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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 33 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, 2019

AV VA

Seiichiro Higashi

Director

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

T/ TINAR - N A FRAEHFHRRTHERE

N anointegrationResearch Division
T/ SRR R AR

4 Professors, 1 Special Appointment Professor, 3 Visiting Professors,

3 Associate Professors,1 Special Appointment Associate Professor,

1 Visiting Associate Professor, 2 Assistant Professors,

2 Special Appointment Assistant Professors

iR 44 (B 1, 6HF: 3), HERIR 14, TEHIR 34,

Executive Committee RT3 (BT 2, HHE: 1), BT ERIR 18, BEAERIR 14,
EEEES BN% 24 (HHE), FHERIH 24

Integrated Systems Research Division

SRR T LR FHZERR

Director
HE 3 Professors, 2 Visiting Professors, 4 Associate Professors,
1% 3% (BHE: 3), BEHIR 24, #HUR 44 (FE: 1, HHF: 3)

Molecular Bioinformation Research Division

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

2% 3% (B 1, #HF: 2), FEHIR 44, 8% 14 (D)

Nanormacdicing Rasaziren Division

R

5 Professors, 1 Assistant Professor
4% 58 (HHF), BiZk 14 (BHE)

Nanotechnology Platform
F/T9/RS— TS5y T+ — L

1 Special Appointment Associate Professor

FEAZER 18

Cooperative Research Staff (Faculty Members)
MRA (FA), BEEFE-FH

Visiting Scientists (Universities, Industries)

EAWRE (thX2, £%)




Staff of Research Institute for Nanodevice and Bio Systems

(RNBS)

T/ TNAR - A FARAEHRFHEMERE
(2018 12A 1B FF )

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
i 72

Shin-Ichiro Kuroki
R fR—H

Shuhei Amakawa
RKIN AEN-

Tetsuo Tabei
HEH Bk

Hiroaki Hanafusa
1tHmE 72

Yuri Mizukawa

AN KE

Tomomi Ishikawa
A FHe

Yoshiteru Amemiya
WE FEHR

Director of RNBS and Professor
R R, #i%

Professor (Special Appointment)
R0

Associate Director and Professor

RIBTIERT R, #ax (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

B (fHE)

Assistant Professor (Special Appointment)

FriEBh#

Assistant Professor (Special Appointment)

FriEBh#



Integrated Systems Research Division

KPS RATLHFHRERM

Minoru Fujishima
R E

Idaku Ishii
ZEE V)

Kazufumi Kaneda
4 H fnxg

Tetsushi Koide
NI i

Tsuyoshi Yoshida
HH O

Toru Tamaki
TR

Takeshi Takaki
A i

Molecular Bio-information Research Division

Professor

#Hiz (PHE)

Professor

#Hixz (PHE)

Professor

P (PHE)

Associate Professor

e

Associate Professor

W (DHE)

Associate Professor

e (PHE)

Associate Professor

HEZd% (PHE)

SFEMFRE PRI

Masakazu Iwasaka
W IERN

Akio Kuroda
BHE =k

Seiji Kawamoto
A IER

Takeshi lkeda
HLFH S

Professor

Hix

Professor

% (HHE)

Professor

#f% (HHE)

Assistant Professor

B (fHE)



Nanomedicine Research Division

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

Yuhki Yanase
R e

Assistant Professor

B (BHE)

Nanotechnology Platform

FIF9I/AS—F SR TA— L

Tetsuo Tabei
HEH Bk

Visiting Professor

Chief and Associate Professor (Special Appointment)

AR, FHEAEREER

FRBIR

Yuji Miyahara
HE

Takashi Ito
ik PEw]

Hiroshi Ohki
KA 1

Seiichi Miyazaki
EHE

Visiting Professor

w B

Visiting Professor

w B

Visiting Professor

wE IR

Visiting Professor

wREAR



Ryo Miyake

B
—F Ju

Shigeto Yoshida

Visiting Professor

B AR

Visiting Professor

Kazushi Okada
il Fn&

wHEORRA B HR
Koichi Ito Visiting Professor
g A~— B HIR
Takeshi Tanaka Visiting Professor
EE SRR =B
Katia Zheleva Vutora Visiting Professor
B R
Hideki Murakami Visiting Associate Professor
o Tk % B
Researchers
MRA
Tadashi Sato Researcher, Nanotechnology Platform
(N FITI =TTy N7 +— MM E
Tatsuya Meguro Researcher
HAE Wl IR
Azhari Afreen Researcher
TANY TI)—r WHIE R
Shinji Yamada Research Associate
I HH A WHTEm B R

