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Preface

The Research Institute for Nanodevices (RIND), formerly known as the Center for Integrated Systems Research
established in 1986 by the Ministry of Education, Culture, Sports, Science and Technology, has been engaged in
semiconductor research for 37 years. Now that the importance of the semiconductor industry is being reevaluated,
the institute is working on applied technologies based on semiconductor nanodevices. Until 2023, the institute
consisted of four research divisions: "Nano-Integration Research Division," "Integrated Systems Research Division,"
"Molecular Bioinformation Research Division," and "Nanomedicine Research Division." This year the new institute
will be reorganized as the Research Institute for Semiconductor Engineering (RISE) and consist of the
“Semiconductor Strategy Research Division,” ‘“Nanodevice Research Division,” “Interdisciplinary Research
Division,” and “Research Support and Equipment Management Office.” The institute will formulate its own
semiconductor research strategy and conduct research based on this strategy. Over the next several years, the institute
will be expanded and will be engaged in semiconductor research and human resource development.

We continue to promote the "Research Center for Biomedical Engineering (RCBE)" as a MEXT Joint
Usage/Research Center and the "Advanced Research Infrastructure for Materials and Nanotechnology in Japan
(ARIM)" as a MEXT project. RCBE entered its second phase in FY2022. The center aims to promote advanced
collaborative research in the field of biomedical engineering and to promote the practical application of biomaterials,
medical devices, and medical systems in Japan by fusing the functions of the Institute of Biomaterials and
Bioengineering, Tokyo Medical and Dental University, Laboratory for Future Interdisciplinary Research of Science
and Technology, Tokyo Institute of Technology, Research Institute of Electronics, Shizuoka University, and the
Research Institute for Nanodevices, Hiroshima University.

The ARIM project is a 10-year project that began in FY2021. In addition to shared use of state-of-the-art
equipment and technical support by highly specialized engineers, new remote, automated, and high-throughput
advanced equipment will be introduced, and material data generated from the equipment usage will be structured and
provided in a way that makes it easy to utilize. Using a super clean room with a total area of 830 m?, the support will
focus on energy conversion materials, including not only Si but also wide-gap semiconductors such as SiC and GaN,
and high-performance solar cells. Through these supports, we will promote the establishment of a system that enables
the collection, accumulation, distribution, and utilization of high-quality material data.

In addition, the project was adopted as the "Integrated Green-niX research and human resource development
(Green-niX)" by MEXT in the "NeXt-generation Novel Integrated Circuits CenterS (X-NICS) Project” that started
in FY2022, by Tokyo Institute of Technology, Toyohashi University of Technology and Hiroshima University. We
contribute to the future of the semiconductor industry through research, development, and human resource
development.

In March 2023, we launched the "Setouchi Semiconductor Consortium" with the Institute as the core, thirteen
companies and three public organizations as members. We intend to work together with industry, government, and
academia to develop human resources and conduct research and development related to semiconductors. As of June
2024, the number of participating companies have been increased to twenty-three, and Kobe University has been
joined the program, further developing the program.

In March 2023, construction of the J-Innovation HUB Building (new building) was completed. In the building,
analysis and evaluation equipment for semiconductor research and facilities for research and development of Al and
communication technologies were introduced. The new building will be used in conjunction with the Institute's super
clean room to further advance semiconductor research and development. In addition, an open space has been
established on the first floor of the new building where all related parties can freely gather. We intend to make it a
place where researchers and engineers in semiconductor-related fields can actively exchange opinions, and as the
center of the Setouchi Semiconductor Consortium activities, we intend to utilize the space for research and human
resource development activities, thereby contributing to the revitalization of local industry.

This annual report offers comprehensive information about the recent research activities and achievements at the
RIND to those who are engaged in the fields of advanced technologies. We hope this report will contribute to the
mutual exchange of ideas and future progress of the researches on advanced integration of nanodevice and bio

systems.
omd lrzmate

Akinobu Teramoto
Director
Research Institute for Semiconductor Enginnering,

July 1, 2024

Hiroshima University, Japan
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1. Organization of Research Institute for Nanodevices (RIND)
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Nanointegration Research Division
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2 Associate Professors,1 Special Appointment Associate Professor,
2 Visiting Asscciate Professor, 2 Visiting Lecturers,
2 Special Appointment Assistant Professor
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Executive Committee HEER 248 (B 1, 61 1), FEERR 148,
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Integrated Systems Research Division
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Director
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5 Professors, 3 Visiting Professors, 3 Associate Professors,
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: Molecular Bioinformation Research Division
Deputy Director
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3 Professors, 2 Visiting Professors, 1 Assistant Professor

Bz 34 (HE: 1, 6HE: 2), FRBUR 24, HBUR 148 (HHD)
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7 Professors, 1 Associate Professor

iz 74 (BHE) , HEHIR 14 (BHE)

Advanced Research Infrastructure for Materials and
Nanotechnology (ARIM)
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1 Professor, 1 Special Appointment Associate Professor

BiZ 14 (), FEEHEE 12

Cooperative Research Staff (Faculty Members)
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Visiting Scientists (Universities, Industries)
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2.

Staff of Research Institute for Nanodevices (RIND)
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Nanointegration Research Division
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Akinobu Teramoto
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Hideki Gotoh
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Shuhei Amakawa
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Manabu Shimada
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Anri Nakajima
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Hiroaki Hanafusa
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Tetsuo Tabei
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Tomomi Ishikawa
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Yoshiteru Amemiya
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Director of RNBS and Professor
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Professor
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Professor (Special Appointment)
FHEHIR

Professor
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Professor
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Professor
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Professor
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Associate Professor
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Associate Professor
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Assistant Professor (Special Appointment)
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Assistant Professor (Special Appointment)
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Integrated Systems Research Division

SR AT LB FHEMM

Suguru Kameda

am =

Minoru Fujishima

i LS

Idaku Ishii
HH

Kazufumi Kaneda
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Takeshi Takaki
A
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Tsuyoshi Yoshida
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Mamoru Sasaki
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Molecular Bio-information Research Division

Professor
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B IERN
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Seiji Kawamoto

A IER

Takeshi Ikeda
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Professor
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Professor
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Professor
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Nanomedicine Research Division
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Hiroki Nikawa Professor

) i i (PHT)

Koichi Kato Associate Director and Professor
g Hh— R R, #d% (OHT)
Kazuhiro Tsuga Professor

B ol iz (OHL)

Kouji Arihiro Professor
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Morihito Okada Professor
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Mikihito Kajiya Professor
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Wataru Nomura Professor

PRy P iz (PHT)

Yuhki Yanase Associate Professor
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Advanced Research Infrastructure for Materials and Nanotechnology (ARIM)
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Shin-Ichiro Kuroki Professor
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Tetsuo Tabei Associate Professor (Special Appointment)
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Specially Appointed Professor

Fran R

Takashi Imaoka Specially Appointed Professor
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Nahomi Aoto Specially Appointed Professor
R AN EEA et 0%



Visiting Professor

FERER

Shin Yokoyama
R

Yuji Miyahara
[y -

Seiichi Miyazaki
B

Ryo Miyake

R4
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Shigeto Yoshida
B H A

Yasuyuki Shirai
Bt ®E

Yumi Aoyama

HH e

Xia Xiao
H B

Katia Zheleva Vutova
Carl-Mikael Zetterling
Hideki Murakami
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Hiroshi Oguma
/IRE T

Kazuhito Matsukawa
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Declan O'Loughlin

Hang Song
M

Visiting Professor

wEHIR

Visiting Professor

wEHIR

Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Visiting Professor
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Researcher

WERA

Kyouji Mizuno
K ASH]

Hiroki Sakamoto

BOA 5L

Tatsuya Meguro
HE 2

Junichi Tsuchimoto

A E—

Alam Md Iftekharul

Shinji Yamada
M

Kazushi Okada
[ 22 sy

Junko Hinohara
FillJ AT

Nobumasa Arai

#E IR

Tomomi Hirono
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Mami Hosoba
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Akira Maruyama
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Yutaka Wakamiya
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Researcher, ARIM
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Researcher, ARIM
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Research Coordination Staff
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Research Supporting Staff
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Research Supporting Staff
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Research Supporting Staff
BB WAL B

