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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 30 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.

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 and 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.

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, 2016
Takamaro Kikkawa
Director

Research Insitute for Nanodevice and Bio Systems
Hiroshima University
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1. Organization of Research Institute for Nanodevice and Bio

Systems (RNBS)

T/ TINAR - N A FRAEHFHRRTHERE

Executive Committee

EEERS

Nanointegration' Research Division

5/ SRR 2R AR

6 Professors, 3 Visiting Professors, 3 Associate Professors,

1 Special Appointment Associate Professor, 2 Assistant Professors,
1 Special Appointment Assistant Professor

Bi% 64, BEEHUR 38, £HIR 34, FHIEAERKE 14,

B 24, HEBH 14

Integrated Systems Research Division

RIRAT LR FHRZERR

4 Professors, 5 Associate Professors, 1 Assistant Professor

Director
[Dip=3
Adviser
]

Bi% 44, HBUR 548, BiE 14

Molecular Bioinformation Research Division

o FEmRRE TR

4 Professors, 2 Visiting Professors, 1 Assistant Professor

Bk 4%, TEHIR 24, B 14

Nanomeacdicinag Rasszren Division

e %) Sy i)

;E‘E@‘:FI—J‘ Wl yb?ﬂ-sl:'EJ

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

iR 4%, TEHIR 14, £8UR 14, B# 14

Nanotechnology Platform
F/T9/R0—-TFS5rTH—L

1 Special Appointment Associate Professor

FHEAESIR 14

Cooperative Research Staff (Faculty Members)
MRER FR) . EEFH-FH

Visiting Scientists (Universities, Industries)

FAMRR (X2, £F)




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

T/ TNAR - A FARAERFHEMERE
(2015 10A 1B FFR)

Nanointegration Research Division

T/ RIRHEPHRARRT

Takamaro Kikkawa
ELIIRA

Shin Yokoyama
R B

Seiichirou Higashi
HTE—RB

Johji Ohshita
KT #8
Kazuo Takimiya
WEE Fn
Manabu Shimada
B

Anri Nakajima
s

Shin-Ichiro Kuroki
R A —BR

Shuhei Amakawa
KN A&

Tetsuo Tabei
HEH R

Hideki Murakami
kB Tk

Hiroaki Hanafusa
1txE =W

Yoshiteru Amemiya
WE FEHR

Director of RNBS and Professor
R R, #i%

Associate Director and Professor

RIBTIERT R, Ha%

Professor

Hiz

Professor

Hixz

Professor

Hixz

Professor

Hix

Associate Professor

HEZ%

Associate Professor

HEZ%

Associate Professor

HEZ%

Associate Professor (Special Appointment)

FrEHEZdR

Assistant Professor

Bhk

Assistant Professor

Bhk

Assistant Professor (Special Appointment)

FriEBh#



Integrated Systems Research Division

KPS RATLHFHRERM

Hans Jirgen Mattausch
CHETY 2 NSA VT

Minoru Fujishima
R E

Idaku Ishii

A

Kazufumi Kaneda
A H 3

Tetsushi Koide
/N

Mamoru Sasaki
om K SF

Tsuyoshi Yoshida
B

Toru Tamaki
TR
Takeshi Takaki
AR i

Tadayoshi Aoyama
e =

Molecular Bio-information Research Division

Professor

Hfx

Professor

Hfx

Professor

i

Professor

Hixz

Associate Professor

e

Associate Professor

HEH%

Associate Professor

HEH%

Associate Professor

HEH%

Associate Professor

HEZ%

Assistant Professor

Bh#k

SFEMEREFHE

Masakazu Iwasaka
= 1EFn

Akio Kuroda
HH =R

Takashi Yamada
I P

&P

Professor

Htx

Professor

Htx

Professor

Htx



Seiji Kawamoto Professor

A IEWR Bz
Takeshi lkeda Assistant Professor
L Bhz#

Nanomedicine Research Division

EEEFEMREM
Kazuaki Chayama Professor
R —& Bz
Michihiro Hide Associate Director and Professor
75 18I BIMFIEIT R, 2%
Hiroki Nikawa Professor
N S Bz
Koichi Kato Professor
g Hh— A%
Kazuhiro Tsuga Associate Professor
A —ak HEH T2
Yuhki Yanase Assistant Professor
PR e BhZ

Nanotechnology Platform

FI79/5—F59RTH— L

Tetsuo Tabei Chief and Associate Professor (Special Appointment)
HHE o ok FAE, FHENEEER

Visiting Professor

FRBR

Yuji Miyahara Visiting Professor
HIR w BB




Takashi Ito
Frig Few]

Hiroshi Ohki
KR 1

Seiichi Miyazaki
EIR Ak

Ryo Miyake

2
—F s

Shigeto Yoshida

Visiting Professor

B AR

Visiting Professor

R

Visiting Professor

"B

Visiting Professor

B

Visiting Professor

HHORA wEHR
Researchers
A=

Azhari Afreen
TAN) T

Hoang Anh Tuan
KT TAY dyT»

Tadashi Sato
e H

Yutaka Furubayashi
R

Tatsuya Meguro
HAE =

Shinji Yamada
H EF

Advisory Board

Post Doctoral Researcher
HEBIMFZE R (2010.5~)

Post Doctoral Researcher
FEBAMFZES  (2012.11~)

