ANNUAL RES

—ARCH R

Vol. 9
April 2016 - March 2017

HRARBSS

FOE
WK 28 F 4 A—THK 29 F 3 B

@ 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 first center was reorganized after 10 years and The Research Center for
Nanodevices and Systems (RCNS) was established in May, 1996.

It has been 31 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, 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, 2017
Shin Yokoyama
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

anoIntegration ' Research Division

I/ SRR 2R R

6 Professors,3 Visiting Professors,3 Associate Professors,

1 Special Appointment Associate Professor,

1 Visiting Associate Professors, 1 Assistant Professors,

1 Special Appointment Assistant Professor

% 6% (FE: 2, HE: 4), TEHIS 38, H£HUR 34 (FE: 2, HitiE: D),

Executive Committee HEAERIR 14, BEARIR 14, ¥ 14 (6HD), 1F1EBH 14
BEERRS
Integrated Systems Research Division
SRR T LEFHRERM
Director 4 Professors, 4 Associate Professors, 1 Assistant Professor
mE i 4% (FEE: 1, HHF: 3), AT 44 (FE: 1, 6HF: 3), BI%k 14 (HHEF)
Molecular Bioinformation Research Division

, 93T & R SRR S B ER Y
Adviser
-Eli5] 4 Professors, 3 Visiting Professors, 1 Assistant Professor
B 44 (BT 1, BHE: 3), ERAIR 38, Bi¥ 14 (D)

Nanormsedicing Resszrern Division
AR
4 Professors, 1 Visiting Professor, 1 Associate Professor,

1 Assistant Professor

iR 4% (BHE), EEHIR 148, £8UR 14 (BHD), Bi# 14 (D)

Nanotechnology Platform

F/F70/00— TS5y TH—L1

1 Special Appointment Associate Professor

BEAZER 18

Cooperative Research Staff (Faculty Members)
MRA(2R), BEEZE-FH

Visiting Scientists (Universities, Industries)
ERUIRA (KE, &%)




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

T/ TNAR - A FRAERFHEMERE
(20165 10A 1B FF )

Nanointegration Research Division

T/ RIRHEPH AR

Takamaro Kikkawa
ELIIRA

Shin Yokoyama
R B

Seiichiro Higashi
WOE—RR

Johji Ohshita
KT #in
Kazuo Takimiya
WEE
Manabu Shimada
B

Anri Nakajima
il 7

Shin-Ichiro Kuroki
R fR—H

Shuhei Amakawa
KN A&

Tetsuo Tabei
HEH Bk

Hiroaki Hanafusa
1txE =W

Yoshiteru Amemiya
WE R

Director of RNBS and Professor
R R, #i%

Associate Director and Professor

RIBTIERT R, Ha%

Professor

#ixz (PHE)

Professor

##% (HHE)

Professor

##% (HHE)

Professor

% (HHE)

Associate Professor

HEZ%

Associate Professor

HEZ%

Associate Professor

"% (PHE)

Associate Professor (Special Appointment)
AR

Assistant Professor

Bh#k (OHE)

Assistant Professor (Special Appointment)

FriEBh#



Integrated Systems Research Division

KPS RATLHFHRERM

Hans Jirgen Mattausch ~ Professor
VAT 2 NSA N R

Minoru Fujishima Professor

R E #Hiz (HL)

Idaku Ishii Professor

VEP A i) iz (PHT)
Kazufumi Kaneda Professor

A H 3 #Hz (ML)
Tetsushi Koide Associate Professor
AN HEH T2

Tsuyoshi Yoshida Associate Professor
HH O3 ez (OHT)
Toru Tamaki Associate Professor
TR ez (OHT)
Takeshi Takaki Associate Professor
A i ez (OHT)
Tadayoshi Aoyama Assistant Professor
FIL g B2 (PFHT)

Molecular Bio-information Research Division

SFEMFRE PRI

Masakazu Iwasaka Professor
W IERN Hifz

Akio Kuroda Professor
HH =R Hiz (HL)
Takashi Yamada Professor
I P #Hiz (HL)
Seiji Kawamoto Professor

A TER Hixz (PHE)



Takeshi lkeda Assistant Professor

HUNEENS Bh#k (BHE)

Nanomedicine Research Division

EHEREHREM
Kazuaki Chayama Professor
R —& iz (ML)
Michihiro Hide Associate Director and Professor
75 EJA Bt IET R, % (0HE)
Hiroki Nikawa Professor
)N TR #z (IHL)
Koichi Kato Professor
ik Hh— iz (PHE)
Kazuhiro Tsuga Associate Professor
A il HeHE (PHT)
Yuhki Yanase Assistant Professor
PR e Bh# (PFHT)

