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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 28 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, National Institute for Materials Science.

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

The RNBS has achieved numerous projects supported by Japanese and local governments such as
Nanotechnology Platform, Ministry of Education, Culture, Sports and Science and Technology (2012-2022),
Development of Systems and Technology for Advanced Measurement and Analysis, Japan Science and
Technology Agency (2013-2016), Grant-in-Aid for Scientific Research (A) (2013-2017) by the Ministry of
Education, Culture, Sports, Science and Technology. The RNBS has also been selected as one of the members of
the National University Research Institute and Research Center Council.

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

December 1, 2014

Takamaro Kikkawa

Director

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

T/ TINAR - A FREHZHFRATHEHE

anointegration ' Research Division

I/ S T R AR

7 Professors, 3 Visiting Professors, 3 Associate Professors,
2 Assistant Professors, 2 Special Appointment Assistant Professors
iR 78, EEHUR 348, £HIR 34, B# 24, HEMHK 24

Executive Committee
EUERS Integrated Systems Research Division
SRORT LEFHIR AR

4 Professors, 5 Associate Professors, 1 Assistant Professor

Director Bz 4%, EHIR 54, BE 14
g 3

Molecular Bioinformation Research Division

S F & ERE F R

Adviser 3 Professors, 1 Visiting Professor, 1 Associate Professor,
] 1 Assistant Professor
8% 34, EEHIR 14, £51% 14, BH 14

Nanomseicing Rassziran Division
SR
4 Professors, 1 Associate Professor, 1 Assistant Professor,
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BiZ A%, KBIT 14, B 14, RS 14

Nanotechnology Network Project

F/T79/80— 29k —o7OTz Yk

1 Visiting Professor

TEHIR 14

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

Visiting Scientists (Universities, Industries)
BEEURA (b KE, £%)




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

e

Assistant Professor
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Assistant Professor
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FriEBh#

Assistant Professor (Special Appointment)
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Integrated Systems Research Division
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Hans Jiirgen Mattausch
VHTY 2 NSA AN

Minoru Fujishima
E SRS

Idaku Ishii

FH

Kazufumi Kaneda
AW s
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AN R i
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xR 5F
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R
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A fit
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EA
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Molecular Bio-information Research Division
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i

Professor

i

Professor

i
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Associate Professor
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Associate Professor

e
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Masakazu Iwasaka
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Professor
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Professor
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Seiji Kawamoto
A TER

Takeshi lkeda
L

Associate Professor

HEZR

Assistant Professor
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Nanomedicine Research Division
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75 18I

Hiroki Nikawa
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Koichi Kato
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Shigeto Yoshida
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Professor

Hiz

Associate Director and Professor
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Professor
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Professor
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Associate Professor

e
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FI79/5—F59RTH— L
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Chief and Visiting Professor
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Visiting Professor

ERER
Yuji Miyahara Visiting Professor
HIR B HEHI
Takashi Ito Visiting Professor
P Few] HEHI
Hiroshi Ohki Visiting Professor
KA il =BG
Seiichi Miyazaki Visiting Professor
IR AR — wB AR
Researchers
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Overseas Researchers

NEAFRA
Qing Liu Overseas Special Researcher
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(2011.6.2~2013.6.1)



Advisory Board

A
Masataka Hirose Professor Emeritus, Hiroshima University
i 3 INSUNEZ R G
Hisatsune Watanabe Counselor, EUVL Infrastructure Development Center, Inc.
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Visiting Staff
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Office Assistant
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Office Assistant
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Office Assistant
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Manager
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3. Executive Committee Members of Research Institute for

Nanodevice and Bio Systems (RNBS)
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Graduate School of Biomedical Sciences
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Graduate School of Advanced Sciences of Matter
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Graduate School of Advanced Sciences of Matter
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Graduate School of Integrated Arts and Sciences
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Graduate School of Science
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Institute of Engineering
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Graduate School of Biomedical Sciences
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Research Divisions of Research Institute for Nanodevice and Bio
Systems (RNBS)

T/ TNRAR - N FTRAEMRFRARFROHAEEE

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

T/ R RH PRI

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.

FOERRIARITHITIX, /T AR, TR FIAT TV —ay  FIRNAFMET SAR, T b=
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4.1.1 Research projects in nanointegration research division

F/RBEHERRBAICBT5HARTOS IR

The outlines of research projects at the Nanointegration Research Division are as follows.
TR IR PN BT DM E T 0 =/ D ERL OO EEFEN T 5,

1. Biomedical electronics: UWB-based breast cancer detection (Prof. T. Kikkawa)
INAAATLHILILIRAZIR: AL RAERIZEDEDARE

A compact 4x4 planar ultrawideband (UWB) antenna array with the total size of 44x52.4 mm was developed for radar-
based breast cancer detection system. The center frequency and the bandwidth of the antenna were 6 and 12.5 GHz,
respectively. The three-dimensional confocal imaging was carried out for both homogeneous and inhomogeneous breast
phantom structures including a glandular phantom. The SCRs for a 5x5x5-mm? target in the homogeneous phantom and
the inhomogeneous phantom with the glandular layer were 4.08 and 2.94 dB, respectively. Two separate tumor phantom
targets having the size of 10x10x1 mm? with the separation distance of 10 mm in the homogeneous phantom were resolved.

UWB L —# — il X — AL TeH R AR N S AT LDT=DIZa 37 Mg 44T 4 B A X 44 mm x 52.4 mm
DRBIEAILT T T TV A%z, (4 1), O EREES L OMFBINE X240 6 GHz & 12.5GHz Thb, 3
TCAFE R EHG LT LTV X LI D) — TG LR A L T AR — R E D7 7 A DWW TAA—=D U T %
1127z, =5y M AX 5x6x6 mm? D¥)—727 7 hALHIRE G e R —727 7 R ADE S ELHEE D SCR 723
ZNEH, 4.08 dB, 2.94 dB, Th-o7z, £z, H4 X 10x10x1 mm3 D 2 {HD7 7 b L% —4 ks 10 mm O Bk
CRPNIEE, ZhE B CTET,

2. Biomedical electronics: IR-UWB-CMOS switching matrix (Prof. T. Kikkawa)
IMEAATLHILILIMAZIR: CMOS RAYFUJ TR Y RAE R

A single-ended single-pole double-throw (SPDT) transmitter/receiver (Tx/Rx) switching matrix was developed for an
ultrawideband (UWB) radar-based breast cancer detection in 65 nm CMOS technology. It shows highest bandwidth of 0
Hz (DC) to 27 GHz compared to other works by use of on-chip inductors at each port. Insertion losses are 1.7 to 6.5 dB
from 0-27 GHz. The isolation becomes below -60 to -30 dB which is better than other wideband switches. A Gaussian
monocycle pulse (GMP) with the center frequency of 15 GHz and the bandwidth of 15 GHz was passed through the switch
without any significant ringing because of the large bandwidth of the switch. Consequently a conventional switching matrix
equipment with the weight greater than 10 kg could be replaced by a CMOS chip with the weight of less than 1 g.

