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

It has been 35 years since the first RCIS was established by the first Director Dr. Masataka Hirose, Former
Advisor of National Institute of Advanced Industrial Science and Technology, Former Professor Emeritus of
Hiroshima University. We also would like to thank the first Associate Director, Prof. Mitsumasa Koyanagi, Tohoku
University, and Dr. Yasuhiro Horiike, Fellow Emeritus, National Institute for Materials Science, specially
appointed Professor of University of Tsukuba.

The research at RNBS has been focused on silicon integrated circuits, devices, processes and materials so that
the significant research results have been achieved as one of the prominent research institute among the national
universities. The RNBS plays important roles not only as a research laboratory but also as an education institute,
where graduate students and under graduate students as well as postdoctoral researchers have been studying on the
most advanced leading-edge technologies to become independent leading researchers who conduct their researches
by themselves in future semiconductor industries. The reputations of the graduates from the RNBS have been
extremely high in the semiconductor industries.

The RNBS has achieved numerous projects supported by Japanese and local governments such as
Nanotechnology Platform, Ministry of Education, Culture, Sports, Science and Technology, Strategic Basic
Research Programs (CREST), Development of Systems and Technology for Advanced Measurement and Analysis,
Japan Agency for Medical Research and Development (AMED), Grant-in-Aid for Scientific Research (A) by the
Japan Society for the Promotion of Science (JSPS). The RNBS has also been selected as one of the members of the
National University Research Institute and Research Center Council.

In April 2016, the Research Center of Biomedical Engineering (RCBE) was established in collaboration with the
Institute of Biomaterials and Bioengineering at Tokyo Medical and Dental University, the Laboratory for Future
Interdisciplinary Research of Science and Technology at Tokyo Institute of Technology, the Research Center for
Nanodevice and Bio Systems at Hiroshima University, and the Research Institute of Electronics at Shizuoka
University, with the support of the Minister of Education, Culture, Sports, Science and Technology (MEXT), Japan.
The RCBE aims at promoting innovative researches in the field of biomedical engineering with strong network of
these four institutes.

This annual report offers comprehensive information about the recent research activities and achievements at
the RNBS to those who are engaged in the fields of advanced technologies. We hope this report will contribute to
the mutual exchange of ideas and future progress of the researches on advanced integration of nanodevice and bio
systems.

December 1, 2021
o Tormzmote—
Akinobu Teramoto
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 FRAEHFHFRRTHEE

anointegrationResearch Division

I/ SR TR AR

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

2 Associate Professors,1 Special Appointment Associate Professor,

1 Visiting Associate Professor, 4 Assistant Professors,

2 Special Appointment Assistant Professors

8% 748 (FE: 2, 4E: 5), HERIR 14, BEEHIER 44,

Executive Committee AEBUR 24 (FE: 1, 6HE: 1), HEERIR 14, REERIR 14,
EEEES B A% (B4E: 2, HHE: 2), HIERNH 24

Integrated Systems Research Division

SRR T LR FHRZERM

Director
HE 3 Professors, 2 Visiting Professors, 4 Associate Professors,
% 34 (BHE: 3), BEHUR 24, AR 448 (BE: 1, HHF: 3)
Molecular Bioinformation Research Division
Adviser
S

SF & HRE F R

3 Professors, 4 Visiting Professors, 1 Assistant Professor
3% 3% (FfE: 1, 6fHF: 2), TERIR 448, B 14 (6HD)

Nanormsacdicing Rassziren Division

iR

5 Professors, 1 Associate Professor
% 54 (BHE) IR 14 (HHT)

Nanotechnology Platform

F/T79/R0—-FS59hTFH—L

1 professor, 1 Special Appointment Associate Professor

iR 148 (B, AR 14

Cooperative Research Staff (Faculty Members)
MRA (FR), BEFE-FH

Visiting Scientists (Universities, Industries)

FEAURA (K. £%F)



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

T/ TNAR - A FARAERFHEMERE

Nanointegration Research Division

T/ RIRHEPH AR

Director of RNBS and Professor
e R, #dx (0HT)

Seiichiro Higashi
BOH BB

Shin-Ichiro Kuroki Associate Director and Professor

R fh—Hp BINFSCAT R, #d%
Akinobu Teramoto Professor

SEAS FEAf Bz

Takamaro Kikkawa Professor (Special Appointment)
HI ANE R E2%

Yutaka Kadoya Professor

iR #z (IHL)
Atsushi lkeda Professor

HHE ER #Hz (ML)
Yoshitake Takane Professor

R LR #Hiz (ML)
Manabu Shimada Professor

BH 7 #Hiz (ML)

Anri Nakajima Associate Professor

e ZE ez

Associate Professor

HEZ% (PHE)

Shuhei Amakawa
KIN AEN-

Tetsuo Tabei
HEH Bk

Associate Professor (Special Appointment)
e

Tadashi Sato
g H

Vuong Van Cuong

Tr—r Ty Txv

Hiroaki Hanafusa

i
P(Za/NS

Assistant Professor

Bh#

Assistant Professor

BhZk

Assistant Professor

Bh#k (OHE)



Yuri Mizukawa

A KH

Tomomi Ishikawa
) B

Yoshiteru Amemiya
WE 5

Assistant Professor

Bh#k (BHE)

Assistant Professor (Special Appointment)

FritBh#

Assistant Professor (Special Appointment)

FriEBh#

Integrated Systems Research Division

KW AT LHFHRERM

Minoru Fujishima
R E

Idaku Ishii
VEP D)

Kazufumi Kaneda
AW s

Tetsushi Koide
AN w I i

Tsuyoshi Yoshida
HH O

Toru Tamaki

TR i

Takeshi Takaki
mA

Professor

#ixz (PHE)

Professor

#ixz (PHE)

Professor

#ixz (PHE)

Associate Professor

HEH%

Associate Professor

W (DHE)

Associate Professor

W (DHE)

Associate Professor

W (DHE)

Molecular Bio-information Research Division

A FERIEHRE R AR
Masakazu Iwasaka Professor
=Y 1B Bz
Akio Kuroda Professor
BH =k #Hiz (HL)



Seiji Kawamoto Professor

AR IR iz (PHE)
Takeshi Ikeda Assistant Professor
HE ot B2 (D)

Nanomedicine Research Division

EHEEREHREM
Kazuaki Chayama Professor
Kl —#® iz (ML)
Michihiro Hide Associate Director and Professor
7 JEJA RIAFEAT R, #d% (DHT)
Hiroki Nikawa Professor
N SR #Hz (ML)
Koichi Kato Professor
ik Hh— iz (PHE)
Kazuhiro Tsuga Professor
HE —l #z (IHL)
Yuhki Yanase Associate Professor
PR e ez (OHT)

Nanotechnology Platform
F/T70/00—=TF539r T4 —L

Shin-Ichiro Kuroki Professor

B fh—RR Hif%

Tetsuo Tabei Associate Professor (Special Appointment)
HEH ek FrEHERR

Visiting Professor

FRBR

Shin Yokoyama Visiting Professor

ML B wREAR



Yuji Miyahara
HE OB

Takashi Ito
Frig Few]

Hiroshi Ohki
KAR 1

Seiichi Miyazaki
IR

Ryo Miyake

U
—F s

Shigeto Yoshida

Visiting Professor

B AR

Visiting Professor

R

Visiting Professor

R

Visiting Professor

B

Visiting Professor

B

Visiting Professor

L NS IN wRHI
Koichi Ito Visiting Professor
ik ~— wRHI
Takeshi Tanaka Visiting Professor
S AATE wRHI
Katia Zheleva Vutora Visiting Professor
®B AR
Hideki Murakami Visiting Associate Professor
B Tk % BRI
Researchers
MRa

Kyouji Mizuno Researcher, Nanotechnology Platform

KB A%H] FITI e =TTy T+ — R
Tatsuya Meguro Researcher
HE Eh MR
Lia Aprilia Researcher
IR

