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Preface

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

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

It has been 32 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, 2018
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

Executive Committee

HEERS

Nanointegration /Research Division

A it

4 Professors, 1 Special Appointment Professor, 3 Visiting Professors,
3 Associate Professors,1 Special Appointment Associate Professor,
1 Visiting Associate Professor, 2 Assistant Professors,

1 Special Appointment Assistant Professor

Bi% 4% (FE: 1, HE: 3), HEHUR 14, BEHIR 34,

EHUR 3% (FE: 2, §HE: 1), HEARR 14, TEAZR 14,

B 24 (BHE), 15BN 14

Integrated Systems Research Division

SRR T LR FRAZRERR

4 Professors, 2 Visiting Professors, 4 Associate Professors,
1 Assistant Professor

Director
[iF=3
Adviser
] i)

iR 4% (FE: 1, 6HF: 3), TERIR 24, £ 48 (F4F: 1, ##E: 3),
B 14 (HHE)

Molecular Bioinformation Research Division

S F & e R F IR AR

3 Professors, 4 Visiting Professors, 1 Assistant Professor
Bz 3% (FE: 1, 6HE: 2), BEHIR 448, BI% 14 (6HD)

Nzanomeacdicing Rasszren Division
S B

5 Professors, 1 Assistant Professor
3% 54 (D), B3 14 (BHD)

Nanotechnology Platform
F/TO/A0—ToYhTA— L

1 Special Appointment Associate Professor

FHEAERIR 14

Cooperative Research Staff (Faculty Members)

HERE (FR) . BEEPER-FH

Visiting Scientists (Universities, Industries)

FAMRA (hXZ, £F)




Staff of Research Institute for Nanodevice and Bio Systems

(RNBS)

T/ TNAR - A FARAEHRFHEMERE
(201712 1B K R)

Nanointegration Research Division

T/ RIRHEPHRARRT

Shin Yokoyama
B BT

Takamaro Kikkawa
HI A

Seiichiro Higashi
WOE—RR
Atsushi Ikeda
U IS
Manabu Shimada
BH

Anri Nakajima
hiE 7B

Shin-Ichiro Kuroki
R fR—H

Shuhei Amakawa
RKIN AEN-

Tetsuo Tabei
HEH Bk

Hiroaki Hanafusa
1tHmE 72

Yuri Mizukawa

A KH

Yoshiteru Amemiya
WE R

Director of RNBS and Professor
R R, #i%

Professor (Special Appointment)

FriE2d%

Associate Director and Professor

RIBFIERT R, Ba% (PHE)

Professor

##% (HHE)

Professor

##% (HHE)

Associate Professor

e

Associate Professor

HEZ%

Associate Professor

HEZ% (PHE)

Associate Professor (Special Appointment)
AR

Assistant Professor

B (PHE)

Assistant Professor

Bh#k (OHE)

Assistant Professor (Special Appointment)

FriEBh#



Integrated Systems Research Division

KPS RATLHFHRERM

Hans Jirgen Mattausch
CHETY 2 NSA VT

Minoru Fujishima
R E

Idaku Ishii
ZEE V)

Kazufumi Kaneda
A H 3

Tetsushi Koide
NI i

Tsuyoshi Yoshida
HH 3K

Toru Tamaki
TR

Takeshi Takaki
A i

Molecular Bio-information Research Division

Professor

Hfx

Professor

#Hixz (PHE)

Professor

P (PHE)

Professor

##% (HHE)

Associate Professor

e

Associate Professor

e (PHE)

Associate Professor

HEZd% (PHE)

Associate Professor

HEZd% (PHE)

SFEMFRE PRI

Masakazu Iwasaka
W IERN

Akio Kuroda
BHE =k

Seiji Kawamoto
A TER

Takeshi Ikeda
HLFH S

Professor

Hix

Professor

#f% (HHE)

Professor

#d% (PHE)

Assistant Professor

B (PHE)



Nanomedicine Research Division

EHEEREHREM

Kazuaki Chayama Professor

AL —#® iz (ML)

Michihiro Hide Professor

75 8 iz (ML)

Hiroki Nikawa Associate Director and Professor
I s B2 &, # (PHMT)
Koichi Kato Professor

ik Hh— #z (IHL)

Kazuhiro Tsuga Professor

HE —l #z (IHL)

Yuhki Yanase
R e

Assistant Professor

B (BHE)

Nanotechnology Platform

FIF9/AS—F SR TA— L

Tetsuo Tabei
HEH R

Chief and Associate Professor (Special Appointment)

