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Abstract: Autonomous experiments, integrating machine learning and robotics, are revolutionizing materials science 
research. This approach accelerates the discovery and optimization of novel materials by automating the experimental 
process and enabling the exploration of vast parameter spaces. 
We present an autonomous experimental system for thin-film materials research. This system automates all stages of the 
experimental process, including sample handling, thin-film deposition, optimization of growth conditions, and 
comprehensive data acquisition (X-ray diffraction, scanning electron microscope, Raman spectroscopy, etc.). By 

combining robotic control with Bayesian optimization, our system 
autonomously explores the parameter space and identifies optimal 
conditions. 
We demonstrate this approach by synthesizing and maximizing the 
electrical conductivity of Nb-doped TiO2 thin films. Furthermore, this 
autonomous system has enabled the discovery of new ionic conductors. 
This work highlights the potential of autonomous experimentation for 
accelerating materials science research, particularly for solid-state 
materials. We are currently developing an autonomous experimental 
system for synthesizing bulk materials. 

Figure:	Autonomous	experimental	system	for	thin-film	material	exploration.	
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An expert in solid-state chemistry, thin film, and surface and interface science, 
Professor Hitosugi's research focuses on materials for electronics and energy 
applications. His work includes the development of autonomous material 
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