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Preface

The Research Institute for Nanodevices (RIND) was renamed from the Research Institute for Nanodevice and
Bio Systems on April 1, 2022. With the increasing importance of semiconductors both domestically and
internationally, we believe that the role of this institute increases because the forerunner of the institute, Research
Center for Integrated Systems was established in 1986 for the research and education about the semiconductor. We
have renamed it to clearly indicate that it is based on semiconductor research. Recently, semiconductors are a
fundamental technology for all industries and human life, and we will continue to work on applied technologies based
on semiconductor nanodevices. The Institute continues to consist of four research divisions: "Nano-Integration
Research Division,” "Integrated Systems Research Division,” "Molecular Bioinformation Research Division," and
"Nanomedicine Research Division."

The importance of semiconductors is reevaluated both domestically and internationally, and last year Japan's
semiconductor strategy was announced. Japan is one of the few countries in the world that has a complete supply
chain for the semiconductor industry, including the semiconductor device industry and its supporting manufacturing
equipment, components, materials, and infrastructure industries. We are now approaching a critical time for Japan to
continue to be such a country, and | feel that the role of the Institute is of great importance. Under the situation, 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 Co-Creation 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. 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 Co-Creation 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.

August 1, 2023

o Tesmmote—
Akinobu Teramoto

Director

Research Institute for Nanodevices

Hiroshima University, Japan
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1. Organization of Research Institute for Nanodevices (RIND)

T/ TN AR

J \cnointegrationResearch Division
T/ SRR R AR

7 Professors, 1 Special Appointment Professor, 6 Visiting Professors,

2 Associate Professors,1 Special Appointment Associate Professor,

1 Visiting Associate Professor, 2 Visiting Lecturers,

1 Assistant Professor, 2 Special Appointment Assistant Professor

B 74 (FE: 3, 6HF: 4), HEHIR 14, TR 64,

Executive Committee HEHIR 24 (FE: 1, 6HF: 1), RIS 18, BRERIR 14,
EEERELS E R 24, B3 14 (F), HEMK 24

Integrated Systems Research Division
SRR T LEFHIZRERF

Director
e 5 Professors, 2 Visiting Professors, 3 Associate Professors,
Bi% 54 (FE: 1 6HE: 4), BEHIR 24, #H0% 34 (FE: 1, 6iE: 2)

Adviser
AR

Molecular Bioinformation Research Division

SFEnTRREF B

3 Professors, 2 Visiting Professors, 1 Assistant Professor

2% 3% (B 1, #HF: 2), EEHIR 24, #HIR 14 (HHD)

Nzanomacdicing Rasazren Division

"

SEE SR S

7 Professors, 1 Associate Professor

iR 78 (HHE), £EIR 14 (BHE)

Advanced Research Infrastructure for Materials and
Nanotechnology (ARIM)

IXTVT7 ISR —F A5

1 Professor, 1 Special Appointment Associate Professor

iR 148 (B, HEAERR 14

Cooperative Research Staff (Faculty Members)
BRA (FR), BEFHR-FH

Visiting Scientists (Universities, Industries)

FEAHRA (XFE. £F)




2.  Staff of Research Institute for Nanodevices (RIND)
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Nanointegration Research Division

T/ RIRHEPHRARRT

Akinobu Teramoto

A

Shin-Ichiro Kuroki
R fh—Hp

Hideki Gotoh
%k 5t

Takamaro Kikkawa
HI AN

Seiichiro Higashi
WOE—RR

Shuhei Amakawa
RN AEN-

Atsushi lkeda
HHE EE
Manabu Shimada
BH 7

Anri Nakajima
s e
Hiroaki Hanafusa
L= 7=
Tetsuo Tabei
HEH
Vuong Van Cuong
TA—r Uyl TFv
Tomomi Ishikawa

A B

Yoshiteru Amemiya
M SR

FIA NN

Director of RNBS and Professor
R R, #i%

Associate Director and Professor
RIBFEAT R, #d%

Professor

Hix

Professor (Special Appointment)

AL

Professor

#ixz (PHE)

Professor

#ixz (PHE)

Professor

#ix (PHE)

Professor

#f% (HHE)

Associate Professor

e

Associate Professor

HEZ (DHE)

Associate Professor (Special Appointment)

FrEHEZLR

Assistant Professor

Bh#

Assistant Professor (Special Appointment)

FriEBh#

Assistant Professor (Special Appointment)

FriEBh#



Integrated Systems Research Division

KPS RATLHFHRERM

Suguru Kameda

am =

Minoru Fujishima
BRRE

Idaku Ishii

2P D

Kazufumi Kaneda
AW s

Takeshi Takaki
mA

Tetsushi Koide
NI i

Tsuyoshi Yoshida
SR

Mamoru Sasaki
xR 5F

Professor

i

Professor

#Hixz (PHE)

Professor

#Hiz (PHE)

Professor

#ix (PHE)

Professor

##% (HHE)

Associate Professor

e

Associate Professor

W (DHE)

Associate Professor

HEZ% (PHE)

Molecular Bio-information Research Division

SFEMFRE PRI

Masakazu Iwasaka
=W IEfn

Akio Kuroda
HE =R

Seiji Kawamoto
A TER

Takeshi Ikeda
M S

Professor

A%

Professor

8% (PHE)

Professor

#d% (PHE)

Associate Professor

e (PHE)



Nanomedicine Research Division

SEEHFEWMREMN
Hiroki Nikawa Professor
TN A iz (ML)
Koichi Kato Associate Director and Professor
g h— RIMFZERT R, #d% (OHT)
Kazuhiro Tsuga Professor
B —ik iz (PHE)
Kouji Arihiro Professor
A tH] iz (PHE)
Morihito Okada Professor
fH SFA iz (PHE)
Mikihito Kajiya Professor
meE @A #Hz (L)
Wataru Nomura Professor
PpAt P #Hz (L)
Yuhki Yanase Associate Professor
R e ez (DHT)

Advanced Research Infrastructure for Materials and Nanotechnology (ARIM)

RTYTZ IR —FA2I75

Shin-Ichiro Kuroki Professor

R i —ER Hix

Tetsuo Tabei Associate Professor (Special Appointment)
R 9 FHEMERR

Visiting Professor

FERER
Shin Yokoyama Visiting Professor
AL B w BB
Yuji Miyahara Visiting Professor

