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Conventional computing architectures, despite their astounding success in modern world technology, are facing

their fundamental limitations. Neuromorphic or ’brain-like’ computing seeks to overcome aforementioned lim-

itations by physically emulating the neuronal and synaptic building blocks of the energy efficient1,2, mammalian

brain at the device level.

Percolating nanoparticle (NP) networks have recently emerged as an alternative to neuromorphic computing

systems. They exhibit electrical spiking signals upon biasing comparable to networks of biological neurons3.

This behavior has been attributed to the vast amount of tunneling gaps and filamentary bridging of said tunneling

gaps between well- and poorly connected clusters of NPs.

Gold, tin, bismuth and silver have been the constituents of the NP networks so far, all showing similar synaptic

behavior4–8 but at significantly higher voltages (> 1V) making their implementation for low power consumption

requirements rather unsuitable.

Here, we compare percolating molybdenum and copper NP networks, both capable of room temperature, resis-

tive switching at applied biases as low as 1 mV and explore reasons to why these materials exhibit switching

at all, but also why they possess significantly lower switching thresholds compared to previously studied ma-

terials. We will also discuss how the experimental setups have been created and designed. By performing

in-situ electrical measurements to both, reach criticality and, perform long-duration measurements at sub-50

mV biases, we reveal neuristive switching behavior. Furthermore, utilizing electron microscopy techniques, the

switching behavior has been visualized.

50 nm 5 nm

Vapor
generation

Expansion
zone

Magnetron
head

200 nm

Device/
TEM grid

c.

Nanoparticles

Shutter 
mechanism

Percolation
reached

Deposition 
stopped

No new 
NPs Immediate 1mV 

switching

a.
20 um

b.

d.

20 nm

Figure 1: a. Shows schematically NP production via gas-phase synthesis. Utilizing a magnetron sputterer and

an aggregation chamber, NPs can be produced and deposited onto an electrically monitored, (scanning) trans-

mission electron microscopy ((S)TEM)-compatible chip as seen in the inset. In b. the electrical conductivity of

the chip is monitored such that the point of percolation can be identified(first substantial rise in conductivity)

and halt the deposition. Note the immediate switching under a 1 mV bias after halting the deposition. A pristine

size and deposition rate control yields a percolating network of homogeneously sized molybdenum and copper

NPs seen in, c. and d. respectively, the high angular annular dark field (HAADF) (S)TEM images.
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