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Preface

The Research Institute for Nanodevice and Bio Systems (RNBS) was founded on May 1, 2008 with the faculty
members of the Department of Semiconductor Electronics and Integration Science and the Department of Molecular
Biotechnology at the Graduate School of Advanced Sciences of Matter as well as the Graduate School of Biomedical
Sciences. RNBS consists of four research divisions; (1) Nanointegration Research Division, (2) Integrated Systems
Research Division, (3) Molecular Bioinformation Research Division, and (4) Nanomedicine Research Division.

The forerunner of this institute was The Research Center for Integrated Systems (RCIS) which was founded in
1986 as a ministerial ordinance. The center was reorganized 10 years later and The Research Center for Nanodevices
and Systems (RCNS) was established in May, 1996.

It has been 36 years since the first RCIS was established by the first Director Dr. Masataka Hirose, Former
Advisor of National Institute of Advanced Industrial Science and Technology, Former Professor Emeritus of
Hiroshima University. We also would like to thank the first Associate Director, Prof. Mitsumasa Koyanagi, Tohoku
University, and Dr. Yasuhiro Horiike, Former Professor of Hiroshima University.

The research at RNBS has been focused on silicon integrated circuits, devices, processes and materials so that
the significant research results have been achieved as one of the prominent research institute among the national
universities. The RNBS plays important roles not only as a research laboratory but also as an education institute,
where graduate students and under graduate students as well as postdoctoral researchers have been studying on the
most advanced leading-edge technologies to become independent leading researchers who conduct their researches
by themselves in future semiconductor industries. The reputations of the graduates from the RNBS have been
extremely high in the semiconductor industries.

The RNBS has achieved numerous projects supported by Japanese and local governments such as

Nanotechnology Platform, Ministry of Education, Culture, Sports, Science and Technology, Strategic Basic Research
Programs (CREST), Development of Systems and Technology for Advanced Measurement and Analysis, Japan
Agency for Medical Research and Development (AMED), Grant-in-Aid for Scientific Research (A) by the Japan
Society for the Promotion of Science (JSPS). The RNBS has also been selected as one of the members of the National
University Research Institute and Research Center Council.
In April 2016, the Research Center of Biomedical Engineering (RCBE) was established in collaboration with the
Institute of Biomaterials and Bioengineering at Tokyo Medical and Dental University, the Laboratory for Future
Interdisciplinary Research of Science and Technology at Tokyo Institute of Technology, the Research Center for
Nanodevice and Bio Systems at Hiroshima University, and the Research Institute of Electronics at Shizuoka
University, with the support of the Minister of Education, Culture, Sports, Science and Technology (MEXT), Japan.
The RCBE aims at promoting innovative researches in the field of biomedical engineering with strong network of
these four institutes.

This annual report offers comprehensive information about the recent research activities and achievements at the
RNBS 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.

December 1, 2022
Ao izt
Akinobu Teramoto
Director
Research Institute for Nanodevices

(renamed on April 1, 2022)
Hiroshima University, Japan
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1. Organization of Research Institute for Nanodevice and Bio
Systems (RNBS)

T/ TINAR - A FREHZHFRATHEHE

J \cnointegrationResearch Division
T/ SR S B R AR

5 Professors, 1 Special Appointment Professor, 8 Visiting Professors,
3 Associate Professors,1 Special Appointment Associate Professor,
1 Visiting Associate Professor, 1 Visiting Lecturer,
2 Assistant Professors, 2 Special Appointment Assistant Professors,
1 Cross Appointment Assistant Professor
iR 548 (FfE: 2, 6HF: 3), HEHUR 14, BEEHUR 84,
BT 34 (BE: 1, HHE: 2), HEARIR 14, EEARIR 14,
Executive Committee E R 14, ¥ 24 (EE: 2), HiEPHK 24,

BEEEZES JARTRAVRAV B 14

Integrated Systems Research Division

SRV AT LR EHZEEM
Director
fRE 5 Professors, 2 Visiting Professors, 3 Associate Professors,
Bz 54 (FE: 1 6HiF: 4), BERKIR 248, £8% 348 (FE: 1, 6itE: 2)

Molecular Bioinformation Research Division

—
Ll 3 Professors, 4 Visiting Professors, 1 Assistant Professor

2% 3% (B 1, #HF: 2), FEHIR 4%, £HIR 14 (HHD)

Nznomeedicineg Rasszren Division
SIS

5 Professors, 1 Associate Professor

iR 5% (HHB), HHIR 14 (D)

Nanotechnology Platform / Advanced Research
Infrastructure for Materials and Nanotechnology (ARIM)

F/T5/05—-TFS5ybTH—L/
XTI)TIVEER) —F (25

1 Professor, 1 Special Appointment Associate Professor

iR 148 (B, HEERR 14

Cooperative Research Staff (Faculty Members)
BRA (FR), EEFR-FF

Visiting Scientists (Universities, Industries)

FEAHRA (XFE. £%)



2.  Staff of Research Institute for Nanodevice and Bio Systems
(RNBS)

T/ TNAR - NA T RERZHARFAERE
(2021 12A 18K RA)
Nanointegration Research Division

T/ RBRHEPHRER

Akinobu Teramoto

SEA FEA

Shin-Ichiro Kuroki
R A —HAp

Takamaro Kikkawa

Director of RNBS and Professor
TR, #i%

Associate Director and Professor

RINFFERT I, %

Professor (Special Appointment)

HI ANE R E2%
Seiichiro Higashi Professor
WOJE—RR #z (IHL)
Atsushi lkeda Professor

HE Bl #z (IHL)
Manabu Shimada Professor

BH 7 #Hz (ML)

Anri Nakajima Associate Professor
s e HEH I

Shuhei Amakawa Associate Professor
KN & HEHER (PHT)
Hiroaki Hanafusa Associate Professor
1tHmE 72 ez (OHT)
Tetsuo Tabei Associate Professor (Special Appointment)

HIERHE ok

Tadashi Sato
g H

Vuong Van Cuong

Tr—r Ty Txv

Tomomi Ishikawa
A FHe

Yoshiteru Amemiya

R ==
e

FrEHEZdR

Assistant Professor

Bh#

Assistant Professor

Bhk

Assistant Professor (Special Appointment)

FriEBh#

Assistant Professor (Special Appointment)

FritBh#



Thi Thuy Nguyen

Assistant Professor (Cross Appointment)
JUaAT RALV AN

Integrated Systems Research Division

KW AT LHFHRERM

Suguru Kameda

am s

Minoru Fujishima
i S

Idaku Ishii

EEP )