HIR wREAR



Seiichi Miyazaki
H B

Ryo Miyake

B
—F Ju

Shigeto Yoshida
R UN

Yasuyuki Shirai
H RS

Yumi Aoyama
Ik

Xia Xiao
H B
Katia Zheleva Vutova

Carl-Mikael Zetterling

Hideki Murakami

Visiting Professor

w BRI

Visiting Professor

w R

Visiting Professor

B AR

Visiting Professor

B

Visiting Professor

B IR

Visiting Professor

w B

Visiting Professor

B

Visiting Professor

B IR

Visiting Associate Professor

Kyouji Mizuno
KEF A%

Hiroki Sakamoto
WA LA

Tatsuya Meguro
HAE Wl

Junichi Tsuchimoto
AR jE—

kb Tt B NEEIR

Declan O'Loughlin Visiting Lecturer
& Bkl

Hang Song Visiting Lecturer

a5 E9=F ]

Researchers

MRR

Researcher, ARIM

~TUT NIV —F AT Thik5

Researcher, ARIM
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Researcher
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Researcher
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Kazuhiro Kuroda
BH iz

Shinji Yamada
im =EH

Kazushi Okada
il - Fni&

Visiting Staff

Researcher
iiA=!

Research Associate

HEHIemB R

Research Associate
HBE WA BhER B

BEERXAvD

Tomonori Maeda
AT 1

Seiji Ishikawa
)1 FRiG
Hiroshi Sezaki
WA 7F
Hirofumi Tanaka

HIA s

Jun Kamata
7 SEE I

Yasuhisa Kayaba
E2 ]

Takeshi Kumaki

Kenji Sakamoto
A EIR

Akihiro Toya
SR IR

Hiromasa Watanabe

e 175

Atsushi lwata
HH B

Yositaka Murasaka
A R

Visiting Scientist, Phenitec Semiconductor Corporation
wEMRE, 7o=TyreIarF 82— (1K)

Visiting Scientist, Phenitec Semiconductor Corporation
HEWMIER, 7Ty EIar A X —(FE)

Visiting Scientist, Phenitec Semiconductor Corporation
wEMTER, 72=TyreIar g 82— (1K)

Visiting Scientist, Mitsui Chemicals Incorporated

wENEE, =B

Visiting Scientist, Mitsui Chemicals Incorporated
HEWER, =HEF(RR)

Visiting Scientist, Mitsui Chemicals Incorporated
FEWIER, =T (RR)

Visiting Scientist, Department of VLSI System Design, College of Science
& Enginnering, Ritsumeikan University
FEMER, SLmERFE L E I HT VA 7R

Visiting Scientist, Center for Microelectronic System, Kyusyu Institute of
Technology

HEAMNTER, TN TRRFE~A 7l e idiree 2 —

Visiting Scientist, National Institute of Technology, Matsue College
FEWEE, WL TEESEHEMP

Visiting Scientist, S-Takaya Electronics Industry Corporation
FEMER, =A% IV ETTHEER)

Visiting Scientist, A-R-Tec Corporation
®EMER, (R)~AT — LT

Visiting Scientist, A-R-Tec Corporation
wKEMEE, (R)=AT — VT



Toshifumi Imamura
AR 3L

Tomoaki Maeda
AT 5%

Masahiro Ono
NI

Yoshihiro Masui

T

Kazuyoshi Nishino
[EESEAIE =

Odagawa Masayuki
ANEEDL = Vv

Alexey Metrevel

Supporting Staff

Visiting Scientist, A-R-Tec Corporation
KEMEER, (BR)=AT —V T

Visiting Scientist, A-R-Tec Corporation
KEMEE, (BR)=AT —V T

Visiting Scientist, A-R-Tec Corporation
KEMEE, (BR)=AT —V T

Visiting Scientist, Hiroshima Institute of Technology
FENER, KB TERY

Visiting Scientist, Shimadzu Corporation

& BAFFEE, (BK) REERAERT

Visiting Scientist, Cadence Design Systems, Japan
BEWRE, AARTAT VAT A AT LR

Visiting Scientist, KTH Royal Institute of Technology
BEMILE, AV=—T EN TR

XiEXE YD

Souichi Daigo
KA H—

Tarou Suehiro
KIK K
Kenji Fujii
R R

Kazuhiko Hasegawa
B Fnz

Chiaki Ashihara
2R T

Naoko Nakatani
GRS
Junko Hinohara
FlJE Al

lzuko Kushida
HH {7

Chief Manager
TN—T =K —

Assistant Chief Manager
Rl N—T )= —

Chief (General Affairs)
F A (R Y)

Chief (Administrative Affairs)
A (FHHY)

Office Assistant
FHEMER

Office Assistant
HHEMER

Office Assistant
HHEMEE

Office Assistant
HHEMER



3. Executive Committee Members of Research Institute for
Nanodevices (RIND)
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Akinobu Teramoto

SEA EAf

Shin-Ichiro Kuroki
R fh—RE

Koichi Kato
ik Hh—

Masakazu Iwasaka
=W B

Suguru Kameda

am s

Hideki Gotoh
1%k 5k

Seiichiro Higashi
HOE—RB
Yutaka Kadoya
AR o

Minoru Fujishima

BRE E
Yositake Takane
iR ER

Akio Kuroda
Bl =R

Toshikazu Ekino
W fa—
Yoshihiro Kuroiwa
-V = -1

Idaku Ishii
LI

Hiroki Nikawa
N v

Anri Nakajima
s 2P

Tetsushi Koide
AN RIS i

Director and Professor

WFFEATE - 2%

Associate Director and
Professor

RIAFFERT R - 8%

Associate Director and
Professor

RIAFFERT - 8%

Professor

A%

Professor

iz

Professor

A%

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

A%

Professor

iz

Professor

iz

Professor

ESCpd

Professor

Hixz

Associate Professor

e

Associate Professor

HEZdz

RIND
T TS AR GERT

RIND
F 7 SA AR

Graduate School of Biomedical and Health Sciences
=R B EL ()

RIND
T )T IS AT

RIND
T TS A AR SR

RIND
T )T IS AT

Graduate School of Advanced Sciences and Engineering
JotEEE TRFH A SER)

Graduate School of Advanced Sciences and Engineering
JotE R TRFH A FER)

Graduate School of Advanced Sciences and Engineering
SelE R TR A A TE R

Graduate School of Advanced Sciences and Engineering
SelE R TR A AR TE R

Graduate School of Integrated Sciences for Life

W o EARERIER

Graduate School of Advanced Sciences and Engineering
SR TR B A FER

Graduate School of Advanced Sciences and Engineering
SelE R TRAB A TER

Graduate School of Advanced Sciences and Engineering
JetE B T RFL AT SER)

Graduate School of Biomedical and Health Sciences
=R B I TEER (B)

RIND

T )T A AW

RIND
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Research Divisions of Research Institute for Nanodevices (RIND)

T/ TN AR OH RS

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/ SRER PR

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.

