MEMRISTOR TECHNOLOGY IN
NEUROMORPHIC CIRCUITS

SUMMARY

Conventional computing, including both hardware platforms and computer
languages, seems to be close to its physical limits in terms of speed and data
density. Classical Von Neumann architectures are known to be great in
number crunching, nevertheless, they struggle with tasks like face
recognition, real-time navigation control, object segmentation and depth
perception. On top of that, CMOS technologies are also approaching the
nano-scale floor, with devices attaining comparable dimensions to their
constituting atoms, imposing significant challenges on the performance and
reliability of analogue and digital circuits hindering the well-exploited
correlation of Moore’s law with computation capacity.

The imminent barriers to Moore’s Law call for disruptive idea of VLSI building
blocks for next generation electronics. Responsive efforts span from
investigation of new physical state variables other than charge or voltage to
novel nanoelectronic devices and circuit architectures offering ultra-dense
memory, and low-power logic and reconfigurable hardware architectures.
Memristors were first conjectured based on the missing constitutive link
between flux and charge by Leon Chua as published in his seminal paper in
1971, which was further extended by L. O. Chua and S. M. Kang in their 1976
paper on memristive devices and systems. Recently physical realization of
memristors was reported in Nature by HP’s Stan Williams team in 2008.
Memristor potential goes far beyond the attractive possibility of designing a
computer where saving at shut down and rebooting at start up are
unnecessary or a mobile phone where no battery charging is needed,
including one of the greatest technology challenges, i.e. mimicking the
functionalities of the human brain. To date, memristor represents the latest
technology breakthrough to build electronics devices with characteristics that
show an intriguing resemblance to the brain’s synapses.

The proposed tutorial aim to address a novel area of research that makes
use of a disruptive technology as the fundamental bio-inspired computation
element, the memristor.

The tutorial is composed of the following three main parts:

- Neuromorphic circuits and Moore’s Law

- Memristor and Memristive devices: from theory to applications

- Memristor synapses for unconventional neuromorphic computing
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