
Artificial neural networks have become 
increasingly relevant and desired in today’s 
market; however, they are extremely energy 
intensive. Neuromorphic computing, which 
involves operations being conducted in 
analogue directly on memory elements, is seen 
as a solution to the problem. A key need for 
neuromorphic computing is to create artificial 
synapses that conduct analogue operations 
with non-volatile memory. In addition, desired 
key attributes include having hundreds of 
distinguishable states, the ability to switch 
linearly and predictably between these states, 
and non-volatile retention in the days to 
weeks’ timescale when scaled to nanosized 
dimensions. Past redox transistors were based 
on lithium ion and proton insertion. These 
synapses were not CMOS compatible, and the 
devices lacked these attributes.
Researchers at Sandia National Laboratories 
have developed oxygen vacancy 
Electrochemical Random Access Memory 
(ECRAM) for neuromorphic computing. ECRAM 
functions as artificial synapses to conduct 
operations in analogue for artificial neural 
network. In addition to the functional attributes 
listed above, a key benefit of this technology is 
its ability to be integrated into existing CMOS 

processes. Because the redox transistor 
operates on oxygen vacancy insertion, the 
transistor has a very long retention at room 
temperature. The technology is relevant for 
neuromorphic computing and provides a 
potential solution for developing a non-volatile 
synaptic memory that has a large number of 
analogue states. 
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ECRAM 
Electrochemical Random Access Memory

M A R K E T  S H E E T

An oxygen vacancy insertion with CMOS compatible oxide materials results in 
analogue operations with non-volatile memory.
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Technical Benefits

•	 Operates on oxygen vacancy insertion
•	 Uses CMOS compatible oxide material
•	 Long retention at room temperature

Industries & Applications

•	 Neuromorphic computing
•	 Transistors
•	 Semiconductors

Above: ECRAM based on oxygen vacancy migration utilizes an 
electrolyte which also acts as a thermally-activated switch.

Contact Us       SD# 15312 

 ip@sandia.gov   ip.sandia.gov   