TAE, FREAEHER

Visiting Professor

FRER

Yuji Miyahara
HIR AR

Takashi Ito
g e

Hiroshi Ohki
KA 1

Seiichi Miyazaki
B A

Ryo Miyake

IR
—F Ju

Visiting Professor

w R

Visiting Professor

wEHIR

Visiting Professor

wREAR

Visiting Professor

wEHIR

Visiting Professor

B IR



Shigeto Yoshida

Visiting Professor

Hoang Anh Tuan
KT TAY dyT»

Tadashi Sato
g H

Yutaka Furubayashi
R

Tatsuya Meguro
HAE =l

Shinji Yamada
H EH

Kazushi Okada
il Fn&

wHEORA B HIR
Koichi Ito Visiting Professor
g A— B HR
Takeshi Tanaka Visiting Professor
LR HREHI
Katia Zheleva Vutora Visiting Professor
=B
Hideki Murakami Visiting Associate Professor
b Tk & BT
Researchers
MRA

Post Doctoral Researcher

Researcher, Nanotechnology Platform
FITo a7 Ty N7 A — MR

Researcher, NEDO

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

NEDOW%E §

(A B oL & — J8T T TR BT JEBR R 7 e = 7 1)

Researcher
=]

Research Associate

AT B 2

Research Associate

A WrTE B 8

Advisory Board
i

Masataka Hirose

B 2

Professor Emeritus, Hiroshima University

UNCPNE IR o



Visiting Staff

= & R
Hirofumi Fukumoto

A 3L

Tomonori Maeda
AT EIfE

Seiji Ishikawa
)11 Fin

Hiroshi Sezaki

WA F
Toshiaki Hirota

B &

Hirofumi Tanaka

HIA s

Shoko Ono
/NP o

Yasuhisa Kayaba
25 vl

Takeshi Kumaki
Shozo Takada
mHE EH=
Kenji Sakamoto
A EIR
Akihiro Toya
N BEE

Takafumi Tanehira
FEE H3C

Takuo Hirano
Ty 5

Visiting Scientist, Asahi Kasei Corporation
wENIER, TBALRR(ER)
(2007.12~)

Visiting Scientist, Phenitec Semiconductor Corporation
HEWMER, 7==Tyre3a04 75 —(1)
(2009.11~)

Visiting Scientist, Phenitec Semiconductor Corporation
FEMMRR, 7x2=TvrvInrH 72 —(kK)
(2011.4~)

Visiting Scientist, Phenitec Semiconductor Corporation
KEMEER, 7o=TyrEIas 82— (1K)
(2012.7~)

Visiting Scientist, Tazmo Corporation
wENIER, 2V EHK)

Visiting Scientist, Mitsui Chemicals Incorporated

wEMNEE, =B

Visiting Scientist, Mitsui Chemicals Incorporated

wEMNEE, = HEE(R)

Visiting Scientist, Mitsui Chemicals Incorporated

wEWIER, ZHEF(R)

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

HEMNER, SR T AE T PR

Visiting Scientist, Asahi Kasei E-materials Corporation
wBEMTER, BILA—~T U7 LA (FR)

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

wEMEE, W TERFE~vA7afbiR Gt 22—

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

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

Visiting Scientist, MAZDA Motor Corporation
wEMIER, < X (FK)



Toshihiko Ohta
KHE =

Hiromasa Watanabe

Pk #L7

Ataru Yamaoka
(L]

Tadashi Murata
FH K

Nobuyuki Tokuda
| 52

Jyunichi Sunada
W -

Jyunichi Somei
etk W

Eiji Suematsu
Kir g5in

Atsushi lwata
HHE B

Yositaka Murasaka
A R

Takafumi Ohmoto
KA &L

Toshifumi Imamura
AR BT

Tomoaki Maeda
ATE &%

Masahiro Ono
INEFOREE
Yoshihiro Masui

e

Kazuyoshi Nishino
[T gIE

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

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

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
REWMIA, VY — 72 B vETTER)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
wHEWIER, v x =72 B vES TR

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
wHEWIER, v x =72 B vES TR

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

Visiting Scientist, Sharp Corporation
FEMER, v ¥ —7 ()

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

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

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

Visiting Scientist, Sharp Corporation
wEMTER, (BR)=AT —NT 7

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

Visiting Scientist, Sharp Corporation
wEMTER, (BR)=AT —NT 7

Visiting Scientist, Sharp Corporation
wEMTER, (R)=AT — T

Visiting Scientist, Hiroshima Institute of Technology
HENTER, KR TR

Visiting Scientist, Shimadzu Corporation

wENER, (BK) SHRERT



Supporting Staff

53, Y& )