Research Supporting Staff
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Research Supporting Staff
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Visiting Researcher
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Hiroshi Sezaki
Wy

Seiji Ishikawa

AN iR

Tomonori Maeda

AT N

Jun Kamata

7 S I

Yasuhisa Kayaba
e A

Takeshi Kumaki

Visiting Scientist, Phenitec Semiconductor Corporation
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Visiting Scientist, Mitsui Chemicals Incorporated
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Visiting Scientist, Department of VLSI System Design, College of Science

& Enginnering, Ritsumeikan University
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Kenji Sakamoto

oA ER

Visiting Scientist, Center for Microelectronic System, Kyusyu Institute of
Technology
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Hiromasa Watanabe Visiting Scientist, S-Takaya Electronics Industry Corporation

Pk AL

Atsushi Iwata
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Yositaka Murasaka
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Toshifumi Imamura
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Tomoaki Maeda
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Masahiro Ono
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Visiting Scientist, Shimadzu Corporation
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Visiting Scientist, Cadence Design Systems, Japan
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Supporting Staff
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Souichi Daigo
A& fh—

Tarou Suehiro
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Kenji Fujii
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Kazuhiko Hasegawa
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Chiaki Ashihara
IR TR

Naoko Nakatani
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Izuko Kushida
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Kumiko Mitani
=K AET

Aki Maki
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Chief Manager
TN—=T) =5 —

Assistant Chief Manager
R N—TY)— 4 —

Chief (General Affairs)
FAE (RgHY)

Chief (Administrative Affairs)
FA (FHHEY)

Office Assistant
FHEMER

Office Assistant
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Office Assistant
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Office Assistant
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Office Assistant
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3. Executive Committee Members of Research Institute for
Nanodevices (RIND)
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Akinobu Teramoto
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Koichi Kato
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Hideki Gotoh
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Yositake Takane
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Akio Kuroda
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Idaku Ishii
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Hiroki Nikawa
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Anri Nakajima
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Tetsushi Koide
AN AL
Akira Sugimoto

A BE

Director and Professor

JepTR - %

Associate Director and
Professor

AW FERT I - d%

Associate Director and
Professor

AW FERT I « d%

Professor

Hiz

Professor

il

Professor

Hiz

Professor
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Professor
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Professor
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Professor
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Professor

Hiz

Professor

Hiz

Professor
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Professor

Hixz

Associate Professor
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Associate Professor
WA
Associate Professor

HEZ
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RIND
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RIND
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Graduate School of Biomedical and Health Sciences
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RIND
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RIND
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RIND
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Graduate School of Advanced Sciences and Engineering

JeiE B TR FH AT SER

Graduate School of Advanced Sciences and Engineering

JeiE B TR FH AT SER

Graduate School of Advanced Sciences and Engineering

JeiE B TR FH AT SER

Graduate School of Advanced Sciences and Engineering

JeiE B TR FH AT SER

Graduate School of Integrated Sciences for Life
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Graduate School of Advanced Sciences and Engineering
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Graduate School of Advanced Sciences and Engineering
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Graduate School of Biomedical and Health Sciences
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Research Divisions of Research Institute for Nanodevices (RIND)
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The Research Institute for Nanodevices was founded on April 1, 2022, and researches the
fundamental technologies necessary to achieve global excellence in electronic and bio integrated
sciences for preventive medicine and ubiquitous diagnoses on early stages of illnesses in the future
advanced medical-care society beyond the present information society. The research field includes
Nanointegration, Integrated Systems, Molecular Bioinformation and Nanomedicine.
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4.1 Nanointegration Research Division
T/ ERRPHREM

At the Nanointegration Research Division we focus the research on nanodevices, fabrication processes, nanointegration,

nano-bio integration devices, photonic devices, nano-quantum devices, thin film devices, nanodevice modeling and
functional materials. The outlines of researches at the Nanointegration Research Division are as follows.
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Ru ALD m%*ﬁf/ﬁ 0.18
Ru film formation by ALD (®his Work
4% FAREMR 2] e 8
Prof. A. Teramoto E i - /]
60.08— -
BERDT VA=~ CL00MDRLIEAFF TRuST? @ A .
& Oy IZEDFF AR (ALD) 217> T, D7V — 0041 !

n

Y& NBDIZH A, 250°C L) B I RIR 123\ T eo2.)
ERAEL — R A L ARHESHLO Ru 2 C&H L5107 S T "R T TR N T A A A WA S W

DNELI, Resistivity(uQ.cm)

Atomic layer deposition (ALD) with TRuST® and O, has

been studied. TRuST® has a vapor pressure 100 times higher ALD THEL 72 Ru DREIEL— (GPC)EAEHIR DB,
than that of conventional precursors. Compared to the use of fDBFFEIZ L, TV GPC TIRIEHIZ FEHL TB,
other precursors, it is now possible to deposit Ru with high Relationship between deposition rate (GPC) and resistivity
deposition rate and low resistivity at the relatively low of Ru films deposited by ALD. Lower resistivity is achieved

temperature of 250°C at higher GPC compared to other studies.
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Research on Switching Characteristics of
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It has been found that a high voltage is necessary to (a) (b) (c)
suppress an intermediate state between high and low EBRIZFIVE MT] O ()L Z & BT 55
resistance from appearing when the switching voltage pulse EH D ZE LB L OF A H LB (0.02V) D H(e),

EneAALyF 7L A% 50ps. lus. 400ns,
Structure of the MTJ employed in this experiment (a),
resistance to switching voltage (b) and resistance at read
voltage (0.02V) (c). Switching pulses was varied from
top to bottom are 50us. lus. and 400ns.

width is narrowed for magnetic tunnel junction (MTJ)
switching characteristics.
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GaN HEMT
Threshold changeable floating-gate

GaN HEMTs
iR FAEM

Prof. A. Teramoto

Ta—T 474 —k% GaN HEMT (High Electron Mobility
Transistor) |23 AL, ZDORfEZZE(LTEHIHNIL TV E
T 7 —MERRIED H 7253 FEMEZEEO WE ., FFoF v
U7 NI T RN T ASARR I RE IR B L R IE T 28
BhooTEEL,

Floating gates are introduced into GaN HEMTs (High Electron
Mobility Transistors) to control their thresholds. It has been
found that the quality of not only the gate dielectric but also the
interlayer dielectric, especially the carrier trapping
characteristics, has a significant impact on device characteristics.

« APCVD

Ip=2mA
Vg=-2V « LPCVD
E¢p=40KV/cm| PECVD

Time (sec)

(a) (b)

Ta—T 47— GaN HEMT O (a)SFRBEL 1
BRI LIRS 2 R LA RO L i, i
TR SN LD, E DEAL BRI REL IR D, ~ A7 i
#2> PECVD TRUELI i dnE 72 Si02 f6z i\ 5 LT
ZALDIFEAE LTV,

Structure of a floating-gate GaN HEMT (a) and the change in
drain voltage with respect to the time when the drain current
is applied (b). The change in the drain voltage varies greatly
depending on the quality of the interlayer dielectric. High
quality SiO, film deposited by PECVD with microwave
excitation is less likely to cause voltage change.

VILT IVEIZ KD MoS; B IE
MoS: film formation by Sol-Gel
method

iR FAEM

Prof. A. Teramoto

2R TEMELE L THAH S L TUVD MoS, &Y /L7 WiEiz k
DECIEL CuvET, (NH)MoS, RIS L Tl LT
&, 7=—/L LT MoS; &35, FHIsEIEL T SiO,
WA LY SIN EZ WD 7538 S 7R MoS, DMK T
XHTERLIDEL,

MoS,, which is expected to be a 2D material, is formed by
a sol-gel method. MoS; is deposited by dissolving
(NH4)2MoS4 in a solvent, coating it, and then annealing it. It
was found that high-quality MoS, can be formed by using a
SiN film rather than SiO; as a substrate material.
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AMF images of MoS, formed on SiO; and SiN after
annealing. On SiN, no oxidation occurs at the interface, and
high-quality MoS, can be formed.