Research Associate

AT B 2

Advisory Board
R

Masataka Hirose

JEE A2

Professor Emeritus, Hiroshima University

INCPNEZ 6



Visiting Staff

EBRAYD

Hirofumi Fukumoto

A 3L

Tomonori Maeda
B Nl

Seiji Ishikawa
)11 Fin

Hiroshi Sezaki
Wy

Hirofumi Tanaka
HA 15

Jun Kamata
s

Yasuhisa Kayaba
T VAR

Takeshi Kumaki

Kenji Sakamoto
WA ER

Akihiro Toya
PA AT

Toshihiko Ohta
KH FZ

Hiromasa Watanabe
R tL5

Jyunichi Sunada
WH

Eiji Suematsu
Kin 95

Atsushi lwata
HH B

Visiting Scientist, Asahi Kasei Corporation

wEMER, BALRK(ER)

Visiting Scientist, Phenitec Semiconductor Corporation
®HEMMER, 7x=TvrvIar 72 —(kK)

Visiting Scientist, Phenitec Semiconductor Corporation
HEWNER, 7==Tyre3ar 75 —(1)

Visiting Scientist, Phenitec Semiconductor Corporation
HEWIER, 7=y reIarH 52— (1)
Visiting Scientist, Mitsui Chemicals Incorporated

wENTEE, =B

Visiting Scientist, Mitsui Chemicals Incorporated

wENTEE, =B

Visiting Scientist, Mitsui Chemicals Incorporated
HEWER, = HEF(RR)

Visiting Scientist, Department of VLSI System Design, College of Science

& Enginnering, Ritsumeikan University
FEMER, SLmfE R LS S ®T VA 7R

Visiting Scientist, Center for Microelectronic System, Kyusyu Institute of

Technology
FEMER, N TRRE~A it Gt 72—

Visiting Scientist, Kure National College of Technology
FEMNTER, RTEEHMFE

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

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
BEWFIEE, v v—7 4 H Y EF L)

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
KEMILE, v —7 ¥ B YETTERR)

Visiting Scientist, Sharp Corporation

HEMNTER, v —7(kK)

Visiting Scientist, Sharp Corporation
HEWNTER, BR)TAT =TT



Yositaka Murasaka
R R

Takafumi Ohmoto

KA HX

Toshifumi Imamura
AR 3L

Tomoaki Maeda
AT 5%

Masahiro Ono
INEF R

Yoshihiro Masui

THF =i

Kazuyoshi Nishino
[EESEIIE

Hang Song
E

Supporting Staff

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

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

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

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

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

Visiting Scientist, Hiroshima Institute of Technology
wEMER, KB TERY

Visiting Scientist, Shimadzu Corporation

HRMIER, () R H R ERT

Visiting Scientist
wEMIER

XiEXE YD

Shusaku Mohri
EH JEE

Masahide Sasaki
ere RS

Chikahisa Machida
HTH BA

Chiaki Ashihara
= e

Naoko Nakatani
R HF
Junko Hinohara
Bl T

lzuko Kushida
HH 1

Finance Affairs

B

General Affairs
HOHS Y

Office Assistant
LS Y il =]

Office Assistant
LS Y i =]