Researcher, Nanotechnology Platform
FITo I =TTy N7 =M E (2011.7~)

Researcher, NEDO
"Thermal Management Materials and Technology Research Association
(TherMAT)"

NEDORFZEE (2014.5~)
(R B L — Fog TG I 2E B 7 e = 7 )

Researcher
ff5tE  (2015.4~)

Research Associate
HOEWTEMBIEE  (2015.10~)

R

Masataka Hirose

i 22F

Professor Emeritus, Hiroshima University
INDPNEZZE- S50



Visiting Staff
EBR4v7D

Hirofumi Fukumoto Visiting Scientist, Asahi Kasei Corporation

A 3L

Tomonori Maeda
AT EIfE

Seiji Ishikawa
)11 Fin

Hiroshi Sezaki

i TRREE

Toshiaki Hirota
B 2

Hirofumi Tanaka
HA 15

Shoko Ono
INEF

Yasuhisa Kayaba
E2 ]

Takeshi  Kumaki

Shozo Takada
mH A=

Kenji Sakamoto
N

Akihiro Toya
S BETE

Takafumi Tanehira
FEE B3

FEMIEE, TBALR(EER)
(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
wEWER, =HEF(RR)

Visiting Scientist, Mitsui Chemicals Incorporated

wEWIER, ZHEF(ER)

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

Visiting Scientist, Department of VLSI System Design, College of Science
& Enginnering, Ritsumeikan University
REWER, Smfi KPR L E T ERT VA8

Visiting Scientist, Asahi Kasei E-materials Corporation
wEMTER, BLA—~TUT LA (FR)

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

FEWIER, TN TERF~A7nfbis G Bl 2 —
Visiting Scientist, Kure National College of Technology
FEMTER, RTEREHMPE

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



Takuo Hirano
Ty 5

Toshihiko Ohta
KHE =

Hiromasa Watanabe
e fLJ7

Ataru Yamaoka

Wil A

Tadashi Murata
FH K

Nobuyuki Tokuda
fEH 52

Yoshinori Hiramatsu

S NS

Yohei Kondo

Jyunichi Somei

gt M-

Eiji Suematsu
Rin 95

Keisuke Satou
Pk I

Yuichi Watarai
ke K—

Supporting Staff

Visiting Scientist, MAZDA Motor Corporation
wEANTER, <Y 2 (KR)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEWRR, vy —7 2 I v ETF TEER

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEWRER, v —7 %I v EF TEER

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEWEER, VX —7 % 0V ET M)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEWIEER, VX —7 % 0V E T LEMER)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
FEFER, v —7 X v EF TEER

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
FEFER, v —7 X v BT TEER

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
REMEE, VX —7 % 7Y ETTEWRE)

Visiting Scientist, Sharp Corporation
wEAMNTER, v —7(kK)
Visiting Scientist, Sharp Corporation
FEMIER, vy —7(KR)
Visiting Scientist, Sharp Corporation
FEMER, v ¥ —7(KR)

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

XEX YD

Naofumi Yamamoto

A [ s

Noriko Ishioka
£l e F

Fumitaka Nishiyama
PEI SCRE

Finance Affairs

Y

General Affairs
Y

Technical Assistant

Bftrite B



Chikahisa Machida

LIRS TY/N

Chiaki Ashihara
=R TEK

Naoko Nakatani
AR HT

Mayumi Fujioka
e B S

Office Assistant
FHEMEE

Office Assistant
FHEMEE

Office Assistant
EHEMEE

Office Assistant
FHEMER



3. Executive Committee Members of Research Institute for

Nanodevice and Bio Systems (RNBS)

T/ TNAR - NAFTRAERFARMEEZEREE

Takamaro Kikkawa
HI ANE

Shin Yokoyama
ML 8

Michihiro Hide
75 JE A

Hans Jurgen Mattausch
VHTY a2 NSA AV

Masakazu Iwasaka
=W IEFD

Seiichirou Higashi
BOIE—HE
Toshikazu Ekino
W fe—

Yoshihiro Kuroiwa
-V = -1

Toshio Tsuji
i ek

Yoshihiro Sanbongi
=AR BT
Hiroki Nikawa
N

Anri Nakajima
s 2P

Tetsushi Koide
ANV i

Shin-Ichiro Kuroki
R fh—AR

Director and Professor
WHEPT R - 2%

Associate Director and
Professor

RIATZERT & - %

Associate Director and
Professor

RIBFFERT & - 8%

Professor

iz

Professor
Hipz

Professor

iz

Professor

iz

Professor
A%

Professor

iz

Professor

iz

Professor

iz

Associate Professor

e

Associate Professor

HEZ

Associate Professor

HEZ

£

RNBS
ST RS AA RO RS

RNBS
F TSR A AR

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

RNBS
F )TN R A TR

RNBS
F T IA RS A ORI

Graduate School of Advanced Sciences of Matter

St A AR

Graduate School of Integrated Arts and Sciences

A BHET SR

Graduate School of Science
B R

Institute of Engineering
TEEMT el

Graduate School of Biosphere Sciences

W RL TR

Graduate School of Biomedical Sciences
% b SRR A T ZERE (B )

RNBS

T T A A A ARG
RNBS

F )T S RS R FR I

RNBS
F TS RS RFRIE T



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

T/ TINAR - N FRAERFHEFT O EE

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

T/ RER PR

At the Nanointegration Research Division we focus the research on nanodevices, fabrication processes, nanointegration,
nano-bio integration devices, photonic devices, nano-quantum devices, thin film devices, nanodevice modeling and
functional materials. The outlines of researches at the Nanointegration Research Division are as follows.