Nanotechnology Platform

FI79/5—F59RTH— L

Tetsuo Tabei Chief and Associate Professor (Special Appointment)
HH O R FAE, FHENEEER

Visiting Professor

EFERER
Yuji Miyahara Visiting Professor
HIE B w BB
Takashi Ito Visiting Professor

g 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

A % B %
Koichi Ito Visiting Professor
g ~n— =BG
Hideki Murakami Visiting Associate Professor
kb Fhet BRI
Researchers
A

Hoang Anh Tuan

KTy TAY hyU

Tadashi Sato
e H

Yutaka Furubayashi

R

Tatsuya Meguro
HAE =

Shinji Yamada
H EH

Kazushi Okada
il H Fn&

Yuri Mizukawa

A KH

Post Doctoral Researcher

Researcher, Nanotechnology Platform
FITI I =TTy N7+ — MM E

Researcher, NEDO

"Thermal Management Materials and Technology Research Association
(TherMAT)"

NEDOW%E §

(RA B L — SO s B FEBR R 7 =7 1)

Researcher
iiA=!

Research Associate
HEMIEH BN E
Research Associate

AWM B R

Research Fellow of Japan Society for the Promotion of Science
H AR B R RIATIE B



Advisory Board

B

Masataka Hirose

B

Visiting Staff

Professor Emeritus, Hiroshima University

JE By R0 0%

BEERXSvD
Hirofumi Fukumoto

A 3L

Tomonori Maeda
BT FnfE

Seiji Ishikawa
)11 Fin

Hiroshi Sezaki
WA 7F

Toshiaki Hirota
JEH A

Hirofumi Tanaka

HI e

Shoko Ono
INEF

Yasuhisa Kayaba
e A ]

Takeshi Kumaki

Shozo Takada
mH A=

Visiting Scientist, Asahi Kasei Corporation
wBEMSEA, TBALR(ER)
(2007.12~)

Visiting Scientist, Phenitec Semiconductor Corporation
KEMEER, 7o=TyrEIas 82— (1K)
(2009.11~)

Visiting Scientist, Phenitec Semiconductor Corporation
wEMREE, 7o=TyreIarFg 82— (1K)
(2011.4~)

Visiting Scientist, Phenitec Semiconductor Corporation
®KEWMER, 7x=TyreIasy s — (1K)
(2012.7~)

Visiting Scientist, Tazmo Corporation
wENIER, #VEFK)

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

Visiting Scientist, Mitsui Chemicals Incorporated

wEWIER, LK)

Visiting Scientist, Mitsui Chemicals Incorporated
BEWER, ZHEF(R)

Visiting Scientist, Department of VLSI System Design, College of Science
& Enginnering, Ritsumeikan University
REWEE, SamfE KPR T E T EWT VA58

Visiting Scientist, Asahi Kasei E-materials Corporation
wEMIER, ERA—~T U7 VA (k)



Kenji Sakamoto
WA ER

Akihiro Toya
s IEEE
Takafumi Tanehira
FE &L

Takuo Hirano
T 5

Toshihiko Ohta
KH F=

Hiromasa Watanabe

Pk ALYy

Ataru Yamaoka

i

Tadashi Murata
FMH B

Nobuyuki Tokuda
HH Fz

Yoshinori Hiramatsu

S A

Yohei Kondo
TR TEY

Jyunichi Sunada
o

Jyunichi Somei
Redt M

Eiji Suematsu
Kir g&in

Yuichi Watarai
X K—

Atsushi lwata
HH B

Yositaka Murasaka
A R

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

FEMIER, TN TERF~A7nfbis e Bl 2 —
Visiting Scientist, Kure National College of Technology
FEWIER, R EEFH ML

Visiting Scientist, MAZDA Motor Corporation
wEWIEA, <~ X (KK)

Visiting Scientist, MAZDA Motor Corporation
wEAMTER, <Y 2 ()

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
HEWTER, vy —7 2 Y ET TEHR)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
HERTER, vy —7 2 Y ET TEHR)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEMRE, VX —7 %W VvETFTEGR

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEMRE, VX —7 %W VvETTEGRER

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEMILE, v v —7 % B YELTERR

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KERFIEE, v v —7 4 7 VT T3

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KERFIEE, v v —7 4 7 VT T %)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
BEWIGRE, v —7 4 H VBT TEGR)

Visiting Scientist, Sharp Corporation

FEMIER, vy —7(KR)

Visiting Scientist, Sharp Corporation
HEWNTER, v —7(kK)

Visiting Scientist, Sharp Corporation
HEWNTER, v —7(kK)