Office Assistant
FHEMER

Office Assistant
FHEMER

Office Assistant
FHEMER



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

T/ TNAR - NAFTRAERFARMEEZEREE

Shin Yokoyama
ML 8

Seiichiro Higashi
HOJE—RB

Hiroki Nikawa
I}

Masakazu Iwasaka
=W BN

Yutaka Kadoya
AR g

Minoru Fujishima

[ IS

Yositake Takane

iR SRR

Toshikazu Ekino
W fa—

Yoshihiro Kuroiwa
A 5L

Toshio Tsuji

i ek
Yoshihiro Sanbongi
BV N NIE=Y/N
Michihiro Hide

75 EIK

Koichi Kato
g zh—

Anri Nakajima
s 2P

Tetsushi Koide
ANV i

Shin-Ichiro Kuroki
BUR i —HE

Director and Professor

WFFEATR - 2%

Associate Director and
Professor

RIATZERT & - %

Associate Director and
Professor

RIATZERT & - B

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

Hfz

Associate Professor

eI

Associate Professor

HEZ

Associate Professor

eI

£

RNBS
ST RS AA BRI

Graduate School of Advanced Sciences of Matter
e R AR

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

RNBS
F TR RS FA RS

Graduate School of Advanced Sciences of Matter
e E R R

Graduate School of Advanced Sciences of Matter
e E R R

Graduate School of Advanced Sciences of Matter
e E R R

Graduate School of Integrated Arts and Sciences
AR e R

Graduate School of Science

BEFSERE

Institute of Engineering

T 5ERE

Graduate School of Biosphere Sciences

AW R R TERY

Graduate School of Biomedical Sciences
% B R R B PR ()

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

RNBS

T VT A AR

RNBS
T ITIRA RS G PR FERT

RNBS
ST RS AA RO R IERT



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
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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
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R ahr R ERRY
N HES/- FIEIVVTTFINMMRE
A BRE /AR VCO+PL T
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WERRDET— 5757
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77

7T
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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 AR

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

FOERBIEIEE Tl 7/ T AR, TaRR FIAT T —Yay  FINAFE T SAA, T b=
THAR, F I EFT AR GERET SAA F )T NARET VT BRI B ISR 28217 Td, T/
SRR AR PN B T DT b D OB EAE I 95,

771-}\7|:| \\jg*j'*_l,@ﬁ'ﬁr_ O):ET}lf1t () WIEET L Number of Molecules : ,,  Red State g

Modeling of Photoresponse of ) EBEERLES LD -0 oo . H
Photochromic Material Fri Molecule
= kerl, nr(t)
g @ Preregee 100, oy {2
= Prof. Shin Yokoyama experiment and model. vre = Kreloyne(6)
==L R N — A B L L, 74 ka3 2 DT —O0-O0-0—ila
T T RN DI AT 0Tz, TV — VT RN D | FRAMRICE (a) NumberofMolecules -, Transparent State
STHREICEGAL, FRESICEo TEIICHE DM EHAE I ISR
T AR, Bk OGRS IEE D E R R I D R A T 10 :
BTz, ZONE R T T AL S IE L R E T 5o op || "Putiaserpowerame W

Input UV LED power 0.7 W

MA[REIZ 72572,

0.6 [
We are conducting research on imitating synapses using photochromic (

Transmittance

0.4
materials with the aim of constructing optical neural networks. A material 02 I\
called diarylethene, which changes color to red by ultraviolet light and returns B |
to transparent by green light, was added to the waveguide, and as in the case of R A * Dotted line: Modal
synapses, it was confirmed that the light transmittance increased as increasing : : : :
the amount of transmitted green light. By modeling the optical response, it o o2 04 06 08 10
became possible to determine the conditions suitable for the application. (b) UV light irradiation time (s)

CMOS 7Y T NB N EFERBRIHRDHAE

Study of Optoelectronic Integrated Circuits
with CMOS Amplifier

Bz #EIL
Prof. Shin Yokoyama

ST 7RIS OBIC):, i~ MR UG (R O SR 5 e
ELTHHEN TV, OEICEE /Yy 7 IR D114 P

200 ESP
)
E 2.2
S
>
Photodiode 52
=y
5
o

0 5 10 15 20 2 30

LT Fo7lE, RKWFZERT D7) — 2 b — B THRYWESIL  cwos operational Ampiier . OPlical Waveguide Input Optical Power (W)
2o ANLT=/ 3T —L CMOS B g SR tH 3 BAFR#TE (8) (b)
RATR LT, ZORANIT, e AA P — =a2—J/x e . .
zﬁ]\{;—;/\@m)ﬁ fﬁ@#giﬁé T= * (a) WAEL7Z CMOS GRS JEHI, 7+ M A4 —F&E
7 o Son - = SN VY= =3
Optoelectronic integrated circuit (OEIC) has attracted attention as IV 7 IR T SRR S