AR (UWB) L —% — I C LD IR AB S AT DB D701, I 1 AS2/H ) (SPDT) %%
15 (TXIRX) AAvF <k )7 2% 65 nm CMOS 727 /0 —TCRFRE LT, AL F v T AL H 7252 THAIRITE



Wit (DC) 776 27 GHz DTN E T THRARDMEZTGFT-, fHAFLS 0-27 GHz D JE i EEHiFHIZI\W\ T 1.7-6.5 dB &
INDAEZE ST, HLEIER 15 GHz, #735 15 GHz DAL 7o E /A7 7OV A (GMP) MU ¥ 7L Tl T
ZOMREEZ AL TD, ZHUCE ST BEFOES 10 kg LA EORBIDAAyF Lo 7~ N 724 ELZTES 1g LFO
CMOS Fv 7/ CEEHZ HZ LTI T,

3. Nano-bio integration devices (Prof. S. Yokoyama)
FINAFRETNARDWHE

Bio-sensors using Si ring optical resonator are under investigation. Arranged silicon binding protein and sharp
resonation characteristics result in high sensitivity. Electro-optic effect of Si with ring resonator is applicable to the optical
modulator for on-chip optical interconnection in high performance Si LSI.

VAN T ARG WA — DI R EAT o TD, Bl L7c Uafif & 7 a7 A LRk it
REFPEIC R @RI E RO NS, S Var OEREFERIRZ VIR, JERRLSIH O ZEFRZR TS IS TED,

4. On-chip optical interconnection (Prof. S. Yokoyama)

Fv7 ERERBROHR
On-chip optical interconnection technologies using silicon photonics are under investigation. The variety elemental
devices such as optical switch, grating couplers and Ge photodetectors are studied and also thieir integration technology is
developed.
VAL T H b= I AR DB LSI DIFFEEAT>TD, St WA T T —T 4 7175, Ge 7+h
TUT Y ZIRETF v 7 PSRRI LB R TR BT DB T LR B O e AT > TUD,

5. High-Performance CMOS Circuit with High Crystallinity Channel by Micro-Thermal-
Plasma-Jet Crystallization (Prof. S. Higashi)

A0 TSX2OryMERILEIZESZEEAEFrRILEAN-CMOSEEDEEEEL

By applying micro-thermal plasma jet (u-TPJ) induced zone melting recrystallization (ZMR) to narrow strips of
amorphous silicon (a-Si), we can eliminate grain boundaries by filtering effect and form high-crystallinity silicon with
defect density less than 5x10% cm. By applying this strip pattern to channel, we can demonstrate TFT characteristics with
high on/off ratio over 107, field effect mobility (Ure) of 426+54 cm?V-s? and threshold voltage (Vi) of 1.7+0.06 V. In
addition, by evaluation of dynamic characteristics of CMO circuit using 9-stage ring oscillator, strip pattern was operated
by supply voltage of 5 V at oscillating frequency of 108 MHz, which is approximately twice as high-speed as the case
without strip pattern.

BB~ AT TR~ Y xy M U-TRI)ZE W R BB I 2 T BV T 7 AV U fifR O — o AL
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6. Design and synthesis of materials based on group 14 elements for organic
electronic devices (Prof. J. Ohshita)
14ETRER—RELE-FREFT NI AN B DOREEERK

Aiming at developing materials for organic electronic devices, such as organic light emitting diodes, organic thin film
transistors, organic chemical sensors, and organic solar cells, novel organic compounds with group 14 elements, such as
Si and Ge, which are designed on the basis of the theoretical calculations at high level are prepared and their properties are
studied with respect to UV-vis absorption and emission spectra, cyclic voltammograms, etc.  Applications of the
compounds as the device materials are investigated in collaboration with the research group of Prof. Harima at Graduate
School of Engineering, Hiroshima Univ.

BTN AF—F, AEIRNT 25 G et — ARG ERE DA REEF T A XD ED
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Z LR IeRRR BT S L IL R TRETL T D,

7. Biomolecule and ion detection based on Si single-electron transistors for highly
sensitive integrated sensors on a single chip (Assoc. Prof. A. Nakajima)
DUTNIOYT EORBEEBILE Y —D=0D SiE—EF SO RIFEA W 14
INAA G FHRH

Biomolecule and ion detection is performed using a Si single-electron transistor (SET) for highly-sensitive detection.
Owing to the difficulties in room temperature (RT) operation of SETS, there had been no reports of an SET-based biosensor.
A Si multiple-island channel-structure was used for the SET to enable room-temperature operation and to increase
sensitivity. Coulomb oscillation has a possibility to increase transconductance (gm), and a higher gm leads to greater
detection sensitivity to a charged target. Also, the probability of a target molecule meeting a receptor molecule is larger in
a multiple-island channel structure than in a single-island channel structure.

EEERR DT, ST B—E T hF7 DA (SET) Z W T A F 53 F-RoA A DRl &1T > Tvd, SET D=
IRENEIIMRD THEL W=D IZ, £ ET SET #RA LI A A4 — O G X ) T2, A8l Si ZER YR ¥3
NAEER AT SET OFIRENELZ EBLLT-, 7 — 0 ARBENINT L AT X7 2 A (gn) E IS H ., SV g (3 R
#953 %J:Dmb‘i‘ﬁu”j@f; \ZORDPD AR5, £, ZER My RS, By M v UG IZ T
TR T3R5 TG B T DRER DR ELIRDM DD,

8. Silicon Carbide (SiC) devices: SiC power devices and SiC integrated circuits for
harsh environments (Assoc. Prof. S-I. Kuroki)
AV A—IRAE(SIC) TINMMR: 4H-SIC NI —FBET N ROHRLIBRIREREA
D 1= D 4H-SiC £EEREH R

Research and development on 4H-SiC power devices had been carried out. Research on nickel silicide ohmic contact
for 4H-SiC bottom electrode with partial amorphization, and research on gate oxide for SiC MOSFETSs were carried out.
We began a research on SiC power module for automobile. We also began a research on SiC integrated circuits for harsh
environments, especially radiation-hard SiC logic circuits.

VA T)— AR XD 2LEART S AZADM e EHED T, BHEMFEEL T, Ni U AR A =3Iy ZIRPTE MmO
E#H UL, SiIC MOSFET D7z D7 —MEfx O 7t L &t -, BB/ Y —FY 2 — L OWFEEBIAL T,
RREREREZIS FH O T2 D SiC £ FEEI K DB 7E 2 BiA L7z,



9. Bi-axially oriented poly-Si thin films by continuous-wave laser crystallization with
multi-line beams and thin film transistor with high electron mobility
(Assoc. Prof. S-I. Kuroki)
EfFRL—HERCICLOIBREAISHHEHEL- BRIV HEELSEEEENS
YORE
Poly-Si thin films with large crystal grains of over 100 um were fabricated by continuous-wave laser lateral
crystallization with double-line beam, and its high-performance TFT was also fabricated. The newly-developed technique
achieved highly-oriented silicon grains having {110}, {111} and {211} crystal orientations in the laser lateral crystallized
plane, the transverse side plane and the surface plane, respectively. All the silicon grains were elongated in the laser-

scanning direction and linearly arranged with a length of over 100 um and a width of 0.7 um. TFTs with this well-crystal
oriented poly-Si thin films were also fabricated. And this TFT show high electron mobility of p= 560 cm2/Vs.

