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Infrastructure Development for Promoting International S&T Cooperation
Japan—Taiwan Joint Research Exchange Program
Executive Summary of Final Report

1. Project Title : TResearch and development of nanoscale ferroelectric transistor and its
application to machine learning accelerator |

2. Project Period : April, 2020 ~ March, 2023

3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Masaharu Associate The University of | Design and
Kobayashi Professor Tokyo characterization
of FeFETs
Co-PI Naoya Okada Senior National Institute | Development of
Researcher | of Advanced | contact
Industrial Science | formation
and Technology technology
Collaborator | Kazuhiko Endo | Group Same above Same above
Leader
Collaborator | Toshifumi Senior Same above Same above
Irisawa Researcher

Total number of participating researchers in the project:. 4

Partner-side

Name Title Affiliation Role
Pl Chun-Jung Su | Associate National Yang-Ming | Fin FeFET
Professor Chiao-Tung process
University integration
Co-PI Vita Pi-Ho Hu | Associate National Taiwan | In-memory
Professor University computing
design
Collaborator | Yao-Jen Lee Professor National Yang-Ming | Fin FeFET
Chiao-Tung process
University integration

Total number of participating researchers in the project:. 3

4 . Scope of the joint project

The objective of this research is to research and develop fundamental technologies of
ferroelectric transistor and circuit-system for energy-efficient machine learning accelerator in
loT edge devices. The Japan team designs and characterizes ferroelectric transistor, and
develop module process, while the Taiwan team conducts process integration of
ferroelectric transistor fabrication and design circuit and system for machine learning
accelerators. Both teams take advantages of their strength and collaborate in
complimentary manner. This way, we can conduct comprehensive research from
fundamental material science to circuit-system design. Based on the achievement in this
project, we may contribute to the creation of new market of machine learning accelerator
both in Japan and Taiwan. Furthermore, Japan and Taiwan will be able to establish
leadership in the semiconductor industry through the collaboration among young
researchers.
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5. Outcomes of the joint project

5 — 1 Intellectual Merit

In this research, we developed a FeEFET device model based on the fundamental physical
property of HfO>-based ferroelectric. Then, we fabricated nanoscale fin FeFETs and realized
good memory characteristics and high reliability. In addition, we also achieved contact
formation technology which realizes structural stability even after 600-deg anneal. Lastly, we
investigated the relationship between ferroelectric grain variability and linearity of
conductance as synaptic weight in FeFETs, and developed the method to achieve high
precision in pattern recognition task.

5 — 2 Synergy from the Collaboration

In this joint research, the Japan team developed a nanoscale FeFET model and module
process technology, and then transferred those technologies to the Taiwan team. The
Taiwan team fabricated nanoscale FeFETs, and designed and characterized in-memory
computing system based on the FeFET models. This way, both teams took advantages of
their strength and collaborated each other for comprehensive research from fundamental
physical property of ferroelectric-HfO, to circuit-system design and characterization.

5 — 3 Potential Impacts on Society

In this research, we conducted comprehensive research including FeFET modeling, FeFET
design, process integration of nanoscale FeFETs, investigation of the impact of FeFET
characteristics on in-memory computing. The achievement in this research will provide
useful knowledge and know-how for realistic implementation of the technology to
semiconductor manufacturers and product design companies.

5 — 4 Effectiveness and Continuity of Exchange
(Human Resource Cultivation, Development and Sustainability of the Cooperation,
etc.)

Because of the COVID-19 situation, we could not have face-to-face meeting, workshop
and human resource exchange during the research period. However, we had monthly
meetings every month, and thus we were able to focus on the scope and goal of this project,
advised us each other, promoted our research. Above all, we were able to maintain our
friendship and grow our mutual trust. This joint research on FeFET-based machine learning
accelerators not only contributes to scientific/engineering advancement and the creation of
new market in semiconductor industry, but also establishes collaborative relationship
between Japan and Taiwan to lead next generation of semiconductor academia and industry.
We highly recommend to continue this joint project.
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