Kazufumi Kaneda
A H 3

Takeshi Takaki
mA

Tetsushi Koide
NI i

Tsuyoshi Yoshida
HH 3K

Mamoru Sasaki
xR 5F

Professor

Hfx

Professor

#ixz (PHE)

Professor

#ix (PHE)

Professor

##% (HHE)

Professor

##% (HHE)

Associate Professor

e

Associate Professor

HEZ% (PHE)

Associate Professor

HEZ% (PHE)

Molecular Bio-information Research Division

SFEMFRE PRI

Masakazu Iwasaka
=R

Akio Kuroda
BH ER

Seiji Kawamoto
A IER

Takeshi Ikeda
HH L

Professor

i

Professor

#d% (PHE)

Professor

Hixz (PHE)

Associate Professor

e (PHE)



Nanomedicine Research Division

SEEHFEWMREMN
Hiroki Nikawa Professor
TN A Hiz (OHT)
Koichi Kato Associate Director and Professor
g h— RIMFZERT R, #d% (OHT)
Kazuhiro Tsuga Professor
B —ik iz (PHE)
Kouji Arihiro Professor
AR tF] iz (OHE)
Morihito Okada Professor
fH SFA iz (PHE)
Yuhki Yanase Associate Professor
R e ez (DHT)

Nanotechnology Platform / Advanced Research Infrastructure for Materials and
Nanotechnology (ARIM)

F /755 —TFS5yRIF—L/TTIT7ILER) —F (25

Shin-Ichiro Kuroki Professor

B i —RR Hf%

Tetsuo Tabei Associate Professor (Special Appointment)
HEH ek FrEHERR

Visiting Professor

EREIR
Shin Yokoyama Visiting Professor
ML BT R HR
Yuji Miyahara Visiting Professor
HIE B w BB
Takashi Ito Visiting Professor

g Fw] wREAR



Hiroshi Ohki
KAR 1

Seiichi Miyazaki
IR

Ryo Miyake

L
—F s

Shigeto Yoshida

Visiting Professor

w BRI

Visiting Professor

B

Visiting Professor

B IR

Visiting Professor

A % B %

Koichi Ito Visiting Professor

g ~n— w R

Takeshi Tanaka Visiting Professor

S AATE wRHI

Yasuyuki Shirai Visiting Professor

Bt ®E EYSE 6

Xia Xiao Visiting Professor

H R EYSE 6

Katia Zheleva Vutora Visiting Professor
wB AR

Declan O'Loughlin Visiting Professor
wBHR

Carl-Mikael Zetterling  Visiting Professor
wBHR

Hideki Murakami Visiting Associate Professor

kb Fhet BRI

Hang Song Visiting Lecturer

! & Bkl

Researchers
MRA

Kyouji Mizuno
KB A%H]

Researcher, Nanotechnology Platform
FITI =TTy T — LR

Hiroki Sakamoto
S ENIGIN )

Researcher, ARIM
~T U7 N —F A T TR B



Tatsuya Meguro
HAE

Shinji Yamada
im =EH

Kazushi Okada
il - Fni&

Visiting Staff

Researcher
iiA=!

Research Associate

HEHIemB R

Research Associate
HBE WA BhER B

BEERXAvD

Hirofumi Fukumoto

A g

Tomonori Maeda
AT 0T

Seiji Ishikawa
)1 FRiA
Hiroshi Sezaki
] oaES
Hirofumi Tanaka

SENES'E

Jun Kamata
S M

Yasuhisa Kayaba
E2 ]

Takeshi Kumaki

Kenji Sakamoto
WA EIR

Akihiro Toya
S BEPE

Hiromasa Watanabe

i 175

Visiting Scientist, Asahi Kasei Corporation
HEMIER, TBALRK(ER)

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

Visiting Scientist, Phenitec Semiconductor Corporation
wEMTER, 72=T vy eIar g8 — (1K)

Visiting Scientist, Phenitec Semiconductor Corporation
wEMTER, 7==T vy eIar g8 — (1K)

Visiting Scientist, Mitsui Chemicals Incorporated

wEWIER, ZHEF(ER)

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

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

Visiting Scientist, Department of VLSI System Design, College of Science
& Enginnering, Ritsumeikan University

HEMIER, SRR L E T W PR

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

HEMIER, TUNTERFE~A7ulbib Gt 27—

Visiting Scientist, Kure National College of Technology
FEMTER, KT FHRMFL

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEMIEE, v —7 X2 YE T LEGRR)



Atsushi lwata
HHE 2B

Yositaka Murasaka
R R

Takafumi Ohmoto
KA &L

Toshifumi Imamura
S

Tomoaki Maeda
AT B

Masahiro Ono
/NP R

Yoshihiro Masui

T =

Kazuyoshi Nishino
LS RIE =

Supporting Staff

Visiting Scientist, Sharp Corporation
wEMER, (R)=AT —NT

Visiting Scientist, Sharp Corporation
wEMER, (R)=AT —NT >

Visiting Scientist, Sharp Corporation
wEMER, (R)=AT —NT >

Visiting Scientist, Sharp Corporation
wBMTER, (BR)=AT =T

Visiting Scientist, Sharp Corporation
wBMMTER, (BR)=AT =T

Visiting Scientist, Sharp Corporation
wEMTER, (BR)=AT =T

Visiting Scientist, Hiroshima Institute of Technology
HEMNER, KB TR

Visiting Scientist, Shimadzu Corporation

wEMIER, (BK) BHRERT

XiERE YD

Kiyokazu Waki
AR E—
Yasuyo Fujiwara

I e

Chiaki Ashihara
2R T

Naoko Nakatani
NS
Junko Hinohara
FlJE Al

lzuko Kushida
HH {7

Finance Affairs

5 tH 4

General Affairs
e

Office Assistant
FHEMER

Office Assistant
FHEMER

Office Assistant
HHEMER

Office Assistant
HHEMEE



3. Executive Committee Members of Research Institute for
Nanodevice and Bio Systems (RNBS)

T/TNAR - N FTRAERFRAEFEERESERE

Akinobu Teramoto

SEA EAf

Shin-Ichiro Kuroki
FUR i —RE

Koichi Kato
ik Hh—

Masakazu Iwasaka
=W BN

Suguru Kameda

am

Seiichiro Higashi
O —HR

Yutaka Kadoya
AR o

Minoru Fujishima

i - ES

Yositake Takane
iR ER

Akio Kuroda
HBH ®=X

Toshikazu Ekino
W fa—
Yoshihiro Kuroiwa
=SSN

Idaku Ishii
A

Hiroki Nikawa
N v

Anri Nakajima
s 2P

Tetsushi Koide
AN RIS i

Director and Professor

WFFEATR - 2%

Associate Director and
Professor
B ZCHT R - 2%

Associate Director and
Professor

RIATZERT & - B

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

Hiz

Professor

Hiz

Associate Professor

eI

Associate Professor

eI

RNBS
F TR A BERIE ST

RNBS
F T RA A AR

Graduate School of Biomedical Sciences
% b FELR R S PSR ()