D)V A—I\ARBRRIET Lo ~OZ
PR CMOS &1&EE&
SiC CMOS Integrated Circuits

Bix BERME—H
Prof. Shin-Ichiro Kuroki

VAL B — 34K (SiC) 8 R % - AR [RBR 52 A 4R 8
[FHE DRF 5251 6D TV, 4H-SiC CMOS S &I O BF S
DT, FElZ SiC SRAM ORHEFEAf 72 L&D | ARk R
WIAZVT <L M CRIfEE N7 ICSCRM2023 72 X TRFEL
Too AWFIRIIPERME, BN, AT = —F > L TR
LOILFRBFIEL L CHED TN,

Research on SiC harsh environment electronics has been
carried out. 4H-SiC CMOS circuits were fabricated and
demonstrated. This research is carried out under the
collaboration with AIST QST, KTH Royal Institute of
Technology, Sweden.
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Radiation-Hardened Full-SiC UV Pixel Devices

Big BEXRE—HR
Prof. Shin-Ichiro Kuroki

S%OTTIVEOH Ll % RIEX, 74 M A4 —RE SiC
TIERIL =71 SiC UV ($RAME) A A=V 2R EL,
EIEFFE A HED TUVND, 64 HFEA A—T v VI EE EAE
U0 EBELTH L T T o R el — LR AR R E
DOHFREZED -, AR EIZAZYT L N TS
ICSCRM2023 728 THRF LT,

AW IIPERRHT . BT RE L ORI THED TN D,

Full SiC pixel devices for a radiation hardened UV image

sensors had been demonstrated. These results were reported SiC CMOS A %‘—V‘t‘/%‘mfzzf)@
at ICSCRM2023, held in Sorrento, Italy. This research has YT TR AR
been carried out under the collaboration with AIST and 4H-SiC Sample-and-Hold circuits

QST, Japan.

)aAvh—NAFBRIREILNO=
IR BERAETEEE SiC Integrated

Circuits for High-Temperature Applications a8 =™
- M,
g BAME—L r, W a0
Prof. Shin-Ichiro Kuroki 17.6 MQ ‘_. R, v,,‘,v“ R,
SYZ T — AR (SIC) A A T 7 W B 5 1 S Ve
B DI FEE D CTD, T VT 7RI OBF e D | ‘
500°CEREY 45 & OME IMEREAM 2 i o 7, ARFRRITAZY i Ro
7 -V N ORI S ICSCRM2023 72 8 TRELIZ, A _
WX 7 ==T v rEIarZra—FR)EDFRFFEEL -5 (b) ©)

THEDTND,

4H-SiC pre-amplifier circuits for high-temperature
application were investigated. 500°C operation and the SiC MOSFET Ml
reliability at high temperature have been investigated. This Single stage amplifier based on 4H-SiC MOSFET:
research is carried out under the collaboration with Phenitec (a) Schematic, (b) mask layout, and (c) optical image
Semiconductor Co. Ltd., Japan.

SiAVFLN—EBEERTOELRDOME
Fabrication method of Si cantilever structures
for MEMS sensors

B EXRH—ER
Prof. Shin-Ichiro Kuroki

SOI J#ia AWz Si B F L N— S ER O 5 21T
WELZ, 2O RkE 1% IEEE J. Microelectromechanical
Systems FE72E TRELEL-, AFIEITA R TEH
SEAFSE T T (BRIN) 368 L OVER ] R 0 I [RIAFFE &L C
HDH TS,

New fabrication method of Si cantilever using SOI wafer
has been investigated for MEMS sensors. The results were
reported at IEEE J. Microelectromechanical Systems.

This research has been carried out under the collaboration PERILT= Si B FL_—t D& T s
with National Research and Innovation Agency (BRIN) , Fabricated Si cantilever structure
Indonesia, and Shizuoka University.

ot




EEYMFERIZEITEEFRAELH
EEY DHFMEDTRE

Electron-spin related optical properties

in compound semiconductors
ik RBFH
Prof. Hideki Gotoh

HEFNX—TENET DIE R T A ADFEH 2D S
L. RIS D E AL OYEZRIL T\D, A7
WREAKEE (SRl 572012 S W ZE A A= 7
FAMBEE LTz, ZOFEE FWC, BV gns# Bi 2RIk
BWHERTOAE U RRBIRT DLz AL,

To create IT devices with low energy consumption,
electron-spin related optical properties have been studied in
semiconductors. We have found enhanced spin properties in
compound semiconductors including heavy atom (Bi) with
a spatial imaging system developed to detect spin states.
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Spatial imaging of spins in a semiconductor surface. Spins
precess with time evolutions without any external magnetic

fields .

LEMHBES/TAVYDHERET N
A AEREDIE

Fabrication and device functions with

semiconductor nanowires (NWs)

iR RESH

Prof. Hideki Gotoh
BT 3 IRTTT G DTE RS G T RE D FE B W1 1+
TELNERT JUATYOMERE TS ZEREDO W 0%
1ToTCND, T /T4 E WIS A A —RDREL
ﬁg%;"mtxé:@ BER AT~ FEOL R D ) Bl &5

Fabrication technique and device functions of
semiconductor NWs have been studied expecting novel three-
dimensional nano-structures and useful optical functions. We
have examined the relationship between characteristics of
LED with NWs and its fabrication process, achieved
technology to improve optical properties of LED.
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Scanning electron microscope (SEM) photographs
semiconductor NWs with hero-structures.

structures are composed of InP/InAs.
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Breast Cancer Detection Using
Microwave Imaging

BHEHER SIRE

Professor Takamaro Kikkawa

JfE S

FNANIN

~ AT TG AR BAH BRIE A B LTz, TR R R
TABEZ THLS A DR BEZ FFATI L 72 50 Bl DKL 1L 72% T
ol ABFFEIT, IR KRR, UL LR, Kt
RF N =T Ly Z TV ORI RO EL T
IEEE Trans. Bio. Med. Eng. (IF:4.756)If8#i &7z,

A portable microwave imaging device was developed and a
clinical test was conducted at Hiroshima University Hospital.
The average sensitivity of 50 cases was 72%. This work was

MRI

| X-Ray| 2-D Cross Section | Diagnosis

the collaborative research among Hiroshima University

»
»
a

max= 27 (61, 62, 30)

Hospital, Tokyo Institute of Technology, Tianjin University
and Trinity College Dublin. The paper was published in IEEE
Trans. Bio. Med. Eng. (IF:4.756).

BT, A7 A A= X B TS TT 4 MR O HBGEl
Comparison among Diagnosed location, Microwave imaging, X-
ray mammography and MRI.
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MOSFET B 2 H#2\EE 0w R 1L K

3-D Imaging of Si MOSFET Temperature Distribution
under Operation by Optical Interference Contactless
Thermometry (OICT)

BT R B —ER(HHE)
Prof. S. Higashi
Si MOSFET EEREO B OB LD IR O w1k
AT IR BRI I E V5 (OICT) %3 F 3~ 2 87 2 B
%EL?‘:O RO — —Z EE DR L R R A%
INAARE =R A AZ T EZARBER T B REL.
T ISA AW ERIRE AT & AT AL TED 2L h o Tz, MOSHiTIE RS

Optical Interference Contactless Thermometry (OICT) has
been applied to visualize temperature distribution inside Si
MOSFET under operation. An IR laser beam was irradiated to
the device from the backside and the reflected light intensity Si nMOSFET Bh{EDHENS (%) &, OICT v AT AlTEYEIEREN

Vds=120V,t=0.1s

was observed by a high-speed camera. Clear interference TR A ()
fringes indicate the capability of visualizing the temperature A schematic of an Si nMOSFET (left) and observed fringes during
distribution inside the device. device operation by OICT system (right).