FOERBIEIEE Tl 7/ T AR, TaRR FIAT T —Yay  FINAFE T SAA, T b=
FRAA F I BEAT AR EET SA A, F )T ANAATT IS FEREMEM BV ISR+ 5821 T> T D, T/
TR TR PN I T DM 7R D 72 b D OB EAFE I3 D,

0 A DARESRT LORR

. i Breast Cancer Detection System

g SN DE

Prof. Takamaro Kikkawa

AL VAR IR (UWB) &2~ 7= SL S AR H o A
TLTONIAT L, DN AT 7 bAO I S ES
W LT, TS ED, KRES lem O AR H
FRETHDHIENRENFELTZ, ZOWFZED R 1% IEEE
ACCESS Z¥#isnr-.

A prototype of a breast cancer detection system using A VAR E I ODANAMRIE S AT LOTarEAT
impulse-radio ultra-wide-band (IR-UWB) was developed. A A photcég{aptlr) ofa ptrototype of IR-UWB-based breast
beast cancer phantom was detected by confocal algorithm. cancer detection system.

It is confirmed that a 1cm-size breast cancer tissue could be
detected by this system.
(IEEE ACCESS, 2015)

IOAMBOFERM

Dielectric Properties of Breast Cancers
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Prof. Takamaro Kikkawa 05 ...0
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It has been reported that the dielectric constants of breast
tumor tissues are higher than those of normal breast tissues.
In this study, the microwave properties of the breast cancer Correlation between the dielectric constants of
subtypes obtained from cancer surgeries are characterized for invasive ductal carcinomas and volume fraction of

classification. (IEEE Engineering in Medicine and Biology cancer cells in histopathological observation.
Society : EMBC 2015)

0.3 (]

Volume fraction of cancer cell (¢1)

Dielectric constant
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T APADRESER
Confocal Imaging of A Breast Cancer

2z I BE
Prof. Takamaro Kikkawa

HBIARI A SNV AER AW R — 2T T T
A% THHAN AR EEE > T, IR E O L E
T PATIZEINT. lem KOILDBAT 7o hhDIHAE
IR S LT,

The performance of a prototype of a breast cancer detection
system with a dome-shape antenna array using impulse-radio
ultra-wide-band (IR-UWB) was demonstrated. A beast
cancer phantom with the size of 1 cm which was placed in a
hemispherical breast phantom was detected by confocal
algorithm.

(Solid-State Devices and Materials SSDM 2015)

AT 7 b O R (XY, ZY, XY W)
Confocal imaging of a breast cancer phantom
(XY-, ZX-, ZY-planes)

IR-UWB-CMOS 4> 7)) >4 &
IR-UWB-CMOS Sampling Circuits

#2ig T BB
Prof. Takamaro Kikkawa

AR HH A L 7L ZA(IR-UWB) &K & W 3L AR
A 65nmCMOS Yo7V J A e E LTz, [Fl—0
R A2 DD RIR DT A AREEA G T H2 4 THRIELTZ
FEEL MU UAREREDBNCLY AL — X Ry T
7 EDRIBEEREIC RN TND e booT,

65 nm CMOS impulse-radio ultra-wide-band (IR-UWB)
integrated circuits were designed and fabricated by two
different foundries. It was found that impedance matching
characteristics were significantly influenced by the their
transistor characteristics. (STARC FORUMZ2015)

| 2.3 mm |

o 4-bit Flash

4| Track-and-Hold
|ADConverter

= Circuit

ww 9

Sliding Clock
__Generation Circuit

LS AR IR-UWB-CMOS B 7V 7' [al i
Fv T ER

A photograph of IR-UWB-CMOS sampling integrated
circuit.
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Biosensors using silicon optical resonators

e
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»
- ¥

' Zix @l #H
.-lz}h Prof. Shin Yokoyama

FHETFRICF A T& D&Mz A At — DB
HAEHBELT, PV V7 R OT7 b=y 7 fE it
RZRE W TS B— DA T > T,
HE I RIRZR IR 2 ST 4 b=y 7 ik it R
wERUWELT-, valiRiRaE W2 0fF AEE LT,
We are studying Si ring and photonic-crystal (PhC)
optical-resonator biosensors in order to develop compact
biosensors with low price and easily handled at home.
The PhC crystal resonators with very sharp resonance
characteristics were fabricated and their usefulness was
demonstrated by using sucrose solution.

0.4

,'*'. Cavity hole diameter 450 nm

Output (nW)
o
N

@

o | Sucrose solution

(b) 1296.5 1297.0 1297.5

Resonance wavelength (nm)
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RFDILARART T DB

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




BISZAIV UM LSHEERE CMOS
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High-performance CMOS Thin-Film Transistors
Fabrication by Thermal Plasma Jet Crsytallization

Bz B B (HHE)
Prof. Seiichiro Higashi

REIET TR~ = NG EGHBGLEL |2 L0 I f B 5
W EDTENT 7 AV a MR A R R R T 2281
K0T B Dok B i U L B S R A KL, n
F ¥ VB ENE 503 cm®Vis, p Fr VB EIE 355
em’V s DO EPERE CMOS N7 L A VERLZ Rl Bh LU T=,

Atmospheric pressure thermal plasma jet irradiation to
amorphous silicon strips suppresses generation of random
grain boundaries and realizes pseudo-single-crystalline
growth. Thin-film transistors fabricated on the crystals
showed high n-channel mobility of 503 cm?V-is? and p-
channel mobility of 355 cm?V-1st, respectively.

