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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 : [Development of functional transistors using ferroelectric HfO- films |
2. Project Period : April, 2020 ~ March, 2023
3. Main Participants :

Japan-side
Name Title Affiliation Role
PI Shutaro Senior National Institute of | Principal Investigator,
Asanuma | Researcher Advanced Industrial | film deposition,
Science and structural analysis,
Technology electrical characteristics
measurement
Co-PI Yukinori | Group National Institute of | film deposition,
Morita Leader Advanced Industrial | structural analysis,
Science and electrical characteristics
Technology measurement
Co-PI Hiroyuki | Group National Institute of | film deposition,
Ota Leader Advanced Industrial | structural analysis,
Science and electrical characteristics
Technology measurement
Co-PI Shiniji Principal National Institute of | film deposition,
Migita Research Advanced Industrial | structural analysis,
Manager Science and electrical characteristics
Technology measurement
Co-PI Takashi Collaborating | National Institute of | film deposition,
Onaya Visitors Advanced Industrial | structural analysis,
Science and electrical characteristics
Technology measurement

Total number of participating researchers in the project: 5

Partner-side

Name Title Affiliation Role
Pl Chang-Liao Kuei- | Professor | National Tsing Hua | Principal
Shu University Investigator

Total number of participating researchers in the project: 1

4 . Scope of the joint project

The objective of this project is to realize the development of functional transistors with
integrated memory and logic capabilities, specifically FInFETs utilizing HfO»>-based
ferroelectric gate insulators, in order to achieve highly efficient and low-power-consuming
computers required by artificial intelligence (Al) systems. National Institute of Advanced
Industrial Science and Technology (AIST), which has a proven track record in research on
HfO»-based ferroelectrics, was responsible for material development and deposition of the
gate insulator, while National Tsing Hua University, which has a proven track record in
FinFET fabrication, was in charge of FInFET processing in order to achieve the realization
of the technology.

5. Outcomes of the joint project

5 — 1 Intellectual Merit

Initially, the plan was for the Japanese side to conduct material development to improve
the performance of HfOz-based ferroelectrics and collaborate with the Taiwanese side to
identify challenges for FinFET fabrication, incorporating the gained knowledge. The
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material development nearly achieved its objective, and design guidelines for improving
endurance characteristics were obtained. However, due to the impact of the coronavirus,
the identification of challenges for FInFET fabrication was delayed, and the project did not
fully achieve its objective.

5 — 2 Synergy from the Collaboration
When developing technology from scratch, the challenges are often unclear, and one must
search for them through trial and error. However, by bringing together each party's
expertise and accumulated knowledge, it is possible to identify challenges and work toward
their resolution quickly. In this project, by cooperating with each other, we could quickly
grasp the essence of the challenges and address them effectively.

5 — 3 Potential Impacts on Society

In recent years, Al technology has rapidly advanced, and the need to develop devices
specialized for Al applications continues to grow. The achievements obtained in this project
provide essential insights for developing FinFETs using HfO2-based ferroelectric materials
as gate insulators, serving as a foundation for future research at AIST and National Tsing
Hua University. Considering the spillover effects of Al technology, it is anticipated that the
practical application of the technologies currently under development will also have
significant spillover effects.

5 — 4 Effectiveness and Continuity of Exchange
(Human Resource Cultivation, Development and Sustainability of the Cooperation,
etc.)
As mentioned above, cooperation between individuals with different technical expertise
leads to the rapid identification and resolution of issues, which is extremely important in
advancing research. Moving forward, we will continue our collaborative research aimed at
developing FinFETs using HfO»-based ferroelectric materials as gate insulators.
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Yukinori Morita, "Wake-up-free properties and high fatigue resistance of HfyZr1-xO.-based
metal—ferroelectric—semiconductor using top ZrO, nucleation layer at low thermal budget
(300 C)", APL Materials, 2022, 10, 051110, DOI: 10.1063/5.0091661

5. Shinji Migita, "Perspective of ferroeletric-HfO, materials for electron device applications",
2022 IEEE Silicon Nanoelectronics Workshop (SNW), 2022, 22093154 . DOI:
10.1109/SNW56633.2022.9889014

* ZOMOEBENEY) FHFURFEF — L L OHEDL) (R, EERY)
Brliz7a L

* ZDOMOEEY) FHFFIET — L& & 20 HARAFIE T — L O, EfER L)
Brliz7a L

2. FRRER

* DEARER (FFUNFFET — L & 04 FER)
FERMIL - O (AR - 0 1)

* ABERER (MFMIET — L 23 E 720 B ARAINFZES — L DFER)