RNBS
F )TN R A TR

RNBS
F )TN R A TR

Graduate School of Advanced Sciences of Matter
SeimE B R

Graduate School of Advanced Sciences of Matter
SenE Bt e

Graduate School of Advanced Sciences of Matter
SenE Bt ek

Graduate School of Advanced Sciences of Matter
SenE Bt ek

Graduate School of Advanced Sciences of Matter
SeaE Bt ek

Graduate School of Integrated Arts and Sciences

e E B ER

Graduate School of Science
it DI

Institute of Engineering
TEEARTERE

Graduate School of Biomedical Sciences
% b SRR A 2R R (B)

RNBS

T T ISA A SAF AR A GTET

RNBS
F TSRS AA RO TR IR



Research Divisions of Research Institute for Nanodevice and Bio
Systems (RNBS)

T/ TINAR - N FRAERFHEFTO R E

The Research Institute for Nanodevice and Bio Systems was founded on May 1, 2008, aiming to
develop 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.

T T IS A SAF A BHE TN I B bR ORI D @ E E R AR AL S ST T, T
B0 B A AR R R 2 W A R 5720 DL I ha =g RS F Ty — OEFER}
FREAEHIRA R 27 0 — VR BB LR AT 22 8% H S L CRRNL ST, WFSERE
W JEERERN R SRRV AT ARVE AT AR BEER D400 B,

Nanointegration Integrated Systems
Research Division Fha—-RboH— / L P2AVE L) Research Division

)Rl KRORATLEE
R ahr R ERRY
N HES/- FIEIVVTTFINMMRE
A BRE /AR VCO+PL T

BUTINMRD
BEETIVY

WERRDET— 5757
L_ ’ ;

DR
1 = 2 /

iR @

77

7T

AL & i <7
h7el
Nznomeadigine Molecular
—l ) Bioinformation
Research Division
SFEMIER
FEF R AR
NFLE3—T1—R
&MEMSIZ &5 EEsRE

<
<

Reszzirehl Division
2 el e §

=
A E—

FI/TNARBE T DOER
~DIGR. BETHR

Research Divisions

Br R sR s



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.

FOERBIEIEE Tl 7/ T AR, TaRR FIAT T —Yay  FINAFE T SAA, T b=
TINAR, T I EFT NAR GGNET NSAA T I T NARET I BERETEM BRI BT 2 R 21T o Cnd, T/

ERRH AR PN B T DI TED T 72b D OB ZAR I %,

SRET /A ADT=0 DFRF R

Selective Film Formation for ULSI

iR FAEMR

Prof. Akinobu Teramoto

BIRNEE T2 AOMIEE 1T > T 5, Isopropyl
Alcohol (IPA)IE Cu @ HREAIRZ R ITL T HELBIT, Cu
k& Cu Wfbdy b CRIDHEFEM A TER T HZ &N HIBD
272577, Atomic Layer Deposition (ALD) ORIjZLEREL T
HREREINTH D,

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 different materials are
remained on Cu and Cu oxide. This method is useful for the
pretreatment of Atomic Layer Deposition(ALD).

e A (a) BETOER

—

o0 b Wl Fry
? 1 réw
(b) BE/OtXR

Meta!
.,

EX S

H?_ mmp (11

OrRu @O

..rl
¢ Ru(EtCp),

H @C ()CHs gy CH,

o
Inhibitler

Precursors

BRI R . NHIA B OB o TRRIEREED 705
Selective film formation: Film growth depends on
the surface material to be deposited.

MOSFET D{EREIK & (<RI HHF %K
Study of Low Frequency Noise in MOFETs

iR FAEM

Prof. Akinobu Teramoto

MOSFET OAKJE W M (2B 05851 T > Cb, T
ARDT AR F =280 2D MOSFET DT — 4 %48
REFNCHIEL | BEatBCHE = FrMEA R 9%, XF— T
WEEASE GHELZRE R, Ty BRI Tn5
HiPH T/ —MED S/ NS WEFT b REWEEL 5.2
TNDIEN DN TET-,

We study the low frequency noise in MOSFETS. By using the
array test circuit, large amount of MOSFETS can be measured
in very short time. It was found that RTN is dominated by traps
at the minimum gate width in the channel formed under each of
operating bias conditions.

Gate F¥YFO
Bk (330-k< 1
capture | Sale ’
0 € Dra emissi
Substrate  trap —
trap |
r

emission | _Sate o
Source G- trap Drain

gate | Sio, p-si

ur WL EES DK
10 N 1 0 i
N W, —
T ) o E\'ﬁ}\\‘ 2
X N & Sl T
w o 210 ~ i
" 2 @ ¥,) = ~1.30V] N
10 -3l Lonl Temp=32rCI249C)
WL~ 0.28/0.22

e eed 1012 R
1 10 100 1000 10000 07 0% 10°
Frequency[Hz] Drain current{A]

MOS hF P RE 0D 1/t S E R FHINFHEL 72/ F, 3T
Ve AR E 1YWt Ny/s oY/ ey

Schematic illustrations of the model of transistor
channel and effect of traps under various Vps.




Magnetic Tunnel Junction DTERER]_EIZ
SRS

Improvement of Magnetic Tunnel

Junction

g FAEM

Prof. Akinobu Teramoto

Magnetic Tunnel Junction 1% MRAM(Magnetoresistive
Random Access Memory)Di[EHZEFELTHWHIL T
Do ZIVETOHEEKT NARZHOLIL T BRI
H.720 . RIE (Reactive lon Etching) A#EL <, flE7 nt 2
L A~ DR DA A& SR T D, Ty F TR
Mkl A R — VA AT HZET, PERELAE M k-
W LT,

MTJ is used as a storage element in MRAM. Unlike
materials used in conventional semiconductor devices, the
metal adhesion to the sides of MTJ degrades the
characteristics of MTJ. By introducing insulating film
sidewalls during etching, we have succeeded in improving
performance and reliability.

Side-wall process

Resistance (a.u.)

1go = 1.20m
120 nm_
2006y

Resistance (a.u.)