T/ EDHIEI L HMHBIREREESR
Material Fabrication and Surface
Contamination by Deposition of Nanoobjects

Hig BH F(HHD)
Prof. M. Shimada

F IV ARD I TGRS — R TR E % AL, HAFIZ
FRilE, ERE ST, B S kA S o, R 1,
BIOENLOE M ERIR T AL EIT>TCNND, T

AR E DG RE E L TR BT B LTZ LS DR ED o
BEL WS REENES & 7T X~ CVD iRl Ea T/ kifoyu
A ° VAT TEHER ; (a),(b): TIO, & ZnO OF / f & K il
Preparation of thin-films, particles, and their composites prit ét‘tij RoF ) Fa—T7 OBEFHMETE; (c): =%
having useful structure and composition is being studied by /v /Y X BRAOIIEIC L 2 WA E OIERFERTR

synthesizing nano-sized clusters and particulate matter =~ A onesstep gas-phase synthesis of composite nanoparticles
combining liquid precursor spraying and plasma-enhanced chemical

suspended in gases and depositing them in the gas phase. vapor deposition; (a), (b): Electron microscope images of carbon
The effects of surface deposition of nanoobjects as nanotubes with surface-deposited nano-crystals of TiO, and ZnO; (c):
contaminants are also being investigated. Elemental identification results of the composite material by energy-

dispersive X-ray spectroscopy

AN FIZKDEHKEIEEYDIKIAIL

Water solubilization of hydrophobic

compounds using natural polymers

#i8 REES HHD) L&
Prof. Atsushi Ikeda '(L%w ML’E:@. l‘

Polysaccharlde Polypeptlde
T RS R AT F R A AL LT CBOK E - A
PEDBSREPE(L 200 % ARL T 5 LT REN LT, ZB0 AN \ )
WAIRE T, SEHCHEAEMER B OB R & B IS5 iy L e )
R a g
We succeeded the water-solubilization of hydrophobic Functional compounds Complex
functional compounds using polysaccharides or
polypeptides as solubilizing agents. Using these FEREMESS T KRS TS o™
complexes, we develop drugs and functional materials. Schematic illustration of functional compound-natural

polymer complexes
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Fullerene-containing electrically conducting

electron beam resist for organic nanodevices

BEHR PERE

Associate professor Anri Nakajima

fHE I BT Y ARXT NAREAER S BT
12, AHEE TRV AMIT L —L U B R A LT B 2 B
FLCWET, BRUSEEOAHT /Ry MO /7 A
YHEEEZEFRECLIBOHRDOTn v AT TEE
EE

Fullerene-incorporated electron beam (EB) organic resists
are developed to realize high integration of nanometer
lateral-scale organic electronic devices. The structures of
nanoscale dots and nanowires having electrical conductivity
are able to be fabricated with a simple fabrication process of
only EB exposure and development.

@ oy o_ T
fe—on—c—ong, I CH, § :
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" Vottage
ZEP520A & PCBM. C-V k.
Fig. ZEP520A and PCBM. Fig. C-V characteristics.
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F IR =Ry RET ) FIUA Y HEEO TR E 1
JAXERED SEM 4. WL T FT—L L DoAR.

Fig. SEM micrographs of Fig. TEM micrograph of
nanoscale dots and nanowires. nanowire and PCBM distribution.

T/Z’T—)lﬂﬁ%% ELT/NMAD=HD
Alg; BB ETFHEL X
Algs-Containing Electron Beam Resists

Nanometer-Scale for Organic EL Devices

EHB PBRE

Associate professor. Anri Nakajima

%%n‘%v/xb TEEMRORE AW TEIRETD
FIZIY, LB O AL O HI T a2 R HWT, T/
%—5'—%&—/&(“%*&@???3@ DY AR ENLE AL
T A Bl T A 22 T D120 DEA 2B R L TET,

A simple method only using electron beam (EB) exposure
and development is developed for fabricating current-
drivable light-emitting organic devices with lateral sizes and
positions on the nanometer scale. The method uses light
emitting molecule-incorporated EB organic resists.

Multiple layers | ]

Composmm/mst0 Qf f‘ 73 ﬂq,

| Multiple layers =
ITO =
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Algs IRAEAFHRL VAMD()E5ED SEM 1, (b)E-F#RFEE KLY
BB DRy MEEFOCIE OB ELE, W BEE) b0~
V7R IRy B AEL), ()T /P AXERE EL 773 A ZAOHEB!

(a) SEM image of a thin film, (b)optical microscopy image of dot
structure after electron beam exposures and development, (c)
electroluminescence (EL) from a thin film, (d) schematic image of a
nanosize EL device. These structures use Algs-containing EB resist.

R—AT B RABERET /MR
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Research on Portable Virus Testing
Device

EHR ERERHGHD)

Assoc. Prof. Hiroaki Hanafusa

T EEHENE DR —&Z 7 VI A )L 2 B A T A
Z+MCM (Micro—Chamber-Matrix) J& &2 ¥ O34 &
Fﬂlﬁbfé j_/7/])/u//\)$ b\f{mﬁﬁal\imﬁb\T‘—&%
R IR,

We are studying virus testing device “MCM” having
portability, high-speed, and high-accuracy. The system will
provide reliable data to physician in online medical care.

MCM &b DILHT T ANV ARRBIRAN TED] VAT
LDOBEHA A=Y

Usage image of the MCM system which realize virus testing
everywhere.
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Ultralow drive voltage Sl opt|cal modulator

utilizing tunnel field-effect transistors

FHEAZR BEAEX

Special Appointment Associate Professor

"o RN T oD AZEFIA LT, MR EERR S Vo~
DZASVENZ SV VA WS nﬂ SOMILEAT>TND, MZ B
FRAIICEN B | MR AR FE DI DFE T TS
5, BT HNE nﬂ%’%i’*@@l WCEMET B80T, s K
‘/::LI/»—&%:/EﬁHLT%\%’?%@W@M’E%MLT%%O

We study an ultralow drive voltage silicon Mach-Zehnder
modulator (MZM) utilizing tunnel field-effect transistors.
The MZM is composed of multiple elements such as optical
waveguides, phase modulators and so on. To ensure that the
proposed optical modulator works properly, we utilize an
optical waveguide simulator to optimize each element.

ary <oz A —

Si waveguide

Photonic crystal waveguide

Multimode interference power divider/combiner

ON state

OFF state

250

KA ER O 2L —ar

Simulation results of optical modulation using silicon Mach-Zehnder
optical modulator.

WRIEE A 4H-SiC EFEEOHE
Electronic Circuits Based on 4H-SiC for
Harsh Environment Applications

BEBE Jr—> Try TAY

Specially Appointed Assist. Prof. Vuong Van Cuong

ER - BB E T B0 SiC £REEKIZOWVWT,
VERL TR, T S A AHA, 8% Et, (B2 E DI ZEE 1T -
TW5,

My current research topic is SiC integrated electronic
circuits for high temperature and high radiation environment
applications, including fabrication process and device
technologies, design, and reliabilities.
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4H-SIC MOSFET SEHh i1 22 (a)vx71/47 7k ()e e
% (©)500°CTOENERE (DEIFFHE (€)400°CTOFH M
Differential Amplifier based on 4H-SiC MOSFET with (a)
mask layout, (b) optical image, operation at 500°C of (c) 4H-
SiC MOSFET, (d) amplifier, and (e) reliability at 400°C

MELNET ZT74T7IWTIXLOHAE
Scattering Tomography Algorithm

B#E BIEE D)

Assist. Prof. Tomomi Ishikawa

AHRNESTT 4 RS~ A7 Bl e 77 A(MWT)IZ B
TB H LM O & 178> T D, MWT TR O #
L7 — 20 bW BELR B & R LI KD Rk DTE
R BERIIMEEEZGL0, T OIEREMEN G EHR 5 5%
DISHBIRESND, ZEDT2DDOFIET VA Y X LD B3
RFHE O EH L, ISR APEDHGEEZAT > T,

We study computed tomography, particularly microwave
tomography and its associated computing methods. Our
research involves the development of algorithms and
software for tomographic imaging, as well as testing its
practicality in the medical application.

numerical model

scattering
by objects

measurement RX ]\%7 F7 AR B GEE
system \’ﬁ?)ﬁﬁﬂw)ﬁﬂﬁ/livw
‘737 DT,

A numerical simulation of the
reconstruction (relative
permittivity distribution) by
computed tomography.