a next-generation high-speed, high-performance integrated circuit. b) AN ET T HIIOBER - .
We developed a technology to monolithically integrate an OEIC on (&) Optical micrograph of fabricated monolithic optoelectronic
a single chip. The chips were fabricated in the clean room of our integrated circuits with CMOS operation amplifier,
laboratory. The optical power input versus output of the CMOS waveguide and photodiode. N

operational amplifier showed a good linear relationship. This  (P) Relation between optical input and amplifier output.
technology is expected to be applied to optical biosensors and

optical neural networks.
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Optical Biosensor with Antireflection Coating

-
1?;

iz wl #
/ . Prof. Shin Yokoyama
St Vo7 RIS A — 2B W T, EA M EITHE
PRI DI AT A BL 1322 81%, 777 Ve — IR o
il B OYETRBEHE RIZ LD /A REIRIC B B THY, A4
—DIREER)_LIZERD, SIN RN B IEB(ARC)ZAS 5L, B4 F
VAT TE VUSRI RE R TERITH A 10
fERREEDS ) LU,

In Si ring optical resonator biosensors, preventing light reflection
at the waveguide edge for optical input/output is effective in
suppressing Fabry-Perot optical resonance and reducing noise due
to increased light intensity. This leads to improved sensitivity. As a
result of applying a SiN anti-reflection coating (ARC), detection

sensitivity of the biotin-streptavidin reaction was 10 times
improved compared to the conventional method.

Resonance wavelength shift
(nm)

@)

(b)

10

——o Experimental

Langmdr fitting

AdpaCK

1+CK
K =550

Aax = 0.798 (nm)

AL=

2
10  10* 10° 10?2 10%
Concentration of streptavidin C (mg/mL)

(a) RHB LR A A 5-Lic A AP — b O i i
(b) BAF L —AR TRV S G R
(a) Structure at the antireflection coating/ waveguide edge.

(b) Detection result of biotin-

streptavidin reaction.
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*, Breast Cancer Detection Radar System

TIIAE FE)

0| 2=

Prof. Takamaro Kikkawa

BERTRA L OV AR R HH BB A S T LS AR L
— A —HEEEBIR L IA B RFRBEIZB W T IA ey M
R CHL A ORI MEREZ FEFEL £ L7,

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. (Journal of Medical Imaging, 2018)

23A vy Mg PR AR

TTT]

! 'r|||v|‘;::

Comparison between images acquired by the prototype

and the resected specimen.

DU IVFyTL—H —CMOS-LSI
Single-Chip Radar CMOS-LSI

iz

Prof. Takamaro Kikkawa

SHAE )

RIS T T | /AT NAL 7OV RE R 2
ﬁ_{Lzﬁ/\/*ﬁﬁﬁHI/‘—ﬁ\ CMOS—LSI % 65nm 77/

HXn*“it'ﬂELﬁ_o WﬁB iL{mE%\ X'fm@ﬁﬂ ~Z
I T U RA—VRE . 8bit—-ADC [HIZHL T3,

A single-chip CMOS-LSI for radar-based breast cancer
detection was developed by the use of 65 nm silicon
technology and ultra-wide-band Gaussian monocycle pulse.

(BioCAS 2018)
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A single-chip radar CMOS-LSI circuit block.
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MOSFET *E!EfE
Memory Operation of Floating Gate

MOSFETSs on Plastic Substrate

Hix B FER(HHE)
Prof. Seiichiro Higashi

IKDOA=ATI AT EFIFALT SOl T EOEfE Y=
J& %77 2F > 7 (PET) FMUZHR G 284 28T, PET
K OV EUE LR ARSI > T 99.97% DI E A
FOEER LT, IE LI Y arf@a T v 3L e MOSFET
HEEHIZ NI 7 —T 1 77— ME AL 130 COIRIRTT
NAZMERT e AZAEEL |, ATVERICRIILTZ,