Shusaku Mohri
EH JELE

Masahide Sasaki
xR R

Chikahisa Machida
HTH BA

Chiaki Ashihara
= T

Naoko Nakatani
A T
Nao Michinaka
BY S

Junko Hinohara
G S

Aimi Yamano
HLHF A

Dilipkumar Mootha
Archana

Finance Affairs
Ay

General Affairs
Y

Office Assistant
EHEMEE

Office Assistant
HHEMEE

Office Assistant
FHEMER

Office Assistant
FHEMER

Office Assistant
FHEMER

Research Associate

WFFEA B A

Research Associate

WFFE A B A



3. Executive Committee Members of Research Institute for

Nanodevice and Bio Systems (RNBS)

T/ TNAR - NAFTRAERFARMEEZEREE

Shin Yokoyama
Gl

Seiichiro Higashi
BOIE R

Hiroki Nikawa
YL )

Hans Jurgen Mattausch
VHTY a2 NSA AV

Masakazu Iwasaka
=W IEFD

Yutaka Kadoya
AR g

Minoru Fujishima

[ IS

Yositake Takane
AR LR

oshikazu Ekino
W fa—

Yoshihiro Kuroiwa
A 5L

Toshio Tsuji

Bul S
Yoshihiro Sanbongi
AR EBR
Michihiro Hide

75 EIR

Koichi Kato
g zh—

Anri Nakajima
s 2P

Director and Professor
WHEPT R - 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

Hfz

Professor

Hiz

Professor

Hiz

Associate Professor

eI

£

RNBS
ST RS RO TR IERT

Graduate School of Advanced Sciences of Matter

Jeim AR R

Graduate School of Biomedical Sciences
% B SRR R B AR E R ()

RNBS
F TR R SRR ST

RNBS
T T IS RS, A AT EARSE AT

Graduate School of Advanced Sciences of Matter

Jebm A AR SR

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

Graduate School of Advanced Sciences of Matter
SeiaE R et g

Graduate School of Integrated Arts and Sciences
RAFHFRFFER

Graduate School of Science
PREEHRIE R

Institute of Engineering
TERTERE

Graduate School of Biosphere Sciences
AW R AT TR

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

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

RNBS
ST RS A RO TR IR



Tetsushi Koide Associate Professor RNBS
AN Rt W T )T ISA RS F AR A SERT

Shin-Ichiro Kuroki Associate Professor RNBS
R fh—RE W T )T ISA RS, F AR A SEAT



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
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4.1 Nanointegration Research Division
T/ KRB FHREM

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
FRAA, FIBEFTNAA,FEET A A F )T AL ATV T e B B B 5 E 21T > TN D, T/
SEFERI A PN T DD Eeb O OB EAFE I35,

D)oV RSBt —DEREL & 3 [simulation
Improvement of Sensitivity of Silicon g ; ‘\‘
Optical Resonator Sensors ol 2‘ ---------- ‘.

= (8] N\
i3 W H g .fe -
Prof. Shin Yokoyama o

O50 55 60 65 70 75
Neighbor hole radius (nm)

FRECTTRICHHATES, vVar7rh=y 7ttt
R LA AT B — D3 21T > C\ND, BTV

BT AT k= o s R SHR BT BT, ®)
ET 4 — L OB — NP AXEE ST DR DO 2k
ZME(Q ) KEA L HZ & R LT, (@) BIE =LV T4~ KRR =2 Va7 o k= i
Y T NFXE T — RSO ER B T PTMETE, b) FrE
We are studying Si photonic-crystal (PhC) optical- 7 A AOA =L Q BOBIR

(a) Scanning electron microscope image of the photonic
crystal double cavity resonator fabricated by using electron
beam lithography, and (b) relation between Q-value and
neighbor hole radius.

resonator biosensors applicable at home use. It was found
that the sharpness of resonance (Q-value) takes a local
maximum at the certain diameter of the neighbor holes
around the double cavity.

RO KRB —ITED
mEREMDRE
Improvement of Thermal Stability of Si

Reproducibility 27
2729 %
I 25

29

Optical Resonator Sensors by Differential

iz il #H
Prof. Shin Yokoyama

Differential Output (rel. unit)
o
(2}

ar R R R — L CTHWAEA . £
DREILIBEWRBFMEN K IR L7205, R T, 3T
PiLTz 2 SDOIREROZEBH 1M T5Z8128- T,
REZEMENPRESBGETEHIEER LT,

Air (e]] Resist
(a)

)

~
O

(a) EFE—LIY I TT74—ZEOERIL e D a U 7 g
R AAEA =T (b) Fix DT /=T RITHT 5EH)
When a silicon optical resonator is used as a refractive  [H7IPUEEAFIE, B T/RNEEIXZO 10 5Ll EOZALA R
index sensor, its large temperature dependence becomes a 12

. - (a)c Scanning electron microscope image of the differential Si
big problem. In this study, we showed that the temperature ring resonator biosensor and (b) temperature dependence of

st_ability _can be greatly improved by detecting the the differential output for different kind of upper clad. Non-
differential output of two closely placed resonators. differential type exhibits more than 10 times change.
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f‘ : I, Breast Cancer Detection Radar System