FEFRAME 124 (FF5RETE - 2 4F)
FAAF AT
1. Shinji Migita, “Perspective of ferroelectric-HfO, materials for electron device applications”,
2022 Silicon Nanoelectronics Workshop, 2022 4 6 H
2. fiMEH], fili, THfO,-ZrO, Nanolaminate #§i& (2 3317 % ik EAH DA RARIEE ) 2 70 [H]
SIS B R RR TR EANGRH = . 2023 48 3



[EBRR AR i 0 A i 926 # TS (B - Chang-Liao #RE)

— R

1. ARHEATHI, [R5 FEAHENE HfosZr0502 35 & UY HfO, DIRFEERFED L), 2020 4 H A
[ 28R p ATl S . A2 7 A B, 2020 4 11 A

2. Yukinori Morita, et. al., "Carrier Transport properties of Ferroelectric HfosZ10.502 Thin
Films in Poling Treatment”, International Conference on Solid State Devices and Materials
2021, Online, 2021 49 A

3. R, M, TTIN/HRZrO2/Si-MFS {ERUC I51T 5 SiO2 St fEpic & ol ), & 82 [l
MBS, A T4 >0 202149 J

4. Takashi Onaya, et. al., “Study of SiO: Interfacial Layer Growth during Fabrication
Process of Ferroelectric HfyZr1-xO,-Based Metal-Ferroelectric-Semiconductor”, 240th ECS
Meeting, G02-0927, Virtual Meeting, 2021 4+ 10 A

5. &R H%, . [HRFEIEO M B~ 72 TINHEZH-<O2 L o TiOxNy JE O EENE |, &
TT AL AFET 7 ) v U—a — MR - Tak R o TS REHEOYEL— (5 27 [T
JER). 6-1, AT A B, 202241 A

6. LR . Mh, [ZrO BAKIBIZ X D TiNIZrOo/HiZr1-«O2/Si02/Si-MFS ##i& D SiO, i
JE B & OREEFEME OS] £ 69 [ AW S B, 24p-EL105-5, /A1 7
Uy RBMEGE ILFBER T FIRR & v o /N 2+A4 T A ), 2022 4F 3 H

7. kR S M, TR LBbA A WTERFREHBEEIC LD FERL 2mFER
HfZr1O2/TIN OREIEF I, 55 69 RIS AR RF AN S, 24p-E105-5, A 7
U RBMEGE IFBER T FIRR & v o /N A+A4 T A V), 2022 4F 3 H

8. fiMEF], f, THfO2-ZrO; Laminate #1& 23 fah BEAHAR A 7 > A T A =K L],
% 83 [l Bl kT ialilii s, A T A >, 202249

9. Shinji Migita, et. al., "Transition of Ferroelectric and Antiferroelectric Properties in Atomic-
Scale-Engineered HfO, and ZrO, Superlattice Films", International Microprocesses and
Nanotechnology Conferences, 2022 4 11 H

10. ZREATAL, fh, THRERZ ORI OB RN L > THE I D HfosZrosO, HIKDIRE
FPEDZA b L OREEE . %6 70 RIS S RS, 2023 4 3 /]

2. TR
kAN AKX —HFR (RPN T — L & OEL4, 3 FR)
FERIE 01

kAR A X —FFK MHPRFET — 25285 F 20 BARMBFIETF — L DFE)

TR L
1. &M 17HI, "R—V > Z PRI SIS T D RFEEM: HfosZrosO0 RO AN A 1Y) 72 {= 8 A4F
PWEA AT A ARET 7 ) a P —f5EE, AT A 2, 2022 4 1 A

N

3. FEELIEU—Zvay T eI F— - SURI T LNEORE

4. WA D FE ik

[AF—TF 4 7]

«20229H 15 H : AT A I —7 4 7 (Teams)

ENLSMZEA A — LV TEBRREICONTHEE LAEWEITo T2,

Fo, BAME BEBRAITERT 23O B 2170, LA ED T,

-+ 2022 4E 12 H : BRI TR S 7z JST-NSTC Workshop 2022 (2&1 L., Z D#%HT T
Chang-Liao #f% & PRI E 2OV TRl TR L AW E T 72,

5. FritHiE
SR R AR HIR R - 0 1



[EIBRR A BT i ) B R R . R T EGEE (&3 - Chang-Liao #RiE)

6. ZH - B BuE
XH, AEEE, KE#HZ, EEEKE, REATRL SV,

2022 FJEIS A BT
2023/3/15
7. FOM

Brliz7a L