T/ BRI

SRR AP

SRET /A ADT= DFIRF R

Selective Film Formation for ULSI

iR FAEMR

Prof. Akinobu Teramoto

BN R 7B ADH LT > TWET,

Isopropyl
Alcohol (IPA)IE Cu @ A #RIE{LIEZ R ITL T 5L, Cu
L& SiO, THEREM DT S NAIRE N B DT ERHA L
\Z720FE L7, Atomic Layer Deposition (ALD) ORIALEEE
L CHREREIN T,

We study the area selective thin film formation for the
miniaturizing pattern size in LSI. Isopropyl Alcohol(IPA)
can reduce Cu oxide to Cu, and the the temperature of C
related material deposition are different on Cu and SiO,. This
method is useful for the pretreatment of Atomic Layer
Deposition(ALD).

T, FI/T AR, TaRAR FIAT T —Yay  FINAFE T SAA, T b=
TIAA T I EAT ANARGEET NAA F )T ARARET I T | R
BITDIFIED E72b D OBEE R T2,
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30°C Ss0°C 150°C 200°C 350°C

IPA Reaction

Sio,

No Reaction 50% 70% 100%
PA > Acefone
C depa

C depo
c-c)

Surface condition

IPA Reaction No Reaction ~ IPA(20% > Acetone

Cu

Surface C depo
selective | (C-C)

Surface condition

Area Selective ALD(AS-ALD)

Inhi’(ler Precursors

IR N BB DI Mo TRUBER D 700
Selective film formation: Film growth depends on
the surface material to be deposited.
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Study on YOF as a Surface Protective Film

for Plasma Equipment

iR FAEM

Prof. Akinobu Teramoto
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72&“*4&1 YOF ZRHEL TW%, BUREEDIL TS
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We evaluate the YOF as a surface protective film for plasma
equipment. YOF has better plasma resistance than Y203, which
is currently used for plasma equipment. However, Y,O3 is
charged up by the plasma in case of floating, and then, the etching
rate by ions decreases. The charge up effect has to be noticed for
plasma resistance evaluation of the insulating material.

[4] T. Goto et al., JVST A, 38, 043003 (2020).

Conductive mask Insulating mask

Kaufman type
ion source [4]
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T

Y-OF Y205 Y-O-F
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Erosion Rate { nm/h }
gBYEEBEHE

1 i
/AT

» For Y,0,, the erosion rate significantly decreased in the case
of the insulating mask even in Ar ion beam irradiation.
J? # ltis suggested that positive charge-up took place for the Y,0,
surface.

Y IIVAD T T A<Mt T I DR, K ik
29 5L, IEMER 7 T XML SO, Y20,
DIFHERRENZ LR DH-T

When evaluating the plasma resistance of ceramics, the
surface potential was used as GND to obtain accurate
plasma resistance, and the resistance of YOF was found
to be greater than that of Y20a.

ALz GND
2~ YOF
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Magnetic Tunnel Junction MDT4EE
ESERY T

Improvement of Magnetic Tunnel

Junction

BiR FAREM
Prof. Akinobu Teramoto

MRAM(Magnetoresistive Random Access Memory) (Z
% Magnetic Tunnel Junction ME:XHLx D /)L Alig %
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ZHDOWPUBIZ—E THD, o, AV REEETHE,
EHUE D S IEPTCHIRIEIT Th W Rk IS 5 2 8
BHD, it ATVOEME EfIBETHY, 5% A=K
LB TUVL,

The current for the write/erase for MTJ increase with
write/erase pulse width decrease, however the resistance
after write/erase is constant. Furthermore, the intermediate
resistance state appears for the narrow pulse case. This is a
problem for the memory operation, then we will investigate
the mechanism of the intermediate resistance state.
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The current for the write/erase increase with write/erase
pulse width decrease, however the resistance after

write/erase is constant.
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SiC CMOS Integrated Circuits
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Prof. Shin-Ichiro Kuroki
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Research on SiC harsh environment electronics has been
carried out. 4H-SIiC CMOS circuits were fabricated and
demonstrated. This research is carried out under the
collaboration with AIST QST, KTH Royal Institute of
Technology, Sweden, and Phenitec Semiconductor Co. Ltd.,
Japan.
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4H-SiC CMOS Integrated Circuits.

D) aAVh—N\1FBREREILSNOZ
YR BERRAKERKEK
SiC Integrated Circuits for High-

Temperature Applications

Bz EXREHE—B
Prof. Shin-Ichiro Kuroki

AT =3 R (SIC) B A2 F\ T MR (R ER 52 ] SR A
[l DR SEEHED TNND, TVT T Bl OB EE D |
500 CHBERE) 6 L OME HEMERT A 3 3D 7, AR (T IEEE
Trans. Electron Devices. 56732 & CHRFE L, AWFIRITT =
=Ty rEIarF a2 —R) D HENFIEE L THED T
Do
4H-SiC  pre-amplifier circuits for high-temperature
application were investigated. 500°C operation and the
reliability at high temperature have been investigated. This
research is carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., Japan.

SiC MOSFET H4lgzs

Ry

(©)

Single stage amplifier based on 4H-SiC MOSFET:
(a) Schematic, (b) mask layout, and (c) optical image.
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SiC Radiation-Hardened Image Sensors

Bz EXREH—HR
Prof. Shin-Ichiro Kuroki
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Electron Device Lett. 38728 TR E LT, AFIEILFER
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SiC pixel devices with SOI wafer and 4H-SiC had been
developed. For high output signal, we continue the designing
and prototyping. This research has been carried out under the
collaboration with AIST and QST, Japan.

4H-SIC/ SOI-Si A MANAT VY RBFET /3 A A
4H-SiC/ SOI-Si hybrid pixel device for Rad-
Hardened image sensor.
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Radiation-Hardened Full-SiC UV Pixel Devices

Bz ERE—
Prof. Shin-Ichiro Kuroki
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Full SiC pixel devices for a radiation hardened UV image
sensors had been demonstrated. These results were reported
at ECSCRM2021. This research has been carried out under
the collaboration with AIST and QST, Japan.

