the prospects offered by nanoelectronics

— Introduction to nanogrids and hybrid CMOS/nano circuits

— Hybrid circuit species, including CMOL, FPNI, and 3D CMOL
13.45 Digital hybrid circuit simulation and CAD:

— Resistive memories, CMOL FPGA, Reconfigurable DSP
14.30  Mixed-signal circuit simulation:

— Mixed-signal hybrid circuits, Neuromorphic networks
15.15 Coffee
15.35 Low-level development of hybrid circuits:

— Nanoelectronic device modeling and fabrication

—  Circuit-level issues in hybrid CMOS/nano systems

—  Majority-logic and NDR device options for hybrid circuits
16.35 Prospects and challenges:

— Hybrid circuit development roadmap
— Hardware/fabrication challenges
—  Software/CAD challenges and most urgent research tasks
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