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

Visiting Scientist, Sharp Corporation
®BMER, (BR)=AT — Ty



Takafumi Ohmoto

KA HX

Toshifumi Imamura
SN ANES'E

Tomoaki Maeda
AT 5%

Masahiro Ono
INEF R

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

XiEX YD

Shusaku Mohri
EH FEME

Masahide Sasaki
e K e

Fumitaka Nishiyama

P SCRE

Chikahisa Machida
M BLA

Chiaki Ashihara
= e

Naoko Nakatani
NI
Akiko Sakata
WH BAF

Aimi Yamano
HLHF A

Finance Affairs
MY

General Affairs
TS Y

Technical Assistant
Heifrwiite B

Office Assistant
FHEMER

Office Assistant
LS Y i =]

Office Assistant
LS Y il =]

Office Assistant
LS Y il =]

Research Associate

e B B



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

T/ TNAR - NAFTRAERFARMEEZEREE

£

Director and Professor RNBS
WHEPT R - 2% T T ISA RS, F AR ST

Takamaro Kikkawa
HI ANE

Shin Yokoyama Associate Director and RNBS

FEIL Professor T )T IS RS A AR EFIE AT
B ZCHT R - 2%
Michihiro Hide Associate Director and Graduate School of Biomedical Sciences
75 JEA Professor %= SRR R S A 2ERE ()
R EAT R (~20164F
12H31AH) -#¥%
Hiroki Nikawa Associate Director and Graduate School of Biomedical Sciences
I} Erofessgr %= b FELR AR S FSERE ()
RIFZEPT R (201741
H1H~) -#d%
Hans Jurgen Mattausch Professor RNBS

ATV 2 NSR DNy % T )T IR A A F AR AR GE R

Masakazu Iwasaka Professor RNBS

=P IERN Bz F I TN RS F AT AR GERT

Seiichiro Higashi Professor Graduate School of Advanced Sciences of Matter
BOIE—HR B St R TR

Toshikazu Ekino Professor Graduate School of Integrated Arts and Sciences
e fe— Hix AR

Yoshihiro Kuroiwa Professor Graduate School of Science

B L #iz B 7R

Toshio Tsuji Professor Institute of Engineering

i ek Bt TERSERE

Yoshihiro Sanbongi Professor Graduate School of Biosphere Sciences

=ARK BZ Hif% AW IE B AT SRR

Hiroki Nikawa Professor Graduate School of Biomedical Sciences

TN kA Hif% [ o R R S BT ZE e (B)

Anri Nakajima
s 2P

Tetsushi Koide
ANV i

Associate Professor

eI

Associate Professor

HEZ

RNBS
ST RS AA RO TR IR

RNBS
T ITIRA RS G PR FERT



Shin-Ichiro Kuroki
R fh—RE

201648 A 1 H £F LA
Koichi Kato
ik Hh—

20164£12 H 5 A £F L0 {FAn

Yutaka Kadoya
AR &

Minoru Fujishima

i3-S

Yositake Takane
iR ER

Associate Professor

HEZ

Professor

iz

Professor

iz

Professor

iz

Professor

iz

RNBS
F TR RS FA RS

Graduate School of Biomedical Sciences
% P SRR AR S ZERE (P)

Graduate School of Advanced Sciences of Matter

Jetmy A AR

Graduate School of Advanced Sciences of Matter
SES TR IR

Graduate School of Advanced Sciences of Matter
SES 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.
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W JEERERN R SRRV AT ARVE AT AR BEER D400 B,

Nanointegration Integrated Systems
Research Division Fha—-RboH— / L P2AVE L) Research Division
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77
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Nznomeadigine Molecular
—l ) Bioinformation
Research Division
SFEMER
FEF R AR
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4.1 Nanointegration Research Division

pald itk dvEdily

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.

FOERRERIEE T, /T AR, Tak R F /AT IV —vay  FINAFRET NAAR, T =y
FRAR T )BT TSR, T NA A F )T SARET VT EREMEM B BT A 2T > TN D, T/
SEFERI A PN T DD Eeb O OB EAFE I35,

I
! Breast Cancer Detection Radar System

‘| | ANARHEL——LRT LD

)

AL 7OV ATBIN R E I A S TS A L — 2 —
AT LT NIA T 2% BT L, NA T 7 N AD L S
BT B LT, 2T XD, KREE lem OINAMRR I
HARE TH DI EMNRENTZ,

gz Sl AE

Prof. Takamaro Kikkawa

A prototype of a breast cancer detection radar system using
impulse-radio ultra-wide-band (IR-UWB) was developed. A
breast cancer phantom was detected by confocal algorithm.
It is confirmed that a 1cm-size breast cancer tissue could be
detected by this system.

(International Journal of Antenna and Propagation, 2017)

AL SNV ABWE VD ARAREL — 5 — AT DT R
AT 2

A photograph of a prototype-2 of IR-UWB-based
breast cancer detection radar system.

