ANNUAL RES

—ARCH R

Vol. 12
April 2019 - March 2020

HRARBSS

F125

T 31 4

B—aM25F3 A4

@ RNBS

—PORT

RESEARCH INSTITUTE FOR NANODEVICE AND BIO SYSTEMS
HIROSHIMA UNIVERSITY

Lh8KRZFE T /TINA R « )\ ZRAERZ I



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 34 years since the first RCIS was established by the first Director Dr. Masataka Hirose, Emeritus
Advisor of National Institute of Advanced Industrial Science and Technology, Professor Emeritus of Hiroshima
University. We also would like to thank the first Associate Director, Prof. Mitsumasa Koyanagi, Tohoku University,
and Dr. Yasuhiro Horiike, Fellow Emeritus, National Institute for Materials Science, specially appointed Professor
of University of Tsukuba.

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, 2020

AV VA

Seiichiro Higashi

Director

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

T/ TINAR - N A FRAEHFHRRTHERE

Nanointegration Research Division

57 SR A R AR

7 Professors, 1 Special Appointment Professor, 4 Visiting Professors,

2 Associate Professors,1 Special Appointment Associate Professor,

1 Visiting Associate Professor, 2 Assistant Professors,

2 Special Appointment Assistant Professors

Bi% 74 (FEE: 2, HiE: 5, FEHRIE 14, EERUR 448,

Executive Committee BB 24 (FE: 1, HHE: D), FEERIR 14, BEEHRER 14,
EEESS BN 24 (HHE), HEBIK 24

Integrated Systems Research Division

SRR T L F R AR
Director
HE 3 Professors, 2 Visiting Professors, 4 Associate Professors,
% 34 (HHE: 3), BEEHIR 24, HHUR 44 (FE: 1, 6HF: 3)

Molecular Bioinformation Research Division

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

iR 3% (B 1, #fF: 2), BEEZUR 44, BE 14 (D)

Nzanomecdicing Rasszren Division

 GAS AT

5 Professors, 1 Assistant Professor

iR 5% (HH1), B1% 14 (BHE)

Nanotechnology Platform

F/FH /RS —FSrTH— L

1 professor, 1 Special Appointment Associate Professor
BiR 12 (B, HELEHIR 14

Cooperative Research Staff (Faculty Members)

HEE (PR . BEEPH-FH

Visiting Scientists (Universities, Industries)

FAMRR (hX*Z, £%)



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

T/ TNAR - A FARAERFHEMERE
(20195 12A 1B K R)

Nanointegration Research Division

T/ RIRHEPHRARRT

Director of RNBS and Professor
Wt R, #2d% (0HL)

Seiichiro Higashi
HOE—RR

Shin-Ichiro Kuroki Associate Director and Professor

R fR—HR BIMFIEIT R, 2%

Akinobu Teramoto Professor

SEAS FEAf Bz

Takamaro Kikkawa Professor (Special Appointment)
HI AN R H%

Yutaka Kadoya Professor

fim B #Hz (ML)

Atsushi lkeda Professor

HE EE #Hz (ML)

Yoshitake Takane Professor

AR LR iz (ML)

Manabu Shimada Professor

BHH & iz (ML)

Anri Nakajima Associate Professor

e ZE HEH =

Shuhei Amakawa Associate Professor

KN A& ez (OHT)

Tetsuo Tabei Associate Professor (Special Appointment)

HIERHE R

Hiroaki Hanafusa
1txE =W

Yuri Mizukawa

A KH

FriEeddx

Assistant Professor

Bh#k (OHE)

Assistant Professor

Bh#k (PHE)



Tomomi Ishikawa
) B

Yoshiteru Amemiya
WE 5

Assistant Professor (Special Appointment)

FritBh#

Assistant Professor (Special Appointment)

FritBh#

Integrated Systems Research Division

KW AT LHFHRERM

Minoru Fujishima
R E

Idaku Ishii
HH

Kazufumi Kaneda
A H 3

Tetsushi Koide
NI i

Tsuyoshi Yoshida
HH 3K

Toru Tamaki
EAR il

Takeshi Takaki
AR i

Professor

#Hixz (PHE)

Professor

##% (HHE)

Professor

% (HHE)

Associate Professor

e

Associate Professor

e (PHE)

Associate Professor

"% (PHE)

Associate Professor

HEZ% (PHE)

Molecular Bio-information Research Division

SFEMFRE PRI

Masakazu Iwasaka
W IERN

Akio Kuroda
HH =R

Seiji Kawamoto
A TER

Takeshi Ikeda
HLEH S

Professor

Hixz

Professor

Hixz (PHE)

Professor

8% (PHE)

Assistant Professor

B (fHE)



Nanomedicine Research Division

EHEEREHREM
Kazuaki Chayama Professor
AL —#® iz (ML)
Michihiro Hide Professor
75 8 iz (ML)
Hiroki Nikawa Associate Director and Professor
T A B2 &, s (0HMT)
Koichi Kato Professor
Ik Hh— #Hiz (HL)
Kazuhiro Tsuga Professor
HE —l #z (IHL)
Yuhki Yanase Assistant Professor
PR e Bh# (PFHT)

Nanotechnology Platform

FIF9I/AS—F SR TA— L

Shin-Ichiro Kuroki Professor

B fh—RR Hif%

Tetsuo Tabei Associate Professor (Special Appointment)
HEH R FREHEHR

Visiting Professor

FRHR
Shin Yokoyama Visiting Professor
ML BT w R AR
Yuji Miyahara Visiting Professor
HIE B w BB
Takashi Ito Visiting Professor