GaN-LED D EEER £~ DES Il
Binding technology of GaN-LED for
Heterogeneous Integration
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Assist. Prof. Y. Amemiya 100 um Veltage ()

GaN-LED % B HIZERBL 5282 HIEL T,
FWIRKEE FCARERS AT IO 9217
S T5, 40pum X 100pm F 1 OFESITITREIL TEY |
BB AR TORENDH L TN & fEFRL T
%o VP72 56 T DREAIZ OV THIRFIL TD,

We are studying binding technology of GAN-LED on quartz 40um X 100pum ¥ X GaN-LED %& SR H P BRMAEH 5 L
substrate etc. under room temperature and atmospheric BRI . L0735 70 AR E 7 TS e
pressure for heterogeneous integration. The bonding of 40 Optical micrograph of light emission from the GaN-LED
pmx100 pm devices is successful and the device with 40 pm x 100 pm size, current-voltage characteristics
characteristics are not degraded compared with those on the and scanning electron micrograph of further smaller-size
mother substrate. The bonding of further smaller-size devices.

devices is also studied.




4.2 Integrated Systems Research Division
KB AT LHERREMN

The Integrated Systems Research Division focuses on basic research for terabit-capacity highly-functional
memories, super-parallel processing, bio-sensing, wireless interconnection and 3-dimensional integration. With the
obtained results we aim at the realization of artificial-brain technology exceeding humans in intelligent-processing
speed, storage capacity and adaptive learning. The outlines of researches at the Integrated Systems Research Division
are as follows.

R AT DR TR, T8 Y MR BLEREATY  BIPYITHE ., A R AT = —
A, ST T2 R e A HEEL Q1 D, LT, 2D AR HTZ T AR O RM I 3 FR A1 AL
HORBBGEA &, REIOEIS T 07 EEEL A T VA OFEBAZ BT, BEAT LR
FNZ BT BT 1y = 7 b 170 D OB ZAR A5,
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Massive Connect loT
Based on Space-time Synchronization

gz 8H =

Prof. Suguru Kameda

[FAAANT BT YR 7550 81 2% ekt ([R5 SS—
CDMA) (Z ik BE IR 21 [R) 39 AL Bl il 95 2 & T
HZEOBERIBIE ) — D3R —Z2 IR T D BB
TIZRW TS T Y RV F 72 SRS R RF 1 218
158 FTREZR BERLE(E S AT DA RRET D,

We have investigated a synchronized spread-spectrum
code division multiple access (SS-CDMA) wireless
communication system that can simultaneously

S

V7R =T RS (USRP) Z V=R SS-CDMA D 3E3E L £

communicate with a large number of terminals by using
high-precision time synchronization and high-accuracy
positioning technologies.

REfl
Implementation and evaluation of proposed synchronized SS-CDMA
using software defined radio (USRP)

TINIVYRTINA RERE R OHE
.. Study on Fundamental Technologies for
e Terahertz-\Wave Devices
i §Se—
W #iE BmE EWBHD)

Wd B  Prof. Minoru Fujishima

LB ERSE TRVX = REFOOIENTEL T
T GG O FEHITRVALA TS, CMOS #45[E
BEST 2 RILE — L& B FINTRETEL 7 =—XRT
LA RTU s — S —=Z%Affiy, 100 A—hL o iifE B TR §
100 FHE Y MEO B REZ HIFL T,

We are working on the realization of sub-terahertz wireless
communications that can focus beams and increase energy
efficiency. Using a phased array transceiver that can
electronically manipulate a two-dimensional beam using
CMOS integrated circuits, they are aiming for 100 gigabits
per second class wireless transmission over a communication
distance of 100 meters.

300GHz #7 CMOS 7= — ART L AT v —N28D
IRIRFEBR

Transmission experiment using 300-GHz band CMOS
phased array transceiver
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Development of a two-stage lesion identification system for

diagnostic assistance in colorectal NBl endoscopy. > BRSO
. = R

HHIE IMEEL  Assoc. Prof. Tetsushi Koide

3. mEEHEEONE |

KIGWIRSHR AN I T, BRI HERAE RATE R 952 &C, ERCK
HBWDITH X BT A DAL 2 — KR AT AEHR L, A 4. BEIEHEZOLIR
VAT AL, NICE/INET 53 JEICHASE | T 14— T F—=0 7 % TR AL

BRI LIRE AT 3 a I B T 2 B O RIGH AR [F E 5. BA&Type T Al
CAD VA7 LThD, HAERLEMR HaH IR BHEIZ I T 85% 2L E
O F EZ L, 2 MR OREZ FTieIc LIz, TR
Type2b Type3

We developed a computer-aided system to reduce variability in diagnoses by
physicians during colonoscopic examinations by presenting quantitative TR NBI WIRSHZ 31T W SHE D72 D2 AT — Ui i
inference results. This system is a two-stage colorectal cancer lesion SRAT I
1dent1f1gat10n CAD system based on the NICE/ INET Clas$1ﬁ03t19na Fig. Two-stage lesion identification system for diagnostic assistance in
combining a lesion position detector and lesion type classifier using deep colorectal NBI endoscopy.

learning. The lesion detector achieved an average F-measure of over 85% on

magnified images, enabling the detection of lesion areas usable for diagnosis.
DOI: 10.1109/ITC-CSCC58803.2023.10212618

KIERIEEZHTIEDT=ODE— FCN [2&L5
ST HESRIE R DR TR AIEEL: CAD VAT L

A CAD system capable of providing detailed inference
results using a single FCN for colorectal endoscopic
diagnosis support

HEHE IEELT  Assoc. Prof. Tetsushi Koide
AHFFETIL, ResNet3d B L. GAP JE& FC BABVRE, I—F/L 4
AR 1x1 O Conv JBZMi~T 21x21x5 DHAEDF VNI — IR LT, s s
HUNERE W IEF v 1L (1-ch) 38T v 1V (4-ch) 12437340, Unet % |~ I 4 |

{i’)‘(@gﬂi@%lt‘ﬁﬂiﬁﬁ3%Eﬁ@§’\/V%éﬁkb\ Progressive Loss &‘ﬁﬁb \T Ke:Normal H:Typel #&:Type2A Efs:Type2B #K:Type3

SYREAT RO ) T, R 80 ORI TRAIL, e e y
TERVHZ R D — Bt 85.20°Th0, U7 A5 A ATOgep b SHDRSATRDIbI T POV IS artirti iR ot
LR BHOFEIR O SR RO R B AIRE CTHHI LD IRENTZ,

In this study, we proposed a network that improves ResNet34 by removing the GAP and FC layers Fig. Example of output from a CAD system
and using a Conv layer with a kernel size of 1x1 to obtain 21x21x5 outputs. The output was divided capable of presenting detailed inference
into a diagnostically appropriate channel (1-ch) and a classification channel (4-ch). We used Unet to results with a single FCN for colonoscopy
generate correct labels from the physician's region of interest and Progressive Loss to improve the diagnosis support

continuity between the classification channels. Lesions were detected with more than 80% accuracy,

and at magnification the agreement with the physician was 85.2%, indicating that the system is

capable of continuously diagnosing and presenting classification results for surrounding areas in real DOL: 10.1109/ITC-CSCC58803.2023.10212877
time.