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

Id-Vg characteristics of FGMOSFET on PET
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1:-Vy characteristics of floating gate MOSFET

fabricated at 130°C on PET. Clear memory operation
during the gate voltage sweep is observed.
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Precise Non-contact Measurement of Silicon

Wafer Temperature during Plasma Processing

iR ® BB (HHE)
Prof. Seiichiro Higashi
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Temperature distribution inside silicon wafer during rapid plasma
processing has been precisely observed by a Optical Interference
Contactless Thermometer (OICT). Improvements in thermo-optic
coefficient (TOC) and three-dimensional heat diffusion and optical
simulation model achieved +/-2°C accuracy on the basis of
comparison with thermos couple (TC) measurements.
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Transient temperature variation inside silicon wafer during
atmospheric pressure thermal plasma jet (TPJ) irradiation and
three-dimensional temperature distribution.
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Preparation of Materials and Surface Con-
| tamination by Deposition of Nanoobjects

‘ Bz EA F(HHD)
b, 4 Prof. Manabu Shimada
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Preparation of thin-films, particles, and their composites
having useful structure and composition is being studied by
synthesizing nano-sized clusters and particulate matter
suspended in gases and depositing them in the gas phase. The
effects of surface deposition of nanoobjects as contaminants
are also being investigated.

Vaporized precursor
of coating material

Sprayed droplet of Evaporation of liquid Supply of precursor, Formation of coating

CNT suspension (CNT dispersed in gas) chemical reaction, and layer on CNT surface
deposition of coating layer
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Concept of preparation of multi-walled carbon nanotube (MWCNT)
composite by the ‘in-flight” coating technique; (b) MWCNT coated
with titanium dioxide; (c) hollow titanium dioxide nanotube
obtained by coating and removal of MWCNT.




ALRERI TR E L= R IBRFZ AL
DIMNFEREDRF

Development of Photosensitizers

Solubilized in Water by Solubilizing Agents

Bz MHAES (6HT)
Prof. Atsushi Ikeda
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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

EHER PERE

Assoc. Prof. Anri Nakajima
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Fullerene-incorporated electron beam (EB) organic resists
are developed to realize high integration of nanometer
lateral-scale organic electronic devices. The structures of
nanoscale dots and nanowires having electrical conductivity
are able to be fabricated with a simple fabrication process of
only EB exposure and development.
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Silicon Carbide Harsh Environment
Electronics

EHER BRRE—

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

HEHER BARE—E

Assoc. Prof. Shin-Ichiro Kuroki
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SiC 64-pixel devices with SOl wafer and 4H-SiC had been
developed. These results were reported at ICSCRM2019.
This research has been carried out under the collaboration
with AIST and QST, Japan.

4H-SiC/ SOI-Si THHUN#RANAT VY N FE T /34 A
4H-SiC/ SOI-Si hybrid pixel device for Rad-Hardened
image sensor.
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Radiation-Hardened Full-SiC UV Pixel Devices

HEHER BRE—E

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

4H-SiC UV

Photodiode

7V 4H-SiC UV EZBLF A2 (1 W#ET /A R)
Full 4H-SiC pixel device for Rad-Hardened UV
image sensor.

4H-SiC MOSFETs ~MD# > I #REBSIZNR
Gamma-Ray Exposure Effects on 4H-SiC
MOSFETs

HEHER BRE—

Assoc. Prof. Shin-Ichiro Kuroki

AL H—/3AR (SiC) MOSFETs O A g & 8 B2 ) |-
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EEREBRMNTR Uz, ARREIZ Jpn. Jour. Appl. Phys. 5672
ST ENTZ, ZOMBIZT2=T v eIarF 8 —
o, BAFREREZ E LD LRI ZE TH D,

BaO thin films are introduced to 4H-SiC MOS interface for
enhancing carrier mobility. Gamma-ray radiation effects are
also investigated. This research has been carried out under
the collaboration with Phenitec Semiconductor Co. Ltd., and
QST, Japan.
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High-Temperature Reliability of Ni/Nb

Ohmic Matals on 4H-SiC
HEHR ERME—AER

Assoc. Prof. Shin-Ichiro Kuroki
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[CSCRM2019 < Jpn. Jour. Appl. Phys.7eE CHRELEL
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400°C High temperature reliability of ohmic contacts on
4H-SiC at has been investigated. The results were reported
at ICSCRM2019 and Jpn. Jour. Appl. Phys. This research
has been carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., SPring8, and Tohoku University.