Shinji Yamada Research Associate

W HH

Kazushi Okada
il Fod&

BT B R

Research Associate

BT B R



Advisory Board

B

Masataka Hirose

B

Visiting Staff

Professor Emeritus, Hiroshima University

JE By R0 0%

EBRAAYD

Hirofumi Fukumoto

A 3L

Tomonori Maeda
B N

Seiji Ishikawa
)11 Fin

Hiroshi Sezaki
WHIR
Hirofumi Tanaka

H A e

Jun Kamata
S M

Yasuhisa Kayaba
25 vl

Takeshi Kumaki

Kenji Sakamoto
SRk IR

Akihiro Toya
PA AT

Hiromasa Watanabe

Pk #LF

Atsushi lwata
HH B

Visiting Scientist, Asahi Kasei Corporation

wEMER, BALRK(ER)

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

Visiting Scientist, Phenitec Semiconductor Corporation
HEWMER, 7==Tvre3ar4 75— (1)

Visiting Scientist, Phenitec Semiconductor Corporation
wEBMRE, 7o=TyreIarF s 82— (1K)

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

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

Visiting Scientist, Mitsui Chemicals Incorporated

wEWIER, LK)

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

Visiting Scientist, Center for Microelectronic System, Kyusyu Institute of
Technology
FEMER, NI RRFE~A7ufbipn Gt 72—

Visiting Scientist, Kure National College of Technology
FwEMTER, RTEEFMFE

Visiting Scientist, Sharp Takaya Electronic Industry Corporation
HEWIER, v Y —7 2 vET TERR)

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



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
FEMIR, RERF:

XiEXE YD

Kiyokazu Waki
R JE—
Naoko Matsuoka
FARE 1EF

Chiaki Ashihara
= e

Naoko Nakatani
NS
Junko Hinohara
G S

lzuko Kushida
HH 1

Finance Affairs

B

General Affairs
HOHS Y

Office Assistant
LS Y i =]

Office Assistant
FHEMER

Office Assistant
FHEMER

Office Assistant
FHEMER



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

FIERAR N A REBEFRFEEEELEE

Seiichiro Higashi
BOIE R

Shin-Ichiro Kuroki
R fh—RR

Michihiro Hide
7 JEIA

Masakazu Iwasaka
=W IEFN

Akinobu Teramoto
SEAR EA

Yutaka Kadoya
AR g

Minoru Fujishima
R
Yositake Takane
iR LR

Akio Kuroda
HBH ®=X

Toshikazu Ekino
W fo—
Yoshihiro Kuroiwa
-V~

Idaku Ishii
A

Hiroki Nikawa
N v

Koichi Kato
g H—

Anri Nakajima
s 2P

Tetsushi Koide
AN RIS i

Director and Professor

WFFEATR - 2%

Associate Director and
Professor

RIATZERT & - %

Associate Director and
Professor

RIBFFERT & - 8%

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

iz

Professor

Hiz

Professor

Hfz

Associate Professor

eI

Associate Professor

eI

Graduate School of Advanced Sciences of Matter
Seim G R R

RNBS

T VT A AT RIER ST

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

RNBS
FIF AR A A RRERREIET

RNBS

FIF A A A A RF ST

Graduate School of Advanced Sciences of Matter
SeimE B e R

Graduate School of Advanced Sciences of Matter
SenE Bt e

Graduate School of Advanced Sciences of Matter
SenE Bt ek

Graduate School of Advanced Sciences of Matter
SenE Bt ek

Graduate School of Integrated Arts and Sciences
W EFEIT IR

Graduate School of Science
it DI

Institute of Engineering
T 5ERE

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

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

RNBS

T T ISA A SAF AR A GTET

RNBS
F TSRS AA BRI



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

T/ TINAR - N FRAERFHEFTO R E

The Research Institute for Nanodevice and Bio Systems was founded on May 1, 2008, aiming to
develop the fundamental technologies necessary to achieve global excellence in electronic and bio
integrated sciences for preventive medicine and ubiquitous diagnoses on early stages of illnesses in
the future advanced medical-care society beyond the present information society. The research field
includes Nanointegration, Integrated Systems, Molecular Bioinformation and Nanomedicine.

T T IS A SAF A BHE TN I B bR ORI D @ E E R AR AL S ST T, T
B0 B A AR R R 2 W A R 5720 DL I ha =g RS F Ty — OEFER}
FREAEHIRA R 27 0 — VR BB LR AT 22 8% H S L CRRNL ST, WFSERE
W JEERERN R SRRV AT ARVE AT AR BEER D400 B,

Nanointegration Integrated Systems
Research Division Fha—-RboH— / L P2AVE L) Research Division

)Rl KRORATLEE
R ahr R ERRY
N HES/- FIEIVVTTFINMMRE
A BRE /AR VCO+PL T

BUTINMRD
BEETIVY

WERRDET— 5757
L_ ’ ;

DR
1 = 2 /

iR @

77

7T

AL & i <7
h7el
Nznomeadigine Molecular
—l ) Bioinformation
Research Division
SFEMIER
FEF R AR
NFLE3—T1—R
&MEMSIZ &5 EEsRE

<
<

Reszzirehl Division
2 el e §

=
A E—

FI/TNARBE T DOER
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Research Divisions
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4.1 Nanointegration Research Division

T/ SRER PR

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

FOERBIEIEE Tl 7/ T AR, TaRR FIAT T —Yay  FINAFE T SAA, T b=
FTNRAA, F I BT T INAREWET SAR T )T NARAET IS BEREMEM YR BT 29821 T> T, T/
B AHIEE PN I DA FE D F 70t D O E AR T,

RRETSAYDTYREREI T SPC LU0 Iras A BT 0%
[CFAEING NSO ISIENE T o o e o™ L | B
Fabrication of Bottom Gate Thin Film Transistors ok R TS
based on Millisecond Solid Phase Crystallized Silicon - I o 40 §
Films induced by Thermal Plasma Jet Irradiation :,=’ 10_9”’“"’ KW 0.1v E
BI% W F—BEB(HHE) Prof. Seiichiro Higashi g sl /\\ * %
Q £
MR BB D /):/%H%D VRDEAE A AL g *y
(SPC) ﬁ&%%mﬁ%ﬂéﬂs&m FOHBICTHELD | &.oe &
iz, ﬁblﬁ“w%iﬂ?ﬁﬂ%b?‘/yz&(se TFT) DF ¥ F /L _ 03
I LTS R 28em®™V s D m W ENE A/ NSIRNT 1075k =
DX THLNDIENHALNI ST, G S e 0o M=
% 20 30
Gate Voltage (V)

Phase transformation of amorphous silicon films in millisecond o J
solid phase crystallization (SPC) has been clarified on the basis of (%2 B) VY SPC v Va3 TEM %, (/£ T)BG TFT

an in-situ observation technique and application of the films to %**'V%@%[ﬁj TEM f&. GRRUR SPC v= e v
bottom gate thin film transistors (BG TFTs) has been investigated. BG TFT DfniEfiE . . . .
TETs with a high field effect mobility of 28 cm2V-1s! have been (left top) Planar TEM image of millisecond SPC silicon film. (left

: ; P ot bottom) Cross-sectional TEM image of BG TFT channel. (right)
successfully fabricated with a very small characteristics variation. Transfer characteristics of BG TET fabricated with millisecond

SPC silicon film.
BERET /N1 ADT= DFERAFE LT ‘7{' 7 ‘::{' (a) ®mF\EFOER
Selective Film Formation for ULSI . rer¥
9 ?O\/ T t 4 ¢
BiR FAREM Metal e
Prof. Akinobu Teramoto - o
= (b) BIETHEX
BIRKE 7B ADMFEZIT > TV E T, Isopropyl ree
Alcohol (IPA)IE Cu 0 FHRER(LIRA IR T 5L, Cu ! 44 )y [
& Cu Bk ECRADHEREM IR T HZ LD H)> I |
IZ720F L7~ Atomic Layer Deposition (ALD) DRETALEEL A
L CHBEREANTC T OR @0 ® 1 @C ()CH: gy O 7 FulEcr

-l

We study the area selective thin film formation for the
miniaturizing pattern size in LSI. Isopropyl Alcohol(IPA)
can reduce Cu oxide to Cu, and the different materials are

remained on Cu and Cu oxide. This method is useful for the R —— R
i iti i = BEDEN M Lo TREEAER AN F 7
pretreatment of Atomic Layer Deposition(ALD). Selective film formation: Film growth depends on
the surface material to be deposited.