CMOS XA yF ¥ <) U XERE
CMOS Switching Matrix Circuits

g S BNE

Prof. Takamaro Kikkawa

BB A A A NV R A W T E 0 AR
65nmCMOS AA T2 7 < ) 7 A B a2 FHRIELT, 1
ASSHIIDF 7 2MHT 16 HDT T F T LA DRAE
OEEHIETED,

65 nm CMOS impulse-radio ultra-wide-band switching
matrix integrated circuits were designed and fabricated. 2
single-port eight-throw matrix chips can control 16 array
antennas.

(Japanese Journal of Applied Physics, 2016)

1.4 mm
b= 10} e

Ty TFTUAHIEA CMOS A1 vF 27~ K7 ARl T
DZaCA-

A photograph of CMOS single-port eight-throw
switching matrix circuit.
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Antigen-antibody reaction sensor by silicon

optical resonators

% Ml #
Prof. Shin Yokoyama

%ET%‘:Q R TEB A AP — %E Ll T,
VALV T T b= I i HRE L D3 A4
YDA T TS, FEF IR/ SRR E A
HLOX T IR T =R T b=y ZkE SR R A
YEL., AT AR R B PUR 2 SE S TR Lz,

We are studying Si ring and photonic-crystal (PhC)
optical-resonator biosensors in order to develop
affordable biosensors at home. The PhC crystal double
cavity resonators with very sharp resonance
characteristics were fabricated and Prostate Specific
Antigen (PSA) was detected in the practical sensitivity.

0.5
Si-tag+ Protein G

04 F 1 ng/mL

03 f

0.5 ng/mL

Output (nm)

02

01

2ng/mL 3 ng/m

0

Wavelength

() EAFE =LV T TT74—IZIVERILIZ Va7 b=y ik

B T N FRRE T — RGO A E T BRI TR
JRr BHTUR(PSARE H D51

(a) Scanning electron microscope image of the photonic
crystal double cavity resonator fabricated by using electron
beam lithography, and (b) resonance spectra for various

Prostate Specific Antigen (PSA) concentration.

1311.9 1312 1312.1 1312.2 1312.3 1312.4

(nm)
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RAEVE—RYIREEMEF
Spin Seebeck thermoelectric
conversion devices

iz tal #H
Prof. Shin Yokoyama

A B =y 7B RIAR, BEEAR T ICIREE AR T I AT
DAL A BRUICEMT DO T, BT OEBILD
U BB @A HRMBELBP BTSN TN, K~
X WERDOE A~ 2B — v I RE R FEE LN R
FESND BV LB — Ry MZIBW T, i FHMEHE
BICHEE THLHIEAHOTHHLE,
Spin Seebeck effect is the conversion effect of thermal spin
flow in the magnetic insulator into the electromotive force.
High conversion efficiency is expected because of no actual
flow of electrons. We have, for the first time, found that the
surface  smoothness is important in Ce1Y2FesO12
(Ce:YIG)instead of conventional Bi1Y2FesO12 (Bi:YIG).

Metal (Platinum) 8

@ Before mechanical polish
® After mechanical polish

Magnetic field

6 Bi:YIG

4
Spin current o &

AT O 2
‘ “Magnetic insulator film 0
- 700 800 900 1000 1100,
Substrate N
(a) (b) Anneal temperature ("C)
=
oN a5 8 = AT=50K M3 v
(a) AL B =7 RT O gm—
i b) T LRI 5
BOREHS, © FEZ 1 S5 B .,
ADBEEI LT =— VIBED %
Faf% 0" g0c  @0°C  1050°C

Py
()
~

(@) Structure of spin Seebeck device, (b) anneal
temperature versus surface roughness of Ce:YIG before
and after mechanical polish, and (c) electromotive force

versus anneal temperature.

Anneal temperature ('C)

NANT—BTFXIDTYMILDTE
IWWI7 AN A FER D %A AL ]
Nucleation Control in Amorphous Si by Ultra-high

Power Thermal Plasma Jet Annealing

g ® FBR(HHE)
; Prof. Seiichiro Higashi

Ar A % 18 L/min (ZHIINSEDTETRAELI A
NI = REETTAZ Y=y MRENTED TENALT 7 ALY
T DFS A S LIR AR T IS 1T DEZ AR Rl & B 9 5 B i
AL, B B REAEKEHET 22T, M
N RE =V INTORARE 1 ENCEREL , B ez
TERRFIRE ChHZ LML 5T,

Nucleation control during melting and regrowth of
amorphous silicon by ultra-high-power atmospheric pressure
thermal plasma jet has been investigated. By increasing the
cooling rate, spontaneous nucleation in undercooled molten
silicon is induced and the single nucleation event in isolated
silicon island can be controlled, which enable single-
crystalline growth in the island.