075 -080 -025 000 025 080 075

Voltage (V)

10° u‘:ﬂ 162 uﬁ’ 16“ 10° 10° 107 10°

Cycle (times)
SN AR A — L EFRNTMT] 2T 52 b2k, mkfe
TR AR D LN TE
High performance characteristics could be obtained by
forming MTJs with SiN sidewalls.

R-V characteristic of MTJ

J0—T42 55— 8 )—<) 47T GaN
HEMT IZR89 2%
Study of Normally-Off GaN HEMT with

Floating Gate

iR FAREMR

Prof. Akinobu Teramoto

EF v RUBENED GaN HEMT % /30 —F /314 R\
AT 27120, 7a—T 77 —MEED GaN HEMT %k
TEL ., BMEHIE A2 TGEE L, F v R/ B EE
2000cm?/Vs LA E&fR-7-FF, BEELEL 3V £ T LEAX
HAHZENTET,

In order to apply high channel mobility GaN HEMTs to
power devices, a prototype GaN HEMT with a floating gate
structure was fabricated to enable threshold control. The
threshold voltage could be increased to 3 V while
maintaining a channel mobility of over 2000 cm?/Vs.

1{mA)

Z2A—F42 T F— i
BFERR _Joomin
F.G.

7KL R .

7

FrRINEZILT S,

1G J

00 0
o 1 2 3 4 B 6 1 8 9

v,[v]

Ta—F 47— GaNHEMT Offs, 7a—F 427
T =~ DEFEAR D 1d-Ve Rk

Structure of floating gate type GaNHEMT and 1d-Vg
characteristics before and after electron injection into
the floating gate.

) AV Hh—N\AFBRIREILNOZ
JR: CMOS &£7&MmE%
SiC CMOS Integrated Circuits

Bz BEXRER—H
Prof. Shin-Ichiro Kuroki

AL T = AR (SIC) M-8R % F W - R IR BR 52 FH 56 A8
[EH8 DAFFEZ D TS, 2021 41T 4H-SIC CMOS [H]
B BT, ROFIEILERIT, AT, A7 = —F
ENTR R, BLO T =Tyl wIar 2724 —F)ED
HEFEBFFEEL THED T, AREEIT ECSCRM2021 728
THREL, THOBFRREEEEIToT,

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, and Phenitec Semiconductor Co. Ltd.,
Japan.

4H-SiC CMOS [ali#%
4H-SiC CMOS Integrated Circuits.




S)AVA—N BRI TL A=
YR HEinRASEE R
SiC Integrated Circuits for High-

Temperature Applications

Bi® EXRE—ER
Prof. Shin-Ichiro Kuroki

T T —3A R (SIC) -8R % W - AR PR BR 52 F S A
[EI B8 DA FEAHED TUVD, 2021 HFEEITT VT T RO
WFoeaEES , FFIZ 500°CHRED IS X OME M TN 2 &
Tro AT T =Ty 7 BIas & 72— k) D ILFF
%Elff(iﬁ&)“(b Do AFERIT Jpn. J. Appl. Phys.7pE T3

L7z,

4H-SiC  pre-amplifier circuits for high-temperature
application were investigated. In 2021, 500°C  operation and
the reliability at high temperature were investigated. This
research is carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., Japan.

4H-SIC BT T alE
4H-SiC Differential Amplifier Circuits.

SiC FE{KE SOl HEiRIZLD
Mt IR atHE A A— o Y DR

SiC Radiation-Hardened Image Sensors

Bi% EARMHE—ER
Prof. Shin-Ichiro Kuroki

NI — AR (SIC) & AWMU A A=
YO FEE D T-, 320 SiC MOSFETs £1-20 Si 7k
H A —R%E 1 HFELL WD, HEFEHEINSE5720
2 TAA 2ZEE OB E D TND, AHFZRIZPERRHIT,
BHFRERE L DL [ERFZEE L THlED TS,

SiC pixel devices with SOl 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.
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4H-SiC/ SOI-Si MR ANAT VY R R T /3 A A
4H-SiC/ SOI-Si hybrid pixel device for Rad-
Hardened image sensor.

Z)L SiC THRETHR UV A A=+ 3D
BH%E
Radiation-Hardened Full-SiC UV Pixel Devices

Big EXRHE—E
Prof. Shin-Ichiro Kuroki

SHBOTTIRVH Ll E RIGZ ., 74 M A4 —FY
SiC TYERIL7=7/L SiC UV ($E4M) A A= a4
BL., EEMEEZHED TWDH, KR ITEES:S
ECSCRM2021 72 & TIRFELT=, AHFITITFERRMT, B
EEDILFBFFEL L THED TS,

Full SiC pixel devices for a radiation hardened UV image
sensors had been demonstrated. These results were reported
at ICSCRM2021. This research has been carried out under
the collaboration with AIST and QST, Japan.

TV 4H-SIC UV EZRAF AL (1 BHRETSAR) ()T 8
AALAT T, OFFRSET /A X

Full 4H-SiC pixel device for Rad-Hardened UV image
sensor: (a) device layout, (b) fabricated device.




L—H#E&@1IEIZES Si(100)5E =R AL
Si(100) Thin Film Formation Using Laser

Crystallization

BEARHE—ER
Prof. Shin-Ichiro Kuroki

EMERES VL RN T L AL EBLD T2, L — R
FHZ LD Si(100)EIED TE R DA FE %D TWD, Si(100)3
il o 7oL — RS 2 R 2 LTS LTz, Th
LORFILERR 2 Thermic2021 7oL TR LEL
7= AMWFJE1EL Hanoi National University of Education
(HNUBE)EDERIBFFEE L THED TUVD,

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 Jpn. Jour.
Appl. Phys. This research has been carried out under the
collaboration with Hanoi National University of Education
(HNUE).
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L — ¥k iz Si(100) il : EBSD 44 2D-XRD 4
Si(100) thin film formation using continuous wave laser
crystallization : EBSD mapping and 2D-XRD.