7L 4H-SiC UV A A—T 1 (8 X8)
Full 4H-SiC Image Sensor (8x8).

L—H#E&RIEIZ& S Si(100)BIERZ AL
Si(100) Thin Film Formation Using Laser

Crystallization

Bix BEXREHE—HR
Prof. Shin-Ichiro Kuroki

EPERES U NS L AL FHLD T IS, L—Y
SIS Si(100)EIED I R DA e D TD, Si(100)3
il T > 7oL — VRS Sk & R 2L ITa LTz, Th
DORHIE APEX 5572 8 TRE L E T2, AMFFEIL Hanoi
National University of Education (HNUE): D :FEIRFZEEL
THED TND,

For high performance Si thin film transistors, Si(100)
formation using laser crystallization has been investigated.
Crystallinity condition map for (100), (211), and other
crystal orientation, and the results were reported at APEX.
This research has been carried out under the collaboration
with Hanoi National University of Education (HNUE).
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Electron-Spin Related Optical Properties 40t |
in Compound Semiconductors 30! ﬁ 010] -
2 HEAH ~ [010]
Prof. Hideki Gotoh g 20t - 1
B R AR — IV DI RIS R D F B X101 VN
SL, PFEKICBIT2E AL O RIIL T D, of 1 .
AE R REA RSN 5720012, e = ZE A 2 7
— VT RAREE LT, ZOFEEZHWT, FEILA Y -10 T T
B TOAE PR~ TS, e (% ":g’ 20
To create IT devices with low energy consumption,
electron-spin related optical properties have been studied in AR FE CAE L B A A— UL 7 U B, R 1%010]
semiconductors. We have examined spin properties in FHNEBIL . A7 L RS ER 247> T
unconventional compound semiconductors with a spatial Spatial imaging of spins in a semiconductor surface.
imaging system developed to detect spin states in detail. Spins move along [010] directions with rotating without

any external magnetic fields.
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Microwave Imaging for Breast Cancer

0° 90° Method-1 Method-2
RN UNACEES 3
Prof. Takamaro Kikkawa § 3
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. . . . . (a) 2-D confocal image cross section at 0° orientation to the
A portable microwave near field imaging device and an  pead. (b) 2-D confocal image cross section at 90° orientation

cross-correlation imaging algorithm in dot product form  to the head. (c) Dot product of the confocal images of 0° and
were developed. A clinical study was conducted at 90° orientations. (d) Cross correlation of the confocal images
Hiroshima University Hospital and the improvement of of 0°and 90° orientations in dot product form.

sensitivity was confirmed. The paper was published in

EuCAP2023.

Je5F b I B bR BRI %E % (OICT) 2k % SiC T
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3-D Imaging of SiC Device Temperature under
Operation by Optical Interference Contactless Senomy Electrode
Thermometry (OICT) g

HiE W FE—ER(HHE) Prof Seiichiro Higashi

4H-SIC vayhx— U7X A4 —NEIERFO B OB E
(Z R DN ERIREE D AT RIS 6 U IR B I I
1% (OICT) Zi 28T A BHH LTz, NAAE —R AT
THRATZFWGNST NAANEOIRLE /3% 10mm 35
LU 100ms DIy FERETHHULTEHI LRI, OICT 125 4H-SIC SayhF— Y7 4 A4 — R EROIREE

Optical Interference Contactless Thermometry (OICT) has & =BG (£2) L. fRATF OfE RSN SR T o
been applied to visualize temperature distribution inside 4H- g 4545
SiC Schottky barrier diode under operation. It has been  Experimental setup for OICT measurement of 4H-SiC
demonstrated that we can obtain temperature distribution  Schottky barrier diode (left) and 3-D temperature
inside the device with resolutions of 10mm and 100ms,  distribution beneath the top electrode (right).
respectively.
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Preparation of Materials and Surface

Contamination by Deposition of Nanoobjects

iz BE F(HD)

Prof. Manabu Shimada
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Preparation of thin-films, particles, and their composites
having useful structure and composition is being studied by
synthesizing nano-sized clusters and particulate matter
suspended in gases and depositing them in the gas phase. The
effects of surface deposition of nanoobjects as contaminants
are also being investigated.
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Preparation of TiO,~CNT-Ag ternary composite thin-films for
photocatalysis by a combination of multiple aerosol processes

ZRFRIVKRY—LDOIENFFN
Photodynamic Activity of Liposome-
Incorporated Dyad Systems

R HMHAES (6HT)
Prof. Atsushi Ikeda
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To develop the photosensitizerd which acted at a wide
range of wavelength, we prepared liposome-incorporated
dyad systems between light-harvesting antenna molecules
and a fullerene derivative. We aim at the further
enhancement of photodynamic activity.
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Schematic image of

liposome-incorporated

light-

harvesting antenna molecules and a fullerene derivative

and photodynamic activity
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Fullerene-Containing Electrically Conducting
Electron Beam Resist for Organic Nanodevices

EHER PERE

;| Assoc. Prof. Anri Nakajima
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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.
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SEM micrographs of nanoscale
dots and nanowires.
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Algs-Containing Electron Beam Resists

Nanometer-Scale for Organic EL Devices

HER PERE

Assoc. Prof. Anri Nakajima
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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.
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Alg; IREE TRV ARD (FERED SEM %, (b)E-F R KO
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L7k B AEL), (d)F /A RGH EL 7 /S A ADOREEL

(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.

P RIVBRMERTS D RSE V=B
B I HERBOHZE
Ultralow Drive Voltage Si Optical Modulator

Using Tunnel Field-Effect Transistor

HEHER BEBAERGGHE)

Assoc. Prof. Tetsuo Tabei
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We study an ultralow drive voltage silicon Mach-Zehnder
optical modulator utilizing tunnel field-effect transistors
(TFETs). Currently, we are working on improving the
performance of silicon TFETS used as optical phase shifters.
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Drain current vs. gate or drain voltage characteristics for
fabricated p-channel TFET phase shifter.
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Research on Portable Virus Testing

Device
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Assoc. Prof. Hiroaki Hanafusa

HHE s B ETEIEDOR —Z T NI A )V AR BB T /A
A +*MCM (Micro—Chamber-Matrix) &> W DOHF 2% &
FLThH, v IA L BIICB W CEEEO @mWT — 2%
EREE IR 2,

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.
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Usage image of the MCM system which realize virus testing
everywhere.
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Electronic Circuits Based on 4H-SiC for
Harsh Environment Applications

B#E JA—> Tr v+
Assist. Prof. Vuong Van Cuong
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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.