HTNTA =MLY — PR EA TR R L, 2OV — VLI E S Va  #RICRAN 3524 7T, 3
il 7 NS S AL L 7o 2 f S Va R A E R LT, 2SR ) ar #EEL, L — P RF v W
(110), ZOIEE S FIZ(L11L), Fh H FIZQRLY) D T Z2SH S, £X 100 m L 1§ 0.7 1 m OFRIRE K7 LA
UL — PR ANTIESL TS, FICZOS RV %2 VT poly-Si TFT Z{KiR 7t (=550° C),
AZNF =N T T I T ue AT 2 O IR, SUEEBICISWCE A B 1 = 560 cm2/Vs O & i bk
[ UPAL | B



4.1.2 Research highlights in nanointegration research division
HRNASMF

l. Biomedical electronics: UWB-based breast
cancer detection

NAFAATALAILILIMAZH R 4218 R . p
_ Prof. Takamaro Kikkawa
(C&BEMRARE B HIINNE ‘

A compact 4x4 planar ultrawideband (UWB) antenna array with the total size of 44x52.4 mm was developed for radar-
based breast cancer detection system. The center frequency and the bandwidth of the antenna were 6 and 12.5 GHz,
respectively. The three-dimensional confocal imaging was carried out for both homogeneous and inhomogeneous breast
phantom structures including a glandular phantom. The SCRs for a 5x5x5-mm?® target in the homogeneous phantom and
the inhomogeneous phantom with the glandular layer were 4.08 and 2.94 dB, respectively. Two separate tumor phantom
targets having the size of 10x10x1 mm? with the separation distance of 10 mm in the homogeneous phantom were resolved.

UWB L —# — iz _X— R LI N A Y AT LD T30 37 4 4T 4 FIOY AR 44 mm x 52.4 mm
DEIRFT T T T oA LT, (X 1), TOEEE B IO EREIZE 2 6 GHz & 12.5 GHz ThD, 3 IR
TR R ALEE T LT Y X ML) — i LR A AR LT R — R IE D 7 7 R DWW TA A= T %
1ToT, =7 R AR 5x5x5 mm® DO¥J—727 7 U MAEHNRE G e AR —727 7 FADIE 5 /ELHEE D SCR A3
FHNFEN., 4.08 dB. 2.94 dB, Thot-, -, A% 10x10x1 mm? D 2 HOT 7o b AHF—4 v R2% 10 mm O FEEfEEE
Tkt ZhaEnBEcxlz,

[1] T. Sugitani, S. Kubota, A. Toya, X. Xiao, and T. Kikkawa, “A Compact 4x4 Planar UWB Antenna Array for 3-D Breast Cancer
Detection,” Antennas and Wireless Propagation Letters, IEEE 12, pp. 733-736, 2013.

[2] T. Kikkawa and T. Sugitani, “Planar UWB antenna array for breast cancer detection,” 2013 7th European Conference on Antennas
and Propagation (EuCAP), Gothenburg, April 8-12, 2013, pp. 339-343.

[3] T. Sugitani, S. Kubota, M. Hafiz, A. Toya, and T. Kikkawa, “A breast cancer detection system using 198 ps Gaussian monocycle
pulse CMOS transmitter and UWB antenna array,” Proceedings of 2013 URSI International Symposium on Electromagnetic Theory
(EMTS), Hiroshima, Japan, May 20-24, 2013, pp. 372-375.

[4] T. Sugitani, S. Kubota, X. Xiao, and T. Kikkawa, o 10 20 30 40 50 80 x [y
“Improvement of Spatial Resolution of Breast Cancer
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II. Biomedical electronics: IR-UWB-CMOS switching

matrix
N AT4HILILHIFAZHR: CMOSRAYFY Prof. Takamaro Kikkawa
<R ) O X[ iz HIINANE

A single-ended single-pole double-throw (SPDT) transmitter/receiver (Tx/Rx) switching matrix was developed for an
ultrawideband (UWB) radar-based breast cancer detection in 65 nm CMOS technology. It shows highest bandwidth of 0
Hz (DC) to 27 GHz compared to other works by use of on-chip inductors at each port. Insertion losses are 1.7 to 6.5 dB
from 0-27 GHz. The isolation becomes below -60 to -30 dB which is better than other wideband switches. A Gaussian
monocycle pulse (GMP) with the center frequency of 15 GHz and the bandwidth of 15 GHz was passed through the switch
without any significant ringing because of the large bandwidth of the switch. Consequently a conventional switching matrix
equipment with the weight greater than 10kg could be replaced by a CMOS chip with the weight of less than 1 g.

MBI (UWB) L—& —HATC KD IR A S 2T ZEHL D702, IS 1 A 2 7] (SPDT) %
ZA5F (Tx/RX) AA T2 7 ~h)7 A% 65 nm CMOS 77 /0y —"TCRF LIz, AL T T AL X 72557 L THIRIE
B (DC) 776 27 GHz DZIVE T THRARDIEZ /T2, i ATHLD 0-27 GHz D) I HEiPHIZ I T 1.7-6.5dB &5
INDAEZFST=, OB EL 15 GHz, #7815 GHz DAL T T )P A 7LV A (GMP) 83U X 7 8L Tl ¢
EOMREEA AL CND, ZHUCE ST BEFOEE 10 kg BLEOKRBIDAAyTF L 7~ N7 2ABEELEZES 1 g LLTFO
CMOS Fv /' CllE&#ax 52 LIS LT,

[1] A. Azhari, K. Sogo, M. Wang, A. Toya and T. Kikkawa, “A 0-27 GHz -30 dB Isolation Tx/Rx Single Pole Double Throw (SPDT)

Switch for Gaussian Monocycle Pulse Transmission,” Ext. Abst. of the 2013 International Conference on Solid State Devices and
Materials (SSDM 2013), Fukuoka, Japan, Sept. 24-27, 2013, pp. 882-883.
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[ll. Ring-resonator biosensor using multi-slot waveguide

ZEAOVMEEBERWUV T RIERN\1F 25—

Prof. Shin Yokoyama
Bz BAL B

We are studying Si ring optical-resonator biosensors in order to develop
compact biosensors with low price and easily handled at home. Bio-sensing
has been demonstrated using antigen-antibody reaction as shown in Fig. 1.
While the detection sensitivity of a few ng/ml is necessary for practical
cancer diagnosis, the detection sensitivity of ~108 g/ml was succeeded by last
year using slot waveguides where slots are arranged at the center of the  acsistant Prof.
waveguides [1].. For thg further |mprovemen§, the ring reson_ator. is used, Yoshiteru Amemiya
where the multi-waveguides are arranged vertically as shown in Fig. 2 [2]. R T
For the vertical-type, slot width is controlled by the layer thicknesses and " e
narrow slot width is easily formed, while it is difficult for the lateral-type because slot width depends on the resolution of
lithography. Figure 3 shows the simulation result of slot height dependence of the effective refractive-index change as a
parameter of the slot number k. More than 3 times improvement is estimated, compared with previous single slot device.
Figure 4 shows the height dependence of slot waveguide itself and ~150 nm is found to be the optimal value. In fact, the
multi-slot waveguide with slot height of 150nm and slot width of 15-30 nm can be fabricated as shown in Fig. 5. Figure 6
shows detection result of biotin-streptavidin binding and 2-3 times improvement has been succeeded.