TAYRRAA—D T ERR R
Microwave Near Feld Imaging:
Clinical Examination

iz SIRE D)

Prof. Takamaro Kikkawa

e~ A 7T A A— D U T HEBE 2B R L, K
T ERH R R MR IR B B T8 oy Mg R R &
Ehi L7z, BB LIZEEICLAI N A OB & Rk
100%(10/10) Td o7z, ZAUIE B E R B K22 MM E 95
[ & D e [GFFE D L BT Diagnostics 2022, 12(1), 27
(IF: 3.706)IZ 48k,

A portable microwave near field imaging device was
developed and a pilot clinical test was conducted at the
Tokyo Medical and Dental University Hospital. The
accuracy was 100% (10/10). The paper was published in
Diagnostics 2022, 12(1), 27, (IF: 3.706).
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(a) Microwave confocal image coronal plane. (b) Transverse
plane. (c) X-ray mommograph. (d) Ultrasound. (¢) MRI. (f)
PET.

fRE|ZHIERD 3 RTEEBEHIETTIL
3-D Numerical Breast Models with
Anatomical Information

iz TNNRE )

Prof. Takamaro Kikkawa

3 RICHFEEAE T T V% MRI 2>H D RS F 1 HIC B
SWTHEE L=, LENOAMR. BRI O fEZ B8R
fH U7z, 2HIEREBRFLOILFEPFIED R T,
Computers in Biology and Medicine, 130 (2021) 104205,
(IF:4.589)Z 48,

A method of constructing 3-D realistic breast models with
accurate anatomical information from MRI images is
developed. The breast region is extracted and the fat and
glandular tissues are segmented by the model. The paper was
published in Computers in Biology and Medicine, 130
(2021) 104205, (IF : 4.589).
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MRI images: (a) Category I. (b) Category II.
3-D models: (e) Category I. (f) Category II.




BT —FI7IMRET LTI L
Adaptive Window-based Artifact Removal
Method

iz SNAE D)

Prof. Takamaro Kikkawa

WIS A RO T —F 77 IR RrET NIV X L%
L, 2RI REERFLOILFEBFZE DR T,
Biomedical Signal Processing and Control, 70 (2021)
102980 (IF: 3.88) (248,

An adaptive window-based hybrid artifact removal
algorithm is developed. It consists of adaptive time window
division, revised two-stage filtering and Savitzky-Golay
smoothing. The paper was published in Biomedical Signal
Processing and Control, 70 (2021) 102980, ( IF:3.88).
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A phantom with two targets is tested by (a) averaging method,
(b) revised TSR and (c) adaptive window. Coefficient of
variation as an evaluation parameter indicates the effectiveness
of the developed method.

CMOS A2/ LRAL—4 —EFEE R
CMOS Gaussian Monocycle Pulse
Transceiver for Radar Imaging

g SNLE D

Prof. Takamaro Kikkawa

HIREE DR T VIV R LT L, R I LD
FLAADBEMHIESRIL 84.8% Th -7z, ZHUTKEK L
OIFEIFIEDO I T, Medical & Biological Engineering
& Computing (2021) 59:721-731. (IF: 2.602)IZ#& %,

By introducing ensemble empirical mode decomposition
valid correlation intrinsic mode function selection, principal
component analysis or recursive feature elimination and
support vector machines, the accuracy was 84.8%. The paper
was published in Medical & Biological Engineering &
Computing (2021) 59:721-731, (IF: 2.602).
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(a) Average receiver operating characteristic (ROC) curves
and area under ROC curve (AUC) with best performances by
different methods. (b) The positive and negative tests of
Gaussian SVM.

AU ORIEREM T JLO—REH
Noninvasive Blood Glucose Level
Detection by Microwave

iz TNNE D)

Prof. Takamaro Kikkawa

~ AL DM AT VA — AR E R AT AT =

22— Fy N — 7 CEREEL T2 IEEBR LI, 2
WX RE R FEDILRRIGED R E-C., Journal of Electrical
Engineering & Technology 16, 2183-2190 (2021), (IF:
1.069)Z 8k,

A method of improving the resolution of the detected blood
glucose level by using the microwave detection technique is
proposed. The paper was published in Journal of Electrical
Engineering & Technology 16, 2183-2190 (2021), (IF:
1.069).
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(@ The dielectric properties of the blood glucose
concentrations ranged from 0 to 900 mg/dl.

(b) Received microwave signals of different blood
glucose concentration at 0-100 mg/dl.




UWB 5 JLO—RE=HY) 2 RE&
Blood Glucose Monitoring by UWB and

Neural Network

Bz TNLE D)

Prof. Takamaro Kikkawa

VAR E DM v — AR EE UWB 7Tk
NIRRT =7 T FFAF TRIE LT, ZAUIREEKR
2o E e D R R T . IEEE Transactions on
Industrial Informatics 1 — 1, 13 November 2021, (IF:
10.215)ITH5#,

Continuous-time blood glucose level (BGL) on volunteer
monitoring was conducted using UWB antennas and a vector
network analyzer. The paper was published in IEEE Transactions
on Industrial Informatics 1-1, 13 November 2021, (IF:10.215).
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(a) Measurement of the human wrist, in which antennas are
fixed on the front and back of the wrist with parallel
alignment. (b) Monitor BGL as reference, the blue curve.
The red curve is the phase of S21. (c) Predicted BGLs (in
red), reference BGLs (in blue) and the choice of frequency
(in pink).

JEZ T 5 IE R AR BRI TE % (OICT) [ X S RE
RALEh O T/NRENRED 3D AIRAEE AT
3-D Imaging of Wafer Temperature during Ultra-rapid

Thermal Annealing by Optical Interference
Contactless Thermometry (OICT)

Bi% BB —BB(HHE) Prof. Seiichiro Higashi

HERIEREVLER R 0 Si R0 SIC U= O NENR L "8t
T DD, HF T B I fRIR I E 5 (OICT) & =Kk
TCIZYEBR LTz NAARE =R IAT TR =TT =
ANIHESOIRFE /DA% 10um F8L Y 100us D/ fRRE T AR
ftTEHZEE R,

Optical Interference Contactless Thermometry (OICT) has
been extended to 3-dimensional to visualize temperature
distribution inside Si and SiC wafers. It has been
demonstrated that we can obtain temperature distribution
based on interference fringes obtained by a high-speed
camera with resolutions of 10um and 100ps, respectively.
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Interference fringes observed during ultra-rapid annealing of a wafer
(left top) and reproduced fringes obtained by extended analysis
simulator (left bottom), and 3-D distribution of temperature on the
surface and inside of the wafer (right).
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Preparation of Materials and Surface
Contamination by Deposition of Nanoobjects

2k EB F(HHD)

Prof. Manabu Shimada

FTIYARXDITAL — KA R E 2GR AP
il HERESECL A 78 G - MR 2D O3 IR R,
BLOENLDOEEMEAIRA D IEEIT> TN, T/
YA XWE DGR E LU TR I E LT LEDREL IR
AL TS,

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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TiO,-CNT-Ag ternary composite film prepared by plasma-enhanced
chemical vapor deposition combined with aerosol processes, and
proposed mechanism for its enhanced photocatalytic function.