6 um X 6 um

[001]
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EBSD mapping of thermal plasma jet crystallized

silicon islands (6mmum).
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Preparation of Materials and Surface Con-
| tamination by Deposition of Nanoobjects
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\ /L 4 Prof. Manabu Shimada
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Preparation of thin-films, particles, and their composites
having useful structure and composition is being studied by
synthesizing nano-sized clusters and particulate matter
suspended in gases and depositing them in the gas phase. The
effects of surface deposition of nanoobjects as contaminants
are also being investigated.

TFIRw R —T 4 TEIC K S TERB I —R T /T 2—
TRENTER LTI, (a) B b Va @, (b) BT 2
JBE, () ERIbT V=07 LR

Thin films fabricated on the surface of multi-wall carbon
nanotubes by ‘in-flight’ coating technique in plasma. (a)
silica thin film; (b) titania thin film; (b) alumina thin film.
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Design and Synthesis of Organic
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Electronic Device Materials Based on
Group 14 Elements

% KT8 (BHE) Prof. Joji Ohshita
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Aiming at developing new materials for organic
electronic devices, organic dyes containing group 14
elements are prepared and their properties and
functionalities are investigated.
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Dithienogermole-containing polysilsesquioxane
films for sensing nitroaromatics.
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Biomolecule and ion detection based on

Si single-electron chip

HEHR HERRE

Assoc. Prof. Anri Nakajima
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Biomolecule and ion detection is performed using a Si
single-electron transistor (SET) for highly-sensitive
detection. Owing to the difficulties in room temperature
(RT) operation of SETs, there had been no reports of an
SET-based biosensor. A Si multiple-island channel-structure
is used for the SET to enable room-temperature operation.
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(d) PSA BRHIZIITSD -V ek

(@) SEM image of fabricated Si multiple dots. (b) Schematic
diagram of SET biosensor. (c) |-V characteristics for the detection
of streptavidin. (d) |-V characteristics for the detection of PSA.
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Silicon Carbide Harsh Environment
ElectronicsElectronics

EHER BRE—E
;& Assoc. Prof. Shin-Ichiro Kuroki
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Research on SiC harsh environment electronics has been
carried out. 4H-SiC nMOS inverters and pseudo-CMOQOS
inverters were fabricated and demonstrated. And the pseudo-
CMOS was operated under high-temperature up to 450°C.
This research is carried out under the collaboration with KTH
Royal Institute of Technology, Sweden, QST and Phenitec
Semiconductor Co. Ltd., Japan.

4H-SiC nMOS A 73—4
4H-SiC nMOS inverter
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Silicon Carbide Power Semiconductor

Devices
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Assoc. Prof. Shin-Ichiro Kuroki
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1kV SiC power devices had been developed and research on
ohmic contact between silicide and SiC, which was critical
element for low resistance, was carried out. This research has
been carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., and Sumitomo Heavy Industries Ltd,
Japan.

deg.

Ti 75 nm/SiC
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Low-resistance Ti-Si-C electrodes on 4H-SiC
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Heat Transfer Module for Automobiles
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Assoc. Prof. Shin-Ichiro Kuroki
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Heat transfer device with 3-D integration of 4H-SiC-based
Schottky barrier diodes and Si-based film Peltier device,
separated by intrinsic SiC layer, was realized by using
conventional Si-based process flow. This research is carried
out under TherMAT in New Energy and Industrial
Technology Development Organization (NEDO) of Japan.
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Schematic of an apparatus for thermoelectric effects
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Multi-Line Beams CLC and Poly-Si TFTs

EHER BRE—

Assoc. Prof. Shin-Ichiro Kuroki
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Poly-Si thin films with (100) crystal grains were
successfully fabricated by continuous-wave laser lateral
crystallization with double-line beam, and its high-
performance TFT with electron mobility of 1010 cm?/Vs was
also demonstrated.
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EBSD mapping of poly-Si TFT’s channel region
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Ultralow drive voltage Si optical modulator

using tunnel field-effect transistor

HEHIR BEFEREHD)

Assoc. Prof. Tetsuo Tabei
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We study a Mach-Zehnder type silicon optical modulator
driven by an extremely low voltage using a band-to-band
tunneling field effect transistor that can switch at low
voltage as a phase shifter.
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Schematic of top and cross-sectional structure of the proposed
optical modulator.
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Multiple-item detection optical
biosensor
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Assist. Prof. Yoshiteru Amemiya
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For a development of multiple-item detection biosensor
chips, we study the fabrication of arrayed optical biosensors
using silicon photonics technology and small-size Micro-
Electro-Mechanical-Systems (MEMS) valves with low-
voltage operation.