L
Yifl | BB B BB
\

Prof. Takamaro Kikkawa

PR AA L OV AR SNSRI 2 i > T FLAS AR HH 2
BEEREL, LB KPR DTS oy M ERBR T
FLRADRHPERER EIELT-,

A hand-held impulse radar breast cancer detector is
developed and the detectability of malignant breast tumors is
demonstrated in the clinical test at Hiroshima University
Hospital.  (Scientific Reports, 2017)

"
Handle
“$\\

(WS,
=y Step Motor
& ’
\ 2
i Control Module
RF Module

—_y

Dome Antenna Array

RO I E DT u a4
A photograph of a prototype-3 of hand-held impulse
breast cancer detection system.

DP16T-CMOS RAYF T <TrJHO R
DP16T-CMOS Switching Matrix

Bz Tl BFE
Prof. Takamaro Kikkawa

BRI AL SV AEBREA =LA 3-20
GHz, 1.2 mW, DP16T ODAAvF o7 < )7 R [AE%E
65nmCMOS TR EFAIELT, 265218 DA AT 224
EOEEIL, MR EIcE 5 TED,

A 3-20GHz transmit/receive double pole 16 throw
(DP16T) switching matrix circuit has been developed on a
printed circuit board to control sixteen antennas in a rada-
based portable breast cancer detection system. (Japanese
Journal of Applied Physics, 2017)

«— 25 mm——
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ntigip Antigin Ant2gip Ant2gin (Group1)

Txinp Txinn

E
E
!
-
A

T T T LAHIEA DP16TCMOS AA T 27 < k)7 A[a]
T T EH

A photograph of CMOS double pole 16 throw switching
matrix circuit.

KRESRIICKLSTIRAFVI L
BifE& S 1)a CMOS [EEREN{E
Single-Crystalline Silicon CMOS Circuit Operation on
Plastic by Low Temperature Layer Transfer Technigue

iz B FER(HHE)
Prof. Seiichiro Higashi

IKDA=AT) ZF 1% R LT BB (MLT) I2&0, 75
AT (PET) RIZHEY 99.86% (5792/5800) C Hifd il
Vaym\2—rORGIZ LTz (Fig. 1), CMOS Mooy
ZH XL T2V 7 A L —H1F 14.6 MHz O JE 1 5%
THRIKRL (Fig. 2), 7IAF v7 ETHERET U= CMOS
[l D ENERFEIZ I,

Single-crystalline silicon channel patterns are successfully
transferred to PET substrate by meniscus force mediated
layer transfer (MLT) technique (Fig. 1). CMOS ring
oscillator fabricated on PET showed clear operation with a
frequency of 14.6 MHz (Fig. 2). CMOS operation on plastic
substrate has been demonstrated.

68 NSISAGE  \ 7y, Vi w0V (GND)

0 100 200 300 400 500 600 700 800
Time [ns]

2. PET Jebi LI /ERL72Y
YT F V=L ORI
Fig. 2. Output signal of
CMOS ring oscillator
operated on PET.

1. PET 3tk BICHEE L/
fldbsUar Fr g —r D
JE BRI

Fig. 1. Optical microscope
image of transferred SOI
islands on PET substrate.




T/ B DHIEIC L HMBBIR EREE R
Preparation of Materials and Surface Con-
tamination by Deposition of Nanoobjects

#iz BAH F(HHE)
b\ :m Prof. Manabu Shimada
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Preparation of thin-films, particles, and their composites
having useful structure and composition is being studied by
synthesizing nano-sized clusters and particulate matter
suspended in gases and depositing them in the gas phase. The
effects of surface deposition of nanoobjects as contaminants
are also being investigated.
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Preparation of composite thin films by simultaneous operation of
plasma-enhanced CVD and gas-phase deposition of manufactured
nanoparticles. (a) Cross-sectional view of titanium dioxide film with
50-nm silicon dioxide particles embedded inside; (b) AFM image of
the surface of the film; (c) Surface view of titanium dioxide film
with multi-walled carbon nanotubes embedded inside.
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Development of Photosensitizer Using

Fullerenes and Porphyrins Solubilized in
Water by Solubilizing Agents

iz MEEE(GHE) Prof. Atsushi lkeda
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To develop photosensitizers of photodynamic therapy for
cancer treatments, we prepared the water-soluble fullerenes
and porphyrins incorporated in various solubilizing agents.
We aim for the improvement of the photodynamic activities.
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Lipid-membrane-incorporated (a) fullerenes and
(b) porphyrins using liposomes as a solubilizing

agent.
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Fullerene-Containing Electrically Conducting
Electron Beam Resist for Organic Nanodevices

ﬁ\}
,ﬂa'
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.