104
10°
10¢
107 fhi-29
108 Lne=27

Np:non-doped
10° | N, 1.5x10%cm

-10 [
107 f1= 1.1 pm
10 [ w=1pumx 10
1072 |
1013

Drain Current [A]

-5 0 5
Gate Voltage [V]

REETTA= P =y Mgt Va1 v C/ERL
TN T P RE D 1V, Fi

l¢-Vg characteristics of thin-film transistors
fabricated by atmospheric pressure plasma jet
crystallized silicon films.

?;/!F%EODiﬁ%ﬁl:;éﬁ*ﬁﬂ%tiﬁiﬁ
;Teparation of Materials and Surface Con-

tamination by Deposition of Nanoobjects

N HiE BEH Z (6@
N fm Prof. Manabu Shimada

F IV ARDI T AL — K IRE &SRR L, HAHIC
TRilE, HERES W, A A 7o - ik a b SRR, b 1.
BLORENLOEEGMERI T D58 E1T> TN D, T/
P A X E TR E L L CREATE LIS E DB I
FL TS,

Preparation of thin-films, particles, and their composites
having useful structure and composition is being studied by
synthesizing nano-sized clusters and particulate matter
suspended in gases and depositing them in the gas phase. The
effects of surface deposition of nanoobjects as contaminants
are also being investigated.

g:c Sio, layer
arbon nanotube

-
200 |

(a) T/ RLA DKAHHERE CIERL LT —RRZERRTENE; (b) 7 IRY)
BT ki ORIREHT H HEFE CAECIE AWM ERFRE; (©
FERIED T/ F 2 —T TR G R LT TR gk s

(a) Uniformly-porous thin film fabricated by gas phase
deposition of nanoparticles; (b) composite material and
abnormal growth formed by simultaneous deposition of
molecular and nanoparticulate substances; (c) dense coating
layer synthesized in gas phase on the surface of gasborne
nanotubes

14 TETRER—RELE-BEREFT/INMR
MEORETEER

Design and Synthesis of Organic

Electronic Device Materials Based on
Group 14 Elements

- Bg KT %A (BHE) Prof. Joji Ohshita

AHEET T AAOMEOBRFEZ BIEL T, 14 Rtk %
AT MBI ERERKL, TNHOMIE - BEREZRFIL
T,

Aiming at developing new materials for organic electronic
devices, organic deys with group 14 elements prepared and
their properties and functionalities are investigated.
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Research of Organic Polymer Containing
Fullerene
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Research and development are carried our about fullerene-
containing organic polymer memory in which fullerenes act
as floating dots. The memory operation mechanism is
investigated in detail for realizations of a memory with
mechanical flexibility, low weight, and cost effectiveness.
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(a) Schematic diagram of fabricated capacitor. (b) Relation
between flatband voltage shift AV and programming voltage.
(c) C-V retention characteristics. (d) Band diagram.
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Research on SiC harsh environment electronics has been
carried out. 4H-SIiC nMOSFETs were fabricated for the
electronics, and were demonstrated under high gamma-ray
radiation up to over 100 Mrad and 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.
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4H-SiC MOSFETSs and its high-temperature
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Silicon Carbide Power Semiconductor Devices
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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.

4H-SiC _FE$EHT

7 E/VT 7 A Nb-C-Ni-Si
Low-resistance amorphous Nb-C-Ni-Si 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,

i-SiC
F

pilayer
iC-SBD)

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.

devices

R L SIC /T —F A AD 3 RT3 A
3D integrated device with heat transfer and power
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Multi-Line Beams CLC and Poly-Si TFTs
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Poly-Si thin films with large crystal grains of over 100 pm
were fabricated by continuous-wave laser lateral
crystallization with double-line beam, and its high-
performance TFT with electron mobility of 560 cm?/Vs was
also fabricated. Single-grain boundary TFTs were fabricated
and their characteristics showed X3 grain boundary had low
electrical activity.
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Single-grain-boundary Si TFT
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Optical modulation based on surface

Poly-Si gate electrode
Gate insulating film

plasmon resonance using MOS structure
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Assoc. Prof. Tetsuo Tabei
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Guided modes for silicon optical modulator based on
surface plasmon resonance were investigated numerically.
It was confirmed numerically that the intensity of TM

Buried oxide

Si waveguide Si substrate
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2

Schematic structure of the proposed optical modulator.

polarized propagation light changed by the inversion layer o

formed within MOS structure when applying gate voltage.

TMARYEW D H, BRIT D54, ()7 —NEE V=0V, (b)Vc—6 Y
Distribution of Hy, component for TM polarized wave. (a) Gate voltage Vg
=0V, (b)Gate voltage Vg = 6.1 V.
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MEMS optical modulator using silicon

photonics technology
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Assist. Prof. Yoshiteru Amemiya
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For applications of optical interconnection and biosensor
chips, we study the small-size Micro-Electro-Mechanical-
Systems (MEMS) optical modulator with low-voltage
operation using silicon photonics technology.
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Schematic figure of the proposed optical modulator and
SEM images




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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Technology 180 nm

4 Functional Memories and their

P ‘ Application Chip area | 4.88 mm?