OhiE Fw] wREAR



Hiroshi Ohki
KAR 1

Seiichi Miyazaki
EWE

Ryo Miyake

L
—F s

Shigeto Yoshida

Visiting Professor

B AR

Visiting Professor

w R

Visiting Professor

"B

Visiting Professor

Tadashi Sato
g H

Tatsuya Meguro
HAE =

Azhari Afreen
TANY TIY—

Guan Jungang
B PR

Lia Aprilia
Shinji Yamada
=R

Kazushi Okada
il Fod&

A % B %
Koichi Ito Visiting Professor
g ~n— =BG
Takeshi Tanaka Visiting Professor
S AATE wRHI
Katia Zheleva Vutora Visiting Professor

wRHI
Hideki Murakami Visiting Associate Professor
kb Fhet BRI

Researchers

5 A

Researcher, Nanotechnology Platform
FTITo a7 Ty N7 +— MR

Researcher

iiA=!

Researcher

=]

Researcher

iiA=!

Researcher

i

Research Associate

BT BT R

Research Associate

BT B R



Advisory Board

B

Masataka Hirose

B

Visiting Staff

Professor Emeritus, Hiroshima University

JE By R0 0%

EBRAYD

Hirofumi Fukumoto

A g

Tomonori Maeda
BT FnfE

Seiji Ishikawa
Al iR

Hiroshi Sezaki
WA F

Hirofumi Tanaka
B {#C

Jun Kamata

B

Yasuhisa Kayaba
75 vl

Takeshi Kumaki

Kenji Sakamoto
WA ER

Akihiro Toya
PA AT

Hiromasa Watanabe

e 175

Atsushi lwata
HH B

Visiting Scientist, Asahi Kasei Corporation

wEMER, BALRK(ER)

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

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

Visiting Scientist, Phenitec Semiconductor Corporation
FEMER, 7x2=TvrvImrH 72 —(KK)

Visiting Scientist, Mitsui Chemicals Incorporated
wEMTER, =T (HR)

Visiting Scientist, Mitsui Chemicals Incorporated

wEMIER, ZHEF(ER)

Visiting Scientist, Mitsui Chemicals Incorporated
HwEWER, ZHEF(RR)

Visiting Scientist, Department of VLSI System Design, College of Science
& Enginnering, Ritsumeikan University
REMUR, Smfi KPR L E T ERT VA58

Visiting Scientist, Center for Microelectronic System, Kyusyu Institute of
Technology
FEMIER, TUNTERF~A7nfbis G Bl 2 —

Visiting Scientist, Kure National College of Technology
FwEMTER, RTEEHMFE

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEMIEE, v —7 ¥ B YETTTEGRR)

Visiting Scientist, Sharp Corporation
®EMER, (R)~AT — LT



Yositaka Murasaka
R R

Takafumi Ohmoto

KA HX

Toshifumi Imamura
AR 3L

Tomoaki Maeda
AT 5%

Masahiro Ono
INEF R

Yoshihiro Masui

THF =i

Kazuyoshi Nishino
[EESEIIE

Hang Song
E

Supporting Staff

Visiting Scientist, Sharp Corporation
®BMEE, (BR)=AT — T

Visiting Scientist, Sharp Corporation
KEMEE, (BR)=AT —VTv7

Visiting Scientist, Sharp Corporation
KEMEE, (BR)=AT —V T

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

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

Visiting Scientist, Hiroshima Institute of Technology
wEMER, KB TERY

Visiting Scientist, Shimadzu Corporation

HRMIER, () R H R ERT

Visiting Scientist
wEMIER

XiEXE YD

Naoko Matsuoka
FARE 1EF

Masahide Sasaki
ere RS
Eiji Ueda
FEH 7R

Chiaki Ashihara
= e

Naoko Nakatani
R HF
Junko Hinohara
Bl T

lzuko Kushida
HH 1

Finance Affairs

B

General Affairs
HOHS Y

Office Assistant
LS Y il =]

Office Assistant
LS Y i =]

Office Assistant
FHEMER

Office Assistant
FHEMER

Office Assistant
FHEMER



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

FIERAR N A REBEFRFEEEELEE

Seiichiro Higashi
BOIE R

Shin-Ichiro Kuroki
R fh—RR

Hiroki Nikawa
I}

Masakazu Iwasaka
=W IEFN

Akinobu Teramoto
SEAR EA

Yutaka Kadoya
AR g

Minoru Fujishima
RS

Yositake Takane
iR ER
Toshikazu Ekino
Wi fo—
Yoshihiro Kuroiwa
-V~
Toshio Tsuji

it ek
Yoshihiro Sanbongi
=R B
Michihiro Hide

7 JEIL

Koichi Kato
g H—

Anri Nakajima
s 2P

Tetsushi Koide
AN RIS i

Director and Professor

WFFEATR - 2%

Associate Director and
Professor

RIATZERT & - %

Associate Director and
Professor

RIBFFERT & - 8%

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

Hiz

Professor

Hfz

Associate Professor

eI

Associate Professor

eI

Graduate School of Advanced Sciences of Matter
Seim B R e R

RNBS

FIFIAA A BRI

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

RNBS
F T RA RS AR E RS

RNBS

T T A A A AR T

Graduate School of Advanced Sciences of Matter
S E B e R

Graduate School of Advanced Sciences of Matter
SeaE Bt ge ek

Graduate School of Advanced Sciences of Matter
SeiaE R et

Graduate School of Integrated Arts and Sciences
W EFET IR

Graduate School of Science
it i

Institute of Engineering
TR

Graduate School of Biosphere Sciences
W ERL AT SRR

Graduate School of Biomedical Sciences
% b SRR A2 R (2)