ThE—E R E X DB TIEICH TR B2 E % NS o Oy =il dr - UL ool SR
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Development of a Grading Method for Skin Surface =D I L — R
Microstructure Using Deep Learning to Support Diagnosis of - - T 5] 5 5s

Atopic Dermatitis

HHIZ IMEEL  Assoc. Prof. Tetsushi Koide
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DOWFFERRTHD AAMS Tl BEFEEE AV R REROF AD T —
RO FEEATOMBERE AR LTz, T — 20/ L — R DR & &5
72D\, FADFES A\ T =T — A YEiEa LT, 11 77 AFEE

T IVORFRE 2 IEFEERITHI 65% THY |, 6 7T ANFHET IV TIESBITERK 2 :
R YA I G, —

In the AAMS, a research project of "Elucidation of Sweating Abnormality L B
in the Pathogenesis of Al}ergic _Skin Diseases and Development of BWAE L AT B AAMS (2L 0HIH U7 1 B - R I T e % L
Treatment Methods," a discriminator was created to perform grade 72 1 RS D 2 L — R AT
classification of skin surface image chymistry using deep learning. To
improve the bias in the number of data and the number of grade sheets, data Fig. Grade evaluation of skin surface microstructure using
expansion suitable for the chymistry classification task was performed; the images of skin ridges and folds identified by the diagnostic
final correct classification rate for the 11-class classification model was support system AAMS
about 65%, and the 6-class classification model was able to achieve even
higher accuracy. DOI: 10.1109/ITC-CSCC58803.2023.10212652




ENFHEXATYIVRADGEEED=HDEE
FBEANIL—L5EE

Grade Classification Using Deep Learning for Quality Control
of Human Hepatocyte Chimeric Mice

HHE IHEL  Assoc. Prof. Tetsushi Koide

ARBFFETIE, BRI S D MTRIIE S AT <7 AD dh B A B
DD, WEFEEMNZ V=R E1T>TOET, EMTMRO
SERER I A FRIER I AN T, HY T DI L —REHETEDIIICL
FEUTz, BROREIB L TUIZ L —RMHF BT ET 2, /)
ST TR 7L — R R, Fo, 4 SOV L —F ORI
ROD3DDENIRER, T8 2 B RILE TRER L E LTS,

In this study, we use deep learning to classify grades for quality control
of human hepatocyte chimeric mice used in new drug development.
Microscopic images of human hepatocytes are placed in a discriminator to
determine the grade of each area. We solved the problem of grading for
large areas of the image, but different grades were seen in small areas, and
the number of images in the four grades was biased, using deep learning to
process the images.

R AT IR SR -EFFFRRE Grade BE¥IE !
e el T 1 e s I e — — -
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.
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B EMFHALS AT~ T 2D S EBOT0 D F L — R HEE RIS
R

Fig.A deep learning solution to grade classification for quality
control of human hepatocyte chimeric mice

DOI: 10.1109/ITC-CSCC58803.2023.10212720




4.3 Molecular Bioinformation Research Division

SFERERE RN

Molecular Bioinformation Research Division is specialized in the research for MEMS (Micro Electro Mechanical
Systems), immobilization of bio molecule, bio-sensing technology, and environmental monitoring. The outlines of
researches at the Molecular Bio-information Research Division are as follows.

Oy FAEMTE WIS ML, MEMS, A0 F[JE, Ao 7| REEF R 7125
WFEZAT > TND, oy F AT BB FIT SR I 301 D780 Eeb O OB AR 2,

AN RBEVITITIVHET AR
Wearable light reflecting skin device
of fish

#ix BIRIEM

Professor Masakazu lwasaka

Silverside fish D 1FEDFHDIRRIZIBNT, K 10 7m0
DI FREE T IR T A ATV ABATIRIRDT =T 5
TNT NARZR L USEIZHmE Uiz, Al Ryl R
FTAEHEZTF AT ORFIZTRIEED S I 3
OHEEZ RN LT,

I have reported on the wearable optical device of a fish

sepecies, silverside fish, in which living iridophore cells T BIF AT DR D NI T 6 S 4 s
exhibited a light reflecting display. Recently, a similar
chromatophore cell’s skin tissue structure was found in the Chromatophore cell’s skin tissue structure of Japanese

other species, Japanese anchovy. anchovy

D) AV ENAF DR EFIE DB
Interface Technology between Silicon and
Biomolecules

i EHEEX (HHE)
Prof. Akio Kuroda

Si FAALADORMEIC, EEE ST EENAT %[
EALT DEIITH LV B8RS A2 — D BRI %
EChD, VAR mEEE A THH L I E Ny Fa
LC, Si EOFFMENENT A FEAIRICELE 3 D28
T, B SifEEZ L _IEOBREED TS,

The ability to target proteins to specific sites on a Si device

while preserving their functions is necessary for the VERLL7- Si ka2 OB DR AT L
development of new biosensors. We are developing a novel EARICELE L7 T S /B GE )Y S| R EEMEIER TS
Si-binding protein by engineering a protein to display amino Molecular model of the Si-binding protein.

acids with affinity for Si on the flat surface.




HE D SiO, IR D AT &EF B IK
INMARETNNARAEFEA~DIGHA

Molecular Mechanisms of SiO2-Forming

Bacteria and Their Applications

AEHR A X (HHE)
Assoc. Prof. Takeshi Ikeda

75 NEMERIE Bacillus cereus DRI T Aol
BIIRD Si0y BT HIEEIE AL, TDHyF A=K
LD ZHED TN D, Si0, TEERICEE 524K 7%
ARELVHEBEL | 18R ARAFFE T AR DT D
V=)L ELTHIAL T,

We found that a Gram-positive bacterium Bacillus cereus
and its close relatives form a microcapsule-like structure of
SiO; in the cell. Several biomolecules involved in silica
formation have been identified and are used to fabricate Si-
based biomaterials and biodevices.

$-5200 5.0kV x50.0k

B. cereus BNERLT=~A7al7®/\VIR SiO, fEiE KD
SEM {8 A4 —/Ls3—:500 nm

SEM image of microcapsule-like SiO2 structures
isolated from B. cereus. Scale bar: 500 nm.




4.4 Nanomedicine Research Division

SHEEMRFUIRM

Nanomedicine Research Division is specialized in the research for integration between medicine and
nanotechnology, nanomedicine, nanodentistry, nano-pharmacy. The outlines of researches at the Nanomedicine
Research Division are as follows.

ERERATRHIITIE, T IAT AV T I T TAAN = F /77— =5 ERET /O S
WFFEEAT > T, BUEITOIL COLERER AR TSP 31 DD T2 b D OB RN+ 2,

L8O20FLBEE D /NI T )AL
Bacteriocin Derived from L. Rhamunosus

L8020
g IS (5HE) S
Prof. Hiroki Nikawa @ R )
st - A B 5 18020 LB ST .
Kogl |Zi, HUEEM7T T2, tAME ON#FR LPS s
EARTEMA LS EAIER 305,

Kogl, a bacteriocin produced by L. rhamunosus 18020 ©
which suppress both cariogenic bacteria and periodontal L8020 FLIE i (a) D 37T VA2 Kogl(b)id, A I

burdens in oral cavity, inactivate the LPS produced by MR LPS & NEMHES TSI H ()
periodontal burdens. Kogl(b), a bacteriocin produced by L. rhamunosus 1.8020

(a) inactivate the LPS produced by periodontal burdens (c).