- A‘di Power supply 1.8V
) ;— %&?ﬁ 7/)-“-?:/1 / \‘/Z:L)[/’f'\/ Power dissipation | 214 mW
J‘h Prof. Hans Jirgen Mattausch Frequency | 25 MHz

Bit precision 16-bit

%@*ﬁ?ﬁ?ﬁ")%{ﬁ{ﬁ%%ﬁ i&ﬁﬁ‘é??&/b@fﬂ)‘ Dimension of input vectors 1-1024

%U&U{}_%O)va/7~“/a‘/fz§£"z§fé°éj\j:%uﬁ'é Number of neurons 1-512

:‘/X?‘A@ﬁ%ﬁﬂgj%\éo Minimal recognition speed (us) 0.32

Minimal learning speed (us) 20.9
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Research and development on high-speed-searching - 2 )
VUMV — a2 E T TES 180nm CMOS @ VLSI F v~/

digital associative memory with ultra-low power hin i ble of X
consumption and on artificial intelligence systems with %It_e?lli e ﬁ?gaQPSncxicn)s it e_’\‘/iiltj;'rr]gua;rﬁizaﬁon
capability to implement any arbitrary application. (LVQ? algorF;Ft)hm g g a

TINIVYIRT 1N RE BT O
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.

300GHz CMOS i&1Z#ia V- #ELE S 7
Demonstration of 300GHz wireless transmitter.




OUTPUT (RPM: Rectangle Pattern Matching) #SWs = 7
. 2.9 -

FHEBEL T B AT Ls ADAS D1=H DB
BIEHRE AT LOTONMATRE

A Prototype Speed Limit Sign Recognition System
Implementation on Rapid Prototyping Platform for ADAS

b2 - =

I MHEL Assoc.Prof. Tetsushi Koide
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BBLAT AORRELT A Prototype Speed Limit Sign Recognition System Implementation on Rapid
This study introduces our prototype speed limit traffic sign recognition system Prototyping Platform: Protium

implementation on Rapid Prototyping Platform. The system utilizes simple image feature This paper shows our novel algorithm and prototype  system for speed limit

such as area luminosity difference of grayscale image to detect traffic sign candidates and traffic sign recognition on Rapid Prototyping Platform Protium. Advantage

block histogram feature in binary image to recognize the speed. Combination of those of the integrated software of the Proium helps to reduce prototype system

simple traffic sign features helps our algorithm to achieve 100% of accuracy in  development time by hardware/software development in parallel as well as

recognizing speed limit traffic signs in daytime and over 90% in hard lightning condition separately develop the hardware/software interface and our own algorithm.

such as rainy night. Simplicity in computation enables real-time processing (> 30ps) and

relatively small hardware occupied.
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FPGA Implementation of High-Speed Visual Word Feature
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Transformation for CAD of Colorectal Endoscopic Images g B Goting)
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M Csvm B vector
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AHFZECIE Full HD (1920 X 1080 pixel) ® K5 NBI (Narrow Band Imaging) $5 KPR !
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This study describes a hardware implementation of feature transformation processing 7:‘/: ka%ﬁﬁgﬁﬁTE
which transforms features of colorectal endoscopic images to Visual Word (VW) histogram. %777_*’(_7)7 7
This processing is used in our eCAD system for colorectal endoscopic images with narrow The Overview of the Proposed
band imaging (NBI) magpnification, which is used to identify pathology types from local CAD of Colorectal Endoscopic

EHEHRIOT=0D
2N

Branch
Tree
Search

feature in the NBI endoscopic image. We propose a high speed and low cost feature el | Images and Architecture of
transformation for CAD system by using Manhattan distance calculation and on-the-fly Right High-Speed  Visual ~ Word
normalization method. The proposed high speed feature transformation can complete the Mem Feature Transformation.

Visual Word
Histogram
Memon,

transformation in real time (60 msec) for Full HD NBI endoscopic image, which has about
83,000 key-points of 64-dimention vector.

KRR EERDOICTHAIIZE L= SVM D
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Effective Implementation of SVM in the FPGA for Type
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Identification with Colorectal Endoscopic Images
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With the increase of colorectal cancer patients in recent years, the needs of quantitative
evaluation of colorectal cancer are increased, and the Computer-Aided Diagnosis (CAD)
system which supports doctor's diagnosis is essential. In this study, we introduce a SVM SVM #BRIBSGIE T —% 77 F ¥
hardware architecture for CAD system for colorectal endoscopic images with NBI An Architecture of the proposed Support Vector Machine based Type
magnification findings. Additionally, we also introduce a consideration of parallel degree Identification for CAD with Colorectal Endoscopic Images.
which can compute a pyramid style SVM with multi-SVMs for effective diagnosis image
segmentation in parallel.
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A Hierarchical Type Identification Method Based on R ﬁg §csn _Q
Support Vector Machine in Computer Aided Diagnosis for 4 ?5 W'S%a(l)lw X~120x120
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AMFFETIL Full HD (1920X 1080 pixel) K% NBI (Narrow Band Tmaging) ik
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This study describes a type identification processing in our eCAD system for colorectal T30 151

endoscopic Full HD images with Narrow Band Imaging (NBI) magnification findings. In
order to make a clear presentation of an identified result of Full HD to clinical doctors by
raster scanning, it is necessary to develop a computation method with hierarchical
combination of multi Scan Window (SW) sizes. For these images that are easily miss-
identified due to the local information, we suggest that they should be removed from the
learning dataset as avoid the images. As a result the software simulation, verifies the

i identificati BEROS A T@BI| 180 % 180 240 x 240
increase identification performance. KRRMIERRIINRS,. ARABOR OIS WHO25 (T TRR

