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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 : 3D Heterogeneous Complementary Field Effect Transistors (hRCFETs) for
Al Chip Technology |
2. Project Period : April, 2020 ~ March, 2024
3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Wen Hsin | Senior National Institute of | Hetero-
CHANG Researcher | Advanced Industrial | integrated
Science and | semiconductor
Technology platform
fabrication
Co-PI Kazuhiko Professor Tohoku University Neutral beam
ENDO etching
technology
development
Collaborator | Tatsuro Research National Institute of | Hetero-
MAEDA Manager Advanced Industrial | integrated
Science and | semiconductor
Technology platform
fabrication
Collaborator | Junichi Senior National Institute of | TCAD
HATTORI Researcher | Advanced Industrial | simulation
Science and
Technology
Collaborator | Seiji Specially Tohoku University Neutral beam
SAMUKAWA | Appointed etching
Professor technology
development
Collaborator | Takuya Technician Tohoku University Neutral beam
OZAKI etching
technology
development
Total number of participating researchers in the project: 12

Taiwan-side
Name Title Affiliation Role
Pl Yao Jen | Professor National Yang Ming | Device
LEE Chiao Tung University | fabrication
Co-PI Chin Chao | Researcher | Taiwan Device
YANG Semiconductor fabrication
Research Institute
Collaborator | Po  Jung | Researcher | Taiwan Device
SUNG Semiconductor fabrication
Research Institute
Collaborator | Chun Jung | Professor National Yang Ming | Device
SU Chiao Tung University | fabrication

Total number of participating researchers in the project:

4




EIERR ARt ) BRI . TS Ok - B8

4 . Scope of the joint project

The monolithic 3D (M3D) integrated Complementary Field Effect Transistors (CFETS) will
be building blocks for future functional Al chips. This joint proposal focuses on the
integration of CFETs based on M3D hetero-semiconductor-on-insulator platform for
emerging Al chip technology. The layer transfer technology developed in AIST, Japan, will
apply to establish the hetero-semiconductor-on-insulator platform by integrating high
mobility GeOI/SOI wafers. TSRI, Taiwan and NYCU, Taiwan will develop and fabricate
junction-less (JL) gate-all-round (GAA) pGe/nSi heterogeneous CFETs (hCFETs), to realize
high packed CMOS device on this M3D platform. Neutral beam technology from Tohoku
University will be implemented to enhance hCFETs performance further. Thermal and
reliability issues of distinctive hCFETs systems are investigated systematically by
technology computer-aided design simulation and pulsed |-V characterization for Al chip
application. Moreover, we will extend this hCFETs technology to integrate memory (SRAM,
RRAM) or sensor monolithically in one chip for future Al system usage, which may attract
R&D investments from the leading semiconductor companies worldwide.

5. Outcomes of the joint project

5 — 1 Intellectual Merit

In this joint research, AIST, TU and TSRI, through international collaboration, have
successfully constructed a Si/Ge heterogeneous channel integrated platform with multiple
stacked Si and Ge layers. In addition, by using this heterogeneous platform, TSRI and
NYCU succeeded in fabricating hCFET devices that composed of not only heterogeneous
materials but also hetero-oriented materials, and the hCFET performance evaluation has
also been conducted. Moreover, by using Impulse TCAD developed in AIST, we were able
to build a thermodynamic model that can predict the thermal transport behavior of hCFET.

5 — 2 Synergy from the Collaboration

By bringing together experts and facilities from national research institutes in Japan and
Taiwan. The collaboration allows us to realize an 8-inch wafer platform that can integrate
materials with different surface orientation and different functions. We also succeeded in
fabricating hCFET and evaluating its performance. This synergy enabled us to build a
powerful hCFET Process Design Kit (PDK) that can be shared with each other and tackle
the challenging technical issues of Al chip design.

5 — 3 Potential Impacts on Society

The technology developed in this research greatly simplifies the CFET fabrication process
and allows even highly integrated channel structures. We succeeded in presenting process
guidelines, which can be applied to advanced logic semiconductor research society.
Although, it will not immediately lead to commercialization, the achievement in this research
still has great impact on society. The related results in this research have been accepted by
the top semiconductor conferences, IEDM and VLSI symposium, in 2020, 2022 and 2023.
Press release also conducted by AIST, indicating the importance of this research.

5 — 4 Effectiveness and Continuity of Exchange
(Human Resource Cultivation, Development and Sustainability of the Cooperation,
etc.)
Owing to the severe COVID-19 pandemic, we were unable to hold the originally planned
face-to-face meetings, visiting tours at each other’s facilities or research workshops during
this research period. Nevertheless, we have communicated with each other frequently
(usually once a week), which helps us to solve research issues and proceed the project.
Based on the technology developed in this research, we have succeeded in obtaining big
grants (Japan: ALCA-NEXT, Taiwan: Angstrom Semiconductor Initiative), which allow us
can push our research even forward after this collaboration.
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