FHAT LA £ BB Ty ka4 - .
Quantitative Cell Subset Analysis Using Quantitative Cell Subset Analysis

Antibody Arrays
Cell population consisting ~ Abundance ratios of
of different subsets each subset %

— [U
© [
[A*] [B]

B MR — (BHE)
Prof. Koichi Kato

W2 T o7 BICSFEEOGUREZ S EE LT HuRT @

VA% W THIBAZR i~ — 21— DA Z)V—T MIEHT 3
ARETCT, IDIT, T —HRNTICHE A A OB EEZ Y A Cell-binding
DT LT LT, MO E &R Y7 &y My A3 AT EEIC assay
RO EE R LUELT,

Antibody

An antibody microarray on which multiple antibodies are microarray
immobilized in an array format allows us to conduct the
high-throughput analysis of cell surface markers. Recentl " N

S reporied that the e titative coll Subsot analvel o THETUARROEE R 7 e M OB
we reported that the quantitative cell subset analysis can also Overview of quantitative cell subset analysis using antibody array
be made using antibody microarray by incorporating the  (Reprinted with permission from “Ogasawara T, Kato K. ACS Appl. Bio
concept of set operations into data analysis. Mater. 2021, 4:7673-81”. Copyright 2021 American Chemical Society)

Data derivation through
the algebra of sets




Bone—BBB‘(bIood—brain barrier) B < A
HOEIRT N, ZAD/ESL

Development of the Bone-BBB Microfluidic
Device

- N ziz maEsA$HD)
k<, Professor. Mikihito Kajiya

a4

B IR AR RE O BE 2 AR I 9~ 5720 (T Bl & i
Jiid A P 55 0 fed 2 3 B0 72 (7 8 B AR TR B IR 28 % 52
BRRDNLE LD, £ T TAMIFETIL, B FLAE - i 4 B
3 B R BT — 7 A FTREZR IR T T S A A E L
726

To elucidate the connection between bone and brain
cognitive function, an experimental system that allows the
three-dimensional culture of bone cells and blood-brain
barrier cells in appropriate spatial relationships is necessary.
Therefore, in this study, we developed a perfusion device
capable of mimicking the bone-blood-brain barrier network.

PDMS TFiE

R 0 L PN B Bl ] R - 77 A b A N b T R RR
B L CHEAR ATREZRIR IR 7 /A A

A fluidic device capable of culturing bone cells and brain vascular
endothelial cells, pericytes, and astrocytes in upper and lower layers

NAF LR ALERET7LILE—
& AR D FEHT

Investigation of the pathogenesis of skin allergy by

means of biosensor

HEHIR HIEHE (FHE)
Post. Yuhki Yanase

a2 1T NET, FEHTITAREL BB —a

VAR EEDONA T E R LT in vitro .5 %15
MR T L OB Z kD Tz, 510, & ZEMETT
HEFEVEZFIA L C, & FEiE MO TUHE AR R I < B
H3 21825092 (CSU) O FETEAAE | Z M e [E O f (R
ZBEETAEEHOIZL T,

We clarified that synergistic expression of tissue factor
(TF) on vascular endothelial cells activates the extrinsic
coagulation pathway and induces vascular
hyperpermeability, followed by edema formation by
means of biosensors.

Y IgET Histaminet
Infection lé —l --

Y Autoantibody  VEGFt I iR BlcmdI
(1gG)1 TNFat e .' vessel
Autoantibody Spontaneous .

4 (IgE)t histamine release C()(?(gaulﬁ:;)n

@ Autoantigen § iyna TN A .
RS 2 WNR S

' hi i s - 1 Complement
+ histaminet P piold
— % Degranulation
/' 1 (histamine, protease)
s 4 N Migration
Migration
Vasouar " HIR — PART
endothelial cell Gl Gap formation
[Dormis] e
Basophil/Mast cell degranulation

HLIREE [ S A D & T 2 2EFRIB 2 FERE T
Hypothetical mechanism of edema formation triggered by
TF in CSU. (Int J Mol Sci. 2023;24(12):10320)




5. Research Facilities of RIND

S

5.1 Super clean rooms
A== )= )L—L

Super clean rooms, partly class 10 at 0.1-um particles, are used for fabrication of advanced devices and LSI’s.
Jebi T SA AR O LS OFYEIIA—/ 8= = )L = LW TIToND, RBIEEED @Sy a 1377210 (152
J77 4—hWIZ 0.1um LA LRI DRI 125 10 fHLLF) TH D,

F R T e TN T AT ST,
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West Building since 1988 East Building since 1998

Plan view of clean rooms in west and east buildings. The total clean room area measures 830 m?. Chemical
filters are set in the east clean room to avoid hazardous gases.
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Super clean room in west building. Super clean room in east building.
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5.2 Equipment for advanced devices and LSI fabrication
FImT INA AR ULSHEEL D = DR %

5.2.1 Lithography

VT 574—
@ Point-beam type electron beam lithography system € Maskless photolithography system
(ELIONIX ELS-G100) (Heidelberg DLA150)
AL P — D - — L ~AZV AGHE
(=U# =272 ELS-G100) Resolution 6nm (AT L7 DLA150) Resolution 1pm

I .

€ Maskless photolithography system
(Nanosystem Solutions D-light DL-1000)

VAIVABNIEE (/AT LY a—ar

A D-light DL-1000) Resolution 1um

‘ | e

Photoresist patterns by D-light DL-1000.
D-light DL-1000{Z& AL AR & —2



5.2.2 Dry etching
FSATFT
€ [CP (Inductively Coupled Plasma) etcher for Si
(YOUTEC)

SiFICP GFEfE &7 T A ~) =y T L 7 E
(—7v7) Cly, HBr, Na, O, {5 Al HE

B
Sl

@ Si deep etching system
(Sumitomo Precision Products)

SRR = 73k E
(FEACHE % T.3) C4Fs, SFe, Ar fili AT HE

= ‘_ﬁl___ —- —

@ ICP etcher for SiO»
(SAMCO)
SiO HICPTy T 7 3k E
(Y231) CF4, Hy, 02, Ar i FIHE

p—

e e |

@ ECR (Electron Cyclotron Resonance) etchers for Si
(KOBELCO)

SIHECR (BFV A 7ubnl g) =y F 7uhE
(*Eﬁﬁ@ﬂ—ﬂ) Cl2, C13, HBI’, Nz, 02 {fﬁﬁ ﬂﬁE

| —— T — ]

@ ICP etcher for highly selective etching of SiO;
(AYUMI INDUSTRY)

SiOHICP=y F o 7 4t i

@ RIE (Reactive Ion Etching) system for SiO»
(KOBELCO)
SiO HRIE(SENEA A v = T2 7)) i &
(FhF4UEH) CFa, Hy, Oy fifiJH W HE




@ ICP etcher for Al € Magnetron RIE system for Al

(YOUTEC) (KOBELCO)
AIRICP= T 7k E A~ %o RIBEEE

(—7v7) Cl, BCls, N, {5 AT HE (#h P 8UEH) Clo, BCls, N, {8 Al gE

@ Chemical dry etching system for @ Plasma asher for removing
Si3N4 and poly-Si (KOBELCO) photoresist (KOBELCO)
SisNy X USIO T I NV R T A T 7 A5 E VUANREMN T T~ T v o 7 4kE
(i =R CFa, No, Oo {81 AT HE (= 5H) No, Oo 1 I HE

o=



5.2.3 Oxidation, annealing, and doping
Bib. 7=—IL. FHWEA

€ Oxidation and diffusion furnaces @ Ilon implanter
(Tokyo Electron) (ULVAC)
WAL - JETBOAF A A EALEE Max 3500

(=L 27kr>) Max. Temp. 1150°C (F7/3v2) Al B, As, P, F 13 A AR

Py B _ =

| / ; ’
i : : amml!