Fx T, FRETFRICHE CEDLAM A Ao — D2 B LT, Si Vo7 g 14t —D it
PEAT>TVD, MR T IO PURTUR RS ZE WA 5 E T B v o VB EFEL TE T, DA D7
OO HE BRI L LTIk ng/ml 8B THY | FEAE £ TIOEIR IO R A BRI - Ay ME R E oY 7
IR VTR 108g/ml DR Of HIZIZREI L TOD[1], 575 E M Eo7=diz, K 2 (RTdH7eAmy
N B AT IS EICE E L EO) o 7 RS Z R L72[2], #1057 IR E S-S CIE, Aay MED
HANIL 2 ANMEENC LD MG IR TE L CL R, o Aay MEDTE BUTIREET A3, it M OHAIZIZAR Y Mg
IR LD HIECE, B/ oAy METHOESI/ERTES, K 3 IcAay OB k 2/ T A—2LUT-, BrEE
DAY MEDEAEMED T 2L —afE BaRmT, URTORELEL T 3 2 Lo LA RAENS, X 4
[T ATy MNER I B RO ESRIFEPET, 150nm i 23 il THHZEN D h o1z, FEEE K 5 T Ioc ey MER
FEE S 150nm, ARy MEZY 15-30nm OB/ ND L B ATy MEJE EEAMEILICE T, X 6 1ZE AT L -ARL TR E VA
ErERAWEREEREZRLTEY, 2~3 GO M _EIZzh Lz,

[1] A. Hirowatari et al.: Proceedings of SPI E, Silicon Photonics and Photonic Integrated Circuits 111 (2012) 8431 1S.
[2] Y. Amemiya et al.:Proceedings of the 10th Int. Conf. on Group 1V Photonics 2013 (2013) WAS5.
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IV. Sucrose detection using differential Si ring
optical resonators with flow channel

TERFTINZEEY Si VU A RREEMAL VSR Prof. Shin Yokoyama [ 1

- : . HdR Rl E :
We have been studying biosensors available at home utilizing the mature Si
semiconductor technologies. The sensitivity of 10 ng/ml has been achieved for ﬂ

prostate specific antigen (PSA) [1], however it does not reach the practical
level. In this report we have succeeded in detecting sucrose concentration with

high sensitivity by using differential Si ring biosensor. In the differential _I?grsﬁgr(;h_?;ni uchi -
sensing the input light is incident to two rings and one of the output is merged s Z - g JUN ‘ ‘.
after n phase difference (Fig. 1). Not only the common mode noise is canceled WIER frn Ak

and resulting in high sensitivity but also the temperature stability is much improved by this detection method. The fluid
channel is fabricated by using thick resist, SU-8, and polydimethylsiloxane (PDMS) which is one of the silicone rubber
to flow the detecting liquid (Fig. 2(a), (b)). After covering the rings with SiO,, the windows are opened to contact to the
liquid. The measurement result for sucrose is shown in Fig. 3. The detection ring is exposed to the sucrose with various
concentrations and the reference is exposed to the pure water. The output intensity is changed for the sucrose
concentration between 10 % and 102 %. These sucrose concentrations correspond to 0.5 ng/ml and 1 ng/ml for PSA in
terms of the refractive index change. The sensitivity of the practical use has been achieved. The simulation result of the
differential output is in good agreement with the experimental data (Fig. 4). The large output at 0 % sucrose
concentration is due to the initial difference in the resonance wavelengths between two rings because of unbalance in the
area of two windows etc (Fig. 5).

Fx I IHETFRIFHTED A —% | Si FHEEEATEFIHL TERT 2785175 TVD, ZIVET
(2, RIS AREE BT PSA % 10ng/ml OREE TR L CUWOA23[1], EHAZREE Ing/ml ([ZEEL TRV, AR, )
A Si VoA —2 AR S a2 @ TRt C& e, 2B Si V7 TiE 2 >V 7T E AL TH
7200 e LA ZE DT T2t B ST D(X 1), ZENZTAZE TR /A XX v A END TR E N R L9572
TREERZENELN L35, KE2HRTHLERSLZOERL VAN SU-8 Ly UarBiEo —Thod
polydimethylsiloxane(PDMS) % Fl W Tt A ERIL 7= (IX] 2), V7% SiO, Tt IR 323 /0l D &
WA=, vafEOR R 2K 3 1Rt A OV I3y s imik a2t L. b — OV 7Tk &R LI,
AR 10°% 725 102% CHI A L LTZ, PSA JREEICHE 35L& 0.5ng/ml 725 Ing/ml IZFAS L, F2FH Y7264
PEZ R CEIC, Fo, ZBDTIab — i a g REEREIZR W —EZ R~ U (B 4), TabERE 0% ThAEH /)
NREVHR L, BOKREKEDT L NRTUAREITED 2 DOV 7 DB E DT T2 L% 2 551K 5),

[1] A. Hirowatari et al.: Proceedings of SPIE, Silicon Photonics and Photonic Integrated Circuits 111 (2012) 8431 18S.
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V. Grain growth control by micro-thermal plasma jet
irradiation on amorphous silicon strips and high
speed operation of CMOS circuit

FTELIFZAV)AVMBD A OO TSXTO oy MBEHZ  Prof. S. Higashi
K5 EREEMEL CMOS EIEEO B EEES) Bz R E—

Formation of high crystallinity silicon films under limited thermal budget is a crucial issue for high-performance thin film
transistor (TFT) fabrication. Multi-function and low power consumption by CMOS fabrication on glass substrate is
required for next generation displays. We have proposed atmospheric pressure micro-thermal-plasma jet (u-TPJ) technique
for crystallization of amorphous silicon (a-Si) and large grain growth larger than 60pm was induced by zone melting
recrystallization.[1] We have also attempted to control the location of grain growth by pu-TPJ irradiation on a-Si patterns
and reported that strip pattern significantly suppressed random grain boundaries.[2] High- field effect mobility (urr) higher
than 300 cm?V-'s"! and uniform characteristics were achieved by applying this strip pattern to channel area of TFTs. In
addition, we have attempted to operate CMOS circuit by low supply voltage at a high clock frequency using this strip
pattern TFTs. We have achieved shift-register operation with high-integration of a bit pitch of 68 um by 5V at 50 MHz. We
demonstrated that u-TPJ crystallization is quite promising for next generation displays.