ZRRIVRY—LDOKIENFETESE
Photodynamic Activity of Liposome-
Incorporated Dyad Systems

iR HHBES (BHE)
Prof. Atsushi Ikeda

TR R &P CIER 32 Y ERFI OB R O 7= | il
BT — 75— L UHER R HVRY — A
UTze B 13RI B E DS B2 510 Fa BEET,

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.

Liposome membrane
TYOBOY BEVO & OO 83

Liposome

HelLa cells
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Schematic image of liposome-incorporated light-
harvesting antenna molecules and a fullerene derivative
and photodynamic activity.

TI/RT—IVEBEL TNAZRDI=HD
Algs BB FHRL AL
Algs-Containing Electron Beam Resists

Nanometer-Scale for Organic EL Devices

HEHER PERE

Assoc. Prof. Anri Nakajima

B VAMIEEBEEOR A TEIRATD
FIZEIY, BLLBBO L OE IR T e A% HWT, -/
A—=H— R — )V CHM R N T [ DA R LN E AL
T Bl T A RZFEBLT D20 OEZ B L E LT,
A1 ACS Applied Nano Materials (238 SV EL 7~

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

(ACS Applied Nano Materials 2020)
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(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.

PRIV BRBNTL D REE VAR
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Ultralow Drive Voltage Si Optical Modulator

Using Tunnel Field-Effect Transistor

HEHR BHEBAEXRGFE)

Assoc. Prof. Tetsuo Tabei

R VBRI RN TP AL (TFET) 2RI L7z, MK
BIEBRBYS Vs~ x5 — AR O 5%
ToTn5, BAEITLEREZEFLLTHAT L Va
TFET MM 27 4 b= 7 B B O & D
Bl kA HED TND,

We study an ultralow drive voltage silicon Mach-Zehnder
optical modulator utilizing tunnel field-effect transistors
(TFETS). Currently, we are proceeding with an optimization
of the structure of silicon TFETs and photonic crystal
waveguide in which light propagate.
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Schematic of the proposed
optical modulator.
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Schematic of the photonic crystal waveguide (a) and a
simulation of light propagation.
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Research on Portable Virus Testing Device

HEHER TEERHABHE)

Assoc. Prof. Hiroaki Hanafusa

T « B E R OB — 2T NI A )L AR B AT A
A MCM DOHFFEZEFEBIL TS, fH A S—ZDT A LA
BRAE L AT LEE I T —ZOHEHEICLV R F Iy 7|
iz T,

We are studying virus testing device “MCM” having
portability, high-speed, and high-accuracy. We will prepare
for a pandemic with a personality-based virus testing system
and linking to big-data analysis.

hYUDIFE

[ = MCM

MCM & W2l Bd DG T A /L AR A AT
&5 VAT LOWE
Overview of the MCM system that realize virus
testing everywhere.

BIRIBE A 4H-SiC EFEBOHE
Electronic Circuits Based on 4H-SiC for
Harsh Environment Applications

B JA—> Jrr v+
Assist. Prof. Vuong Van Cuong

L - R TRRERBE T IR SIC ERAFEIRRIC ST,
TERUTRR, 7S AAB, Bt BRSO 21T
TI/ \éo

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-SiIC MOSFET ZE#EEIELE ()= AZLAT U (b)Y EHM
#0500 CTOEERME (DHIERME (e)400°C TOHHME
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

RAVARAA—DT DR
Microwave Imaging

B#H BINES D

Assist. Prof. Tomomi Ishikawa

<~ A7 BAREMWDIZBE T2 7 VT Y X LD 58 %
177> CWD, MWI TIL BRI 2 IR E , XM IR THk
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W RN ERMEDKRFEETT > TD,

Microwave imaging and its computing algorithms are
studied. Our research includes code development of the
imaging using Computed Tomography and conventional
confocal methods as well as testing its practicality for the
purpose of the breast cancer inspection.
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GaN-LED D EEEMR L~ DESXIM
Bindingtechnology of GaN-LED for

Heterogeneous Integration

B#H mEERRGHE

Assist. Prof. Yoshiteru Amemiya

GaN-LED %R ¥ FICERL T2 2 HMEL T, &
IBREE FCTAFEERLHE R EICEE T 280
MTeEIT>TD, TiO, I A S HT-FE T IZo0
T, BIEERESCR IR B OO THIEL, R EER
MEORHEL L E TR LT,

We are studying binding technology of GAN-LED on
quartz substrates and optical waveguides under room
temperature and atmospheric pressure for integrated optical
circuits. Current-voltage characteristics and emission spectra
of the devices bounded on TiO; waveguides were measured
and device degradations were investigated.
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Optical micrograph of light emission from GaN-LED, current-
voltage characteristics and emission spectra.




4.2 Integrated Systems Research Division

KB/ ATLEEHRE

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

#ix 8H =2

\ Prof. Suguru Kameda

G ) A7 T DYREC B 5 0 &1 26 e e fee (R 4] Ss-
CDMA) (Z & K FE R 22 [F1 390 - AL i 2008 42 2 & T
HE D MERRIEIE / — R D3R — 22 M CAFE T DIl BR B
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15 IR LI 2 AT LA ERET D,

We have investigated a synchronized spread-spectrum code
division  multiple  access  (SS-CDMA)  wireless
communication  system that can  simultaneously
communicate with a large number of terminals by using V7= T RS AT [FIM SS-CDMA 5%
high-precision time synchronization and high-accuracy Implementation of proposed synchronized SS-CDMA
positioning technologies. using software defined radio.

TINIVYIRT INA RE BT OBRFR
j Research on Fundamental Technology
=.. for Terahertz-Wave Devices

gz e E(HHED)

Prof. Minoru Fujishima

FL-BiE, DT T~V ETORE E KR CMOS
F IR ADIF TR A TS, H7:1Z 300GHz H D IE(E
ZAM7e CMOS £EFERIE CIEHLL, 2030 ALHIZBHAAS
N5 6G TIXER 100 XA vl EOE(EHELFEH
HZEEHEL WD,

We are working on ultra-high frequency CMOS devices
from millimeter wave to terahertz wave. In particular, we

. : o L ; 300GHz # CMOS k73— 3% W TARE K BR
aim to realize 300-GHz communications with inexpensive Communication experiment with 300-GHz-band

CMOS integrated circuits, and to achieve communication CMOS transmitter.
speeds of more than 100 gigabits per second in 6G, which
will start around 2030.
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A Lesion Classification Method Using Deep Learning Based
on JNET Classification for Computer-Aided Diagnosis
System in Colorectal Magnified NBI Endoscopy

HEHEZ IMHEL  Assoc. Prof. Tetsushi Koide

ABFZETIE, KM NBI LR NRBEA AW SR RBLDTZ0 | TRJE 7
B & WNTIRBS A TN EATO FUEE RS, R NBILR NS EIE
T =2 LT AL TREDETTEA INET 5582 W CEREL, BEfl
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BHNTYXEPR D, INET SISk L CR B 2 WiE R Ch b IER
RE 96.3%—HL, TOMDFEEEIH LTS 909l E&1F72,

We propose a method of pathology type identification using deep learning
to support diagnosis of colorectal NBI magnified endoscopic cancer. The
system is based on the JNET classification, which is a set of endoscopic
images of colorectal NBI. The results of quantitative analysis using CAD
were presented to physicians as objective indices, reducing variation due to
physician experience and subjectivity. 96.3% of the results agreed with the
positive diagnosis rate, which is the result of histopathological diagnosis,
and more than 90% were obtained for other indices.
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Diagnostic support system for colorectal NBI magnification
endoscopic imaging based on JNET classification using deep

learning.

