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Neuromor phic Devicesfor Brain-like Computing
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In the traditional von Neumann computer, the data throughput is greatly limited due to the separation of the CPU
and memory. Therefore, it is difficult to further improve the energy efficiency of traditional computer when dealing
with unstructured data. At the same time, the size of traditional CMOS devices is approaching the physical limit,
and it is difficult to continue Moore's law, which aso limits the performance improvement of computers. To
improve the performance of computing systems in the so-called "big data' era, the computing paradigm of
computers must be changed. Our brain is a biological supercomputer with high efficiency, high fault tolerance and
ultra-low power consumption. Neuromorphic engineering draws inspiration from biological brain and sensory
nervous system, and is expected to significantly reduce the energy consumption and device cost of intelligent



366 T AL A R R 5 38 %

perception and computing tasks such as pattern recognition and decision judgment.

The development of new-concept devices with biological synaptic/neuronal functions from the bottom is of great
significance to the construction of neuromorphic system and the development of a real "brain like chip". The
research of neuromorphic devices and brain-like computing has attracted wide attention from governments,
enterprises and universities around the world. In the past ten years, many important advances have been made in
neuromorphic devices based on memristor effect. In terms of material technology, from inorganic to organic
materials, from conventional materials to quantum materials, from ferroelectric materials to ferromagnetic materials,
from bulk materials to low-dimensional materials, etc., al show their unique neuromorphic characteristics. In terms
of function, memristors can simulate more and more synaptic plasticity functions, and are no longer limited to
synaptic simulation, but also can simulate the function of neurons, which creates the possibility for the realization
of the neural morphology circuit of full memristors. Recent studies have shown that transistors with electrolyte,
ionic gel, ferroelectric and other thin films as the gate dielectrics are more suitable for constructing complex neural
networks. In addition to artificial synaptic devices, brain-like computing systems also need neuromorphic devices
that can simulate the information processing function of biological neurons. In addition, flexible neuromorphic
devices have great application value in the field of next generation wearable systems, soft robots and nerve repair
technology. In order to achieve this goal, we need to realize simple synaptic behavior on a single device, and build
bionic devices and systems with multiple sensing functions. When neuromorphic devices are integrated and
processed into arrays, classical machine learning tasks such as accelerating vector matrix multiplication,
information encoding and data classification can be realized.

Although the research of neuromorphic devices and brain-like computing has made great progress, the
realization of low-power brain-like perception and computing still faces great challenges. At the invitation of the
editorial office of Journal of Inorganic Materials, | have served as the contributing editor and organized
publication of the theme “Neuromorphic Materials and Devices’. It is expected that more Chinese researchers will
invest in this research field, jointly promote the rapid development of neuromorphic devices from basic research to
application development through cooperation, and realize the commercial application of neuromorphic device
brain-like computing in the near future.
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