Graduate School of Biomedical Sciences
%= B BEOR R AR R ()

RNBS

F VT A A A AR ST

RNBS
F TSRS AA RO R 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=
THAR, F I EFT AR GERET SAA F )T NARET VT BRI B ISR 28217 Td, T/

SRR AT P I DI ZED F700 D OB E AR T 5,

TSRFvY LEOTA—TA 55—k
MOSFET AE!) &
Memory Operation of Floating Gate

MOSFETSs on Plastic Substrate

v R R BFE(HHE)

1 Prof. Seiichiro Higashi
IKOA=AA AT HFIHLT SOl v EOHEAE MYz
J@% 7" ZAF 7 (PET) FARIZHA G 2484712 BT, PET
FKH DO YPAHEUE LHAERTENIC LT 99.97% DT
FOEZERL, 855 LT Var f@a T /L L L7z MOSFET
HIEHRIZNI 7 —T 4 77 —NMAE AL, 130°CORIRTT
NAZNET o 2 HEEEL | ARVENMEICHRIIL T,

A high transfer yield of 99.97% has been achieved by meniscus
force mediated layer transfer of SOI to plastic (PET) substrate
based on improved surface cleaning and wettability control. By
introducing Ni floating gate layer into gate dielectric of
MOSFET, clear memory operation of the device fabricated at
130°C on PET has been observed.

Id-Vg characteristics of FGMOSFET on PET
1e-5 T
: : : T

]

— 242V
E — 4~+4V
te7 | —6~+6V

F
£
1e-9
F
N-channel ~

Va=0.1V |
WiL=1pm/4pm

r

Drain Current [A]

1e-11 3

15pm on PET |-
M

[

1e-13 §

E 4 0 1 2
Gate Voltage [V]

PET #4k LT 130°CF A CERIL =70 —TF 0
74—k MOSFET @ 1~V 8. 7 —MEERS L
LB AE VN EA R LT

1:-Vy characteristics of floating gate MOSFET
fabricated at 130°C on PET. Clear memory operation
during the gate voltage sweep is observed.

TS5ARTOERFDOI)aAVHINEE
D FEFE AR TE

Precise Non-contact Measurement of Silicon

Wafer Temperature during Plasma Processing

R ® FER(HHE)
Prof. Seiichiro Higashi

RRERTTA <2 =y (TP)) A RO Ya 7 2 iR
JEo AR A FEREAR TREE I E 927212 BOE 4R (TOC)
DFEEHIE 36 K ONE MBS ATE 7 L O — ik oefb a2
7otz BVEXH(TC) LD HHEH G JUFDREHI /3 fF T+ 2°CLL
T O CIRERIE T RE ThHZ ENHLINI 8Tz,

Temperature distribution inside silicon wafer during rapid plasma
processing has been precisely observed by a Optical Interference
Contactless Thermometer (OICT). Improvements in thermo-optic
coefficient (TOC) and three-dimensional heat diffusion and optical
simulation model achieved +/-2°C accuracy on the basis of
comparison with thermos couple (TC) measurements.

—— Surface

450 — 100 pm —
200 um
= 300 pm
400 400 pm

—— Backside

350

Temperature (K)

| ] |
0.112 0114 0116 0118 0.120
Time (s)

0 5 10 15

RRUEBT T A<V =y (TP]) B SR ELB h D)=
YT AERRE ORI AL (1) & 7= RO =Kot
IS (F)

Transient temperature variation inside silicon wafer during
atmospheric pressure thermal plasma jet (TPJ) irradiation and
three-dimensional temperature distribution.




D)V Hh—N\AFBRREILIMA=SX
Silicon Carbide Harsh Environment
Electronics

Big BEARH—ER
Prof. Shin-Ichiro Kuroki

AL T —3A R (SIC)H 8 A A I T A R EBR 45 T S8
[ 3% DB FEAHESD TN D, MR, T &R L OB FE %
D | FERBIBAL DI TEZ D TD, ABFFEITAY
= — 7V FNr LRERSE, R, PRI B L O ==
Ty eI 72 —FR)EDOILFERFFEEL THED T D,
ARRIT Jpn. Jour. Appl. Phys. G672 & CH#iS T,

Research on SiC harsh environment electronics has been
carried out. 4H-SiC Trench nMOSFETSs with low parasitic
capacitance were suggested and demonstrated. By this
structure, short-channel effects are suppressed. This research
is carried out under the collaboration with KTH Royal
Institute of Technology, Sweden, QST, AIST and Phenitec
Semiconductor Co. Ltd., Japan.

4H-SIC 1 BT 7 Al
4H-SiC Single-Stage Amplifier Circuits.