URL https://ieeexplore.ieee.org/document/9501420
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A Lesion Classification Method Using Deep Learning

Based on NICE Classification for Computer-Aided
Diagnosis System in Colorectal NBl Endoscopy

HEHm MEELT  Assoc. Prof. Tetsushi Koide
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RAYFEIE TS S NICE 08It LT a8 2 FW il ds O BRJS &
T2 CD, BIFE LT3R #R Tl SRR T DRk« 7oipi 28 {5t
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L7z,

We develop a diagnostic support system that can identify the type of lesion
in colon NBI endoscopic images even if the magnification rate of the lesion
changes. The size of the lesion area and its visibility change depending on
the magnification ratio of the lesion image. Therefore, we are developing a
discriminator using deep learning for NICE classification. The developed
discriminator achieved an accuracy of 95.8% for various lesion images with
different magnification ratios.
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Diagnostic support system for colorectal NBI magnification
endoscopic imaging based on NICE classification using deep

learning.

URL https://ieeexplore.ieee.org/document/9501264
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Automatic Detection of Skin Surface Structure

Using Deep Learning for the Impression Mold
Technique

HEHR IMEEL Assoc. Prof. Tetsushi Koide
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We developed an Al-based image analysis method to quantitatively
analyze the surface structure of skin in the AMED project and developed a
method to visualize and quantify the condition of skin folds and ridges in
healthy persons and patients with atopic dermatitis from images obtained by
an innovative method for quantitative measurement of sweating function
(IM method). This Al based method enables the analysis of the surface
structure of the skin and quantification of the progress of the disease by
providing an objective index.
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Automatic analysis of skin folds and ridges for the IM method of

sweating function testing.

URL https://ieeexplore.ieee.org/document/9501467




FTHEAERRZE Impression Mold JEDT=H D FEE
FEERAVV R TEESREFEZDORRE

Sweat Droplets Detection Using Deep Learning

for the Impression Mold Technique to Evaluate
Sweating Responses to Thermal Stimulus

HEHEZ IMHEL  Assoc. Prof. Tetsushi Koide

ABFZETIE, AMED 7' 0= 7L L —PE &R O Ss REIZ 1T
DRATRE DI LIGHIEDOBIE | DI RN T, BITRELER
HZIRENT 57212, Al & W B IRHT FiE O BRFS 2 HEdE . J67T
AT LA R EI O R G DK 5y BefRFFE B AR Y 2R E ThD
AIREMEDS DD, B E BT D IEIT EI MR E ST 1ED 0 T, FRIT R
PREBIIEIC I T DBENIFAE RIAS Qe 22°C, BB D
WUNBRBE D FETT R AR % & B | RERFRYICI R D Z & &2 FIREIC L7 5oy
Y7 58T % RERE H il 7€ 15 (Impression Mold technique) OBATREEIE D
Al B BT FiEz B3 %,

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).
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Automatic analysis of sweat droplets for the IM method of sweating
function testing.

URL https://ieeexplore.ieee.org/document/9501442




4.3 Molecular Bioinformation Research Division

S FENRRE FH R

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 AT RSP IL, MEMS, SAA 0 F B, A4t 7 | BEER v o725
WHEEAT > TND, o F A E B AR SRR P 31T DFFED b DO OB AR T2,

ERHNEREREIEHEL-AZERE IS
Discovery of Light Flashing Fish

B BWEF
Prof. Masakazu lwasaka

AU AR 35 Silverside fish DIEFRIZ 54T 20465
AIRE2, # Hz DL EOSERS SdEATH 2R Rl & ©
DR fEIICIRAR A C& T, MLt & B i
HBEDESTZEE 100 2700 DT A AT LA BMER K
[ITEL . £ O P CEAEI I nr OB HFE P Ay
F LT HEATHIZEEFI LT,

M lwasaka, Flashing spots on the dorsal trunk of hardyhead
silverside fish,Royal Society open science 8 (4), 201578,
2021; Dynamic blinking in the head of hardyhead silverside
fish,Jpn. J. Appl. Phys. 60 077003, 2021.

) ENAFOREHIEDOERRE
Interface Technology between Silicon and
Biomolecules

VL BIR EHEEX (BHD)
G 8 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
LC, Si EOBFMENENT A - mARICEL E 52 &
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.




B D S0, T HSED MRAT &L Bk
INAATRET /A ABIFEA~ DI B

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)




NAF L FEFALERETLILE—
J& A& D FEHT

Investigation of the Pathogenesis of Skin

Allergy by Means of Biosensor

HHUR UIEHEE (FHE)

Assoc. Prof. Yuhki Yanase

Fx I ZTNFET AL E =X 2B YDA F W
ZRIAL in vitro M FEEMEFAET VOB A D
TE7z, EBIT, MAEHBEMETERMEEZR AL,
B MO TUHE DR BB IR B 532 18 M= 9% (CSU)
DFIEREAE D — A BN LT,

We clarified that synergistic expression of tissue factors
(TF) on vascular endothelial cells activate the extrinsic
coagulation pathway and induce vascular hyperpermeability,
followed by edema formation.