MENT P 24 (TFT) ML 7 e X2 AW T, IRIR 7 e AT RE O S Vo SR E TR 52 L8 & PERE
BICHB T DR EERHINO—>Th D, o, RERT A AT L AZBWTEIH T A EIZ CMOS JERUIZ LD mifRE,
RVHBEE I LR ERSIND, A IIKRRESATRAT FTA<Y 2y M (u-TP)) & W\ e 7 E/L 7 7 AT Y (a-Si) Dk
LR AR RV — 2 AT 4 T ERERAICED 60pmUL O KRG LA FHIE CEOFEERE L, [1] &
BT a-Si /F =T u-TPJ BE T 52 LT, Fdb R ONLE HI 23 A | MR 2 — 2 TIE T o & Sk fa il ¢
THZEEWIE LT, [2] ZOMBMEIEE T v RIS L7 TFT TIIBEIE 300cm?V-'st LI EO@EERE D —72
Fethaom Uz, E7o, Zava F Tz CMOS [EREOARE T, @ BRE) 2507 72, 68um By F o s Rk 7 e
DAL A% SV, S0MHz CTERENS DI LN TET-, u-TPI fESLIC KR T A A7 VA2 F T REZ R PR BE 2 SE3IE
L7z,

[1] S. Hayashi et al., Appl. Phys. Express 3, 061401, 2010.
[2] S. Morisaki et al., J. Display Technol. 10, pp. 950-955, 2014.
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VI. Synthesis of a new donor-acceptor polymer and
application as a high-voltage polymer solar cell

material
5 D-A RYT—DEREEBEEE S FABE MAHE Prof. Joji Ohshita
ELTOGH iz RTHIR

The bulk heterojunction type polymer solar cell (BHJ-PSC) is of current interest because of its potential applications
to low-cost, lightweight, and flexible modules. In this system, composite organic layers consisting of an
electron-donating host polymer like polythiophene and an electron-accepting guest compound, such as PCBM, operate as
the active components. Donor-acceptor (D-A) type conjugated polymers are often employed as the host polymer. To
obtain efficient host polymers for BHJ-PSCs, a variety of donor and acceptor components have been developed. In this
study, we prepared for the first time a D-A polymer (pDSBT-BT in Figure 1) containing disilanobithiophene (DSBT) as
the donor and investigated its applications to BHJ-PSCs. A bulk heterojunction polymer solar cell (ITO (150
nm)/PEDOT:PSS (30 nm)/pDSBT-BT: PC7BM (85-90 nm)/LiF (0.5 nm)/Al (80 nm)) was fabricated using the present
polymer. The device showed a high power conversion efficiency (PCE) of 6.38% (Vo = 0.82 V, Jsc = 12.69 mAcm?2,
and FF = 0.60) [1], higher than those reported for the cell based on a similar polymer with dithienosilole as the donor unit
(pDTS-BT in Figure 1). To understand the the differences of electronic properties between pDSBT-BT and pDTS-BT,
we carried out crystal orbital (CO) calculations on the polymer models simplified by the use of methyl groups as the
substituents on the silicon atoms (Figure 3). It was found that the lower-lying HOCO of pDSBT-BT than that of
pDTS-BT leading to a high Vo is responsible for the higher PCE.

BHI (S ~Tafe &) Ao @4y 7 KB RE L, IS - B 8T, 7L X2 T VT NAZA~DIS S A RB 2728
HEEHSNTWD, ZOFRTIHE, RVFA 7272 EOR)~—R2DHRANRY~—LPCBM 2L D77 —L i KAt F
BT 27 AN B A B A AL U To A IO E Mg & U CRERE 372, RARNRY~—¢L Tk, R ——T7 7k 7% —H
DOHERI~—NHANLI, B4 R T —BXOT 72 77— ENTWD, AHFZETIE, 1D T, P78 F 4
T %RF—L95 D-A RY~—pDSBT-BT (Figure 1) Z & kL. BHI-PSC ~D )& A& #HafL7=, ITO (150
nm)/PEDOT:PSS (30 nm)/pDSBT-BT: PC70BM (85-90 nm)/LiF (0.5 nm)/Al (80 nm) DAt A Ho 4y KI5 E M %
ERER L2 L 2 A, BUOREEHNR 6.38%03 R STz (Voo = 0.82 V, Jc = 12.69 mAcm™?, and FF = 0.60)
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[1] Ohshita, M. Nakashima, D. Tanaka, Y. Morihara, H. Fueno, K. Tanaka, Polym. Chem., 2014, 5, 346-349.
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VII. Coating of carbon nanotubes in gas phase

— R /Fa—TOKREI—T12T

Prof. Manabu Shimada
iR EH

Coating of foreign substances on carbon nanotubes (CNTSs) has recently attracted attention. CNTs coated properly on
their surface will have improved resistance to chemicals and oxidation, or favorable affinity for other substances. A
catalyst substance supported on CNTs is expected to exhibit an enhanced activity due to an interaction between the
substance and the CNTs. From the viewpoint of product purity and environmental burden, coating processes via gas
phase has become of great interest. However, it is difficult to achieve uniform coating with existing gas-phase processes.
In this study, a process is proposed in which coating substance is deposited on the surfaces of aerosolized CNTs by
gas-phase chemical reaction.

A schematic illustration of the experimental apparatus is shown in Fig. 1. CNTs are aerosolized by spray-drying of an
aqueous suspension of the CNTs. Titanium tetraisopropoxide (TTIP) is used as the raw material of the coating substance,
TiO2. The CNT aerosol and TTIP vapor are fed simultaneously into a microwave plasma field [1] together with He and
0O gas. The composites thus synthesized are collected with a porous filter or on a substrate placed downstream of the
plasma field.

Fig. 2 shows scanning electron microscope images of synthesized composites. An enhancement of the gas-phase
reaction by increasing the plasma input power tends to result in a more uniform coating on the CNT surfaces. Additional
experiments in which the synthesizing time and collecting position of the composites were changed confirmed that the
CNTs had been coated during suspended in the gas phase. Fig. 3(a) shows a transmission electron microscope image of a
composite. The CNT in the image is covered with many particles of nanometers to a few tens of nanometers in size. The
elemental analysis in Fig. 3(b) revealed that the coating substance was composed of Ti and O.
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TiO, DJFEHZIX, TH =D LT AV TR X R (TTIP) Wz, 207y L ETTIP 8% %, He & O, AL
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[1] M. Shimada, et al., Chem. Vap. Deposition, vol. 16, pp. 151-156, 2010.
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VIil. Biomolecule detection based on Si single-
electron transistors for practical use

KALICRT=SIiE—EFrSUPRFZAL: Assoc. Prof.

l('fj'fj\:lqﬁtﬂ Anri Nakajima
B T EZH

Experimental and theoretical analyses demonstrated that ultra-sensitive biomolecule detection can be achieved using a
Si single-electron transistor (SET). A multi-island channel structure was used to enable room-temperature operation.
Coulomb oscillation increases transconductance without increasing channel width, which increases detection sensitivity to
a charged target. A biotin-modified SET biosensor was used to detect streptavidin at a dilute concentration. In addition, an
antibody-functionalized SET biosensor was used for immunodetection of prostate-specific antigen, demonstrating its
suitability for practical use. The feasibility of ultra-sensitive detection of biomolecules for practical use by using a SET
biosensor was clearly proven though this systematic study.