A Concept of Hierar- chical
Type Identification Method
and An Example of Results
of the Proposed Method for
4-layer Hierarchical Type
Identification.
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Computer-aided diagnosis of colorectal polyp histology by

Densely sampled
SIFT descriptors

using a real-time image recognition system and narrow-
band imaging magnifying colonoscopy

Clustering

AR BT Assoc.Prof. Tetsushi Koide
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Concordance between the endoscopic diagnosis and diagnosis by a real-time
image recognition system with a support vector machine output value was
97.5% (115/118). Accuracy between the histologic findings of diminutive
colorectal lesions (polyps) and diagnosis by a real-time image recognition
system with a support vector machine output value was 93.2% (sensitivity, . o 1 e
93.0%; specificity, 93.3%; positive predictive value (PPV), 93.0%; and negative 7 /% LK NBI SERINIRBIRA W 34RO Jr ik LB WSzt R OBl
predictive value, 93.3%). Gastrointest Endosc. 2016 Mar;83(3):643-9. doi: ~ Computer-aided diagnosis of colorectal polyp histology by using a real-time image
10.1016/j.gie.2015.08.004. Epub 2015 Aug 8. recognition system and narrow-band imaging magnifying colonoscopy
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Transfer Learning for Endoscopic Image

Related two images

Classification

_ ) ) New endospy
HEHIE IHEL Assoc.Prof. Tetsushi Koide
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RUI, LRAOIZIL, 8700 P BT P AR S0 0 o e K Bl S T4 The Idea of transfer learning in our study.

AR OENELTHEX | FEE DM OLMRET DI TIHNREO FEBIE T — w84 AV kB NBLER SIS R O &
FR—ADHRREATIZEN AREL 0T, A Concept of Transfer Learning for Endoscopic Image Classification. An

In this study we propose a method for transfer learning of endoscopic images. For ~ example of appearance difference of different endoscope systems. (a) An
transferring between features obtained from images taken by different (old and new)  image taken by an older system (video system center: Olympus EVIS
endoscopes, we extend the Max—Margin Domain Transfer (MMDT) proposed by Hoffman ~ LUCERA CV-260, endoscopy: Olympus OLYMPUS EVIS LUCERA CF-
et al. in order to use L2 distance constraints as regularization, called Max—Margin Domain ~ H260AZL/1 [17]). (b) An image of the same scene taken by an newer system
Transfer with L2 Distance Constraints (MMDTL2). Furthermore, we develop thedual  (video system center: Olympus EVIS LUCERA ELITE CV-290, endoscope:
formulation of the optimization problem in order to reduce the computation cost. ~OLYMPUS EVIS LUCERA ELITE CF-HQ290ZL/I [18]).

Experimental results demonstrate that the proposed MMDTL2 outperforms MMDT for real
data sets taken by different endoscopes.

Transform features




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.

S FAMIERAEOTEEPIE MEMS, ASAA 0 FEE, A7 REE#RE VIS
WFFEaAT > CUND, G371 E BB P FEE P 31T DHFFED b O DBIEE AR5,

BDNAF)TL O — (KRR ESTHR)
TOKB Ay R Kl

Photonics technique utilizing bio-reflectors
of fish

#i% SIRIEFN Prof. Masakazu Iwasaka
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Various kinds of living creatures in sea are using biogenic
photonic devices which have not yet been utilized by
human. We are exploring novel photonic materials in
fishes of Setouchi sea, pacific ocean and south-west sea of
Japan, and developing a new method for the next generation
photonics.
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Bio-reflector in fish skin
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~i - Interface technology between silicon and
IS 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
development of new biosensors. We are developing a novel
Si-binding protein by engineering a protein to display amino
acids with affinity for Si on the flat surface

VERILT= Si kA2 OB OfE AT VX
SEERICEL B L7 7 /B GE ()3 St REEHAERTS
Molecular model of the Si-binding protein.
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Application of Si-binding peptides for protein

immobilization on Si materials
Bi% #HE X Assist. Prof. Takeshi Ikeda

FRENIC SiO, 23 FE 55 T HEM S Bacillus cereus X,
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We found a novel Si-binding peptide of 14 amino acids 72, EIEIZ GFP o# AN RonD(E), Y IIREG~T
from a soil bacterium Bacillus cereus, which accumulates FN%& GFP ICRA 5L, GFP I3 St kiR mmlckEa+
SiO; in the cell. Because of its small size and high affinity B4 ),
for Si, this peptide should be a powerful tool for developing Immobilization of green fluorescent protein on Si
Si-based biodevices. particles using the Si-binding peptide.