LPS, TNFa  histamine
IL-1B, IL-33 VEGF

a \ ! TLRligands  other
L ‘ N stimuli  Anti-CD231gG
| microvessel s 3 /
-
high IgE & £ _
concentration expression _Eosinophil )
autoantibody histamine &
| activation of coagulation system |
Basophil g ~—C5a—C5 Infiltration
production of activated Into getmis
FXa Flla coagulation factors (FXa, Flla)
| PARA -
L [ [ Endothelial cell a» =1 -
HR HR MR
Infiltration Plasma leakage histamine.
o datmis FXa Flla Plasma leakage
=z
x l Mast cell EPO
C5 — C5a —'g Basophil '{‘ mep (w':>
sp

autoantibody Edema formation

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




5. Research Facilities of RNBS

D]

5.1 Super clean rooms
A—IN—=D) =2 )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.

PERR OBRZY — b — D X, 7V — b — SR FE T 830m2, B Y — 2 /L — DZITfE T AR £
DIrITINT 4 NVE— R E ST D,

-
3" 4 D

=i ——

Super clean room in west building. Super clean room in east building.
PR AR — =2 U — 2 b— A FIHA—R—7 J — 2 b— A



5.2 Equipment for advanced devices and LSI fabrication

SR T INA AR UVLSHERE D T-8 DX

5.2.1 Lithography
T S574—

@ Variable rectangular-shaped electron beam
lithography system (Hitachi HL700DII)

TR A — A
(HAZ HL700DII) Resolution 50nm

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

@ Point-beam type electron beam lithography system
(JEOL JBX-5DII) Resolution 50 nm

RA P — DI A1 — L S
(H A ¥ JBX-5DII) Resolution 50nm

@ i-line optical stepper
(Nikon NSR i8a)

RA R — L A — A
(=VYA=22 ELS-G100) Resolution 6nm

€ Maskless photolithography system
(Nanosystem Solutions D-light DL-1000)
~YAIV A ICHEE (T /AT LY a—as
X D-light DL-1000) Resolution 1um
" ERb

ISR AT 28—
(== NSR i8a) Resolution 350nm

NikonNSH

D-light DL-1000iZ &AL VAR K —



5.2.2 Dry etching

FSATYFT
€ ICP (Inductively Coupled Plasma) etcher for Si € ECR (Electron Cyclotron Resonance) etchers for Si
(YOUTEC) (KOBELCO)
SIHICP GRERE &7 I A~) =y F L 7 44iE SIHECR (- A7 uhm i) = o 7 45 E

(1—7‘/7) C|2, HBr, N2, O, {%ﬁﬁj‘ﬁb (#FHH) Cly, BCls, HBr, Np, O, i FH Al BE

@ Si deep etching system @ ICP etcher for highly selective etching of SiO»
(Sumitomo Precision Products) (AYUMI INDUSTRY)
SiFHTRIRY = F o 74L& SIOHICPTyF 745 E

(K% 12E) C4Fs, SFs, Ar i Al HE (723 I%) CFa, Hz, 0z, Ar ﬁﬂﬂ

@ ICP etcher for SiO; @ RIE (Reactive lon Etching) system for SiO,
(SAMCO) (KOBELCO)
SiOHICPTy F o 74k E SIOARIE(SSHEA A =y T 7))

(VA=) CFa, Ha, Oz Ar 1T FTE (it BLH)  CFy, Mo, O 1 T E




@ ICP etcher for Al € Magnetron RIE system for Al

(YOUTEC) (KOBELCO)
ARICP= T 7k & Alffl~7 % ra RIEREE
(—Fv7) Cly, BCls, Ny i f A RE (% P 8UEH) Cly, BCls, Ny ffi AT gE

€ Chemical dry etching system for & Plasma asher for removing
Si3N4 and poly-Si (KOBELCO) photoresist (KOBELCO)
SisNg & U'SIO 7 I W NV R T A T T 7 35 & VURANRER T IR~ T v 74 E
(#h7 440) CFa, N2, O f5HH FIHE (A EYEH) No, O, i H "] 6E

Ty F U T HEE AT AR R R FRAL » FETUF v U 7 ik IR 5

During maintenance of dry etcher Wafer loading into furnace



5.2.3 Oxidation, annealing, and doping
BRiE. 7=—IU. FH¥EA

4 Oxidation and diffusion furnaces 4 lon implanter
(Tokyo Electron) (ULVACQC)
WAL - JEROE AAAENLEE Max 200 keV
(HER =L Zbhry) Max. Temp. 1150°C (FA07) B, As, P ik A AlHE

@ RTA (Rapid Thermal Annealing) system @ Phosphorus diffusion furnaces
(Samco HT-1000) (SHINKO SEIKI)
R AL BEAE & U AL

(¥ = HT-1000) Max. Temp. raise rate 200°C/s (FhPEFERE) Max. Temp.  900°C

4 Annealing furnaces for general purpose
(Koyo Thermo System)

LA BALEREEE H,, N,, O,, Low Pressure
OtPEY—F 27 1) Max. Temp.  1000°C

AP
Training of oxidation




5.2.4 Dielectric film deposition and epitaxial growth

RREHERE - TEAX VLR
4 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 i 2 [ECVDAE &
JECVD (LZEXAHRR) 17 (RO =L 7hmy) (RBEBUEFT)  PRIOBR—7

SiOy, SiN, poly-SiHEFE r] fig

aw
e

€ Parallel plate type clean plasma CVD reactor for € Molecular beam epitaxial growth system for GaAs
SiN, SiO,, and amorphous Si (ULVAC) and AlGaAs: Si, Be doping possible (EIKO)
SATIARIN 7T X~ CVDEEE (T /1737) IS TR AT v Lk

SiN, Si0;, 7E/L 7 7 ASi HEFE AIHE (=A=—) GaAs ZHEFE [ HE
:..'4\:,;, T— T : : T ———""

€ Atomic layer CVD (ALCVD) reactor for SiN
(Thermo Riko)

JR 1 JBCVDIF
(—FBLT) SIN HEREFTRE

WECVDY =t v T ¢ v TR

Wafer setting to atmospheric CVD reactor



5.2.5 Metal deposition
EREEER

@ Metal/dielectrics sputtering system
for BiSrTiO compound etc. (ULVAC)

G B IMERFIE A S 2 L AR (T VR 27)
BiSITiIOZ: HEFE Al fiE

L 2 Electron beam
evaporation system for many

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

@ Sputtering system for
general purpose for variety

SJBERRA A S Z) 7 E (2 fa—)
Al Ti, TiIN HEFErTHE

—

4 Vacuum evaporation system for
variety of metals (Donated:

kinds of metals (EIKO) materials (EIKO) RICOH)
AR PR Sy 7518 T
LR R HERE (0E:U=—) Al SEHERE T RE

(A =—) SHEAPEIHERS

ke//
5.2.6 Others
ZTD1th

@ Surface-activated bonding system (EIKO)

EXESWIN

RS E (A =)
Ar, H, Plasma treatment 7] GE

ARy BV THERE Y = By 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

VLSIZ& &t FHCADIR 1%

5.4.1 Hardware
IN—FHx7

Workstations

4 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, h2000 X 1)

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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