Area Selective ALD(AS-ALD)

Inhibitler Precursors




s G FYUFTO
MOSFET & KM S IR 3 23R capure S| Anens
Study of Low Frequency Noise in MOFETs =~ n
Substrate - trap emission
=3 = Gat trap I_l_ -
#&*ﬁ %$§1¢ emission at—eae captu
Prof. Akinobu Teramoto gate | sio, | pSi
MOSFET OARJE I HES (2B 284 T o CWES, 7 Te.1 Ti2 T3 usulator
LARDT AR RE—UNZED, BH0D MOSFET D7 — 44 D D D |7
HRFEICHIEL . AN HEE R 2L £, N7 —
RIS ECRHILA R, Fr XA BmRSnT g T8\ | [l]/8]
WHHIPH T — MED b /NS W E T b KEW A | 6 G
HZTWHZenbnoTEELT, E
We study the low frequency noise in MOSFETS. By using the =
array test circuit, large amount of MOSFETS can be measured s \| | s [/
in very short time. It was found that RTN is dominated by traps TR RN OTGREZALS T B EH LS D77 Ofiett
at the minimum gate width in the channel formed under each of o . .
ina bi diti Schematic illustrations of the model of transistor
operating bias conditions. channel and effect of traps under various Vps.

SiREDIAYOZIRADFEAT /N
A REFHEICH T o5 E

Influence of Silicon Surface Roughness

As polished

on Semiconductor Device Characteristics

i FAEM

Prof. Akinobu Teramoto

Ar Anncal

Si Vx— OWMEFIEELZ T, RED~A70T7T XA

EELSE T, IHIT, Ar BT Tr=—/175Z&(C - A
£Y A — 5 — CTHARME (L MOSFET &3t | /7 ™! ol
ELT, R4 —& — 1k ia:*%%’v@ﬂ;\ i R e N Fow | SiFudlien 4
NEDAE $EME 7] I 2h R o DAl 772\/?0) ZEmegEe 2 T £ i

INT S AR T 5L DM LT, . |I
We study the influence of silicon surface roughness on R W R 6.5, ¢
semiconductor device characteristics. The surface micro- e o
roughness was controlled by the wafer polishing and o -
atomically flat surface was obtained by the Ar annealing. Si i DO VHPEZZE LS MOSFET ORI FHERF Al
The electron mobility of MOSFET and the reliability of gate EHiole o

oxide can be improved by the atomically flat interface. In The electrical characteristics were evaluated for the
addition, the spatial period influences the characteristics. Si wafers with various surface roughness.

O, iR EZEHIHIL = Ty k%D Si(110)
mA~DEA
Applying Low Oz Concentration Wet

(c) O2~50ppm.
(b in
. P 4

P

P-V = 9.906 nm /

Cleaning to Si (110) Surface
#iR FAREM

Prof. Akinobu Teramoto

FInFET |23\ T, FY RO K53 % 5 6D DI BE i 4
MR 5281275 Si110)mE X, ZNETHWTEZ
SIL00) AT LD LT T XAV, £2T, V=
/H;*‘EZ%EF‘OD O R EZHIMEHL T, K77 RADF At A1T
STz, TR O: E% 100ppm LA FIZT 4L, 7714
ODiijDiP?fﬂﬁ?'“C EHTEAIRLI,

Si(110) surface appears of the side wall of FinFET, and its - 0 5 10 15 20 25 3
surface roughness is easier increased than Si(100), which is mmersion tme (hs)
conventionally used for the planer MOSFETSs. We evaluated o MEHH O O, B EEZHIHEL T, SiL10)F DY =— 3
the dependence of the surface roughness on O, concentration AR R A AT 24T 7=
in wet cleaning ambience. The surface roughness can be The surface roughness of Si(110) surface was evaluated
suppressed by reducing the O, concentration less than 100 for various Oz concentration ambience in wet cleaning.
ppm in the ambience.

c
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HRAT) DO DENMEHET SV
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Resistance Measurement Platform for Statistical

Analysis of Emerging Memory Materials

iR FAEM

Prof. Akinobu Teramoto

FHATVFHM O 7= OWBTFHN 21 TH 7O DT T 7
F—LEHF LT, CMOS Al E T80 5 2 EL
7et% . Bl LR T, &R - F MR -4 8 DA & Itk
ERBICTERTHZETHMB TRIETE, KEDT —
Z oG TED,

We developed Resistance Measurement Platform for
Statistical Analysis of Emerging Memory Materials.

At first the common peripheral circuits including CMOS
region are fabricated, and only the target material and top
electrode fabricates can be fabricated for the evaluation. We
can fabricate the target structures in very short period and
can get enough data in many samples.

%
=

now o oom
' 27 % 32V shbriad olls | - 2o 32 [
H Ex Plletorm| / o025 | LR Platidm '}
: 9 [Framd Modd [ % [ramle Mpde
| Cell Array [ Eu feragirlg H = o [10° Averdgin
i 5.64 x 56V um Pitch | IR r = oo
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By constructing the newly developed array test circuit,
enough data of emergency resistance material can be
obtained in very short period.

D)AVA—NAFBRIRIETL2A=9 X
Silicon Carbide Harsh Environment
Electronics

Bz ERE—
Prof. Shin-Ichiro Kuroki

TUIT) = SAR (SIC) M-8 % N T A PR ER B 1 4R
[E] B DB I8 HED TS, AR, it & iR b OB 7E 4
WD | FERRIFAL OB TEZ D TS, ABFIEITAY
=—F 2 T TRRE RBHEHE, SR L 0T ==
Ty H I a2 —FR)EDILFRFZEEL THED T D,
AREHIE Jpn. Jour. Appl. Phys. 5B/ E 12Hg#ishrz,

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

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

SiC F &KL SOl £E£HRIZLD
MIREHREA A= Y O

SiC Radiation-Hardened Image Sensors

B EARMHE—ER
Prof. Shin-Ichiro Kuroki

YAy B — AR (SiC) & W= i A A—2
YO EHEDT-, 350D SiC MOSFETs £1-250 Si 74k
AT —R%E 1 EFELTWD, HAEFEHEINSE 5720
(2. T AL ZEE OB ETED TND, AHFFRIZPERRHIT,
B L DL [EHFFEE L THlED TUA,

SiC pixel devices with SOI wafer and 4H-SiC had been
developed. For high output signal, we continue the designing
and prototyping. This research has been carried out under the
collaboration with AIST and QST, Japan.

4H-SIiC/ SOI-Si M i#R ATV Rl T /3 A A
4H-SiC/ SOI-Si hybrid pixel device for Rad-
Hardened image sensor.
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Radiation-Hardened Full-SiC UV Pixel Devices

Big BEARH—ER
Prof. Shin-Ichiro Kuroki

SHOTTVROH Ll % BIEx, 74 M A4 —FKY
SiC TYERIL7=7/L SiC UV (ERAE) A A= V%32
KL, FEIEFIEZ D TD, 3 MGy LA LD T~ #i IR
FHE LB Al RE TH DI LA IR LT, ARWFICITERF, &
TR L DL RIAFIEL L THED TUVD,

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

7V 4H-SiC UV EZ B FRAZ (1 liZE T /31 R)
Full 4H-SiC pixel device for Rad-Hardened UV image
sensor.