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
WFEZAT - TUVD, BUETHOI TODEREERI AR I 31T DIFFED E722b D OB A KR35,

DA IVAEFEEICEAT 5K

Research on hepatitis viruses and liver
disease
1

Wi

T
BB FIL—8 (BHE) e

e 1|

| .| Prof. Kazuaki Chayama L

!
B BT C TUIFA A L 2 DRIk -2 ORI t_;}”/\
BT DI SEAAT > CU VB, EMFHINE AT~ A ILAF 271 i

NABRET VELTHRATHY, BRMaREZ AW = deam.
==l W
A

reverse genetics ([CLDMFIES FIRE T D, FIoUA/VAVENF
RIZBIT D SNPs MR DT ) LFEHTHAT - TUND,

We are currently investigating hepatitis B and C viruses ERFFiER s i
virology and developing treatment against these viruses using
human hepatocyte chimeric mouse, which enables us to . -
patocyt ERIFAII AT~ 17 2

perform reverse genetics of hepatitis viruses. h himeri
We are also analyzing SNPs and cancer genomes associated Humna hepatocyte chimeric mouse
with viral hepatitis.

SPRIA A—U 2 FEITDT=H D
y?-tfngﬁﬁj\ﬁﬁa:‘yjoa) Fﬂ’ﬁ% Cell separation area Neodymi\ﬂ
, Development of basophil isolation chip for with magnetic particles megnet
I8 SpPR imaging (magnetically active area) =8 Flow channel
gz F &L 3

Inlet
Prof. Michihiro Hide (Sample gate)

AR M i M3 FEER A 43 BifE . SPRI A E S AL L2 H %
SPRI it O THEE 1 BDOF 7 ETIHZbD~Arn

Cell analysis area

WK T A A% BAFE LT, SR FEER Y BEF > 7 13, BEA Captlary sction el ot
O MRS BIERS, SPR A A— 0 7 CRERRE I, AFHE A "¢
ER ISR ORI RS S 1 ko TR S5 B GRS N, -

We have developed a basophil isolation chip for SPR

imaging. The chip is composed of three parts: inlet (sample SPR A Ao 7 AT A48 SEER S BT~

gate), (_:eII sepe_lratlon area W'th_ ma_gnetlc pa!rtlcles Structure of the basophil separation chip for SPR
(magnetically active area), and SPR imaging analysis area imaging.

containing a gold film (SPR sensor surface).




LS8O20FLBEE D/ \ITIA Y
Bacteriocin derived from L. rhamunosus
L8020

HiE IS
Prof. Hiroki Nikawa

By« 5 JE R 25 L8020 ILERE DRI T U AT
Kogl (Zi%, FLEMERZ T2, thEREOWNESRE LPS
EARTEMALSELER N H 5,

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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L8020 SLEEH () /37 7 VA L Kogl(b)IZ, 8RB O
WHH LPS 2 NEHELSE1ER A3 5(c),

Kog1l(b), a bacteriocin produced by L. rhamunosus L8020
(a) inactivate the LPS produced by periodontal burdens (c).

FREEMRBEERBR ISV T+—L
Cell culture platforms for analyzing
epithelial-mesenchymal interactions

242 gk h—
Prof. Koichi Kato
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ik, R R AR IR S RER EGRRR IOV TR
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BRTHIEEFREIC LT, 2O EEZ AW, thoF4
HREOFHZH A TS,

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.

Epithelium

Mesenchyme

Rz (k) LHIZEM (R) DBEFUEIS, DRI
BBV HHIEEEE LA LIS M BlEE ST

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,

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

VIT 54—
@ Variable rectangular-shaped electron beam € Point-beam type electron beam lithography system
lithography system (Hitachi HL700DII) (JEOL JBX-5DII)
2R AR - — A AR — L 7 — AR S
(HNZ HL700DI) /)N 50nm (A AE+F IBX- 5DII) H/)VERIE 50nm

& Point-beam type electron beam lithography system @ i-line optical stepper
(ELIONIX ELS-G100) (Nikon NSR i8a)
TRA VR — LU T B — D 5 I-FRAT 78—
(m)A=/A ELS-G100) Bi/J ﬁwm 6nm (=712 NSRi8a) fe/) i 350nm

€ Maskless photolithography system
(Nanosystem Solutions D-light DL-1000)
~YAIV AR ICHEE (T /AT LY ey
A D-light DL-1000) fie/M#EHA X 1um

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



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

€ Oxidation and diffusion furnaces
(Tokyo Electron)
Al - A
R =L 7bhay) fmEfERRE 1150C

@ RTA (Rapid Thermal Annealing) system
(Samco HT-1000)
i AL PG
(YL = HT-1000) H-iEHEEH K 200°Cls
Il 7

4 Annealing furnaces for general purpose
(Koyo Thermo System)

PLA BV SE
CEEY—T AT A) wEfEAEE 1000°C

€ lon implanter
(ULVAC)

AN E
(TR 7) B, As, P FEIEARRE

@ Phosphorus diffusion furnaces
(SHINKO SEIKI)

U AL

(RHPSHRR) fhema BEILEE 900°C




5.2.4 Dielectric film deposition and epitaxial growth

HREHR-TEAX O vIILEE
@ Low-pressure chemical vapor deposition (CVD) € Atmospheric pressure CVD reactor for SiO;
reactors (AMAYA)
(Tokyo Electron) SO, HERS il ECVDAE B
JECVD (LSRR 7 (RO =L b)) (RAEBUERT)  PREEIUBR—7 1 RE