Si H—FE - h7 VAL (SET)E W o A4 —I2 ko T, BZARFF R BUFR (PSA) ORI AN LT, 4 Rl
B PSA OBy A7 ang/ml (2B TTHY, SET ASAF oY —DFEALO TREMEZBAV V=, SET & iV
Te A A —DEBUL, SET OFIRENER T VBV EBAA 5% 5 TR ERE Vb7 rAs ULSIH /R
T AEDEEGVEO M S AL T LMLENHY, BITEE TR DDHRESITND, HEAHOL, EiliH)
EERGIZLELT, SET TIEZ —rUARBZFI A C& | LB /UA VT DRAZ AR TN A WERA A
DOFRHRE A RETED,

[1] Anri Nakajima, Takashi Kudo, and Sadaharu Furuse, Appl. Phys. Lett. 103, No. 4, 043702, 2013.
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IX. Silicon carbide (SiC) devices: SIiC power
devices and SiC integrated circuits for harsh
environments Assoc. Prof.

AV H—INAE(SIC) T/SA R : 4H-SiC /\J— \Shin-l‘fhiro Kuroki
BT A RAOFEABRBEGADFH®D 4H-sic  (FAdE A R
SRR

Silicon carbide (SiC) has a high breakdown voltage which is almost 10 times as large as silicon, and is one of
candidate material for next generation of power semiconductor devices. In 2013, we carried out the research and
development on 4H-SiC power devices and power module: SiC Schottky barrier diode and MOS capacitor, and
power module. And also research on nickel silicide ohmic contact for 4H-SiC bottom electrode with partial
amorphization, leakage current reduction of 4H-SiC Schottky Barrier Diode by using sacrificial oxidation, and
oxygen radical curing for reducing defects in thermal oxide on SiC were carried out.

We also began a research on SiC integrated circuits for harsh environments, especially radiation-hard SiC logic
circuits.

YV ar =4 K (SIiC) /U —FEIRTNA 2L, WHART A 2 E L THIERED SN TV 5,
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Fig. 1 SiC Semiconductor Chip. Fig. 2 Research on SiC/Silicide ohmic contact: effect of
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X. Bi-axially oriented poly-Si thin films by continuous-wave
laser crystallization with multi-line beams and thin film
transistor with high electron mobility

Assoc. Prof.
EHRREIRL—FEREICEIBERTHAE 3 BFEL-2&ES Shin-Ichiro Kuroki
D)avEELENREEEENS VD RS HeEER B f—RR

Poly-Si thin films with large crystal grains of over 100 um were fabricated by continuous-wave laser lateral
crystallization with double-line beam, and its high-performance TFT was also fabricated. The newly-developed
technique achieved highly-oriented silicon grains having {110}, {111} and {211} crystal orientations in the laser
lateral crystallized plane, the transverse side plane and the surface plane, respectively. All the silicon grains were
elongated in the laser-scanning direction and linearly arranged with a length of over 100 um and a width of 0.7 pm.
TFTs with this well-crystal oriented poly-Si thin films were also fabricated. And this TFT show high electron mo-
bility of p= 560 cm?/Vs.
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Fig. 1 Fabricated laser-crystallized poly-Si TFT and its ID-VD characteristics.



XI.  MISFET-type silicon optical modulator based on

surface plasmon resonance

REATSXEVHRER—RELI-MISFETEIS Oy

Assistant Prof.
Tetsuo Tabei
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Silicon optical modulator for on-chip optical interconnects has to meet various requirements such as high-speed modu-
lation, low power consumption, small footprint, and so on. But it is difficult to meet simultaneously these all requirements.
With the goal of meeting these all requirements, we propose a novel optical modulator based on surface plasmon resonance
[1]. This device has a metal-insulator-semiconductor (MIS) structure as shown in Fig. 1. Intensity of the propagation light
in the device is controlled by surface plasmon polaritons generated by the applied gate voltage (Fig. 2). In this study, the
conventional proposed modulator is improved to MIS field-effect transistor (FET) structure by adding n* diffusion region
(source and drain) as shown in Fig.3, and investigated the light modulation characteristics of it when changing drain current.

Figure 4 shows a cross sectional SEM image of the fabricated optical modulator having the core of 533 nm in thickness
and 767 nm in width. The gate insulating film is SisN4 of 10 nm in thickness. Figure 5 shows the characteristics of drain
current vs. drain voltage. Figure 6 show the gate voltage dependence of the output light intensity from the fabricated
transistor-type optical modulator when TM polarized waves are input. The modulator length is 100 um, and the wavelength
of input light is 1.54 um. The output light intensity decreases significantly when the gate voltage is about 1.3 V and the
drain voltage is 0 V. The obtained maximum extinction ratio is about 1.6 dB. As the drain voltage increases, the extinction
ratio is reduced. This reason is considered that a pinch-off point appears and the length of effective channel (inversion
layer) reduces when a large drain voltage is applied.
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[1] T. Tabei and S. Yokoyama, Proc. SPIE 8431, 84311K, 2012.
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4.2 Integrated Systems Research Division
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The Integrated Systems Research Division focuses on basic research for terabit-capacity highly-functional
memories, super-parallel processing, bio-sensing, wireless interconnection and 3-dimensional integration. With the
obtained results we aim at the realization of artificial-brain technology exceeding humans in intelligent-processing
speed, storage capacity and adaptive learning.
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4.2.1 Research projects in integrated systems research division
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The current research projects in the Integrated Systems Research Division are outlined.
BEI T CWDERIIE T vy =/ NOEE AR T 5,

1. Area-efficient N-port memories with large access bandwidth
(Prof. H. J. Mattausch)
[RHHEIE XS D /NETENR—R AEY

N-port memories with simultaneous read/write access from all ports offer large latency-free access-bandwidth
even at low clock frequencies. We are therefore developing new N-port-memory architectures, which offer an
optimum trade-off between the opposing requirements of (i) small area-consumption for each of the N ports and (ii)
low access-conflict probability. The area-efficient N-port memories with large access bandwidth will be used as basic
building blocks for memory-based, flexible systems with humanlike capabilities.
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2. Associative memories and their application for intelligent system integration
(Prof. H. J. Mattausch)

BEAEY RUEDOHEHFHRLES AT LDORBILI=H DI

An important basic component for intelligent data processing is an associative memory with nearest-match
capability between input-data words and a stored basis of reference-data words. Especially for real-time recognition
and learning it will be necessary to implement fast pattern matching up to large absolute minimum distances.
Depending on the application, Hamming, Manhattan, or Euclidean distance measures are used. This project aims at
integrating the complete matching function for all these distance measures in an area-efficient way and with low



power consumption into the memory, where the reference-data words are stored. Various new concepts for realizing
the pattern-matching function, utilizing mixed analog-digital circuitry, mapping of the distance into time domain or
complete digital concepts, are investigated. Additionally, concepts for including a learning function into this
associative-memory architecture for building complete intelligent systems are also studied.
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3. Digital real-time moving-picture segmentation and feature extraction
(Assoc. Prof. T. Koide)
TAORNIT IS4 LB EHR S E]