3-way 2-way
micro-valve micro-valves

Specimen or
buffer solution

Arrayed optical @ Mounting
biosensors

e
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TUALLT N ALY —D SEM £

Schematic of the proposed multiple-item detection
optical biosensor chip and SEM image of arrayed
optical biosensors.




4.2 Integrated Systems Research Division
SRV ATLEFPHRARM

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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Functional Memories and their
Application

Control unit Column Decoder KNN without
KNN unit

Clock tree
-~ Reconfigurable
Associative Memory

(32-row, 8-comp, 8-bit)

HiZ TAY A N\URAILTY

d[l,h Prof. Hans Jirgen Mattausch

S
Q
S
o
(&)
D
e
=
o
o

EERR BN OBIRIE B E 257 VX E AR
FIMMEEDT TV r—ar B TEH N THEE
AT LORFGERE 3,

Research and development on high-speed-searching ~ #&SHUE KNNZZ2 77 A7 BUE WREIESINER L O =270
APL — VAN — R Z T TR i O FEAR AT

digital associative ‘memory with ultra-low power Highly flexible nearest-neighbor-search associative memory
consumption and on artificial intelligence systems with with integrated KNN classifier, configurable parallelism and

capability to implement any arbitrary application. dual-Storage Space

TINIVIRT INA RE BRI DA
Study on Fundamental Technologies for
Terahertz-Wave Devices
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Prof. Minoru Fujishima
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We are studying ultra-high-frequency CMOS devices |
covering millimeter-wave to terahertz band. Current interests
are CMOS devices for 79GHz-band automotive radars and
300GHz-band transceivers enabling near-fiber-optic speed
wireless link.

105Gbps 300GHz # CMOS 2415 #80D FHi
Experiment of 105 Gbps 300 GHz band CMOS transmitter.
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Development of a Real-time Colorectal Tumor
Classification System for Narrow-band Imaging
zoom-video-endoscopy

H%E IHEEL  Assoc. Prof. Tetsushi Koide
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Colorectal endoscopy is important for the early detection and treatment of
colorectal cancer and is used worldwide. A computer-aided diagnosis (CAD)
system that provides an objective measure to endoscopists during colorectal
endoscopic examinations would be of great value. Our system captures the
video stream from an endoscopic system and transfers it to a desktop
computer. The captured video stream is then classified by a pretrained
classifier and the results are displayed on a monitor. The experimental results
show that our developed system works efficiently in actual endoscopic
examinations and is medically significant.
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Overview of the Development of a Real-time Colorectal Tumor
Classification System for Narrow-band Imaging zoom-video-endoscopy.
https://arxiv.org/abs/1612.05000v2.
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Development of Stable Endoscopic Video-frame
Recognition in Real-Time Computer-aided Diagnosis
for Narrow-Band imaging of Magnifying Colonoscopy

HEHIE IMEEL  Assoc. Prof. Tetsushi Koide
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A real-time diagnosis support of endoscope video is indispensable.
Therefore, in order to apply our real-time computer-aided diagnosis
(CAD) support system to the videos, by using the posterior
probability output in each frame as the likelihood of the particle
filter. We proposed a method to smooth time series data and
confirmed that stable recognition results are obtained by
experiments using actual video data.

Time series labeling
of endoscope video
images
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Example of a Stable Endoscopic Video-frame Recognition.
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Transfer Learning for Endoscopic Image
Classification
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Assoc. Prof. Tetsushi Koide
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Recent advances in colonoscopy are remarkable, and performance of the latest
endoscope and old generation endoscope is improved such as field of view, brightness,
contrast, etc. Such an update requires a high cost for updating the computer-aided
diagnosis (CAD) system because it requires re-collection of the learning image
database for a computer diagnosis support system based on machine learning. In this
research, we proposed a method to reduce the cost of building the latest endoscopic
learning image database by reusing the learning image database used in the old
generation endoscope using the framework of metastasis learning.

Related two images

New endospy

Transform features

The Idea of transfer learning in our study.
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A Concept of Transfer Learning for Endoscopic Image Classification.

