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Crackling noise detection based on AFM nanoindentation. a A constant force,
typically in the nN range and depending on material hardness, is applied over a
long period (hours) through an AFM probe and surface movement is detected at
the limit of the AFM's sensitivity, typically in the sub-Å to pm range, depending
on the specific setup. Individual nanoscale features, such as domain walls in
ferroelectrics, can be selected prior by other AFM-based imaging techniques
which are well-defined in our current reports . b Example of a recorded
avalanche distribution under the AFM probe. Credit: Nature Communications
(2023). DOI: 10.1038/s41467-023-40665-4

A recent UNSW-led paper published in Nature Communications presents
an exciting new way to listen to avalanches of atoms in crystals.
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The nanoscale movement of atoms when materials deform leads to
sound emission. This so-called crackling noise is a scale-invariant
phenomenon found in various material systems as a response to external
stimuli such as force or external fields.

Jerky material movements in the form of avalanches can span many
orders of magnitude in size and follow universal scaling rules described
by power laws. The concept was originally studied as Barkhausen noise
in magnetic materials and now is used in diverse fields from earthquake
research and building materials monitoring to fundamental research
involving phase transitions and neural networks.

The new method for nanoscale crackling noise measurements developed
by UNSW and University of Cambridge researchers is based on SPM
nanoindentation.

"Our method allows us to study the crackling noise of individual
nanoscale features in materials, such as domain walls in ferroelectrics,"
says lead author Dr. Cam Phu Nguyen. "The types of atom avalanches
differ around these structures when the material deforms."

One of the method's most intriguing aspects is the fact that individual
nanoscale features can be identified by imaging the material surface
before indenting it. This differentiation enables new studies that were
not possible previously.

In a first application of the new technology the UNSW researchers have
used the method to investigate discontinuities in ordered materials,
called domain walls.

"Domain walls have been the focus of our research for some time. They
are highly attractive as building blocks for post-Moore's law electronics,"
says author Prof Jan Seidel, also at UNSW. "We show that critical
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exponents for avalanches are altered at these nanoscale features, leading
to a suppression of mixed-criticality, which is otherwise present in
domains."

From the perspective of applications and novel material functionalities,
crackling noise microscopy presents a new opportunity for generating
advanced knowledge about such features at the nanoscale. The study
discusses experimental aspects of the method and provides a perspective
on future research directions and applications.

  More information: Cam-Phu Thi Nguyen et al, Crackling noise
microscopy, Nature Communications (2023). DOI:
10.1038/s41467-023-40665-4

Provided by ARC Centre of Excellence in Future Low-Energy
Electronics Technologies (FLEET)

Citation: Listening to nanoscale avalanches of atoms in crystals (2023, August 23) retrieved 28
April 2024 from https://phys.org/news/2023-08-nanoscale-avalanches-atoms-crystals.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

3/3

https://dx.doi.org/10.1038/s41467-023-40665-4
https://dx.doi.org/10.1038/s41467-023-40665-4
https://phys.org/news/2023-08-nanoscale-avalanches-atoms-crystals.html
http://www.tcpdf.org