€ RTA (Rapid Thermal Annealing) system @ Phosphorus diffusion furnaces
(Samco HT-1000) (SHINKO SEIKI)
R BB AL UL

(Y2 = HT-1000) Max. Temp. raise rate 200°C/s

(1P EEFEH%) Max. Temp. 900°C
| — '

b

€ Annealing furnaces for general purpose
(Koyo Thermo System)

LA BGLELEE E H,, N, O,, Low Pressure
Ot —E v A7 &) Max. Temp.  1000°C

FA L i 0 J

Training of oxidation




5.2.4 Dielectric film deposition and epitaxial growth

BRIEME - TEAX O vILEER

@ Low-pressure chemical vapor deposition (CVD) € Atmospheric pressure CVD reactor for SiO»
reactors for SiO,, SiN, poly-Si Doing of P and B possible (AMAYA)
(Tokyo Electron) SO HERS il B0 FECVDIE
JECVD (L EEAHRR) 7 (R L7 hm) (RABUERT)  PREIUBR—7/HE

Si0,, SiN, poly-SiHEfE Al HE

@ PDarallel plate type clean plasma CVD reactor for
SiN, SiO,, and amorphous Si (ULVAC)

AT PR A~ CVDEIE (7 /1 /37)
SiN, Si0,, 7E/L 7 7ASi HEFE A HE

WIECVDY = Nt v T 4 v VAR

Wafer setting to atmospheric CVD reactor




5.2.5 Metal deposition
ERERER

@ Metal/dielectrics sputtering system
for BiSrTiO compound etc. (ULVAC)
BB AEFRIEAR S 2V 7 R
(7 v2327) BiSrTiOZEHEFE Al i

- e

@ Sputtering system for general purpose for variety
materials (EIKO)

YU 2o S8 (=)
Ny

T~

5.2.6 Others
T DAth
@ Surface-activated bonding system (EIKO)

RIETEMHE LG EE (=1 2—)
Ar, H, Plasma treatment AJHE

€ Sputtering machine for metal interconnects for Al,
Ti, TiN (EIKO)

L BECRR A S 2 L 7
(=A=—) Al Ti, TiN HfE "] 6E

@ Vacuum evaporation system for variety of metals
(Donated: RICOH)

HZERAERE (V=)
Al SFEHERT P RE

RSy BN L THEE D =Ny T4 v T RS

Wafer setting to sputtering machine



5.3 Characterization and diagnostics equipment

Al - TR E

@ Secondary ion mass spectroscopy (SIMS) system

with Cs and O ion gun (ULVAC-PHI PHI-6650)

@ Total reflection of X-ray fluorescence spectrometer

(Technos TREX-610)

QIRAF L EETEEE (T ANy 7-T 74
PHI-6650) Cs, O > %1

@ Fourier-transform infrared spectrometer (FTIR)
(JEOL)

B XMW1 (Technos TREX-610)
J&JE(Cr-Zn) 10'° atom/cm?

@ Atomic force microscope (AFM)
(Seiko Instruments Inc. SPI3800)

7 — ) BRI S FE R
(B A& ) Resolution 0.5cm’!

zj‘ M

@ High resolution X-ray diffractometer
(Rigaku ATX-E)

JRF SR (BAa—A A LA
SPI3800) Resolution Z:0.01nm, X, Y:0.1nm

@ X-ray diffractometer
(Rigaku RINT2100)

e PG FE X AR B P 2 1
(U #2 ATX-E) Angle resolution 0.0002°

XA
(V477 RINT2100)




@ Ellipsometer
(Rudolph Research Auto EL)

@ Spectroscopic ellipsometer
(J.A.-Woollam JAPAN M-2000D)

TS A= — (LRI 7JH—F Auto EL)
Measurable thickness > 10nm

@ Hall effect measurement system
(ACCENT HL5500PC)

/L B E A E (ACCENT HL5500PC)
Input impedance 101°Q

DTN T I A= — (Px—e T —TF ke
T¥ /% M-2000D) Measurable thickness > 10nm

@ High-resolution X-ray photoelectron spectroscopy
(XPS) system (KRATOS ESCA-3400)

X T4 AT
(KRATOS ESCA-3400) X ray source: Mg, Ka

€ High-resolution X-ray photoelectron spectroscopy (XPS) system (VG Scienta ESCA-300)

Xﬁ)‘ﬁ%%ﬁj\ o EEE (VG =24 ESCA-300) Radius of analyzer:

300mm, X-ray source:4kW

o



@ Field emission scanning electron microscope € Focused ion (Ga) beam (FIB) system

(FE-SEM) (JEOL Ltd JSM-IT800) (Hitachi FB-2000)
B R T B HORAF 2 (Gaye — L N L2k B

(A ARE ISM-IT800) (HA7 FB-2000) Min. beam diameter 10nm

T § &

€ Manual wafer prober (Vector Semiconductor) and € Semi-automatic wafer prober
semiconductor parameter analyzer (Keithley) (Vector Semiconductor AX-2000)
oA T AT H— SR ( R F— B I ) N BIA—F T H— R —

HAGR AT A= =T FFA P —(r—AL—)

SEME— R v /B ~D T =/ "t vT 4 v JRG ~=a T T a— N R B ERIE
Wafer setting to SEM load-lock chamber Measuring electrical properties using manual prober



€ X-ray diffraction (XRD) € Atomic Force Microscope

(Rigaku SmartLab XRD) ( Bruker Dimension Icon)
TR XA IR 2 AFMJF-f- [ /) 84485 (7 /v 77 —Dimension Icon)
(U 47 SmartLab XRD)

€ Scanning X-ray photoelectron spectrometer € Semi-auto probing system and semiconductor
(ULVAC-PHI PHI VersaProbe 4) parameter analyzer (MPITS3000-SE)
ERIUXBOCE /06T L E I =T R TV RT L KD
(7 /v73»7-7 74 PHI VersaProbe 4) VRS A— 5T F 544 (MPITS3000-SE)

@ Ic probing system under an extreme environment, @ Test facility for high—frequency wireless

600°C. communication system and devices up to100GHz

600° CHEEIE 7 o — X YHER/ T A—H T FF A 100GHZAR E FC & JE W 815 - 7 7S A AFEAM %




5.4 VLSI CAD environment
VLSIE%E FACADIREE

5.4.1 Hardware
IN—FOxT

Workstations

@ SUN: 11 machines (SunFire X4600 X 1, SunFire V440 X2, SunBlade2500 X 2, SunBlade2000 X 3,
SunBlade1000 X 3)

@ HP: 9 machines (ProLiant DL580G5 X 3, xw9300 X 1, xw8600 X 1, j6750 X 1, ¢8000 X 2, b2000 X 1)

mn FTTTT HY”H

Workstations for TCAD and LSI design
TCAD K OLSIT YA T — I AT —ar

5.4.2 Software
JYIIx7

TCAD tools

@ Process/Device Simulators: SYNOPSYS TSUPREM4/MEDICI, ISE TCAD, SYNOPSYS Sentaurus,
Selete ENEXSS

Other simulators

@ Electromagnetic Field Simulators: ANSOFT HFSS, CST Microwave Studio
@ Optical Wave-guide Simulator: Apollo Photonics APSS

LSl design tools
@ Layout Design: CADENCE Virtuoso*, JEDAT alpha-SX(ISMO), Silvaco Expert*



@ Schematic Design:

@ Functional Simulators:
@ Circuit Simulators:

@ Logic Simulators:

@ Logic Synthesis:

& Automatic P&R:

@ Verification:

CADENCE Composer*, JEDAT alpha-SX(ASCA), Silvaco Gateway

CADENCE SPW*, Mathworks MATLAB

CADENCE Artist*, Spectre*, Silvaco SmartSpice*, SYNOPSYS Star-HSPICE*, HSIM*,
TimeMill/PowerMill*, NanoSim*

CADENCE NC-Verilog*, VerilogXL*, MENTOR ModelSim?*,
SYNOPSYS VSS*

ALTERA Quartusll, CADENCE HDL Compiler*, SYNOPSYS Design Compiler*,
FPGA Compiler*, XILINX ISE Foundation

SYNOPSYS Milkyway*, Astro*, IC-Compiler*, CADENCE SoC-Encounter*

CADENCE Diva*, Dracula*, Assura*, JEDAT Layver, MENTOR Calibre*,
SYNOPSYS Hercules*

Notice that various kinds of popular CAD software (marked with “*”) which support Verilog HDL/VHDL
simulation, synthesis, layout design and verification for digital/analog VLSIs are provided by VLSI Design and
Education Center (VDEC), the University of Tokyo.
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