SiC FE (KL SOl HEiRIZLD
Mt IR atHE A A— o Y DR

SiC Radiation-Hardened Image Sensors

B EARMHE—ER
Prof. Shin-Ichiro Kuroki

AL T — AR (SIC) & Iz U A A— P
Y OWFFEEED T, 320 SiIC MOSFETs &1-20) Si 7+h
FAF =Rz 1 HFEEL TS, HIE SEHEINSEL720
T, TS AEIE DR D TN D, ARBFFEITPERRAIT,
BRI L OIEFBFTEL L THED TS,

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 MBI MANA TV Wi T /34 2
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

SE%OTTIROVH Ll BIEZ, 74 M A4 —Fb
SiC TYERIL7=7/L SiC UV ($E4M) A A= a4
R, FIF7EEED TWD, 3 MGy UL ED T ~H R
LB AT RE TH DI LA IR LT, AWFSEITERF, &
TIPS L DAL RIAFZEL L THED TUVD,

Full SiC pixel devices for a radiation hardened UV image
sensors had been demonstrated. These results were reported
at ICSCRM2019. This research has been carried out under
the collaboration with AIST and QST, Japan.

TV 4H-SIC UV 7B F S8 A (1 BT /3 )
Full 4H-SiC pixel device for Rad-Hardened UV image
sensor.




4H-SiC MOSFETs ~MD A >V #RIBS R
Gamma-Ray Exposure Effects on 4H-SiC
MOSFETs

Big BEARH—ER
Prof. Shin-Ichiro Kuroki

AL H—3AK (SIC)MOSFETs O 5@ @) 1) |-
Hefff e LT MOS A~ BaO #EADIFIEEED -,
MOS St TP Ba U —MEiEZ 2D X FHIESEICLY
B S i L7z, KA & IX Materials Science in
Semiconductor Processing 872 1ZHBE SN~ ZDOAFSE
X7 =7y rvIar 7% —%t, SPring8 72X LD H[FEIHE
L THD,

BaO thin films are introduced to 4H-SiC MOS interface for
enhancing carrier mobility. The crystallinity of Ba silicate
was discussed with the results of 2D XRD. This research has
been carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., and SPring8, Japan.

=

Amorphous [EEEEIYY keV-\"‘\»\,\‘ e
silicate $i0, 0-30 nm __ |77
Ba0, 3-8nm —». . A

n-type 4H-SiC

Amorphous Ba;SisOy3 Ba;Sis043
silicate —_—

30

q; (nm™')

20

g (nm"')
0 10 20 30 40 50 O 10 20 30 40 50 0 10 20 30 40 50

SiO, thickness (nm)

Amorphous BasSig0,,  BasSisOy
silicate

o
q; (nm™')

- 5
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Gy (NM7) Gy (Nm') Gy (Nm')

3 6 8
BaO, thickness (nm)

Ba ¥/l 4H-SiC MOS ##3& TO Ba U7 — Ml el s iR
Crystallinity of Ba silicate in 4H-SiC MOS structure.

4H-SIC L DA —3Iv/EBEBDERIEHE
R A
High-Temperature Reliability of Ni/Nb

Ohmic Matals on 4H-SiC

iR EXRH—HS
Prof. Shin-Ichiro Kuroki

AH-SIC E A —o 7RO B lAE FE R A 8 C
WET, FRIZ CF0y 7T A MBI L AE FEME M BN
IREBMEI LU FE LT, 2D Jpn. Jour. Appl. Phys.
RETHRERLELL, KM RITT7 =Ty EIar ¥4
—*t, SPring8, HALKF72E LOILFIFIE THD,

400°C High temperature reliability of ohmic contacts on
4H-SiC at has been investigated. CF4:Ozplasma treatment
has been applied for enhancing the reliability. The results
were reported at Jpn. Jour. Appl. Phys. This research has
been carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., SPring8, and Tohoku University.

250nm (¢) 250 nm
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EDX images of NiNb silicide on 4H-SiC after
400°C, 100 hours aging.

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

EAR{E—ER
Prof. Shin-Ichiro Kuroki

EPERES VA RN T DA EB DD, L— R
FHZED Si(100)HEMED I AL DA e 18D TS, Si(100)3
il > 7L — VRIS S b2 R 92 &Ik LTz, 2
HOREEIT Jpn. Jour. Appl. Phys. 728 CRELEL-, A&
WF421% Hanoi National University of Education (HNUE)&
DOI[ERFZEE L THED TS,

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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Si(100) thin film formation using continuous wave laser
crystallization : EBSD mapping and 2D-XRD.




MRAM (235175 MgO FRD IS8
Reliability of MgO in MRAM

g FAEM

Prof. Akinobu Teramoto

Magnetoresistive Random Access Memory (MRAM)?D k>
FIHIRIETHD MgO DISIMEICRT 055175 T
VWWE97, Magnetic Tunnel JunctionMT)) &R 540D =
T T DR, Ty F 7 ORI ESEHZETEE
PEAR T2 MH CEDZ AL LEL,

We evaluate the reliability of MgO tunnel insulator in
Magnetoresistive Random Access Memory (MRAM). The
reliability can increase by the precise control of the metal etching
in magnetic tunnel junction (MTJ) formation.
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Process damage caused by IBE in MTJ formation.