Image segmentation is the extraction process of all objects from natural input images and is the necessary first
step of object-oriented intelligent image processing such as object recognition or object tracking. The aim of our
project is to develop high-speed, high-density image segmentation/extraction algorithms and architectures for gray-
scale/color image segmentation of real-time moving-pictures. In this way we will enable vision-based intelligent
processing.
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4. Massive-parallel memory-embedded SIMD matrix processing
(Assoc. Prof. T. Koide)
BAFAE) TRTFyRSIMDE TN wHoRTOEYS 2T
In this project, we investigate a novel concept of massive-parallel, memory-embedded SIMD (Single Instruction
Multi Data Stream) multimedia processors for achieving highly-parallel processing with low power consumption.
The novel SIMD concept relies on many small processing elements with a bit-serial and word-parallel mode of
operation, which are directly connected to SRAM arrays. Embedding of Content Addressable Memory (CAM) in the
SIMD matrix is also studied to further improve the overall processing performance.
AKTBY =7 NTIE, @O AR E R E ) THRLIE S 572012 FrLnas 7 o s As) =
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5. Influence of fabrication variability on circuit performance and reliability
(Prof. H. J. Mattausch)
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Nanometer-scale design rules are a challenge for performance and reliability of integrated circuits because the
control of variation effects in fabrication processes becomes more difficult. Therefore, we are investigating the
influence of these fabrication variations on the performance variation of MOSFETs and integrated circuits. This
project aims in particular at the development of a simulation method for predicting the performance and reliability
variations of integrated circuits based on the surface-potential model HiSIM for circuit simulation. The developed
simulation method will be applied to the reliable design of our novel integrated circuits for intelligent system with
capabilities exceeding those of humans.
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6. Study on real time computer aided diagnosis imaging system for colorectal and
gastric cancer (Assoc. Prof. T. Koide)
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Colorectal and Gastric cancer was reported as the second-leading causes of cancer deaths worldwide. It is very
important to detect colorectal and gastric cancers at an early stage. Magnifying colorectal and gastric endoscopies
with flexible spectral imaging color enhancement (FICE) is clinically useful in diagnosing colorectal and gastric
cancers and determining treatment options. There is a learning curve, however. Accurate FICE-based diagnosis
requires training and experience. We are developing a computer aided diagnosis (CAD) system for predicting
colorectal and gastric cancers on images obtained by magnifying endoscopy with FICE. We are developing a custom
software program that can represent features and classify the region according to corresponding features on training
images. We are using bag-of-features representation. Dense scale-invariant feature transform (SIFT) descriptors are
used for local features. A support vector machine (SVM) with a linear kernel is used as classifier. The accuracy of
these software based diagnosis system is very good from the experimental results real cancer images. However, the
processing time is very large and we are developing the hardware system for real time HD image diagnosis.
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7. Study on real-time speed traffic-sign recognition embedded system using global
and local features (Assoc. Prof. T. Koide)
K- BATRFEHEZ ALY 7 LS LEE B RS EMEAAA S AT LICET SR

The traffic sign recognition would be very important in the future vehicle active safety system. The most important
information is provided in the drivers’ visual field by the road signs, which are designed to assist the drivers in terms
of destination navigation and safe. The most important of a car assistant system is to improve the drivers’ safety and
comfort. Detecting the traffic signs can be used in warning the drivers about current traffic situation, dangerous
crossing, and children path.

In this study, we aim to solve this challenge and perform real-time speed limit signs recognition on a low resources
embedded platform. In order to get the goal, the fine and coarse grain pipeline together with parallel processing
architecture is used. The recognition processing of each frame is coarsely divided into two pipeline stages. One is
used for traffic signs and size detection and the other is used for number recognition. The traffic signs and size
detection scan each frame by various scan windows sizes in parallel. Each scan windows in one position is finely
processed in fine grain pipeline in order to increase the general throughput with small penalty in hardware size. We
have already developed hardware-oriented algorithms for the traffic signs and size detection with global feature and
for the traffic speed number recognition with local features so as to implement a real-time speed traffic-sign
recognition embedded system with ARM processor core and FPGA.
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4.2.2 Research highlights in integrated systems research division
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Die-to-die and within-die MOSFET-variation
extraction of 65nm CMOS technology for cir-
cuit-variation simulation

BRRIESDELZaL—2a3 D= 65nm CMOS
B OX 1R US 1N MOSFET (X5DZ D

The development of a TEG for die-to-die (DTD) and within-die (WID) variation analysis (Fig. 1) is reported.
Microscopic parameter variations for reproducing macroscopic DTD and WID variations are extracted from Vi, and lon
measurements of transistor pairs in 65 nm CMOS technology. Both DTD and WID variations for PMOSFETS can be
reproduced by changing the values of only four microscopic parameters in the surface-potential MOSFET model HiSIM
(Table 1). However, measured DTD and WID variations of NMOSFETSs reveal that a 5" microscopic parameter
MUECBO (Table 2), representing the influence of Coulomb scattering on mobility variation, becomes necessary to
reproduce the experimental data (Figs 3-6). Detailed DTD and WID variation effects for NMOSFETs and PMOSFETs
are different in many ways. However, the largest microscopic impact on the macroscopic Vi and lon variation comes for
this 65 nm CMOS technology in all cases from the impurity-concentration variation of the pocket implantation.

Prof. Hans Jirgen
Mattausch
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Table | Extraction results of PMOSFET variation boundaries
for the relevant microscopic HISIM2 parameters.

NAND-NOR | NAND-NOR

Variation NSUBC MUESR1 NSUBP XL
c type [%] [%] [%] [nm]
£ : : : : Dieto-Die | -000/+0.19 | -0.51+061 | -147+237 | -054/+0.58
-
o Pair Transistor Pair Transistor Within-Die | -0.00/+0.10 | -0.38/+0.39 | -6.67/+11L2 | -0.13/+0.31

Table Il Extraction results of NMOSFET variation boundaries for the rele-
vant microscopic HISIM2 parameters.