S

Drain Current {A)

500°C

Input Voltage (V)

1 2 3
‘Time (s)
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#5518 (c)500°C COBERME (DIMERHE (e)400°CCO FBLE

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
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Microwave Imaging
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Assist. Prof. Tomomi Ishikawa
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Microwave imaging and its computing algorithms are

numerical model

measurement Rx NEZ 7 & Dl (FEF
system ﬁﬁﬂﬁﬁ)ﬁ%/ﬁ@ﬁm/‘\ﬂ/
—ar Ok

A numerical simulation of
the reconstruction (relative

studied. Our research includes code development of the scattering ermittivity distribution) b
imaging using Computed Tomography and conventional by objects Eomputed %lomography y
confocal methods as well as testing its practicality for the '
purpose of the breast cancer inspection.
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Low Frequency Noise in MOS Transistors | criterion: fv;bﬁ‘/“/“x&&ﬂﬁ
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Assist. Prof. Tomomi Ishikawa ° )
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With the miniaturization of MOS transistors, the impact of
RTN and 1/f noise, caused by the capture and release of
carriers by traps in the gate oxide, on device operation has
become non-negligible. In order to clarify the details of the
noise generation mechanism, we measure a large number of
transistor characteristics and statistically analyze the noise.

Sy, [V2iHz)

Variation of noise
power spectrum
between transistors.
(left: RTN included,
right: 1/f only)
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Large array test
circuit and noise
measurement
system.
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Improvement of MR Ratio and Reliability of
MTJ Devices

B#% mEERGHD

Assist. Prof. Yoshiteru Amemiya

EMEEEZ: MTJ(Magnetic Tunnel Junction)zE D FEH D
7212, SIN AR+ — VDR &S AT R TREA H
W, MgO R RNANUT RSO T2 75 A= D3
FToreHHFTERAEBIOLEMLETHD MR
(Magnetoresistance) tt {5 EMEIZ DWW CRIIIL 72, MR
LU TR 180% D3R TETUNVD,

For high-performance magnetic tunnel junction (MTJ)
devices, a fabrication process including a formation of SiN
sidewall is utilized. An etching damage to the MgO tunnel
barrier layer is expected to be prevented, and
magnetoresistance (MR) ratio and reliability are evaluated.
MR ratio of 180% is achieved.
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4.2 Integrated Systems Research Division

KB AT LM FHREM

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.
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Massive Connect loT
Based on Space-time Synchronization

iz 8 £

Prof. Suguru Kameda
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We have investigated a synchronized spread-spectrum code 7 >3 e
division  multiple  access  (SS-CDMA)  wireless
communication  system that can  simultaneously — YZhr=T7HEREE (USRP) M\ EH SS-CDMA D F2dks
communicate with a large number of terminals by using  ZEHIFHfi

high-precision time synchronization and high-accuracy  Implementation and evaluation of proposed synchronized
pos|t|0n|ng technologles SS-CDMA Using software deﬁned I‘adiO (USRP)
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Research on Fundamental Technology
= for Terahertz-Wave Devices
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Prof. Minoru Fujishima
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Our goal is to realize 300GHz band wireless communications .
using inexpensive CMOS integrated circuits. Currently, we 300GHz # CMOS 7o v — % WGk T2
are working on a technology to wirelessly transmit large data Communication experiment with 300-GHz-band
beyond 10 Gb/s or more with high energy efficiency using a CMOS transmitter.
focused beam with phased arrays, which is expected to be used
in 6G scheduled to be launched around 2030.
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A Method of Colonoscopy Image Diagnosis i
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Support Based on NICE/INET Classification
Using Deep Learning

HHIE IMEEL  Assoc. Prof. Tetsushi Koide ]
HITED 3
RWFFETIL, KM NBI KPR A I SR T R NICE/UNET$} 28 55 e

BEFAOTRESA TR AT FIEEIRE Lz, —KA972 softmax % | nices® | Typen Type 2 Type 3
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In this research, we proposed a method for pathology type identification -
using deep learning to support diagnosis of colorectal NBI-enhanced VEJE 38 % B\ = NICE/JNET 433812 3ES5< K NBI dik
endoscopic cancer. Since a general softmax-based model cannot learn the RSS2 e 2T
relationship between each label, we created a discriminator that performs Diagnostic Support System for Colorectal NBI Magnification
such two classifications by sigmoid, arranging them in the order of Endoscopic Imaging Based on NICE/JNET Classification Using
progression based on the NICE/JNET classification, to reduce Deep Learning.

misclassification of distant progression levels. This has resulted in a . ]
classifier that takes into account the progression of colorectal cancer, which DOI: 10.1109/ITC-CSCC55581.2022.9894870

is close to the experience of clinical doctors.
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A Lesion Segmentation Method Using FCN for SRRSO AT — g
Computer-Aided Diagnosis in Colorectal NBI

Endoscopy --
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During endoscopic examinations, the camera's angle of view is K NBl WHSBIIZH T2 Ea— 2 BEZHOOD
always changing, and the area detected as a lesion greatly affects the FCN % W =Ii B DB 7 AT — a1k
accuracy of the diagnosis of the support system. In this research, A lesion segmentation method using FCN for computer-aided
multi-scale processing using multiple FCN (Fully Connected  diagnosis in colorectal NBI endoscopy.

Network) architectures was successfully implemented using deep DOI: 10.1109/ITC-CSCC55581.2022.9895039
learning to improve the segmentation performance of the lesion area.
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Automated Image Analysis of Skin Microstructure

Using Deep Learning to Support in the Diagnosis
of Atopic Dermatitis
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BT ORI LTERIEO BRI | OFFFEI IV T, BEOR kG E &
HINIRNT T 27201, Al & AV BHEMRAT 154 B%E, BB IO
/INBRBED FETTHEREZ E RN, RRIFINIC AN~ DT &% FIRRIC L7 Sl g
TFRSRETE I ETE (M 1E) OBEHEA D, i AL T M — MR RO BH : |-l
DGO L L& Bk ORAER AL | &R 2 1EE B, ZBlE %
AR T D2 L1280 B ORGSO TR 2200 & Ak Ay vl — g
iAo oB5, T TAN /

We developed an Al-based image analysis method to quantitativel o I YA 0y - S A4S -
analyze the g‘l)Jrfag:e structure of skingin the_g_\lMED project anc(i1 developed'g @b;%\fgfgﬁgﬂﬁ?%@tb0){*)% FHEMMLI
method to visualize and quantify the condition of skin folds and redges in TS S SIAERAET . . .
healthy persons and patients with atopic dermatitis from images obtained by ~ Automated image analysis of skin microstructure using deep
an innovative method for quantitative measurement of sweating function  learning to support in the diagnosis of atopic dermatitis.

