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Purpose and Background of the Research

Figure 1. Background and concept of the research

Nano-Elastronics

●Outline of the Research
In solid-state nanometer-thin films, even subtle differences at the atomic scale can 

greatly affect a wide range of properties, including electrical conductivity, magnetic 
behavior, and responses to light and heat. The research team has so far focused on 
magnetic nanometer-thin films through KAKENHI Grant-in-Aid for Scientific Research 
(A), “Spin Elastotronics,” and has explored not only the control of spin-related 
properties but also the realization of film structures in which magnetic functions are 
built in advance, by utilizing the elastic properties of nanometer-thin films and 
controlling lattice strain. In addition, these findings have been extended toward 
research and development for practical applications and next-generation technologies, 
including pressure sensors, integrated spin-sensor sheets, and self-powered smart 
sensors.

In this project, the team will expand this concept beyond magnetic materials to a 
broader range of materials, including dielectrics, semiconductors, and 
superconductors. By precisely designing the atomic arrangement inside nanometer-
thin films, the project aims to create “function-built-in artificial nanostructures” in 
which desired functions are embedded in the material itself. In this way, the project 
seeks to establish a new materials-design principle in which the atomic arrangement 
itself becomes a design parameter, and to open pathways toward future applications 
such as high-performance sensors, low-power devices, advanced electronics, and 
quantum technologies.

Principal 
Investigator

The University of Osaka, Institute of Scientific and Industrial Research, Professor

CHIBA Daichi Researcher Number︓10505241

Project 
Information

Project Number︓26K21747 Project Period (FY)：2026-2030

Keywords︓Nanometer-thin films, Materials design, Spin / Quantum materials, Built-
in functions

●Research Methods
In this project, nanometer-thin films with 

precisely designed atomic arrangements will be 
fabricated and analyzed using advanced 
characterization and computational science.

Synchrotron-based measurements at 
NanoTerasu, scanning tunneling microscopy, and 
supercomputer-based calculations will be 
combined to clarify how atomic arrangement 
gives rise to new functions. Through this 
integrated approach, the project aims to establish 
design principles for creating artificial 
nanostructures with built-in functions.

Expected Research Achievements
This project will reveal how precise design of atomic arrangements in nanometer-thin 
films creates new functions. By studying magnetic materials, dielectrics, 
semiconductors, and superconductors, it will establish principles to control electrical, 
magnetic, optical, and quantum properties and unlock latent potential in materials.
●Expansion to various materials

The project will explore function-built-in artificial nanostructures in four material 
classes: magnetic materials, dielectrics, semiconductors, and superconductors. Each 
class is selected to demonstrate a different type of emergent function, allowing the 
project to examine both material-specific behavior and design concepts that may be 
shared across diverse materials.

●Demonstration of the Relationship Between Atomic Arrangement and Function
The project will examine how changes in atomic arrangement affect electrical 
transport, magnetic behavior, optical response, and quantum properties. A key goal is 
to identify what kinds of atomic arrangements are effective for producing specific 
functions that are difficult to obtain in uniform thin films.

●Elucidation of Mechanisms Through Advanced Characterization and
Computational Science

Advanced characterization, including synchrotron-based measurements, together with 
supercomputer-based calculations, will be used to clarify the physical mechanisms 
that connect atomic arrangement to functional response. This combined approach will 
help reveal why particular structures lead to particular functions.

●Construction of New Design Principles for Materials
The knowledge obtained from individual material systems will be organized into new 
design principles applicable across a broad range of nanometer-thin film materials. In 
this way, the project aims to move beyond case-by-case findings and provide a more 
general framework for materials design.

● Future Impact on Science, Technology, and Society
The project is expected to contribute to high-performance sensors, low-power devices, 
advanced electronics, and quantum technologies. More broadly, it may open new 
directions for creating value from existing materials by using their internal atomic 
arrangement as a new design parameter. 
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Figure 2. Research approach