An example of appearance difference of different endoscope systems. (a) An
image taken by an older system (video system center: Olympus EVIS
LUCERA CV-260, endoscopy: Olympus OLYMPUS EVIS LUCERA CF-
H260AZL/I). (b) An image of the same scene taken by an newer system
(video system center: Olympus EVIS LUCERA ELITE CV-290, endoscope:
OLYMPUS EVIS LUCERA ELITE CF-HQ290ZL/I).
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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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(JST CREST Project)

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
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4.3 Molecular Bioinformation Research Division
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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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Exploring new magnetically responsible
Bio-reflectors
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AR 2 BART A S DT 7R D A A IAT
AV ADBRIFDT | MEE D OREQS—Y DBEUEE |
DFGEELED T2, ST 72777 ORROMIERD  jlumination
e T ESR A G LT, ANk 2 2 /7 LRICH Sy
DI 2 AR L 7=,

A new biomimicry for light control in living system was

explored. Magnetic responses in structural colors of living Co_ntfol. 5 Tesla
creatures in sea were investigated. In this year, we developed (ambient field)

a in-situ observa}tior] _system under m_agneti_c field_ for the IS E ORI BT ARG B OB
structural colors in cilia plate of comb jelly fish which has a Structural color in cilia plate of comb-jelly.

same protein with cytoskeleton.
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Interface technology between silicon and
{ biomolecules
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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 .
. ; VEBLLT= Si kA& OB DR AET VK
g(_e\ge_lodpment Otf _ne\t/)v blosgnsor_s. We ar(te Qe\t/elé)_plr:g a no_vel B L 77 B 28 Si 2 LA TR
i-binding protein by engineering a protein to display amino Molecular model of the Si-binding protein.

acids with affinity for Si on the flat surface.
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Application of Si-binding peptides for protein

immobilization on Si materials

Bi# A X (6HE)
Assist. Prof. Takeshi lkeda
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We found a novel Si-binding peptide of 14 amino acids
from a soil bacterium Bacillus cereus, which accumulates
SiO; in the cell. Because of its small size and high affinity
for Si, this peptide should be a powerful tool for developing
Si-based biodevices.

$-5200 3.0kV x50.0k

B. cereus MU LIZ#IR SiO, #1& R0 SEM 4
SEM image of a shell-shaped SiO: structure isolated
from B. cereus.




4.4 Nanomedicine Research Division
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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.
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Research on hepatitis viruses and liver
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We are currently investigating hepatitis B and C viruses s
virology and developing treatment against these viruses using
human hepatocyte chimeric mouse, which enables us to EMIFHIIAS AT~ %
perform reverse genetics of hepatitis viruses. Humna hepatocyte chimeric mouse
We are also analyzing SNPs and cancer genomes associated
with viral hepatitis.
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We developed a technique to monitor the permeability of (a) 4’*/5—5"“/7;?‘/#z:ctéiéi@‘r_iéqf{ﬂﬁ?i‘:@ﬁ}i&\
vascular endothelial cells cultured on the electrode of (b) EAXI DMETBBIE~DEFHT 7
impedance sensor. We could evaluated the effect of (a) Principle of real-time permeability analysis by

impedance sensor. (b) Effect of histamine on the

molecules, such as histamine, on the change of vascular b
change of vascular permeability.

permeability.
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Bacteriocin derived from L. rhamunosus
L8020

8% ZiER (BHE)
Prof. Hiroki Nikawa
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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-8EnRNARevel D
(%> fLPSt@lone) 0

(c)
L8020 FLEEH () D7 T VAT Kogl(b)iZ, HiJE i B 0
WHH LPS 2 NEHELSEDIER A 2(c)
Kogl(b), a bacteriocin produced by L. rhamunosus L8020
(a) inactivate the LPS produced by periodontal burdens (c).
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Cell culture platforms for analyzing
epithelial-mesenchymal interactions
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Prof. Koichi Kato
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A microfabrication method has been utilized to establish co-
culture of epithelial and mesenchymal cells in a spatially-
controlled manner on a single substrate. This co-culture
system is used to duplicate in vitro an early step toward tooth
development.
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The formation of cell aggregates observed at the epithelial-
mesenchymal border (dotted line) seem to mimic the
“condensation” process seen in tooth development.




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,
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Entrance

Changing

room Changing
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West Building since 1988 East Building since 1998

Plan view of clean rooms in west and east buildings. The total clean room area measures 830 m2. Chemical
filters are set in the east clean room to avoid hazardous gases.
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Super clean room in west building. Super clean room in east building.
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5.2 Equipment for advanced devices and LSI fabrication

SR T INA AR UVLSHERE D T-8 DX

5.2.1 Lithography
VT 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

¥ p———

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

VAIVRAREICHEE (/AT LY a—ar

A D-light DL-1000) Resolution 1um
[ 3 are |

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

NikonNSH
v

o

Photoresist patterns by D-light DL-1000.
D-light DL-1000iZ& AL VAR NE—



5.2.2 Dry etching

FSATYFT
€ ICP (Inductively Coupled Plasma) etcher for Si € ECR (Electron Cyclotron Resonance) etchers for Si
(YOUTEC) (KOBELCO)
SIFIICP (B A7 IX~) =y F o /4 E SIHECR (FE A rmbr dtig) oy F o 7 4E