SiOy, SiN, poly-SiHEFE r] fig

€ Parallel plate type clean plasma CVD reactor € Molecular beam epitaxial growth system
(ULVACQC) (EIKO)
SATIARIN 7T X~ CVDEEE (T /1737) IS TR AT v Lk

SiN, SiOz, 7E/NT7 7 ASi HEFE FIHE (A7) GaAs S HER A

e .

e

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

JR 1 JBCVDIF
(r—=EHT)

SIiN HEfE T HE

WECVDY =t v T ¢ v TR



5.2.5 Metal deposition
TRERHER

€ Sputtering machine for metal interconnects

@ Metal/dielectrics sputtering system
(EIKO)

(ULVAC)
& JBIEFRIE A S B THEE (T L 307)
BST ZEHEfE rl e

SRBCAR A R Z) TR (A T—)
Al Ti, TiIN HEFErTHE

@ Electron beam evaporation 4 Sputtering system for 4 Vacuum evaporation
system (EIKO) general purpose (EIKO) system (Donated: RICOH)
B — LR EE P A S 230 BB I

—) ZIEAEHERE (A=) JRRSBRHER

“

(3 U=r—) Al SEHERS AT RE

(=1 =

5.2.6 Others
Z Dt

€ Surface-activated bonding system (EIKO)

RIHHEHE QAR (= =)
A, Hy 75 2~ REALE AT i

~=a T )TN — [ C LA BRI E




5.3 Characterization and diagnostics equipment

Sl - AR iE
4 Secondary ion mass spectroscopy (SIMS) system & Total reflection of X-ray fluorescence spectrometer
(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?
w

@ Fourier-transform infrared spectrometer (FTIR) @ Atomic force microscope (AFM)
(JEOL) (Seiko Instruments Inc. SP13800)
7 =Y LM 3 S RE R JFAF- MBS (BAa—A A LAY

(HAET) srfEse 0.5em™ SPI3800) 43fERE 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
/
=

(U #7 ATX-E) fEE5rf#ERE 0.0002% (Y /77 RINT2100)




& Ellipsometer
(Rudolph Research Auto EL)

TS RA—HF— QLR ZYHP—F Auto EL)
e/ NEIE R 10nm

@ Hall effect measurement system
(ACCENT HL5500PC)
AR B E L E (ACCENT HL5500PC)
ANAE—=H 2 10100

€ Spectroscopic ellipsometer

(J.A.Woollam JAPAN M-2000D)

DTV TV A= — (Vz—rm— =T L
T¥/3 M-2000D) fi/NHEREE 10nm

@ High-resolution X-ray photoelectron spectroscopy
(XPS) system (KRATOS ESCA-3400)

XHOLAE 750k
(KRATOS ESCA-3400) X#tF : Mg, Ka

€ High-resolution X-ray photoelectron spectroscopy (XPS) system (VG Scienta ESCA-300)

XA E (VG =% ESCA-300) 43 tas-4E :300mm, X#j/ <7 — : 4kW

~ ———



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

% T TS
(B 37 HF-2100) #& /> fi#6E 0.102nm

BB G A T B
(HZ S4700) o0 f#hE 1.5nm

€ Focused ion beam (FIB) system
(Hitachi FB-2000)
HERAF L — DI T2 E

(H 3 FB-2000) B/ —2A%FE 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)

mj""'lﬂlf""

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

5.4.2 Software
V) ik

TCAD tools

@ Process/Device Simulators: SYNOPSYS TSUPREM4/MEDICI, ISE TCAD, SYNOPSYS Sentaurus,
Selete ENEXSS

Other simulators

@ Electromagnetic Field Simulators: ANSOFT HFSS, CST Microwave Studio
@ Optical Wave-guide Simulator: Apollo Photonics APSS

LSl design tools

4 Layout Design: CADENCE Virtuoso*, JEDAT alpha-SX(ISMO), Silvaco Expert*



€ Schematic Design:

@ Functional Simulators:
@ Circuit Simulators:

@ Logic Simulators:

€ Logic Synthesis:

€ Automatic P&R:
@ Verification:

CADENCE Composer*, JEDAT alpha-SX(ASCA), Silvaco Gateway

CADENCE SPW*, Mathworks MATLAB

CADENCE Artist*, Spectre*, Silvaco SmartSpice*, SYNOPSYS Star-HSPICE*, HSIM*,
TimeMill/PowerMill*, NanoSim*

CADENCE NC-Verilog*, VerilogXL*, MENTOR ModelSim*,
SYNOPSYS VSS*

ALTERA Quartusll, CADENCE HDL Compiler*, SYNOPSYS Design Compiler*,
FPGA Compiler*, XILINX ISE Foundation

SYNOPSYS Milkyway*, Astro*, IC-Compiler*, CADENCE SoC-Encounter*

CADENCE Diva*, Dracula*, Assura*, JEDAT Layver, MENTOR Calibre*,
SYNOPSYS Hercules*

Notice that various kinds of popular CAD software (marked with “*”) which support Verilog HDL/VHDL
simulation, synthesis, layout design and verification for digital/analog VLSIs are provided by VLSI Design and
Education Center (VDEC), the University of Tokyo.
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