(IM method). This Al based method enables the analysis of the surface DOI: 10.1109/ITC-CSCC55581.2022.9894957
structure of the skin and quantification of the progress of the disease by
providing an objective index.
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Automatic Image Analysis Method of Sweating

Droplets for Diagnostic Support of Atopic
Dermatitis

HEHEZ IMHEL  Assoc. Prof. Tetsushi Koide

AHFFETIE, AMED 7’V N 7L —M R B ORREICE T
DFIT BT OMFALIERIEDRRIE | OB N T, BITREELER
HNZIRENT D721, Al &V BRENT FIEDO BT EHEE, FiTY
AT MTRRAEOMICEZ DK 53 BefRFr e B RGEHLIBRE ThD
ATHEMEAS DD, BB BT AL EI b E TN T, R E
ERRIEICB T AEENIFAL RSN TN, 22T, RBHAHLO
WUNBRBEORITHEREL & B RIEFAY I~ DT LETRBIC LT 53T
F 72 38 TR RE E B 2 1% (Impression Mold technique) O BEHEE {5 D
Al BEVEIT FEE BRI T D,

This research promotes the development of an Al-based image analysis
method for quantitative analysis of sweating abnormalities in AMED
project research. The role of the sweating system in the development of skin
diseases is largely unknown. Therefore, we will develop an Al automated
analysis method for microscopic images of an innovative quantitative
measurement method of sweating function (IM technique).

TR 1 R 2% O R8T SBR[ 7 2 T 0> 4 AT
Fik

Automatic Image Analysis Method of Sweating Droplets for
Diagnostic Support of Atopic Dermatitis.

DOI: 10.1109/ITC-CSCC55581.2022.9894957
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Grade Classification Using Deep Learning for
Quality Control of Human Hepatocyte Chimeric
Mice

HHIE IMEEL  Assoc. Prof. Tetsushi Koide

ARFFETIE, HEEBAE O THEDNDEMTHIIEX AT~ T 2D W E
WELOT- O DYEEFE 2 NI L — R ET 0D, IO LHICENT
R O BB I 5 A AR BB AL CE DY T RE DI L —R 722D )|
TETEDLNCLELTZ, ENTFMIE O 1T — DK E BB Icx LT
T —=RPFFHITOET D, /SN T TRLERRD T —RBNR
{EL, 204207 L —ROMAEHE DO ENAR 238 DL [ A3
2o AWFFEClE_ERT DR A RS 7238 2 O T BB (2 Lo TR
LFELTZ,

In this research, we perform grade classification using deep learning for
quality control of human hepatocyte chimeric mice used in the process of
new drug development. The microscopic images of human hepatocytes are
included in the discriminator to determine which area is which grade.
Human hepatocyte images are graded for a large image, but when viewed
in a small area, different grades are mixed, and there is a problem that the
number of cell images in these four grades is biased. In this research, the
above problem was solved by image processing using deep learning.

Grade S : red
Grade A : green
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Grade Classification Using Deep Learning for Quality Control of
Human Hepatocyte Chimeric Mice

DOI: 10.1109/ITC-CSCC55581.2022.9894914




4.3 Molecular Bioinformation Research Division

SFEaRBE AR

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.

o AR A AR TR, MEMS | /SAA 5 [ E A4 27 RmEF R v 71215
WHEEAT > TND, o F A E B AR SRR P 31T DFFED b DO OB AR T2,

EYoYMEL Y- TIOFa1IT—4

Physical Sensors and Actuators in Living

@ S
.

il

Foaiimey )

Systems

B BWEF
Prof. Masakazu lwasaka

KW OB Y T I F 2 m— ZWFGD BT, K
LK, ZUCAERE MR TRl 2 A, LSS . ] | vl
HERO BRI E T o7, R HE BRI Lok . MW L
WENZ LI A —H— D Ch 5,

Fojumey (W)

Py (1)

@IFL > AR LIEE OEEMR OIZEI (FnE) O

e AN . 20 HE X > iy

Physical sensors and actuators in living systems were ﬁiﬁgi%ﬁgégi@g%;ﬁ%f%ﬁi; i;ffn:zfl

investigated. keyboard CFA L7 IC & EHBEMEDE D, Kk
IR IASE T L O T 772 TS TnD
Optical transformation of acoustic frequency signals by
using water droplet and biological micro particles.

| et orasmons
=%' | Interface Technology between Silicon and
N Biomolecules

g iz EEEXHHD)
Prof. Akio Kuroda

Si FAAZRDOREIT, EWEARSTEE A A5 T % [H
EALTDEIFTH L B RS A — DB R I
FECThD, Ve REWEEEZF T DX VBT H A
LT, Si&EDEHFPENENT I B2 EEIRIC A E 528
THHLO ST R X VB ORTEEED TWD,

The ability to target proteins to specific sites on a Si device
while preserving their functions is necessary for the

; : VERLLT= SifE & VB DR ETT VY
development of new biosensors. We are developing a novel TR ICELE L7 7 B )8 S 2 LA AR

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.
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Molecular Mechanisms of SiO2-Forming

Bacteria and Their Applications

EHR A X HHE)

Assoc. Prof. Takeshi lkeda

75 LR Bacillus cereus DSJARN T~ Arah >
BIVIRD SO, BT HZEER L, D5y F AN =X
LDFRNT 2 HED TS, SiO, TEARIZBE G- 5L M0 1%
AREIZVHEBEL , 8RR FE T SARHFEDT=D D
V=L ELUTHRIHL TA,

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=~A7a7®/VIR SiO, #EERD
SEM {8 A4 —/ L 3—:500 nm

SEM image of microcapsule-like SiO2z structures
isolated from B. cereus. Scale bar: 500 nm.




4.4 Nanomedicine Research Division

SKREMFHEIM

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.