4H-SiC MOSFETs ~MD A > T #RIBET %R
Gamma-Ray Exposure Effects on 4H-SiC
MOSFETs

Bz ERE—
Prof. Shin-Ichiro Kuroki

I T —3AR (SIC)MOSFETs O #is/@ 8 FE h) -
Fefff&LC MOS Hii~0 BaO & ADAFZEAEED 7=,
MOS St TP Ba U5 —MEiEE 2D X #HIESICLY
B S Iiz L7z, A% H X Materials Science in
Semiconductor Processing F&78 & (ZH#E ST~ ZDOHFTE
WI7 =T 7IarF 74—+t SPring8 72E LD L FEIAF
L THD,

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

4H-SiC LA —Iv Y BIBDERIER
PESFIT
High-Temperature Reliability of Ni/Nb

Ohmic Matals on 4H-SiC

Hix EXREH—HD
Prof. Shin-Ichiro Kuroki

4H-SIC FOF—3Iv 7 EMO EIREE M hA ED T
WET, BFIZ CF0y 7T A< ALPRIZ XA RE M 1) bl
IRE BRI LU FE LT, 2D REIT Jpn. Jour. Appl. Phys.
RETHRELEL, AT T =TI Ia XX
—#l:, SPring8. HIL K7L LD ILFIIE THD,

400°C High temperature reliability of ohmic contacts on
4H-SiC has been investigated. CF4:0, plasma treatment has
been applied for enhancing the reliability. The results were
reported at Jpn. Jour. Appl. Phys. This research has been
carried out under the collaboration with Phenitec
Semiconductor Co. Ltd., SPring8, and Tohoku University.

B! -

(a) 250 nm

250 nm

4H-SIC L NiNb S VHAR A —Iy7arZ7ho
EDX 4L 551 th)

EDX images of NiNb silicide on 4H-SiC after
400°C, 100 hours aging.




L—HF#a@RIEIZ& 5 Si(100)58 &R A
Si(100) Thin Film Formation Using Laser
Crystallization

ERME—ER
Prof. Shin-Ichiro Kuroki

EMERES VL RN T L AL EBLD T2, L — R
FHZ LD Si(100)EIED TE R DA FE %D TWD, Si(100)3
il > 7L — VIR S b2 R 32 & Io kB L7z, Zi
SOREIT Jpn. Jour. Appl. Phys. 728 TRELELZ, A
HFZE1% Hanoi National University of Education (HNUE)&
DOILFEFFEE L THED TS,

For high performance Si thin film transistors, Si(100)
formation using laser crystallization has been investigated.
Crystallinity condition map for (100), (211), and other
crystal orientation, and the results were reported at Jpn. Jour.
Appl. Phys. This research has been carried out under the

collaboration with Hanoi National University of Education
(HNUE).

@11y
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L— a2 &S Si(100) i 48 : EBSD & 2D-XRD 8
Si(100) thin film formation using continuous wave laser
crystallization : EBSD mapping and 2D-XRD.

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

iz SIRE )

Prof. Takamaro Kikkawa

HEEr~ A7l E > TA A= 7T BBV
T ANERFEHNSDOEGELIE 2R ET 57 VTR L% B %
L7z, 16D T T TV A% F R E T 360 ERHERIH
ZAEW OB B A IR L, L2 1IEAIAE AL 75
T ANHE—TC 2 BeBERE 7T X —RFIEEBIRE LT,

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

(IEEE Transactions on Instrumentation and Measurement,
2020.)
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Imaging results of patient trial by different methods. TSR: (a)
Confocal image of x-y and x-z cross sections. (b) 3-Db image. rWF:
(c) Confocal image of x-y and x-z cross sections. (d) 3-D image.
rEWF: (e) Confocal image of x-y and x-z cross sections.

CMOS A2/ LAL—F — &M B
CMOS Gaussian Monocycle Pulse
Transceiver for Radar Imaging

g SINRE D)

Prof. Takamaro Kikkawa

AT A A= T DI H T T )P AT
PNV AE AW T NF T —H— k5 CMOS
#é%%é%ﬁlﬁl%%ﬁﬁ%w:o CMOS-LS] ZFEIEEL-L—
H—FY2—)L TR D 10mm CHRES U
72 RKEX 10mm D 2 HOX —47 Moy B i c &7z,

A single chip Gaussian monocycle pulse transceiver
CMOS-LSI for radar-based microwave imaging was
developed. The GMP transceiver module can differentiate
two phantom targets with the size of 10 mm and the spacing
of 10 mm in the near field.

(IEEE Transactions on Biomedical Circuits and Systems,
2020)
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Confocal images of two phantom targets. (a) Planview of the
maximum confocal image. (b) Cross section image of the maximum
confocal image. (c) Three dimensional image of two phantom targets.
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Microwave Breast-Imaging Detection
System

g SINRE BB

Prof. Takamaro Kikkawa

R~ A V0L EA A= TV AT BRI,
S 5 KRB ChE R R Z M L 7=, B LI AT A
IREERE SR~/ —T TP 0 2020 44
5 H % Advances in Microwave Near—Field Imaging #i4E&
s,

The hand-held breast-tumor detector was developed. The
clinical tests were conducted by medical doctors at
Hiroshima University Hospital. The detector was appeared
in Advances in Microwave Near-Field Imaging.

(IEEE Microwave Magazine, May 2020)

(b)

MR IcfgSn g RN EBEO TR
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(@) A diagram of the system. (b) The system
being used on a volunteer.

T/ NEDHIEIC KA MBI ERETFE
Preparation of Materials and Surface
Contamination by Deposition of Nanoobjects

THiR BHE F(HE)

Prof. Manabu Shimada

F IV ARDITAS — SRR E G R AT
RIS OGN S DI RAN SR D R SEOPE A LN AN
BLOENLDOEEW LR L ELT>TND, T/
T AXEDGRWE LU CRIET A LT L E DR EL IR
LTV,

Preparation of thin-films, particles, and their composites
having useful structure and composition is being studied by
synthesizing nano-sized clusters and particulate matter
suspended in gases and depositing them in the gas phase. The
effects of surface deposition of nanoobjects as contaminants
are also being investigated.
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One-step gas-phase method for preparing Ag-TiO, composite
porous thin film pursuing improved photocatalytic performance.

Turn—on SR N ZREE
Turn-on Photodynamic Therapy Reagent

Hix HMEESE (6HD)
Prof. Atsushi Ikeda

e PN C it 36 LUV 1 FIEE DY Turn-on” &72%
SRR FIR IR BT LT, £ D AT = A NIT LR
NTHCORIEL TWbD 2, M EAN T # L T
RNT 4V FHEAROIE DN EIE T D2 LD ENHD
Aoy

We developed photodynamic therapy reagents which were
observed “turn-on” fluorescence and photodynamic activity
in the cells. The mechanism was because porphyrin
derivatives change from inactivation of self-aggregation in
polysaccharides to activation of monodispersion in cell
membranes.

b “%&‘"j&@%%%
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Tus

ZHE-KILIT 1Y
LB Hela #ii2
ZWE-RN T 4V FEARSER P A7 IREED D HeLa Al
H U RBEAS DAL ORI

Schematic image of the change from off-state in
polysaccharide-porphyrin complex to on-state in HelLa
cells.
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Algs BERBEFHRL DR
Algs-Containing Electron Beam Resists

Nanometer-Scale for Organic EL Devices

EHER PERE

Assoc. Prof. Anri Nakajima

BAIRLUUAMIEEBMEOR A T EIRE TS
I, BLLBBOADOf HI T mtxa%ﬁﬁb\t +/
A—B— 2 — )V CHME N ST [ O YA XL E A L
T2 BB Bl 7T ARG BT D720 OH 2B L £ LT1Z,
A1 ACS Applied Nano Materials |28 S E L7,

A simple method only using electron beam (EB) exposure ~ Alds & T S ANO@IGID SEM (&, (1) FHEEL LT
and development was developed for fabricating current-  tix (R MILESE SR L FSREEN., (o) MR G DO