ZEP520a & PCBM
ZEP520a and PCBM.
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SEM micrographs of

nanoscale dots and nanowires.
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C-V characteristics.
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TEM of micrograph of nanowire
and PCBM distribution.
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Silicon Carbide Harsh Environment

ElectronicsElectronics
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Assoc. Prof. Shin-Ichiro Kuroki
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Research on SiC harsh environment electronics has been
carried out. 4H-SiC Trench nMOSFETs with low parasitic
capacitance were suggested and demonstrated. And the
trench nMOSFETS were 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 Trench nMOSFETs
4H-SiC Trench nMOSFETSs
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Silicon Carbide Radiation-Hardened

Image Sensors

HEHEIR BEARME—E

Assoc. Prof. Shin-Ichiro Kuroki
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SiC pixel devices with 3 4H-SiC MOSFETs and Si
photodiode had been developed for radiation-hardened image
sensors. This research has been carried out under the
collaboration with AIST and QST, Japan.

SOI-Si photodiode
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4H-SiC/ SOI-Si hybrid pixel device for Rad—
Hardened image sensor

4H-SiC/ SOI-Si hybrid pixel device for Rad-
Hardened image sensor
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Silicon Carbide Power Semiconductor
Devices
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Assoc. Prof. Shin-Ichiro Kuroki

ST H ISR (SIC) 78T — R T S ADRFZE - ]
FEHD T~ BT SIC EOA—Iy a2 IO i
®, 400°C TP 100 R OEF MR Z L |
NiNb VY ARF =07 2T ORI TEM & RIEL
2o BRI T =2=T w7 BIa X 72— (FR) . BLOME
FEREAR T2 (BR) Lo RIBFZEE L THED TUVND,

SiC power devices had been developed. High temperature
reliability at 400°C has been investigated. This research has
been carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., and Sumitomo Heavy Industries
Ltd, Japan.
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400°C. 100 FEFMEREMEERE 2 Yot XRD 4
400°C, 100hours reliability of NiNb ohmic
contacts on 4H-SiC
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Multi-Line Beams CLC and Poly-Si TFTs
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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.

Poly-Si thin film (0.9 cm/s) (100) c-Si
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2D-XRD of the laser-crystallized poly-Si thin film
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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.

Temperature
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Schematic of an apparatus for thermoelectric effects

Si Peltier

™~ .
[— Cu strips
(0.5 mm thickness)
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Ultralow drive voltage Si optical modulator

using tunnel field-effect transistor
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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

ontical modulator.
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Optical microscope image and SEM image of the fabricated
optical modulator.
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Visualization of a temperature distribution for Si

molten region by simultaneous measurement
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Assist. Prof. Yuri Mizukawa
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We’re carrying out a temperature distribution analysis on
Si molten region by simultaneous measurement of real-time
observation and temperature measurement during the
atmospheric pressure thermal plasma jet (TPJ) irradiation.
We visualized the temperature distribution on Si molten
region by combining the temperature analysis of a substrate
surface and the real-time observation.

(a) TP HRS P DBLER - ILEE I E RIRF I AT — 2

(b) Y= R EE Sy AT AT AL

(a) Image of the simultaneous measurement stage of real-time
observation and temperature measurement during the irradiation
of the atmospheric pressure thermal plasma jet, and (b)
Visualization of temperature distribution on Si molten region.
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Integration of MEMS micro-valves and

optical resonators for biosensors

B# MEERGHD

Assist. Prof. Yoshiteru Amemiya
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We aim to realize biosensor chips for diagnosis of diseases
and vital monitoring. An optical biosensor chip was
fabricated, in which optical resonators using silicon
photonics technology and fluid channel with Micro-Electro-
Mechanical-Systems (MEMS) valves are integrated, and the
performance of sensing operation has been investigated.

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

Specimen or
buffer solution

~To each
biosensors
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NTETLAC LTS CIARER O S B 5
Schematic of the proposed optical biosensor chip and
optical micrographs of micro-valve and arrayed
optical resonators.




4.2 Integrated Systems Research Division
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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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BEREAR DERET R UG 202 mm
Functional Memories and Their 1.06 mm ‘
Application :

........ Input-vector FIFO
-buffer (16 K-bit)

BT IEV 1 NVRALTY
Prof. Hans Jirgen Mattausch

H-Label SRAM for input-
vector (1 K-bit
Input-label FIFO
buffer (4 K-bit)

Output FIFO
buffer (4 K-bit)
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FEHERR AT RE R SA T T AL T —F 77 F %D 65nm CMOS HAfflc
Research and development on high-speed-searching BILRIET v 7 DYMB T ELL AT TR,
digital associative memory with ultra-low power Micrograph and layout of a prototype chip in 65 nm CMOS
consumption and on artificial intelligence systems with technology which implements the developed modular and

capability to implement any arbitrary application. reconfigurable pipeline architecture for Learning Vector
Quantization.