LHEERFIEBMTIX, T /AT A4V T I T T AN =, F )T 7=~ =% EBRET /HEIFOmE

WFFEEAT > T, BUETDOIL COLEREERART TSI 31 D FED T 72b D OB AR+ 2,

L8O20FLEEE D /N\ITVA Y
Bacteriocin Derived from L. Rhamunosus
L8020

BAR ZiER (BHE)

Prof. Hiroki Nikawa

- 88 B A TS 18020 I DN T AL
Kogl 11X, LB ER S Tl HEIRE ONEESE LPS
EAREMALSEAIER RS D,

Kogl, a bacteriocin produced by L. rhamunosus L8020
which suppress both cariogenic bacteria and periodontal
burdens in oral cavity, inactivate the LPS produced by
periodontal burdens.

(b)

(a) IL-8/GAPDHE

IL-8anRNARevel (]
(%®fPS@lone) 0

(c)
L8020 FLERH ()0>/ 37T VAT Kogl(b)id, 8 i B
WH#H# LPS 2 NEMELSEHIEN 2 H2(c)
Kogl(b), a bacteriocin produced by L. rhamunosus L8020
(a) inactivate the LPS produced by periodontal burdens (c).

MAETLAIZEDEEMH T VM
Quantitative Cell Subset Analysis Using
Antibody Arrays

Bi% M — (BHE)
Prof. Koichi Kato

WNRTF v 7 EICS T O FURZBIIE & LIz 5k T
VA% O TR R i~ — 2 — DA =T M 73
ARETY ., EBIZ, 7 — TR AR OB ELZ T A
NDHZLITE- T, MIOE R 7 &y M s rlRgic
BHTEE RHLELIZ,

An antibody microarray on which multiple antibodies are
immobilized in an array format allows us to conduct the
high-throughput analysis of cell surface markers. Recently
we reported that the quantitative cell subset analysis can also
be made using antibody microarray by incorporating the
concept of set operations into data analysis.

Quantitative Cell Subset Analysis

Cell population consisting
of different subsets

Abundance ratios of
each subset LY
— [U]

[AB] 1

[A*] [B7]

Cell-binding
assay

Data derivation through

Antibody the algebra of sets

microarray

PUET L A% AW E B 7y M AT O

Overview of quantitative cell subset analysis using antibody array
(Reprinted with permission from “Ogasawara T, Kato K. ACS Appl. Bio
Mater. 2021, 4:7673-81”. Copyright 2021 American Chemical Society)
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Investigation of the Pathogenesis of Skin

Allergy by Means of Biosensor

HHUR UIEHEE (FHE)

Assoc. Prof. Yuhki Yanase

Fx I ET, RS FTRAEL BB RO —
B AR ROV ERIALT in vitro L& 1%
PR E T VOB D TE, 612, 1%
PETCEREEZ R L C, M &R T2 R RE I
VLB 53 BB MEZEZE (CSU) O FEAE AR (2 1 1% B [E
SRR 5T 5 EALICL 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.

LPS, TNFa histamine
IL-1B, IL-33 VEGF
% , , TLRligands  other
il ‘ \ stimuli Anti-CD23 IgG
[ microvessel | - : ——
high IgE .- TF
concgenn?allon expression “\
autoantibody histamine
| ctivation of cc i system‘
Basophil E —C5a-—C5 Infiltration
production of activated tn CEIne
FXaFlla coagulation factors (FXa, Flla)
JPAR-,
® @& | @ oot @ ® | ®

Plasma leakage
FXa Flla

Infiltration histamine

Into dermis Plasma leakage

. _ctro  Eme
~_MeP
SP
Edema formation

Mast cell
Basophil

: cs -l—- C5a —-§

autoantibody
MR [ % & T DR FEIERE T

Hypothetical mechanism of edema formation triggered
by TF in CSU. (Cells. 2021;10(7):1759)




5. Research Facilities of RIND

D]

5.1 Super clean rooms
A—=IN—=J )= )L—L

Super clean rooms, partly class 10 at 0.1-um particles, are used for fabrication of advanced devices and LSI’s.
eI T A A O LS DFUEFA— /8= 2= L — W TAT oIS, b D@\ s a 375210 (157
F57 4—FHNIZ 0.1um BL_EDORIBRORI T3 10 fELL F) THD,

NS
Entrance

Changing

room Changing

Measurement
room

A AN AN AN

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 m2. Chemical
filters are set in the east clean room to avoid hazardous gases.

VAR OHR U — 2 b — A, 7Y — b — SR AR L 830m2, B Y — o /b — NI fEldr ABR £ F
DIrITINT 4 NVE— R E ST D,

-
3" 4 D

=i ——

Super clean room in west building. Super clean room in east building.
PERH A — =27 I — 2 j— B A — /=7 J— 2 )b— A



5.2 Equipment for advanced devices and LSI fabrication

FIRT INARARUVLSHER D= D

5.2.1 Lithography
IT 54—

€ Point-beam type electron beam lithography system
(ELIONIX ELS-G100)

B

@ Maskless photolithography system
(Heidelberg DLA150)

RA YN — DU B — A
(=V# =22 ELS-G100) Resolution 6nm

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

YAIV A (T /AT LYV a—ar

A D-light DL-1000) Resolution 1um

5.2.2 Dry etching
FSATvFT
4 ICP (Inductively Coupled Plasma) etcher for Si
(YOUTEC)

SIFICP GElfE &/ TR ~) myF L 7 HEE
(—7>7) Cly, HBr, N2, O, i i Al sE

N ATV AR A E
(AT UL DLA150) Resolution 1um

a

~J N, | TO0Hum;

Photoresist patterns by D-light DL-1000.
D-light DL-1000iZ L5 Y AR RF—2

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

SIFECR(E VA rubrmr 4hig) =y F o 7 E
(# = 8U5H) Cly, BCls, HBr, Np, O, i Fi Al HE




@ Si deep etching system
(Sumitomo Precision Products)

SiFRIED =T 73k &
(FEACKE % T.2) CuFs, SFe, Ar {8 JH 7T fiE
: —

@ ICP etcher for SiO,
(SAMCO)

SIOHICPTyF L 7

@ ICP etcher for Al
(YOUTEC)

AIFICPTyF 745 E
(—77) Cly, BCls, N, {# H 7 8E

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

SIOHICPTy T 7 4
(7=IT.3E) CFq, Hy, Oz, Ar {EH FIHE

=

@ RIE (Reactive lon Etching) system for SiO,
(KOBELCO)
SIOHRIE(SSEA Ay =y T 7))

