
Accepted Manuscript

Brain-inspired computing with resistive switching memory
(RRAM): Devices, synapses and neural networks

Daniele Ielmini

PII: S0167-9317(18)30015-7
DOI: https://doi.org/10.1016/j.mee.2018.01.009
Reference: MEE 10700

To appear in: Microelectronic Engineering

Received date: 7 November 2017
Revised date: 27 December 2017
Accepted date: 4 January 2018

Please cite this article as: Daniele Ielmini , Brain-inspired computing with resistive
switching memory (RRAM): Devices, synapses and neural networks. The address for
the corresponding author was captured as affiliation for all authors. Please check if
appropriate. Mee(2017), https://doi.org/10.1016/j.mee.2018.01.009

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.mee.2018.01.009
https://doi.org/10.1016/j.mee.2018.01.009


AC
CEP

TE
D M

AN
USC

RIP
T

 

1 
 

Brain-inspired computing with resistive switching memory (RRAM): Devices, 

synapses and neural networks 

 

Daniele Ielmini 

 

Dipartimento di Elettronica, Informazione e Bioingegneria, Politecnico di Milano and IU.NET, Piazza L. da 

Vinci 32 – 20133 Milano, Italy. Email: daniele.ielmini@polimi.it 

 

Abstract – The human brain can perform advanced computing tasks, such as learning, recognition, and 

cognition, with extremely low power consumption and low frequency of neuronal spiking. This is 

attributed to the highly parallel and the event-driven scheme of computation, where energy is used only 

when and where it is needed for processing the information. To mimic the human brain, the fundamental 

challenges are to replicate the time-dependent plasticity of synapses and to achieve the high connectivity 

in biological neuron networks, where the ratio between synapses and neurons is around 104. This 

combination of high computing capability and density scalability can be obtained with nanodevice 

technology, notably by resistive-switching memory (RRAM) devices. Here, the recent advances in RRAM 

device technology for memory and synaptic applications are reviewed. First, RRAM devices with 

improved window and reliability thanks to SiOx dielectric layer are discussed. Then, the application of 

RRAM in neuromorphic computing are addressed, presenting hybrid synapses capable of spike-timing 

dependent plasticity (STDP). Brain-inspired hardware featuring learning and recognition of input 

patterns are finally presented. 
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