TINIVYIRT 134 RE BT OHZ
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 300GHz # CMOS FF2 i — 3% AV V2R R
are CMOS devices for 79GHz-band automotive radars and Communication experiment with 300-GHz-band CMOS
300GHz-band transceivers enabling near-fiber-optic speed transmitter
wireless link.
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Development of a Real-Time Colorectal Tumor 1 i g 2
Classification System for Narrow-Band Imaging Image Capture
Zoom-Video-Endoscopy q
e T
AHIE MHEL  Assoc. Prof. Tetsushi Koide 2| FeatureExtraction
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Colorectal endoscopy is important for the early detection and treatment of I O nierconnect
colorectal cancer and is used worldwide. A computer-aided diagnosis (CAD) Display

system that provides an objective measure to endoscopists during colorectal
endoscopic examinations would be of great value. Our system captures the J

video stream from an endoscopic system and transfers it to a desktop JolE NBI A PGS AZ DY T L4 A DB R AR 0 M AT 25 BN S
computer. The captured video stream is then classified by a pretrained OverView of the Development of a Real-time Colorectal Tumor
classifier and the results are displayed on a monitor. The experimental results e . .

show that our developed system works efficiently in actual endoscopic ﬁlassllll;lcat_lon S);stgrr/\lféJlerg;Bogg-bzand Imaging zoom-video-endoscopy.
examinations and is medically significant. ttps://arxiv.org/abs : ve.
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Development of Stable Endoscopic Video-Frame : IO
Recognition in Real-Time Computer-Aided Diagnosis I ‘H\W 0 M A |
for Narrow-Band Imaging of Magnifying Colonoscopy u}“ HITH ’M I
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Type A1 (original)
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6 80 100 120 140 160 180 200
frame number

2, B 7L — AR D F G MR 12 S —T A I N T AN E DR . . . MASLes

WCHWAZ LT, HERSNT — 2 OB A 1T TIEAIR R Eahl o Ty o E—

W T FEERIC LY | BB LT e B2 e MEi L, 3 3 3 3 PN TR R e
0 50 100 150 200 i Type A1 (Gibbs p4=0.9)

A real-time diagnosis support of endoscope video is indispensable. -

Therefore, in orc?er to appFI))F/) our real-time (E)omputer-aided giagnosis m VE F q PP e ook mowowow wom

(CAD) support system to the videos, by using the posterior X 7L~ LB BEET <5 SLES)

probability output in each frame as the likelihood of the particle y SRR NERRORHARI W Typer M TypeB Type C3

filter. We proposed a method to smooth time series data and

R o _ TH] SZ v 3]
confirmed that stable recognition results are obtained by ?' I{%O)T{Hs{ttj (ia;ﬁﬂq @J Video-f R i
experiments using actual video data. Xample oT a stable Enaoscopic Video-Trame Rrecognition.
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1. Extract features Target
= r=h 3151 8
Eﬁig% E q:_ lf_ _ 2. Assign features to
Transfer Learning for Endoscopic Image ; : Nearest Visual Words
Classification ‘
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Assoc. Prof. Tetsushi Koide

Common Visual Words @
3. Construct Visual Word histogram A
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Recent advances in colonoscopy are remarkable, and performance of the latest $RFE 28 % A= KBS NBI AR NARSE 2 M o &
endoscope and old generation endoscope is improved such as field of view, brightness, A Concept of Transfer Learning for Endoscopic Image Classification.
contrast, etc. Such an update requires a high cost for updating the computer-aided An example of appearance difference of different endoscope systems. (a) An
diagnosis (CAD) system because it requires re-collection of the learning image image taken by an older system (video system center: Olympus EVIS
database for a computer diagnosis support system based on machine learning. In this LUCERA CV-260, endoscopy: Olympus OLYMPUS EVIS LUCERA CF-
research, we proposed a method to reduce the cost of building the latest endoscopic H260AZL/1). (b) An image of the same scene taken by an newer system
learning image database by reusing the learning image database used in the old (video system center: Olympus EVIS LUCERA ELITE CV-290, endoscope:
generation endoscope using the framework of metastasis learning. OLYMPUS EVIS LUCERA ELITE CF-HQ290ZL/I).
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Development of Endoscopic Capturing

Embedded System for Computer-Aided Diagnosis

HEHIZ NHEL
Assoc. Prof. Tetsushi Koide
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We have developed the endoscopic video or still image trimming software and the
endoscopic video or still image capturing embedded system for expanding the clinical
database with user-friendly operation. The clinical database such as endoscopic
images or videos with the labels are necessary for the CAD system using machine
learning frameworks. Thus, we develop an endoscopic video or image trimming
software. The developed software can trim and extract a region of interest (Rol) which
is selected by several points from movie or image user-friendly for the doctors.