. . - : . ; ; LAy v A(EBL), ()T /9 A XA EL 73 A AO RS
drlv_a_ble light-emitting organic devices with lateral sizes _and (a) SEM image of a thin film, (b) optical microscopy image of dot
positions on the nanometer scale. The method uses light  structure after electron beam exposures and development, (c)

emitting molecular-incorporated EB organic resists. electroluminescence (EL)from a thin film, (d) schematic image of a
(ACS Applied Nano Materials 2020) nanosize EL device. These structures use Algs-containing EB resist.
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Ultralow Drive Voltage Si Optical Modulator
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Schematic of the proposed

Using Tunnel Field-Effect Transistor

HEHER BHEBAERGHE)

Assoc. Prof. Tetsuo Tabei

Si waveguide optical modulator.
r RNVERDFEINT D AX(TFET) 2R A LTz, WK 1.00E-06
“F%E%bvvﬂyﬁ‘ﬁ%?)ﬁ%%@ﬁ%%??ofb\%.60 BRI 10 um 10 um SiO, & 1.00E-07
ZEAHF LU CHAT 5 0 TR KO p Frdrsya (A B e
v TRET OFEE(T0, COMELMERT B EAOE T 7 Wt & oew
T bEHED TN, 200 hm % 1.3((;51;
We study an ultralow drive voltage silicon optical W =500 nm x 10 line, § 1:005-13
modulator using a tunnel field effect transistor (TFET). L =20 um © 1.00E-14
Currently, we are proceeding with an optimization of the
structure and fabrication process of n-channel and p-channel Gate "O“age Ve (V)

AMELIZ n KOV p v F/V TFET ORL A B (Ip) -7 — MEEFHE (Vo)
Drain current (Ip) vs. gate voltage (Vg) characterlstlcs of fabricated n-
channel and p-channel TFET.

silicon TFETS used as optical modulators.
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Low-k Films for ULSI Interconnections

¥ ki B
Assist. Prof. Tadashi Sato

| ’ < Low-k cap

Low-k dielectrics
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Low dielectric constant (Low-k) materials have been asﬁhebnfgf dr:fg{t?:';v‘:;
applied as the interlayer dielectric in the interconnection of interconnection.
ultra-large-scale-integrated-circuits (ULSIs), used for high
speed signal processing. We are developing mesoporous

pure silica zeolite Low-k Films.

PAIANEGEHR—F A low—k &
Mesoporous pure silica zeolite low-k film.
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Electronic Circuits Based on 4H-SiC for e z '
Harsh Environment Applications

¥ JA—> Trr v+
Assist. Prof. Vuong Van Cuong

Gain = 55.8
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TERLT R, 7/ REGAT, B2 3E, (BHEMEAR Y O %AT> & PP =
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My current research topic is SiC integrated electronic U " vomy

circuits for high temperature and high radiation environment JH-SIC MOSFET 2£BHBIRSE ()7L 470k (b)JE2E5
applications, including fabrication process and device 518 (©)500°CCOBMERNE (OHIEEE (400°C-CO FEME
technologies, design, and reliabilities. Differential Amplifier based on 4H-SiC MOSFET with (a)
mask layout, (b) optical image, operation at 500°C of (c)
4H-SiC MOSFET, (d) amplifier, and (e) reliability at 400°C

RAVOBAA—D T OHE

Microwave Imaging

numerical model

B# BmIINEE (BE)

Assist. Prof. Tomomi Ishikawa

~ A7 AR EMWDICE T 57 VTV X LD 5E%
1772 TWD, MWI TIEERIEZ RS R IR T
i, FLCRET T TELNTET — 20 b WIRDE
. BB EED, FCABABRZ ~DIS A s

Rx S - : e
U, EELA 537 LT ) X MO B0 F L0 Eik b, measundEeR % by 77 Al LA OFRL
O~ P system SEAH ERR OB S 321
A N FE A HEDORREEEIT > TD, R Agin
Microwave imaging and its computing algorithms are [ | ‘ A numerical simulation of
studied. Our research includes code development of the Tx scatterin the reconstruction (relative
; ; ; ; e permittivity distribution) by
imaging using Computed Tomography and conventional by objects ted 1 h
confocal methods as well as testing its practicality for the computed tomography.
purpose of the breast cancer inspection.
GaN-LED D EEER E~DEREIL
Heterogeneous Integration of GaN-LED .
o Wis oo e

B#H mERRGE

Assist. Prof. Yoshiteru Amemiya

On waveguide 1
Peak : 459 nm

GaN-LED %8R K&E T CRAEKR BIcHEE T 51
W OWFEEIT> TS, JelEg E~DEMbE Ll
T, AEERCE MR FICEAS YR FIZHONT,
BT EERE ORI ROV TRIEL , B FARD
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Wavelength (nm)

Emission intensity (a.u.)

We are studying binding technology of GaN-LED under
room temperature and atmospheric pressure. Devices were
bounded on quartz substrates and optical waveguides for
integrated optical circuits. Current-voltage characteristics
and emission spectra were measured and device
degradations were investigated.

LED F& e Y6 BRIMEE 5 2L & 58 E I R R
Optical micrograph of light emission from GaN-LED
and emission spectra.
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Band-Alignment Control by Si/SiC Hetero-

Structure

o BN TEEEE (BHE)

Assist. Prof. Hiroaki Hanafusa

Si & SIC DA~TFT L LT —— LA B S b5 B
LT Si OFh R ERETREIZEET S BnRyMET 58
Y S UL T AR A N (o ww o WA i 711
AL BT RRTERRESN DB IOV TR Z D TNV,

We are studying mechanism of Si dots formation that T =—/VIRFEIEAF LT SIC E S| okEERyMe%
caused by annealing of Si/SiC hetero structure at below the Y E TSR

Si melting point. We also investigating low-resistive Scanning electron microscope images of Si
contacts using the Si-dots/SiC structure without metal migration and dots formation in accordance with

silicidation process. the annealing temperature.




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.

LR AT LB FEM T, 778y MEEEESEREATD  BIESIEE SAA v A ST 2 —
A, BRTTEEFEIC BT D MR AHEEL T D, 2L T, 2B DM EAZ VT, A DML 3Gk AL
HlORBUSLRE A B BREICHEIS T 2B A T2 LA 0B E BIF T, BEHEVAT LRSS
FZEIT DI vy = 7 hD Eet OO EZAEN T 5,

TINIVYIRT 1A RE BT DO
Research on Fundamental Technology

#E BE X(BHD)

Prof. Minoru Fujishima

FL7=BIE, SVEMST T~V ETOR S EH CMOS
T SAADHFFEZERDALA TS, FFIZ 300GHz H#r DidEfF
w22 Ali7e CMOS FEREMIEE THBIL , 2030 FEIZHHIAS
N5 6G TIXERD 100 ¥4 v ML EOE1{E 4 KB 4
HZEEHEEL TS,

We are working on ultra-high frequency CMOS devices

from millimeter wave to terahertz wave. In particular, we
aim to realize 300-GHz communications with inexpensive

300GHz #7 CMOS b7 v — 3% W ARIE R

. Co . AN Communication experiment with 300-GHz-band
CMOS integrated circuits, and to achieve communication CMOS transmitter.

speeds of more than 100 gigabits per second in 6G, which
will start around 2030.