Si REMERRDERMEICEASE

Influence of Si surfaces on SiO2 reliability

iR FAEMR

Prof. Akinobu Teramoto

WFEE VRN R D 2 FEOT = — 1 ZHWT, MOS 1
WAL, SiO; DM Z TN £ L7, WFEE 51k
WZEY, BRI, EMREMOT 7 R ANRLDE DN TE,
ZO FICIERR LT SO, IO HEME (it s . A
N2 — 7 ) (=N BN ELTZ,

We evaluate the reliability of SiO, films formed on
different Si wafers, which surfaces are different polishing
method. The differences of the reliability (Charge to
breakdown and Stress induced leakage current) and the
surface roughness in different spatial wavelength region has
been appeared for two kind of polishing methods.
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Surface images of Si wafers (left: White Light
Interferometer, right: AFM) and The reliability of
SiO; films formed on these wafers.

METIERAIE TSV I+ — L DERF
Platform for Statistical Evaluation of

Resistance

iR FAEM

Prof. Akinobu Teramoto

TUARDT ARG — % AW THRELOHE A REAT 2
17> TCWET, 1-Poly, 5-Metal ® CMOS 7'm-t&ACla
ZlEoTc%. 5 EaRE LICIRPIATHI I 5720 DG4
kT 22EC, fli G 7 mA% AWT, Hati72e 3
MHAREEZRVELT, 36 H{EDFEFIZOVWT, 1 BEAINIC
I~10M Q DIEFLZHE TEHEITRVELT,

We evaluate the statistical resistance evaluation by using
the array test circuit. The plat for circuit is constructed with
1-Poy, 5-Metal structure and the evaluate structure is formed
on top metal. As the result, the many (360000) cells can be

measured in a short time (less than 1 sec) with large dynamic
range (1~10 MQ).

— 4
3,000 Poly-Si ) 3

0.4: ! so 2
E | T | = g 1
5 00— SE e
=] et 8= -1

=3 10
Boa SE eR .,
S ®woRoy | 3 g4 WSF 3
08! BMwith Roy | © 0.01 ADiscrete |4
-600 -300 0 300 600 360 380 400

Current [pA] Resistance [Q]

T UARDRTE S — o LB R
Avrray test pattern and results of resistance measurement.




S fEARB DT A I0OE3D 1A=

3 D Microwave Imaging of Breast Cancer

iz SNAE D)

Prof. Takamaro Kikkawa

HE BT 2| e A A L AR ISR~ A 7 gL —
2 — TR L, FINIC 02 S 7 ELR
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B W R L i3 5 & TR M RE A B L 7=,

Detectability of breast tumors in excised breast tissues of
total mastectomy by IR-UWB-radar-based breast cancer
detector was investigated by comparing with pathological
images and images of dedicated breast positron emission
tomography. (IEEE  Transactions on  Biomedical
Engineering, 2019. IF: 4.424)
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Microwave imaging of breast cancer tissues. (a) Positron Emission
Tomography image. (b) Microwave 3D image. (c) Coronal plane
microwave image. (d) Transverse plane microwave image.

RAYARAA—D T RERELREE
Surface Clutter Suppression Method for
Microwave Breast Imaging

g SNLE D

Prof. Takamaro Kikkawa

HEEr~ AW E > TA A= 7T 5B
T AREREPOORAELE 2R ET DT ATV LEBR
L7z, 16 DT T TV A%F R E T 360 ERHERIH
ZEWROMBENE WAL, L2 1ERZE AL
T ANH—TC 2 R R E 7T A —RFIEER R LI,

A Two-Stage Rotational Surface Clutter Suppression
Method for Microwave Breast Imaging with Multistatic
Impulse-Radar Detector was developed.

(IEEE Transactions on Instrumentation and Measurement,
2020. IF: 3.658)
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Correlation map of rotation angle dependence for received microwave
impulse signals. Signal selection results where black dots are the
angles from selected signals. A prior constraint is introduced to
regularize the least square using L2 regularization.

CMOS A2/ LRAL—4 —&EHE[E %
CMOS Gaussian Monocycle Pulse

Transceiver for Radar Imaging

iz TNNE D)

Prof. Takamaro Kikkawa
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A single chip Gaussian monocycle pulse transceiver
CMOS-LSI for radar-based microwave imaging was
developed. The GMP transceiver module can differentiate
two phantom targets with the size of 10 mm and the spacing
of 10 mm in the near field. (IEEE Transactions on
Biomedical Circuits and Systems, 2020. IF: 4.042)

HOLTEIFAINASNAE N2 o T NTF T — 5 —i%
ZIEHE CMOS G RERRIR 2 T L/ L —F —FVa— /L.
THERFFAR—AT o TF . MR TEREIL—4 —E2—/0.

4 FEEE CMOS-LSI

Photographs of radar-based microwave imaging module using single
chip Gaussian monocycle pulse transceiver CMOS-LSI. Dipole
antenna (left). Radar module (middle). CMOS-LSI (right).
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Preparation of Materials and Surface
Contamination by Deposition of Nanoobjects

HiR BA F(HHE)

Prof. Manabu Shimada

FIHARDITAZ— KL TR E 2GR TAFI
PRSP S  GN S ERAN - SY ENE R g SRO ¥ 1/ AT SN
BIOENLOEAEMZRI T D FEEIT>TVND, T/
T A ZXE PEYE L CREMHF LSO ALK
LTV,

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.

Ag-TiO, nanocomposite particles
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One-step gas-phase method for preparing Ag-TiO, composite
porous thin film pursuing improved photocatalytic performance.