(z—=F>7) Clz, HBr, N, Oz 1 I AT E (P 5LEH)  Cly, BCls, HBr, Na, O fif ] wTRE

@ Si deep etching system @ ICP etcher for highly selective etching of SiO»
(Sumitomo Precision Products) (AYUMI INDUSTRY)
SR =y F o 7 4 SiOFHICP—y F 7 4k
(FEACKE# L2E) CuFs, SFe, Ar fiH] WTHE (7=3I1L3) CF4, Hy, Oy, Ar M W] HE
A ——— . P |

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

(P FHIGR) CFq, Ha, Oy i AT HE

\I




@ ICP etcher for Al € Magnetron RIE system for Al

(YOUTEC) (KOBELCO)
ARICP= T 7k & Alffl~7 % a RIEREE
(—Fv7) Cly, BCls, Ny i f 7 RE (% P 8UEH) Cly, BCls, N2 ffi T 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
(P BL5H)  CFa, N2, O fifi F AT RE (PR LEH) Na, O fifi FH W] HE

Ty F U T HEE AT T AR R R FRAL  HETBUF 2 v U 7 ik IR 5

During maintenance of dry etcher Wafer loading into furnace



5.2.3 Oxidation, annealing, and doping

BRib. 7=—IL . FHWEA

€ Oxidation and diffusion furnaces
(Tokyo Electron)
Al - A
(=L Zhr) Max. Temp. 1150°C

@ RTA (Rapid Thermal Annealing) system
(Samco HT-1000)
R BB LE
(Y2 = HT-1000) Max. Temp. raise rate 200°C/s

Il 7

4 Annealing furnaces for general purpose
(Koyo Thermo System)

LA BALEREEE H,, N,, O,, Low Pressure
CtEEY—F v 27 L) Max. Temp.

1000°C

€ lon implanter
(ULVAC)

A AENZEEE Max 200 keV
(T3v7) B, As, P EEAAHE

@ Phosphorus diffusion furnaces
(SHINKO SEIKI)

U AL

(Fh kS 1) Max. Temp.  900°C

R R
Training of oxidation



5.2.4 Dielectric film deposition and epitaxial growth

HREER - 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) I (RO =L 7hmy) (RBEBUERT)  PRIOBR—7HHE

SiOy, SiN, poly-SiHEfE il #E

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)
SATSARIN 7T X~ CVDEEE (T /1737) IS TR AT v Lk

SiN, Si0;, 7E/L 7 7 ASi HEFE AT HE (=A=—) GaAs ZHEFE il HE
e = LT3  p— : : N e

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

JR 1 JBCVDIF
(r—=EHT)

SiN HERE I HE
| ‘

WIECVDY =~k v T 4 v VR

Wafer setting to atmospheric CVD reactor



5.2.5 Metal deposition
TRERHER

€ Sputtering machine for metal interconnects for Al,
Ti, TiN (EIKO)
BBREARAA R Z) T E ()
Al, Ti, TIN HEFE T RE

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

& JBIEFRIE A S B THEE (T L 307)
BiSITIOZEHERE Al HE

4 Vacuum evaporation system for

* Electron beam 4 Sputtering system for
evaporation system for many general purpose for variety variety of metals (Donated:
kinds of metals (EIKO) materials (EIKO) RICOH)

B — LR EE WA Sy 4G E FLZE TR R

(=A =—) SRR (mA=—) IR BIHERR

e/ /.

5.2.6 Others
ZDith

€ Surface-activated bonding system (EIKO)

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

~=a T T N — | C LA BRI E

Measuring electrical properties using manual prober



5.3 Characterization and diagnostics equipment

S - ATk 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




€ 200-kV field emission-transmission electron € Field emission scanning electron microscope
microscopy (FE-TEM) (Hitachi HF-2100) (FE-SEM) (Hitachi S4700)

ot E - PR
(H 2 HF-2100) Lattice resolution 0.102nm

S R A A - R R
(A 57 S4700) Resolution 1.5nm

€ Focused ion (Ga) beam (FIB) system
(Hitachi FB-2000)

A (Ga)e — LN AL
(H 7. FB-2000) Min. beam diameter 10nm

and € Semi-automatic wafer prober
(Vector Semiconductor AX-2000)

BIf—h T m—N—
(7L —1E3I32-AX-2000)

~” A By

€ Manual wafer prober (Vector Semiconductor)

semiconductor parameter analyzer (Keithley)
VAT TR N (R — IR
NIRRT AL =T F TP —(r—AL—)




5.4 VLSI CAD environment

VLSIZ& &t FHCADIR 1%

5.4.1 Hardware
N—FHz7

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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