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
20 (deg.) 20 (deg.) 20 (deg.)

4H-SiC 1= NiNb S VY AR A —IyraZ7bo 2 Ik
I XRD (AR AFE)

2D-XRD images of (a) Ni(75 nm)/Nb(25 nm)/4H-
SiC, (b) Ni(50 nm)/Nb(50 nm)/4H-SiC and (c) Ni(25
nm)/Nb(75 nm)/4H-SiC contacts after annealing at
1000 °C for 3 min.
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lon-Implantation on 4H-SiC

HEHER BRE—

Assoc. Prof. Shin-Ichiro Kuroki
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lon implantation on 4H-SIiC has been investigated. By
combining ion-channeling experiments and device
fabrications, precise control of impurity in 4H-SiC substrate
was achieved. The results were reported at ICSCRM2019.
This research has been carried out under the collaboration
with Phenitec Semiconductor Co. Ltd.
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Result of ion-channeling experiments (left hand side)
and crystal model for ion-channeling suppression crystal
face.
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Ultralow Drive Voltage Si Optical Modulator

Using Tunnel Field-Effect Transistor

AR BHEHEROEHD)

Assoc. Prof. Tetsuo Tabei
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We study a low drive voltage Mach-Zehnder type silicon
optical modulator using a tunnel field effect transistor
(TFET) as a phase shifter. Currently, electrical
characteristics of a TFET with an improved structure for a
phase shifter are investigated.
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Cross-sectional structure and band diagram of TFET phase shifter.
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Microwave Imaging

B# R)IES )

Assist. Prof. Tomomi Ishikawa
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Microwave imaging and its computing algorithms are
studied. The most desired strategy for the imaging is
computed tomography (CT), which is time-consuming and
sometimes ill-posed. Our research aims at code development
of the imaging using the CT as well as the conventional
confocal method.
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A sketch of the CT method using Born approximation.
Measurements are carried out using an impulse-radar
detector. The target dielectric properties are obtained by
solving an inverse problem, where the iterative cost
function minimization process is employed.
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Integrated Silicon Optical Resonator

Biosensors

¥ mEERRGE

Assist. Prof. Yoshiteru Amemiya
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We aim to realize biosensor chips for diagnosis of diseases
and vital monitoring using silicon photonics technology. An
optical biosensor chip with integrated optical resonators was
fabricated, in which multiple-item and wide-range sensing
are possible. Temperature monitoring and sucrose
concentration sensing have been investigated.
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sucrose concentration dependence of resonance
wavelength shift.
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Band-Alignment Control by Si/SiC Hetero-
Structure

B# TEE=A (FHE)

Assist. Prof. Hiroaki Hanafusa
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We are studying mechanism of Si dots formation that
caused by annealing of Si/SiC hetero structure at below the
Si melting point. We also investigating low-resistive
contacts using the Si-dots/SiC structure without metal
silicidation process.

Si & SIC DT HEER LT =— VLB ARAGDEDZ B
&T St OBRERETRIZIRE T Si HAR Y M55

. T .
@iioose "L

7= VREEIRIFL T SiC Lk Si ovkEiE Ry MEE
AR UAR BT

Scanning electron microscope images of Si
migration and dots formation in accordance with
the annealing temperature.
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Visualization of a Temperature Distribution for Si

Molten Region by Simultaneous Measurement

¥ KINKRE (BHE)
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 heat conductive simulation analysis
of a substrate surface and the real-time observation.
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Two-dimensional temperature distribution image in solid-
liquid mixture region and complete melting Si region (a)
without and (b) with image processing. (Scale bar: 200 um).




4.2 Integrated Systems Research Division
KRR T LM RARM

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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Study on Fundamental Technologies for
. Terahertz-Wave Devices

#E BE X(BHD)

Prof. Minoru Fujishima
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We are studying ultra-high-frequency CMOS devices 9
covering millimeter-wave to terahertz band. Current 300GHz 5 CMOS Moo s s & iU N B L 2
interests are CMOS devices for 79GHz-band automotive Comer:ifcation ex;e/ri;en/t with 300{_2,‘_,??;“(1
radars and 300GHz-band transceivers enabling near-fiber- CMOS transmitter.
optic speed wireless link.