(HF L) CFq, Ha, O i I AT HE

€ Magnetron RIE system for Al
(KOBELCO)
Alfi~7 b RIEME
(F = HUEH) Cly, BCla, No £ F 7T HE




€ Chemical dry etching system for @ Plasma asher for removing

SizN4 and poly-Si (KOBELCO) photoresist (KOBELCO)
SisNg & OSIO 7 I NV R T A 2y T2 735 & VUANRER T IA<T v o 74 E
(1 5UGH) CFa, N2, O fit I P (= 55H) N2, O {3 I HE

5.2.3 Oxidation, annealing, and doping
BRiE. 7=—IU. FHEA

4 Oxidation and diffusion furnaces 4 lon implanter
(Tokyo Electron) (ULVAC)

Al - EHA
(L Zhey) Max. Temp. 1150°C

AF L EANLEE Max 200 keV
(TA3w2) B, As, P SIEAATHE

@ Phosphorus diffusion furnaces

€ RTA (Rapid Thermal Annealing) system
(SHINKO SEIKI)

(Samco HT-1000)

TR BB UNZIN ¢
(%2 = HT-1000) Max. Temp. raise rate 200°C/s (PR FEH%) Max. Temp.  900°C




@ Annealing furnaces for general purpose
(Koyo Thermo System)

PLAZEVILEREE R H), N, O,, Low Pressure
OtPEY —F 2 25 4) Max. Temp.  1000°C

P b R
Training of oxidation

5.2.4 Dielectric film deposition and epitaxial growth

HREHERE-TEAX v LEE
@ Low-pressure chemical vapor deposition (CVD) & Atmospheric pressure CVD reactor for SiO>
reactors for SiOy, SiN, poly-Si Doing of P and B possible (AMAYA)
(Tokyo Electron) SO HERS il # [ECVD &
JECVD (B AR 7 (L7 hay) (RAEBUERT) PRBIUBR—7AHE

Si0y, SiN, poly-SiHEfE 7] fiE

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

SEATFIEARI 75 R~ CVDEERE (7L v 7)
SiN, Si0y, 7E/L 77 ASi HERE T HE

WHECVDY = Nt v T ¢ v F R

Wafer setting to atmospheric CVD reactor



5.2.5 Metal deposition
EREIRER

@ Metal/dielectrics sputtering system
for BiSrTiO compound etc. (ULVAC)
& RBAEAFNE Ay 2V AL
(7 /v 3w7) BiSITIOZEHERS Al HE

e T

@ Sputtering system for general purpose for variety
materials (EIKO)
WHHA Ry ZAEE (T A71—)
JRARZR R B HERS

S~

5.2.6 Others
ZDith

€ Surface-activated bonding system (EIKO)
RILTEME LG IE (=1 22—)

Ar, H, Plasma treatment = AE

T

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

G BB A Sy 2 7 AR

(=1=2—) Al, Ti, TiIN HERER]HE

—

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

HZEZAAHE (V=)
Al EHERE AT HE

A BV THGE D = v T 4 v TR

Wafer setting to sputtering machine



5.3 Characterization and diagnostics equipment

Sl - AR iE
4 Secondary ion mass spectroscopy (SIMS) system & Total reflection of X-ray fluorescence spectrometer
with Cs and O ion gun (ULVAC-PHI PHI-6650) (Technos TREX-610)
QIRAF L EEOHTEEE (T Ny 7-T 7 A AR E XK T4 (Technos TREX-610)
PHI-6650) Cs, O > %A J&PE(Cr-Zn) 10 atom/cm?

@ Fourier-transform infrared spectrometer (FTIR) @ Atomic force microscope (AFM)
(JEOL) (Seiko Instruments Inc. SP13800)
7 — VISR S I RE R JFAF- MBS (BAa— A ALY
(H A% ) Resolution 0.5cm* SP13800) Resolution Z:0.01nm, X, Y :0.1nm

@ High resolution X-ray diffractometer € X-ray diffractometer
(Rigaku ATX-E) (Rigaku RINT2100)
e G L X B T 4 1 X [El 4 44

(Y #'Z ATX-E) Angle resolution 0.0002° (Y #Z RINT2100)




& Ellipsometer € Spectroscopic ellipsometer
(Rudolph Research Auto EL) (J.A.Woollam JAPAN M-2000D)

YT A= — (LR T7YY—F Auto EL) DTV T I A= — (Vz—r——F L
Measurable thickness > 10nm

¥/ M-2000D) Measurable thickness > 10nm

& Hall effect measurement system @ High-resolution X-ray photoelectron spectroscopy

(ACCENT HL5500PC) (XPS) system  (KRATOS ESCA-3400)
A— VRN R BIEE R (ACCENT HL5500PC) XA T4 oAb

Input impedance 10%°Q (KRATOS ESCA-3400) X ray source : Mg, Ka

€ High-resolution X-ray photoelectron spectroscopy (XPS) system (VG Scienta ESCA-300)
n‘%ﬁ‘é%%/ 7 VFJ?** (VG /::/5' ESCA-300) Radius of analyzer:300mm, X- -ray source: 4kW




€ Field emission scanning electron microscope € Focused ion (Ga) beam (FIB) system
(FE-SEM) (Hitachi S4700) (Hitachi FB-2000)

BRI e - TR LA (Ga) e — L TS
(H 7. S4700) Resolution 1.5nm

(H 7. FB-2000) Min. beam diameter 10nm

4 Manual wafer prober (Vector Semiconductor) and € Semi-automatic wafer prober
semiconductor parameter analyzer (Keithley) (Vector Semiconductor AX-2000)
v=a TR N (R — I ) K IA— N E— R —

HRERRT A—H —T FF AP —(r— AL —) (7 —t13Iz2-AX-2000)
~ i | .

SEME — K v 7 E~D Y kv T 4 v FRE v =a T T =L LD BRI E

Wafer setting to SEM load-lock chamber Measuring electrical properties using manual prober



5.4 VLSI CAD environment

VLSIER &t FAICADIR 1%

5.4.1 Hardware
N—Fx7

Workstations

€ SUN: 11 machines (SunFire X4600 X 1, SunFire V440 X 2, 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)

mj""'lﬂlf""

Workstations for TCAD and LSI design
TCAD K OLSIT ¥ A HY — I AT —vay

5.4.2 Software
V) ik

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

4 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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