—RFREFIRY—LOKMEEYE
Photo-induced Antibacterial Activity of
Liposome-Incorporated Dyad Systems

Bz HMHEES (6HT)
Prof. Atsushi Ikeda

TR E#PE CIER 32 HUEAI OB R D= | il
BT — 77— L UBER R EAVRY — LE R
L7, T 16 1 FIEEOSSe5m Fa2 BT,

To develop the photo-induced antibacterial agents 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 photo-induced antibacterial activity.

BT/ TNAAD=-HDERIEEN
I5—LVREEEHLOAR
Fullerene-Containing Electrically Conducting

Electron Beam Resist for Organic Nanodevices

HEHR 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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Ultralow Drive Voltage Si Optical Modulator
Using Tunnel Field-Effect Transistor
EHER BREHAEXED

Assoc. Prof. Tetsuo Tabei

o FVBE RN RRT A (TFET) &R L7, K
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We study an ultralow drive voltage silicon optical
modulator using a tunnel field effect transistor (TFET).
Currently, we are proceeding with an optimization of the
structure and fabrication process of n-channel and p-channel
silicon TFETSs used as optical modulators.
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Schematic of the proposed
optical modulator.
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Drain current (Ip) vs. gate voltage (V) characteristics of fabricated n-
channel and p-channel TFET.
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Microwave Imaging

B#% RIIES D)

Assist. Prof. Tomomi Ishikawa
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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.

numerical model
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A numerical simulation of
the reconstruction (relative
permittivity distribution) by
computed tomography.
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GaN-LED D EfEE R E~DEFEIL
Heterogeneous Integration of GaN-LED

B#H mERRGE

Assist. Prof. Yoshiteru Amemiya

GaN-LED #HEKGIE T CREMENR HIES T8
W OMFIEEIT > TND, JeElEE E~DERBLEHREL
T, AEEROGE N R FIcEASE R FIZHONT,
TR R RO R I R OV CRIMI L 72,

We are studying binding technology of GAN-LED under
room temperature and atmospheric pressure. Devices were
bounded on quartz substrates and optical waveguides for
integrated optical circuits. Current-voltage characteristics
and emission spectrum have been investigated.

0 1.5
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LED $8 g0 e WA 5 1 & 76 It vl L
Optical micrograph of light emission from GaN-LED
and current-voltage characteristics.
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Band-Alignment Control by Si/SiC Hetero-

Structure

¥ TEBREA (BHE)

Assist. Prof. Hiroaki Hanafusa

LTSI OFEAERELSTREIDIEET Si BARyME+ 25
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We are studying mechanism of Si dots formation that
caused by annealing of Si/SiC hetero structure at below the
Si melting point. We also investigating low-resistive
contacts using the Si-dots/SiC structure without metal
silicidation process.

Si L SIC DATFEL LT =— LA A bE 5 B
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Scanning electron microscope images of Si
migration and dots formation in accordance with
the annealing temperature.




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.

LR AT LB FEM T, 778y MEEEESEREATD  BIESIEE SAA v A ST 2 —
A BRTTEEFRIC BT D MR AHEE L T D, 2L T, 2B DM EAR 2 VT, A O L0 3Gk AL
HlORBUSULRE A B BREICHEIS T 2R B A T2 LA 0B E BIE T, BEHEVAT LRSS
FHZB T OMIIE T v =7 N E b O DB AR5,

TINIVYIRT 1A RE BT DO
Research on Fundamental Technology

#E BE X(BHD)

Prof. Minoru Fujishima

VST T~V ETOBEERE CMOS F /31 A
DIFFEEFT> TS, 6G T 100Gbps Z 82 515 MK 4
FEH 9% 300GHz #Hi{E4 CMOS MM CTHEILT 5
e AL TWD,

We are researching ultra-high frequency CMOS devices
including millimeter wave to terahertz wave. We are

working on the realization of 300GHz band communication,  300GHz M CMOS hTo o — % V-G 5
which will enable over 100Gbps communication speed for Communication experiment with 300-GHz-band
6G, using CMOS integrated circuits. CMOS transmitter.

CNN HfZ Rt S L TRIRLE-HMEFEE
AW KN ABE RS AT LD

Development of a Colorectal Cancer Diagnosis

Convolutional SYM EAAT DRER
Neural Network —PType1: 90%
ckpEgT—smE | LB B oas: qou

WRERER

Support System Using Machine Learning with CNN
Features as Feature Extraction

HEZIE INHEELE  Assoc. Prof. Tetsushi Koide

RETIEITINIES N —T THIREL TS Bag-of-Features (BoF) (2
DLW O RS ERR AP | EEE A CNN OFERE AW
TRBLLIZ, ZHUCED, — BRI O 72D I S V7 R B e
23, SVM TR DIRBEZ A 7 3 U B 2 e L L CRI A & 228
W CED, B FIEOHIAL L AT Mb A Z B L TRHAIREE ORGEEE

1TV, Z DR IR - TG OB W TER B )50 E K MR ; . rome number : 01397

T 90% DDA AR L, o 3
The proposed method realizes the feature extraction process for diagnosis e -
support based on Bag-of-Features (BoF) proposed by our research group by

using the results of trained CNNs. It is expected that the local features CNN 5% e et HE & U C R L7 B 2278 % R VT 3 A 22 17
extracted for general object recognition can be used as effective features for FEL AT

pathology type classification by SVM. We verified the identification A Colorectal Cancer Diagnosis Support System Using Machine Learning
accuracy of the proposed method for embedded systems, and confirmed that with CNN Features as Feature Extraction.