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

Development of a Colorectal Cancer Diagnosis

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

WRERER

Support System Using Machine Learning with CNN
Features as Feature Extraction

HEZIE INHEELE  Assoc. Prof. Tetsushi Koide

RRTFIEIINIRT N —TTEREL T D Bag-of-Features (BoF) (25
SR O R Eh LA | FE A CNN O RZ WAL
TR, ZHUTED, —BIRRRO =D IS 7 R T R s
23, SVM TR DIRBEZ A 7 3 U B 2 e L L CRI A & 228
W C&D, |ETIEOHA R AT 2B B L TR & OMGE:

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

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

using the results of trained CNNs. It is expected that the local features CNN A Rl & U TR LI B8 & RO 2 KRIG YA 2
extracted for general object recognition can be used as effective features for BV AT A

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

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

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

HEHm IEEL  Assoc. Prof. Tetsushi Koide

CNN Hf& SVM 3 %% H L7 Wi KRS AT DENAZ~ AT
JL7¢ Digital Signal Processing (DSP) =7 T&%. Cadence %L Cadence
Tensilica Vision P6 DSP =t 7 5L il &4 T o7, T DRGSR, 27 7 —
XTIFXICHE LT VAV RLL R EITHZET CNN R SVM D FE#
SUBRASNERAIZ FEATCE, R AT LB L CRBRY A 27V H0A8 1/30 12
BITRESIY T L2 A LALER(30 fps@100 MHz) 3FEHATHETHHI LR
L7z,

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

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

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

| B=0.999017, C3=0.000983 S B=0.031744, C3=0,958256

A=0.109106, notA=0.890894, A=0.016634, notA=0.983366,

HAZZAYF TV DSP AT ~DFONIA T AT LD F4E
Implementation of a prototype system on a customizable DSP.
https://ieeexplore.ieee.org/document/8702379

KBEDAUT ILEA LNRBEERZ MBS R T
LOBAFE FPGA R

Development of a Real-Time Endoscopic Image
Diagnosis Support System for Colorectal Cancer and
Its Implementation on FPGA

HEHIE IMEEL  Assoc. Prof. Tetsushi Koide

KI5 Narrow Band Imaging (NBI) $ERPREEN AT AR FHIR D=0
Convolutional Neural Network (CNN) > 4L #E 52 R B & AL .
Support Vector Machine (SVM) (ZXDIERS A 7 #iBEAT) FIEAIRR. K
IEPITREEIEN T — 2% LI Al TIRE DT Z TEBALL | [ERTOZWE
YR—F D AT L%EBAFE, Xilinx AlveoU250 77T —% J1—R%&H
UNTUT VB A DB i A SR8,

In this research, we propose a method to identify pathological types using
SVMs by considering the results of CNN processing as features, in order to
support the diagnosis of cancer through colonoscopic NBI magnification.
We developed a system to support doctors' diagnosis by quantifying the
progression of lesions using Al based on colonoscopy image data, and
achieved high-speed real-time processing using a Xilinx AlveoU250
accelerator card.
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FPGA Implementation of a Real-Time Endoscopic Image Diagnostic Support
System.  URL https://bit.ly/2MnelZ2
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Development of a Real-Time Endoscopic Image
Diagnosis Support System for Colorectal Cancer
and Its Implementation on Edge Devices

HHIR IMHEEL  Assoc. Prof. Tetsushi Koide
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To support the diagnosis of cancer by colonoscopy, we propose a method
of pathology type identification by SVM using the results of CNN
processing as features. We developed a system to support doctors' diagnosis
by quantifying the progression of lesions using Al based on colonoscopy
image data. We developed a compact and optimized system with embedded
software and hardware logic architecture, and deployed it on Xilinx Zynqg
UltraScale+ MPSoC, which can be used in edge devices.
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Overview of Implementation of a real-time endoscopic image diagnosis
support system on edge devices. URL https://bit.ly/2MnelZ2
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Development of an Al-Based Image Analysis Method
for Elucidating Sweating Abnormalities in the
Pathogenesis of Allergic Skin Diseases

HEHm IEEL  Assoc. Prof. Tetsushi Koide
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(impression mold technique: IMT) W 2 T QO ET,

In this research, we are developing an Al-based image analysis method to
quantitatively analyze sweating abnormalities in the AMED project "Elucidation
of sweating abnormalities in the pathogenesis of allergic skin diseases and
development of therapeutic methods". The sweating system may be an organ
responsible for not only temperature regulation but also water retention and
innate immunity of the skin. Therefore, we are analyzing the sweating
function of the microenvironment near the skin rash using the innovative
impression mold technique (IMT), which enables us to quantitatively examine
the sweating function of the microenvironment over time.

|MEI-J:6&Ii§E“FHﬂW)ﬁ§

Fam< EBb
S

B TEy
E:FaE &

RIS T
IR0
£

%Jﬁ%}]}!ﬁ@%&%ﬁ/#%’ﬂ H/ B

" YShimoda et.al. Exp Dermatol So17

T UIVX — P B G R DB T SCRR IS A 7 B W WA AT D B 5

R FTHEHE §
&E%H’-;‘F&iﬁi A 4

Development of skm image analysis to support diagnosis of allergic skin

diseases. URL https://bit.ly/39cIN2j
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Acceleration of Arithmetic Processing with CAM-Based
Massive-Parallel SIMD Matrix Core

HEHm IEELT  Assoc. Prof. Tetsushi Koide
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The proposed CAMX consists of two CAM modules that have highly
parallel processing capabilities and are used for fast table lookup operations.
In this study, assuming a CAMX operating frequency of 1.4 GHz, the lookup
operation can be performed on 1,024 entries of 128-bit data in parallel at 0.35
GOPS, and the multiplication operation can be performed on 1,024 entries
of 4-bit data in parallel at 0.34 GOPS. For the multiplication process, the
total number of clocks for the table lookup process was reduced by about
15% compared to the total number of clocks for the bit-serial process.
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Structuring Element-Counting Approach for
Morphological Pattern Spectrum-based Image
Manipulation Detection

HHIR IMHEEL  Assoc. Prof. Tetsushi Koide
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Falsification of image data has been applied to criminal
investigations and photographic evidence. In this study, we proposed
atechnique to determine manipulated images by counting the number
of scales that are the same as the scales of structured elements in the
image using morphological pattern spectra. This allows us to detect
the number of manipulated scales and thus to determine the
manipulated image in detail.
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the first layer
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The conventional “address-centric” manner between the client and the
server in IP network. On the contrary, the data that user desires is not carried
out by such giant server, but are provided by bunch of end-devices in loT
(Internet of Things). We have proposed and examined an unique
communication between LAN and WAN in loT, and have evaluated the
experimental loT network. This architecture provides that the user easily
gets to the required information, and takes place of today’s P2P and Client
& Server model.

(information-centric)

Raspberry pie — PC
(Wired LAN)
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The experimental 10T network architecture
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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
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from Images Showing Significant Changes in Rice
Growth for Smart Agriculture
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In order to understand how the environment around the crop and fertilizer application to
the crop affect the changes in crop traits, we are promoting the development of technology
and instruments to acquire time-series information of crop images and extract
characteristics of parameters related to trait changes from them. In order to obtain more

multidimensional growth information (leaf area, grass height, stem growth, and leaf
temperature) of paddy rice, verification experiments were conducted by constructing
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Verification results in an outdoor experimental field (quasi-closed

multiple types of cameras in outdoor experimental plots (semi-closed paddy rice growth
experimental plots, lysimeters). A prototype of a 3D measurement system incorporating
these findings was developed. (JST CREST Project)

system rice growth experimental field).
https://ieeexplore.ieee.org/document/8650285
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Effects of Different Light Wavelengths on Growth and

Nutrient Content in Komatsuna and Lettuce

HEHm IEEL  Assoc. Prof. Tetsushi Koide
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Recent studies have shown that different wavelengths of light irradiated on

plants cause differences in growth and metabolites. In this study, we aimed
to clarify the effects of different wavelengths of light irradiation on the
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Effects of different light wavelengths on growth and nutrient content in
Komatsuna and lettuce

1A D D T

growth and nutrient content of Japanese knotweed and lettuce. The above-ground portions of Triticum aestivum were larger, calcium and vitamin K1
contents were higher, and zinc content was lower in the long wavelength treatment compared to the control treatment. In lettuce, the above-ground
parts and roots were larger in the long wavelength treatment compared to the control, and the manganese content increased in the 425 nm and 525 nm
treatments, and the vitamin K1 content increased and the zinc content decreased in the treatments longer than 400 nm.
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Multistep Reactions by Aligned Tablet Reagents for
Long Term Monitoring of Plant Culture Solution

HEHIE IMEEL  Assoc. Prof. Tetsushi Koide
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We developed a microfluidic device that enables long term analysis of nutrient
(ammonia nitrogen) included in a culture solution of plants. This device consists of a
channel and two kinds of tablet reagents placed along the channel. By using the tablet
reagents-embedded device, we repeatedly performed quantitative analysis of commercial
culture solution including ammonia nitrogen with known concentration. These results
showed high reproducibility. In addition, thermal drying treatment of the device after the
assay preserved tablet reagents from damage due to spontaneous chemical reaction,
showing the possibility of long term automatic monitoring of nutrient concentration.