CNN HHfZ Rt S L TRIRL-HMFEE
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Convolutional SVM BRATOWHR

Neural Network —> . ma Type 1: 90%
Development of Colorectal Tumor Diagnosis Support ) 12k 2 EGT—45 LE 2A/3: 10%
Algorithm Using Machine Learning Using CNN Features NAEEBE S

as Featul’e Extraction 1.00 resutls for different features from AlexNet layers

HEHIZ INEEL  Assoc. Prof. Tetsushi Koide Miiliiii

AAFFETIE, K% Narrow Band Imaging (NBI) $5 KNEREZN A2 A \ l
EFEBLDT= . Convolutional Neural Network (CNN) D QLFRfE 52 K5
£ R, Support Vector Machine (SVM) (Z K DIRBEZ A 7 3 R8121T9
FIEERE LU, ETFIEOMIAR VAT 2MbEB JEL CRAIRGE D
MGEAATV N Z O RIS - FEE O W CERBG DD H
RIEERETHD 90% LU EOFRBIE 2 fER LTz,

In this study, the processing results of the Convolutional Neural Network
(CNN) are regarded as features, and pathological type discrimination by the
Support Vector Machine (SVM) is performed in order to support the
diagnosis of colonic narrow band imaging (NBI) endoscopic cancer. We
proposed a method to perform Verification of the discrimination accuracy
was performed in consideration of the systematization of the proposed )
method, and as a result, the discrimination accuracy of 90% or more, which AlexNet ZHHEHH NI e & ORFEE LR TEE O b — R A7 IRGIE

is the required performance from medical sites, in non-tumor / tumor Verification of tradeoff between accuracy and dimensionality when using
discrimination was confirmed. AlexNet for feature. https:/ieeexplore.ieee.org/document/8650331
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Architecture of the AlexNet.
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Implementation of a Colonoscopy Imaging Tumor
Diagnosis Support System Using Machine Learning
on a Customizable DSP Core

HEHm IEEL  Assoc. Prof. Tetsushi Koide
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Tensilica Vision P6 DSP 2 72 LI AT o7, ZOFER, 277 —
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L7z,

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

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

4. Receive continuous
image files and
classification results

5. Display|mage and
classification results
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Implementation of a prototype system on a customizable DSP.
https://ieeexplore.ieee.org/document/8702379
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Development of Plant Growth Estimation Technologies

Combined with Robust Field Monitors and Micro-Fluidic
Model Simulating Plant Vascular System

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

https://www.jst.go.jp/kisoken/crest/en/project/1111090/15666253.html
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Search and Evaluation of Trait Parameters Derived
from Images Showing Significant Changes in Rice
Growth for Smart Agriculture

HEHER IHEEL  Assoc. Prof. Tetsushi Koide
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CREST Project)

We searched for trait parameters derived from images that show
remarkable rice growth, and investigated the relationship between yield
and appearance quality. From this test, it was considered that the
occurrence of white immature grains was suppressed by keeping the
ear temperature low under the same conditions, and this tendency could
be measured by thermometer camera images. (JST CREST Project)
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Verification results of cultivation of Akita Komachi and Fusaotome in
an all-weather house.
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4.3 Molecular Bioinformation Research Division

SFEaRBE AR

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.

o FAEMEHREHAZE IS MEMS, SA A0 FJEE, A A7 BEREERt 72 B35%
WHFEZAT > CD, 3 G B PR I3 1T DHF5E0 b O O EE AR I35,

BON(F)TILYE—
Bioreflectors of Fish

B BWEF
Prof. Masakazu lwasaka
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REICHY 7= U8R Myctophum asperum
(ARAL) HFTE TSNEH

We investigated bio-reflectors of fish, etc. For example,
new data on guanine platelets in luminous deep-sea fish
was obtained. R I T = IR

Guanine platelets in luminous deep-sea fish.