the accuracy of the proposed method is over 90%, which is the required https://ieeexplore.ieee.org/document/8702379

performance in the medical field for non-tumor and tumor identification.
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Development of Image Processing System IP Cores
with Software/Hardware Co-Design for Medical
Applications

HEHm IEEL  Assoc. Prof. Tetsushi Koide
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JV77 Digital Signal Processing (DSP) =17 Td%, Cadence £ Cadence
Tensilica Vision P6 DSP 2 72U AT o7, ZOFER., 277 —
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MBS A ETTE, R ATE LB L TRER A 7L 508 1/30 12
BITRESIY T L2 A LALER(30 fps@100 MHz) 3FEHATHETHHI LR
L7z,

A diagnostic support system using CNN features and SVM classification
was implemented on a Cadence Tensilica Vision P6 DSP core from
Cadence, a customizable Digital Signal Processing (DSP) core, and
evaluated. As a result, by performing algorithm improvement suitable for
the core architecture, the main processing of CNN and SVM can be
executed efficiently, the number of processing cycles is reduced to 1/30
compared to before the improvement, and real-time processing (30 fps @
100 MHz) is feasible.

3. Image Processing
(CMM, Machine Learning with
Tensilica® Xtensa Vision P8
DSP on Protium S1 FPGA)

5. Display/mage and || 4. Receive continuous
classification resulis image files and
—— classification results

A=0.109106, notA= ﬂﬂ;ﬁr A A=0.016634, notA=0.983366,
| B=0.999017, C3=0.000983 S | B=0.031744, C3=0 ¢58256

HAZAYF T )V DSP AT ~DT ANIAT VAT KADFEH
Implementation of a prototype system on a customlzable DSP.
https://ieeexplore.ieee.org/document/8702379

14— LA IFrEEE SR EEDBIR R
ERRETIVICK DM E L LI E R DHE
Development of Plant Growth Estimation Technologies
Combined with Robust Field Monitors and Micro-Fluidic
Model Simulating Plant Vascular System

HEHIE IMEEL  Assoc. Prof. Tetsushi Koide
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We are going to develop an ultra-small nutrients analyzer, a
compact 3D-monitor (shape, color, etc.), and an ultra-light
environment sensor (light intensity, temperature, humidity, CO2,
etc.), which can be installed near plants. Accordingly, plant growth
estimation technologies based on micro-fluidic circuit model
simulating plant vascular system are being developed. (JST CREST
Project)
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Overview of Development of plant growth estimation technologies combined with
robust field monitors and micro-fluidic model simulating plant vascular system.
https://www.jst.go.jp/kisoken/crest/en/project/1111090/15666253.html

AY—hRED-OHDKIEDREEFTEEI
T ERBRDIE/NTA—FDFERETHE
Search and Evaluation of Trait Parameters Derived
from Images Showing Significant Changes in Rice
Growth for Smart Agriculture

HHIR IMHEEL  Assoc. Prof. Tetsushi Koide
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In order to understand how the environment around the crop and fertilizer application to
the crop affect the changes in crop traits, we are promoting the development of technology
and instruments to acquire time-series information of crop images and extract
characteristics of parameters related to trait changes from them. In order to obtain more
multidimensional growth information (leaf area, grass height, stem growth, and leaf
temperature) of paddy rice, verification experiments were conducted by constructing
multiple types of cameras in outdoor experimental plots (semi-closed paddy rice growth

experimental plots, lysimeters). A prototype of a 3D measurement system incorporating
these findings was developed. (JST CREST Project)
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Verification results in an outdoor experimental field (quasi-closed
system rice growth experimental field).
https://ieeexplore.ieee.org/document/8650285




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.
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Bioreflectors of Aquatic Animals

B BWEF
Prof. Masakazu lwasaka
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Internal triangular structure was found in guanine crystal
platelet of several species of fishes.

W72 2 DR DB CLE RS B A AT L7 5 — DD
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Internal triangular structure in guanine crystal platelet.

) ENAFOREHIE DT
Interface Technology between Silicon and
Biomolecules

1 HiR REEX(HHD)
P Prof. Akio Kuroda
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The ability to target proteins to specific sites on a Si device
while preserving their functions is necessary for the

U7 SifEAZ L R DREASTET L
development of new biosensors. We are developing a novel ﬁ%%}%&%ié;i /ii;gg);i? %%*H HETS
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.




SIO$EARTFROFEREAVINVE
ElEE~DIE A
Application of SiO2-Binding Peptides for

Protein Immobilization on Si-Based Materials

B B L (BHE)
Assist. Prof. Takeshi Ikeda

HIRANIZ T~ A27ah 7 //VIRD Si0, 2T 52T L
BstEAE Bacillus cereus &V, FHIRD SiO, fE &7 TR
ERAGF LI, KT FREHEE S FLLUTHAT5ZLT
SR FIAEE DL RIE 2 EELTEDTZD
Te IR RN A A S T S AADBHFE N AT RE L2 H &)
FFEs,

We found novel SiOz-binding peptides from a Gram-
positive bacterium Bacillus cereus, which forms a
microcapsule-like structure of SiO; in the cell. Because of its
high affinity for SiO,, this peptide should be a powerful tool
for developing Si-based 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

SRENPHRBM

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.