Endoscopic

Image . e and Labeumg
By Expert Doctor

i

Identification Result
Algorithm Development B )

(@) Software Database () Hardware Database
(Algorithm Estimation and Verification)  {System Performance Estimation)
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(1) Clinical Database
(Endoscopic Images and Label)

Figure 1. Database construction for Computer-Aided Diagnosis (CAD).
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Figure 3. Endoscopic video / image capturing system.

2. Trim and Extract the Rol
= —~

Figure 2. Endoscopic video / image timming software.
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Development of Plant Growth Estimation Technologies
Combined with Robust Field Monitors and Micro-Fluidic

Model Simulating Plant Vascular System

s IHEEL  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,
COg, 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://iwww.jst.go.jp/kisoken/crest/en/project/1111090/15666253.html




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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Magnetic Field Responsive Synthetic

POPC: 1,2-palimitoyl-oleoyl-sn-
glyesro-2-phosphacholine
DDAG: Didecyl dimethyl
ammonium chioride

Contents of lipid bilayer: TG
H POPC in chloroform (90pl) 2 0% &
Iridosome DDAC in methanol (104) \oslpe Consles o
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Guanine Particles shining
in giant vesicles
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Biomimetics of fish iridosome which efficiently control
light as a bio-reflector was carried out. An artificial

iridosome which involved both phospholipid and
guanine particles was developed. BRI EMEN TAVR Y — 2
Magnetic field responsive synthetic iridosome.
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Interface Technology between Silicon and
Biomolecules
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The ability to target proteins to specific sites on a Si device

while preserving their functions is necessary for the VERILT- St B2 ST DR AT LR
development of new biosensors. We are developing a novel TE B LTS R )7 S B H A AR5
Sl—blndlng prOIEin by engineering a protein to dlsplay 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
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Assist. Prof. Takeshi Ikeda
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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.
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B. cereus BERLLTZ#eIR SiO, #1&E R0 SEM 14
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.

LRER AR TIZ, T /AT 4TI T T A AN — /77—~ =% BRET B ORE
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Research on Hepatitis Viruses and -_scno—mx
Liver Disease Ty

N ,
HiE FIW—8 (BHE) S ”%

Prof. Kazuaki Chayama L I

'

JFRD ANV ADHEFERERE L Z OFIENCBE 32898217 - t;z_/u\
) £ F e, —
=4 /

TV, EMTFHIIEF AT~ 7 TR T ANV AEGET VL
LCHATHY, & MIuk% AV 7 reverse genetics (242
DTS FIRE T, T2V A /VAVERF R DIFRE TR0 R
(2B 5975 SNPs Fs L ONFHESE D7/ MEHTHAT > TV D,
We are currently investigating hepatitis viruses virology and
developing treatment against these viruses using human
hepatocyte chimeric mouse, which enables us to perform
reverse genetics of hepatitis viruses. ENFANES AT~ 2
We are analyzing SNPs associated with the pathogenesis of Humna hepatocyte chimeric mouse
chronic viral hepatitis and response to anti-viral therapy and
cancer genomes.
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Impedance-Based Living Cell Analysis for

Clinical Diagnosis of Type |

2k F EL(HHD)

Prof. Michihiro Hide
/]"/]f_o‘—‘y‘/)("lz‘/‘b"@%'é’*ﬁj:ﬂ:t}\ IgE §§{$%§ﬁ%m Schematic of impedance system for living cells. :cctril\elgt\ia;:sofRBL-48cells
fid (RBL-48) Z B3 & /775 T ChEE L . FrEITTIZf
IR R BEDEAE Y T INH A KNG AT REZR T 15
BRI LT, FEATELZF AL T MEO BT K (1
HEIZXLT 6 u L) 2> THURIZER 3 2 et 2 3
FTAZLITER ST,
We established living cell reaction-based diagnostic test of

= control
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— QR

Cell Index
»
A cell Index
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type | allergy with small sample of conserved patient’s Time ()
serum (6 uL per well) using an impedance sensor.
( ” p ) & p . . A= AR IZ L DRI T L L — 32
Reference: Irifuku R, Yanase Y, Kawaguchi T, Ishii K, Takahagi S, Hide (B S 2B E ST
M. (2017) Impedance-based living cell analysis for clinical diagnosis of Diagn/osis of type | allergy by means of impedance sensor

type | allergy. Sensors. 17(11), 2503.