Sodium salicylate tablets

Outlet

Contact part between
solution and tablet

Tnlet ——— e Acrylic plate (thickness: 3 mm)

“ Silicon rubber
thickness: 1
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Sodium dichloroisocyanurate tablets

Figure 1: Photograph (top) and schematic (bottom) of
tablet reagents-embedded microfluidic device.
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Figure 2: Spontaneous chemical  Figure 3: Photographs of

reaction of tablet C. nutrient solutions.
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Development of a Sensor System for CO2
Concentration Distribution from the Ground Level to
the Height Direction for Crop Growth Evaluation

HHIR IMHEEL  Assoc. Prof. Tetsushi Koide
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We have developed a sensor system that can measure the distribution of CO2
concentration in the height direction from the ground, which is necessary for evaluating the
growth of crops. We created a robust data storage system by creating a
measurement/transmission system using an ESP32 with Wi-Fi wireless communication
capability and storing the data in a cloud Google Spreadsheet. In addition, by creating a
housing for the sensor device and installing a fan that makes the CO2 sensor a suction type,

robust and reliable data acquisition became possible. Furthermore, we developed data
visualization GUI software that is compatible with the cloud.

ERLTz B Y — T N A A ) H@(E v A2 2 —/V ESP32 7R
—R(b)CO, B =D DY T 7

Created sensor devices (a) Control and communi-cation
microcontroller module ESP32 board (b) Exhaust fan for CO2 sensor.




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.
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Analysis and Applications of Biological

Interval

Reflecting Materials
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Analysis and applications of biological reflecting materials
were carried out. Light flashing spots on dorsal part of 12285 —
silverside fish were discovered. An on-chip imaging system N AT D — RO D PO U F51 B3
using fish guanine platelets was developed. Hz 08 50 C o0 e S5 1
Light flashing spots on dorsal part of silverside fish.
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Interface Technology between Silicon and
Biomolecules
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The ability to target proteins to specific sites on a Si device
while preserving their functions is necessary for the

U7~ SifEAZ L S E DA TTF LS
development of new biosensors. We are developing a novel ﬁ%%}%&%ii 7/,1 jﬁgg;if %%m HIRRTS
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.
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Application of SiO2-Binding Peptides for

Protein Immobilization on Si-Based Materials
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We found novel SiOz-binding peptides from a Gram-
positive bacterium Bacillus cereus, which forms a
microcapsule-like structure of SiO; in the cell. Because of its
high affinity for SiO,, this peptide should be a powerful tool
for developing Si-based biodevices.
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B. cereus BNERLT=~A7a7®/VIR SiO, #EERD
SEM {8 A4 —/ L 3—:500 nm

SEM image of microcapsule-like SiO2z structures
isolated from B. cereus. Scale bar: 500 nm.




4.4 Nanomedicine Research Division
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Nanomedicine Research Division is specialized in the research for integration between medicine and
nanotechnology, nanomedicine, nanodentistry, nano-pharmacy. The outlines of researches at the Nanomedicine
Research Division are as follows.
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Research on Hepatitis Viruses and
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We are currently investigating hepatitis virus virology and developing treatments against these viruses using human
hepatocyte chimeric mice. In this year, we found that combination of fluoxazolevir with anti-hepatitis C virus (HCV) drugs
was effective for multi drug-resistant mutated HCV (Nat Microbiol 2020). We also found that reactivation of hepatitis B
virus following HCV clearance by antiviral therapy was accompanied by a reduced hepatic interferon response by
collaborating with National Institutes of Health (J Clin Invest 2020).

ENFHIIX AT <D A
Humna hepatocyte chimeric mouse.
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Development of in Vitro Evaluation Technique
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We successfully detected the TF-induced gap
formation of vascular endothelial cells on a sensor chip
by means of impedance sensor in a real time manner. (J
Dermatol. 2020;47(11):1293)
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Bacteriocin Derived from L. Rhamunosus
L8020
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‘ Prof. Hiroki Nikawa
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Kogl, a bacteriocin produced by L. rhamunosus L8020 ©
which suppress both cariogenic bacteria and periodontal L8020 FLRRH(2)0D/37 7 Y32 Kogl(b)id:, # i
burdens in oral cavity, inactivate the LPS produced by IR LPS E R IELSE LM 20 5(C)
periodontal burdens. Kogl(b), a bacteriocin produced by L. rhamunosus L8020

(a) inactivate the LPS produced by periodontal burdens (c).
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Hydrogels firmly adhering to mucosal membranes are
useful as biomedical materials for use in transmucosal drug
delivery and protection of mucosal membranes. We have
succeeded in designing a polyamphoteric hydrogel that
exhibits firm mucoadhesion by controlling the structure of
crosslinks.

Amphoteric Polymer Hydrogel

I—CONH—(CHZ)TNHCO—I

Irreversible, covalent crosslink

.. *NH(CHa)Z—(CHz)g—OCO-I
Reversible crosslink based an electrostatic interaction

N E RO S AR i oy TR AR
Polyamphoteric hydrogel that exhibits firm adhesion to
mucosal membrane.




5. Research Facilities of RNBS

D]

5.1 Super clean rooms
A—IN—=D) =2 )L— L

Super clean rooms, partly class 10 at 0.1-um particles, are used for fabrication of advanced devices and LSI’s.
eI T A A O LS DFUEFA— /8= 2= L — W TAT oIS, b D@\ s a 375210 (157
F57 4—FHNIZ 0.1um BL_EDORIBRORI T3 10 fELL F) THD,

NS
Entrance

Changing

room Changing

Measurement
room

A AN AN AN

West Building since 1988 East Building since 1998

Plan view of clean rooms in west and east buildings. The total clean room area measures 830 m2. Chemical
filters are set in the east clean room to avoid hazardous gases.

PERR OBRZY — b — D X, 7V — b — SR FE T 830m2, B Y — 2 /L — DZITfE T AR £
DIrITINT 4 NVE— R E ST D,

-
3" 4 D

=i ——

Super clean room in west building. Super clean room in east building.
PR AR — =2 U — 2 b— A FIHA—R—7 J — 2 b— A



5.2 Equipment for advanced devices and LSI fabrication

SR T INA AR UVLSHERE D T-8 DX

5.2.1 Lithography
T S574—

@ Variable rectangular-shaped electron beam
lithography system (Hitachi HL700DII)

TR A — A
(HAZ HL700DII) Resolution 50nm

4 Point-beam type electron beam lithography system
(ELIONIX ELS-G100)

@ Point-beam type electron beam lithography system
(JEOL JBX-5DII) Resolution 50 nm

RA P — DI A1 — L S
(H A ¥ JBX-5DII) Resolution 50nm

@ i-line optical stepper
(Nikon NSR i8a)

RA R — L A — A
(=VYA=22 ELS-G100) Resolution 6nm

€ Maskless photolithography system
(Nanosystem Solutions D-light DL-1000)
~YAIV A ICHEE (T /AT LY a—as
X D-light DL-1000) Resolution 1um
" ERb

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

NikonNSH

D-light DL-1000iZ &AL VAR K —



5.2.2 Dry etching

FSATYFT
€ ICP (Inductively Coupled Plasma) etcher for Si € ECR (Electron Cyclotron Resonance) etchers for Si
(YOUTEC) (KOBELCO)
SIHICP GRERE &7 I A~) =y F L 7 44iE SIHECR (- A7 uhm i) = o 7 45 E