LRER AR TIZ, T /AT 4TI T T A AN — /77—~ =% BRET B ORE
WFEZAT - TUVD, BUETHOI TODEREERI AR I 31T DIFFED E722b D OB A KR35,

DAL AR EICETAHME

Research on Hepatitis Viruses and m

Liver Disease

Min_ —

%’ -

iR FU—F(HHD)

Prof. Kazuaki Chayama

Hﬁ‘&rﬂzvm ULt )L CHHEMFHINT AT~ 2% VW TR AL
ADHEFEERE L Z OIS BT 2851 T > CVDd, AET VA HWT,
PLHCV HTHOE T LU Z AL WIEFAER HOV (D158 17e i AL 2%
AT AN, NSBA-P32 KA HCV 728 —EdZE A HCV 1Z%f LT
IIENEAME 4528 (J General Virol 2019) | F7-#g4 D FEEFZEIZEY

HCV OEHGHRGU IO FFHIPIZIS\N T epigenetic 7218 n T REZ LA iy 2 EMFRBF ASTHR
C. 2O AV AREIC D HCV PR BRI CHERRS L, i ) B
FEREDFHIK L 72> TUBZ L (Gastroenterology 2009) & H N2 1LT-, BT AT~ R o

We are currently investigating hepatitis virus virology and developing Humna hepatocyte chimeric mouse.

treatment against these viruses using human hepatocyte chimeric mouse. In this

year, we showed that the effect of anti-hepatitis C virus (HCV) drugs are limited for a part of drug-resistant mutated HCV such as NS5A-
P32deleted HCV (J General Virol 2019). We also found that epigenetic gene alterations in human hepatocytes induced by chronic HCV
infection persists after HCV eradication by antiviral therapy and  associates with the risk of hepatocellular carcinoma development by
collaborating with Strasbourg University (Gastroenterology 2019).

ERRNIRBEFELT= in vitro MEHB LPS% e
'I‘EILIJEEWE;{:O) ks | . e e

Development of in Vitro Evaluation Technique

of Vascular Hyperpermeability by Means of L= o PHERREREOR

Impedance Sensor

#gix F EL(HHE) TPOR

Prof. Michihiro Hide (o [® [ @ H - || @ | mEnsan
AE—FREY

EHEREERTFOEE

&R MR OF v TEERRER R

ERRRY ML HLER, BN N EZRIAE (HUVEC) | R
L ﬁf LAF T BERICHE I DMk A 7 (TF) 23 ik
BiE WSS (GHE) R S A BB L PR S U T T M (LR IR T (Xa,
Assist. Prof. Yuhki Yanase lla) 2SI @M A T 2@ Ao B F v s LT

. . L., TOEE)T IVEA LT HIEIZAL )
FAFINET, AL —F R HDAAF LY ff:ﬁ(Allergy.?gZO;%Q{i1—974)o fritis "

ERIBLIC in vitro mr%@@;‘riﬁqz{ﬁ%T/V@%%%@&z We successfully developed a technique for in vitro
'Cé‘f:,; FOREFR A —H /P:Z/‘H‘%ﬂﬁﬁbf EBR  evaluation of vascular hyperpeameability in the presence
DIMENERBEIT NIRRT, ME RO ZALZY TV of human endothelial cells, TF-expressing monocytes
HALICFHAILAFDZ EDVRE T, and plasma by means of impedance sensor.




L8O20EBED/N\ITIA Y
Bacteriocin Derived from L. Rhamunosus
L8020

‘ BB I (BHE)
‘ Prof. Hiroki Nikawa
HB - B R A4 % 1.8020 FLERE O/ T YA

Kogl 121X, FLEERZT T, th R E DN LPS
EAREMALSERIER 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.

(a) IL-8/GAPDHE

IL-8@nRNARevel D
(%DfaPsalone) 0

0.2

(c)
L8020 FLEAHE ()P 37 T UA T Kogl(b)idk, HJE BB
W#H LPS 2 NEMEALSELIEN 2 B 5(c)
Kog1(b), a bacteriocin produced by L. rhamunosus L8020
(a) inactivate the LPS produced by periodontal burdens (c).

BUNYBEEERRTFREF—T
Designing a Peptide Motif for Protein
Tethering to Polymer Surfaces

BiR MEET— (BHE)
Prof. Koichi Kato

E I A=A e S | A= 7 B S AT = P
ARG HTDIENTED, Foxld, AHERE T T
BT MBI EEICHE AT FREF—T72#L.
INERE LT=2 R B e TR R R T E DO A
TERIZ DWW TRIT L 72,

Polymeric materials that tether protein molecules on the
surface have a lot of potential applications. We designed a
peptide motif that has an affinity for the surface of polymeric
materials under physiological conditions and analyzed the
interaction between proteins fused with the peptide motif and
various polymer surfaces.

Functional
protein

Tandem repeai of KL dipeptide
T KL5 peptide T

Polymer-binding
peptide motif

Basic Hydrophobic

amino acid amino acid
N - 4 4 4

\ k RS
~L>’ \ ) 1 1 1
\ Hydrophobic and | 1 1
,' electrostatic | 1 1
~- interactions 1 1 1
+ o~ 1 1 1

o] NH.
3
NH, ) L\ 2R A /
o L |
Lysine (K) Leucine (L) Polymer surface

R ENB AL D KLs <~ FRORE
Designing KL5 peptide that has an affinity for polymer
surfaces.
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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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