LS8O20FBEE D/ \ITIA LY
Bacteriocin Derived from L. Rhamunosus
L8020

e, 2R Z)IEE(BHE)
‘/ |

Prof. Hiroki Nikawa

B BRI S L8020 HLERE D NI T AT
Kogl 121X, FLEERZT T, AR E ONEE LPS
EAREMALSEBIER 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.
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(a) IL-8/GAPDHE

IL-8EnRNARevel D
(%> fLPSt@lone) 0

(c)
18020 FLERFE (D7 T VA Kogl(b)id, HiJE R E D
WHH LPS 2 NEHELSEDER A B 2(c)
Kogl(b), a bacteriocin produced by L. rhamunosus L8020
(a) inactivate the LPS produced by periodontal burdens (c).
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Bio-devices for Stem Cell Analyses

iz Mk o— (HHE)
Prof. Koichi Kato

FHAEEREO RIAEIRICET T, @ik m@m L 7=
B NRBE D AT ) — = 7RI D S E A D 7=
DDOINAF T INAADFFHIEFA TVD,

Our goal is to develop bio-devices for the functional
screening of extracellular microenvironments and the high-
throughput analysis of surface markers expressed on stem
cells for use in regenerative medicine.

bFGF IGF-1, |bFGF BDNF |bFGF C-N.'FF

CNTF.IGFA |CNTF BDNF -|EGF BDNF
BB -7 LA AT s O 4367 A

Assay for neural stem cell differentiation using a growth
factor array.




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.
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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)

NAIVABICAEE (F AT LY ) a—ar
A D-light DL-1000) Resolution 1um

| | oo
’
>

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

-

I3 5 7‘ P . “‘P : o
‘ __‘_7 7 sam | {i;]
Photoresist patterns by D-light DL-1000.
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)
SIFIICP (B A7 IX~) =y F o /4 E SIHECR (FE A rmbr dtig) oy F o 7 4E

(z—=F7) Clz, HBr, N, Oz 1 I AT AE (P 54EH)  Cly, BCls, HBr, Np, O fit /] vTAE

@ Si deep etching system @ ICP etcher for highly selective etching of SiO»
(Sumitomo Precision Products) (AYUMI INDUSTRY)
SR =y T 7 4 SiOHICP—y T 7 4k
(FEACKE® L2E) CuFs, SFe, Ar fiH] vTHE (7=3I1L3) CFy4, Hy, Oy, Ar ] W] HE
bl - m r«‘. T a |
= ¥ SO AL N &

TgalE

@ 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 % 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)
i AL PG U AL
(%4 = HT-1000) Max. Temp. raise rate 200°C/s

(Fh kS %) Max. Temp.  900°C

4 Annealing furnaces for general purpose
(Koyo Thermo System)
WHABVLEEEEE H,, Na, O, Low Pressure
OtPEY—F 27 1) Max. Temp.  1000°C

AP
Training of oxidation




5.2.4 Dielectric film deposition and epitaxial growth

BERER-TEAF v L RE

4 Low-pressure chemical vapor deposition (CVD)
reactors for SiOy, SiN, poly-Si
(Tokyo Electron)
JKECVD (LX) 7 (Rt =L 7 hmy)
SiOy, SiN, poly-SiHEFE r] fig

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

€ Atmospheric pressure CVD reactor for SiO»
Doing of P and B possible (AMAYA)

SiOHERA FH # T ECVDE [
(RABUERT) PBIOBR—7AlHE

aw
e

€ Molecular beam epitaxial growth system for GaAs
and AlGaAs: Si, Be doping possible (EIKO)

PAT PN T Z X~ CVDEEE (T /173 7)
SiN, SiO,, 7E/L 77 ASi HERETHE

EmEST T
U _
| -

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

JR 1 JBCVDIF
(r—=EHT)

SIiN HEfE T HE

S TARTE SR L R
(=12—) GaAs SEHERIATEE

HWIECVDY =t v T 4 v 7 i
Wafer setting to atmospheric CVD reactor



5.2.5 Metal deposition
TRERHER

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

& JBIEFRIE A S B THEE (T L 307)
BiSITiO%

HERTPIHE

L 2 Electron beam

evaporation system for many general purp

@ Sputtering system for

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

SRBCAR A R Z) TR (A T—)
Al Ti, TiN #

4 Vacuum evaporation system for

ose for variety variety of metals (Donated:

kinds of metals (EIKO) materials (EIKO) RICOH)
B — LR EE WA Sy 4G E H2E G E
(A= —) JRERFPRHERS (TG V=—) Al SEHERE I HE

(=A =) SR EHHERS

> =N

S
5.2.6 Others
ZTD1th

€ Surface-activated bonding system (EIKO)

RS E (A =)
Ar, H, Plasma treatment 7] GE
il mm“mlﬂllm

o
B

e

Measuring electrical properties using manual prober

=27 a—"—2k5



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




€ 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
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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