)V ENAF O EFIE DB
Interface Technology between Silicon and
Biomolecules

B EHEX (HHD)
Prof. Akio Kuroda

Si FANAZRDREIT, IEWEARST-EE A A5 T % [H
EALTDEIFTH L B RS A — DB R I
FECThD, Ve REWEEEZF T DX VBT H A
LT, Si&EDEHFPENENT I B2 EEIRIC A E 528
THHLO ST R X VB ORTEEED TWD,

The ability to target proteins to specific sites on a Si device

while preserving the_lr functions is necessary for the BT Si 55 A7 B DR AT L
development of new biosensors. We are developing a novel TR ICELE L7 7 LR )8 S 2 LR AR
Si-binding protein by engineering a protein to display amino Molecular model of the Si:binding protein.

acids with affinity for Si on the flat surface.




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

Protein Immobilization on Si-Based Materials

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

HRAPNC TH 7RO SiO, ZTERLT D7 T LB ERE
Bacillus cereus &9, HR D SiO, fEE&_XTTFREREL
Too KRRTFREREE LU TRIATDZET S il b
WAL DX Ry 1B EL TEDTD, il g
IRASAA TG T SAADBARE D ATREL 2B E RS NS,

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

$-5200 5.0kV x50.0k

B. cereus DNMER LI 7 /LIK SiO, #1E R0 SEM 4
A —/bsN—: 500 nm

SEM image of capsule-shaped SiO2 structures
isolated from B. cereus. Scale bar: 500 nm.




4.4 Nanomedicine Research Division

SRENFHRBM

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 TODEFEERIAIIFEE I 61T DHFFED £ D OBZEZFEIT 35,

DAIVAERREICET R
Research on Hepatitis Viruses and
Liver Disease

iR FU—F(HHD)

Prof. Kazuaki Chayama

JFRD A NV ASEGE T L Tl D EMTHIaX AT~ 2% AV TIFRT AL A L 1
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NAHRERR L, ZOMEWNS, C BRI %, LA H A DR ——

L7 Dz %R UT= (] Infect Dis 2018) , F7-037 KL OILFRIFFEICLY, B e L

U s A L AR e~ AL 15 OSFFING HBY DNA % 3EMIIC S’@ )

FHZLZID RN RBIT DT ANV AENEEZ B 5N LT (Hepatology 2018) L % ‘2,,,“—’?;;‘
We are currently investigating hepatitis viruses virology and developing treatment i @

\ . ! OI0Y) it ENFFERE A5THR
against these viruses using human hepatocyte chimeric mouse. In this year, we EREFER
showed that antihistamine chlorcyclizine might be a new low cost treatment option | fifas: A5~ %
for chronic hepatitis C by collaborating with NIH (J Infect Dis 2018). We also  Humna hepatocyte chimeric mouse.
clarified the serum and intrahepatic HBV viral kinetics after infection using this
animal model by collaborating with Loyola University (Hepatology 2018).
SPRAA—DV T EAVE—F VAT
Y EHAEDLERETILFEOY DR
Development of SPR Imaging-Impedance b-polarize Prism Objective
Sensor for Multi-Parametric Living Cell Analysis GRS / lens
ik F EL(BHD) _
Prof. Michihiro Hide b oY e awos
sensing Achromatic lens
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We developed a SPR-Impedance sensor in order to monitor SPR 4,}_\\}‘/7%\/4}M\/H\_ﬁ\yxk‘/ﬂ;mﬂ]}

both impedance and RI derived from living cells. Btk SIS

Schematics of surface plasmon resonance imaging-
impedance sensor.




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

e, 2R Z)IEE(BHE)
‘/ |

Prof. Hiroki Nikawa

o - 88 B R A TS 18020 IR DN T
Kogl (Zi, PrEEMZ <7<, th B #E O EHE 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
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(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).

BT T /A RDERET

Bio-devices for Stem Cell Analyses

iz Mg — (HHE)
Prof. Koichi Kato
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DDISAF T INAADEFHIRLA TN,

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.
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5.2 Equipment for advanced devices and LSI fabrication

SR T INA AR UVLSHERE D T-8 DX

5.2.1 Lithography
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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