(1—7‘/7) C|2, HBr, N2, O, {%ﬁﬁj‘ﬁb (#FHH) Cly, BCls, HBr, Np, O, i FH Al BE

@ Si deep etching system @ ICP etcher for highly selective etching of SiO»
(Sumitomo Precision Products) (AYUMI INDUSTRY)
SiFHTRIRY = F o 74L& SIOHICPTyF 745 E

(K% 12E) C4Fs, SFs, Ar i Al HE (723 I%) CFa, Hz, 0z, Ar ﬁﬂﬂ

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

(VA=) CFa, Ha, Oz Ar 1T FTE (it BLH)  CFy, Mo, O 1 T E




@ ICP etcher for Al € Magnetron RIE system for Al

(YOUTEC) (KOBELCO)
ARICP= T 7k & Alffl~7 % ra RIEREE
(—Fv7) Cly, BCls, Ny i f A RE (% P 8UEH) Cly, BCls, Ny ffi AT gE

€ Chemical dry etching system for & Plasma asher for removing
Si3N4 and poly-Si (KOBELCO) photoresist (KOBELCO)
SisNg & U'SIO 7 I W NV R T A T T 7 35 & VURANRER T IR~ T v 74 E
(#h7 440) CFa, N2, O f5HH FIHE (A EYEH) No, O, i H "] 6E

Ty F U T HEE AT AR R R FRAL » FETUF v U 7 ik IR 5

During maintenance of dry etcher Wafer loading into furnace



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

4 Oxidation and diffusion furnaces 4 lon implanter
(Tokyo Electron) (ULVACQC)
WAL - JEROE AAAENLEE Max 200 keV
(HER =L Zbhry) Max. Temp. 1150°C (FA07) B, As, P ik A AlHE

@ RTA (Rapid Thermal Annealing) system @ Phosphorus diffusion furnaces
(Samco HT-1000) (SHINKO SEIKI)
R AL BEAE & U AL

(¥ = HT-1000) Max. Temp. raise rate 200°C/s (FhPEFERE) Max. Temp.  900°C

4 Annealing furnaces for general purpose
(Koyo Thermo System)

LA BALEREEE H,, N,, O,, Low Pressure
OtPEY—F 27 1) Max. Temp.  1000°C

AP
Training of oxidation




5.2.4 Dielectric film deposition and epitaxial growth

RREHERE - TEAX VLR
4 Low-pressure chemical vapor deposition (CVD) € Atmospheric pressure CVD reactor for SiO»
reactors for SiOy, SiN, poly-Si Doing of P and B possible (AMAYA)
(Tokyo Electron) SO, HERS i 2 [ECVDAE &
JECVD (LZEXAHRR) 17 (RO =L 7hmy) (RBEBUEFT)  PRIOBR—7

SiOy, SiN, poly-SiHEFE r] fig

aw
e

€ Parallel plate type clean plasma CVD reactor for € Molecular beam epitaxial growth system for GaAs
SiN, SiO,, and amorphous Si (ULVAC) and AlGaAs: Si, Be doping possible (EIKO)
SATIARIN 7T X~ CVDEEE (T /1737) IS TR AT v Lk

SiN, Si0;, 7E/L 7 7 ASi HEFE AIHE (=A=—) GaAs ZHEFE [ HE
:..'4\:,;, T— T : : T ———""

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

JR 1 JBCVDIF
(—FBLT) SIN HEREFTRE

WECVDY =t v T ¢ v TR

Wafer setting to atmospheric CVD reactor



5.2.5 Metal deposition
EREEER

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

G B IMERFIE A S 2 L AR (T VR 27)
BiSITiIOZ: HEFE Al fiE

L 2 Electron beam
evaporation system for many

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

@ Sputtering system for
general purpose for variety

SJBERRA A S Z) 7 E (2 fa—)
Al Ti, TiIN HEFErTHE

—

4 Vacuum evaporation system for
variety of metals (Donated:

kinds of metals (EIKO) materials (EIKO) RICOH)
AR PR Sy 7518 T
LR R HERE (0E:U=—) Al SEHERE T RE

(A =—) SHEAPEIHERS

ke//
5.2.6 Others
ZTD1th

@ Surface-activated bonding system (EIKO)

EXESWIN

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

ARy BV THERE Y = By T 4 v TR

Wafer setting to sputtering machine



5.3 Characterization and diagnostics equipment

Sl - AR iE
4 Secondary ion mass spectroscopy (SIMS) system & Total reflection of X-ray fluorescence spectrometer
with Cs and O ion gun (ULVAC-PHI PHI-6650) (Technos TREX-610)
QIRAF L EEOHTEEE (T Ny 7-T 7 A AR E XK T4 (Technos TREX-610)
PHI-6650) Cs, O > %A J&PE(Cr-Zn) 10 atom/cm?

@ Fourier-transform infrared spectrometer (FTIR) @ Atomic force microscope (AFM)
(JEOL) (Seiko Instruments Inc. SP13800)
7 — VISR S I RE R JFAF- MBS (BAa— A ALY
(H A% ) Resolution 0.5cm* SP13800) Resolution Z:0.01nm, X, Y :0.1nm

@ High resolution X-ray diffractometer € X-ray diffractometer
(Rigaku ATX-E) (Rigaku RINT2100)
e G L X B T 4 1 X [El 4 44

(Y #'Z ATX-E) Angle resolution 0.0002° (Y #Z RINT2100)




& Ellipsometer € Spectroscopic ellipsometer
(Rudolph Research Auto EL) (J.A.Woollam JAPAN M-2000D)

YT A= — (LR T7YY—F Auto EL) DTV T I A= — (Vz—r——F L
Measurable thickness > 10nm

¥/ M-2000D) Measurable thickness > 10nm

& Hall effect measurement system @ High-resolution X-ray photoelectron spectroscopy

(ACCENT HL5500PC) (XPS) system  (KRATOS ESCA-3400)
A— VRN R BIEE R (ACCENT HL5500PC) XA T4 oAb

Input impedance 10%°Q (KRATOS ESCA-3400) X ray source : Mg, Ka

€ High-resolution X-ray photoelectron spectroscopy (XPS) system (VG Scienta ESCA-300)
n‘%ﬁ‘é%%/ 7 VFJ?** (VG /::/5' ESCA-300) Radius of analyzer:300mm, X- -ray source: 4kW




€ Field emission scanning electron microscope € Focused ion (Ga) beam (FIB) system
(FE-SEM) (Hitachi S4700) (Hitachi FB-2000)

BRI e - TR LA (Ga) e — L TS
(H 7. S4700) Resolution 1.5nm

(H 7. FB-2000) Min. beam diameter 10nm

4 Manual wafer prober (Vector Semiconductor) and € Semi-automatic wafer prober
semiconductor parameter analyzer (Keithley) (Vector Semiconductor AX-2000)
v=a TR N (R — I ) K IA— N E— R —

HRERRT A—H —T FF AP —(r— AL —) (7 —t13Iz2-AX-2000)
~ i | .

SEME — K v 7 E~D Y kv T 4 v FRE v =a T T =L LD BRI E

Wafer setting to SEM load-lock chamber Measuring electrical properties using manual prober



5.4 VLSI CAD environment

VLSIZ& &t FHCADIR 1%

5.4.1 Hardware
IN—FHx7

Workstations

4 SUN: 11 machines (SunFire X4600 X 1, SunFire V440 X 2, SunBlade2500 X 2, SunBlade2000 X 3,
SunBlade1000 X 3)

@ HP: 9 machines (ProLiant DL580G5 X 3, xw9300 X 1, xw8600 X 1, j6750 X 1, 8000 X 2, h2000 X 1)

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

5.4.2 Software
V) ik

TCAD tools

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

Other simulators

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

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



€ Schematic Design:

@ Functional Simulators:
@ Circuit Simulators:

@ Logic Simulators:

€ Logic Synthesis:

€ Automatic P&R:
@ Verification:

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

CADENCE SPW*, Mathworks MATLAB

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

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

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

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

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

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