[Inverter | Ring Oscillator [Inverter |
Variation NSUBC MUECBO MUESR1 NSUBP XL
: ; . . . type [%] [%] [%] [%] [nm]
Fig. 1 TEG in 65nm CMOS for die-to-die (DTD) and with- - -
. . P . . . Die-to-Die -0.43/+0.48 -9.58/+6.87 -1.75/+1.10 -14.4/+1.10 -0.75/+1.30
in-die (WID) variation extraction, as well as verification cir-
cuits for circuit-variation prediction. Within-Die -0.14/+0.19 -1.54/+3.21 -1.55/+0.10 -8.12/+2.34 -1.28/+1.21
1.07 1.02 1.05 — 1.008
DTD variation DTD variation - WID variation WID variation
L=0.06 pm L=2 um L=0.06 um L=2 um
= W=10 um =3 W=10 um = W=10 um = _ W=l0um
s ) S . s . s *°
= * OF = = - = -
g ., S PR By S 2500 ¢ S 3% *
£ R £ b o8 R £ R SouS ] . £ M
2 e st TR : KA s o Y
g v gk g s g « % e g i
S + Measurement 5 # Measurement S # Measurement S s * Measurement |* .
Simulation Simulation Simulation Simulation
093 ® Nominal 0.98 @ Nominal 0.95 @ Nominal 0.992 ® Nominal
0.93 1 1.0 0.98 1 1.02 0.95 1 1.05 0.992 1 1.008
Threshold voltage (a.u.) Threshold voltage (a.u.) Threshold voltage (a.u.) Threshold voltage (a.u.)
Fig. 2 Extraction results of Fig. 3 Extraction results of Fig. 4 Extraction results of Fig. 5 Extraction results of

die-to-die (DTD) variation from
fabricated pair transistors
(NMOSFETs) on the TEG
(L=0.06pum,W=10pm).

die-to-die (DTD) variation from
fabricated pair transistors
(NMOSFETs) on the TEG
(L=2pm, W=10pm).

within-die (WID) variation from
fabricated pair transistors
(NMOSFETs) on the TEG
(L=0.06pm,W=10pm).

within-die (WID) variation from
fabricated pair transistors
(NMOSFETs) on the TEG
(L=2pum,W=10um).



[I. Digital associative memory for word-parallel
manhattan-distance-based vector quantization

D—RFNT 1Ny R BERER—RDRINIVEFIE Prof. Hans Jiirgen Mattausch
D=HDTIZIVEEAEY W =BT NSRS

Digital Word-parallel associative-memory architecture capable of Manhattan-distance-based vector quantization (Fig.
1) is reported, which applies frequency dividers (Fig. 2) and clock counting (Fig. 3) to realize nearest Manhattan-distance
(MD) search. Experimental verification was done with a 65 nm CMOS design implementing 128 reference vectors, each
having 16 components and 16 bit per component (Fig 4). For the fabricated test chips 926 ps minimum search time and
2.13 mW power dissipation were measured at 120 MHz and VVdd = 1.2 V. At lower supply voltage of Vdd = 0.9 V and
lower frequency of 20 MHz the power-dissipation reduces to 130 uW. In comparison to previous digital architecture a
factor 100 smaller power delay product (estimated factor 16 when scaled to 65 nm CMQOS) is achieved (Fig. 5).
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Fig. 1 Architecture overview of the digital word-parallel Manhattan distance search associative memory. =4
. nly
Output of UCs (M units) i Fmsﬂ? E’—
A GND out GND
r N\
| Rejp — Inyy | | Rej, — Inj, | | Rejy — Ini | Fig. 2 Used 1/2 frequency division circuit
with reset function. Only 21 transistors
CLK N .
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T N bit T N bit N bit
) - e ) 106
N bit Counter N bit Counter N bit Counter
B Match Detector Match Detector Match Detector |, -
1 unit maen 1 unit matcn - L unit vaen—p g About 16 times
. . . . ] ] 3 improvement
Fig. 3 Distance counter for 1 reference vector of M dimensions with N bit per vector = 107
component. o
Technology 65 nm CMOS (11Cu, Al) (%‘
Supply voltage 0.9V -1.2Vv ©
Function Min. Manhattan-distance search -S 10-8 4
Organization 128-word, 16-unit, 16-bit g
Memory Max operation speed 220 MHz (Using 8bit) [S)
& - @2v) 120 MHz (Using 16bit) o
| 4] Distance Evaluators ! h‘ Power consumption | 2.13 mW (@120 MHz, 16bit) 109 A
] i (128 rows, b (Worst case, 1.2V) |  3.65 mW (@220 MHz, 8bit) .
9 16 units, 16 bits) | Low power mode 0.13 mW (@20 MHz, 16bit) [6] [8] [8] This work
‘ (Worst case, 0.9V) |  0.54 mW (@40 MHz, 8bit) Scaled
Area 1.48 mm? to 65nm
Memory 0.12 mm?2 (7.97%) i i i
: Unit comparators 0.35 mm? (23.7 %) Fig. 5 Comparison of the power-delay product to previous
- — Distance counters 0.92 mm?2 (62.3 %) work.
21 mm [11Y. Yano et al., SSDM 2002, pp. 254-255, 2002.

Fig. 4 Die photograph and specifications of the fabricated associative memory in 65 [2] Y. Oike et al., CICC’2004, pp. 295-298, 2004.
nm CMOS.



lll. Pipeline scanning architecture for traffic sign
detection with computation reduction

EEEREBREO-OOHEEDRHIRERIREEET S ¢StS°C-hF_’r}2f-_d
N = _( S, A= etsushi Koide
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The traffic sign recognition would be very important in the future vehicle active safety system. Fig. 1 shows the
overviews of the proposed speed limit recognition system. Fig. 2 shows the pipeline architecture of the speed limit
recognition system. The system is able to scan for the traffic signs up to 50x50 pixels in size. It contains two main
modules of Rectangle Pattern Matching (RPM) and the Number Recognition (NR). Other modules are Noise Reduction
Filter (NRF), Sign Enhancement Filter (SEF), and Circle Recognition (CR). Supported for the NRF and the RPM are a
number of 8-bit FIFOs. The SEF is independent with the RPM processing, and so could be processed in parallel with the
RPM. Different from the software implementation, in which the CR is used to reduce the number of sign candidates, in
the hardware implementation, the CR result is used to strengthen the judgment of the speed limit recognition. Hence, the
CR and NR can be executed in parallel before the final judgment. The NRF, the RPM, and the SEF work with 8-bit
grayscale data while the NR and the CR work with 1-bit black-and-white data. These 8-bit processing modules and 1 bit
processing modules are connected with the other through two memories. The first one, the Location and Scan Windows
flags FIFO, is used to store the position of the sign candidates in a frame and the detected scan window sizes at that
position. The second one, a general memory called Binary image memory with the size of 249,600 bits, is used to store
the black-and-white bit value of each frame. Two independent memories and a memory swapping mechanism are
necessary. It allows the 8-bit and 1-bit processing parts access the binary image memories for read and write in parallel.
Fig. 3 shows the two pipeline stages, named RPM and NR, of the speed signs recognition system. The combination of
coarse and fine grain pipeline architectures with parallel processing allows our implementation meets the demand of real
time system. The two computation re-use mechanisms in scanning v Do concent
process also significantly reduce the hardware size in our s -
implementation to 1/50 compared with the straight forward (ag smpleand

Noise Reduction using simple and
scanning method and allow compact hardware size implementation. el computaton

before local
It achieves 100% in precision rate in normal daylight situation.
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Fig. 1 Speed limit recognition system.
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Fig. 3 Pipeline stages of limit speed recognition system.



IV. A hardware-oriented number recognition algorithm
for speed traffic-sign recognition system

EEERRE L ATLDEODN—F 7 RIT#FERE Assoc. Prof. Tetsushi Koide
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The traffic sign recognition would be very important in the future vehicle active safety system. We hace developed a
novel compact hardware oriented algorithm for real time speed traffic-signs detection system. We introduce a simple and
effective rectangle pattern matching together with a simple circle detection algorithm, and architecture for speed limit
sign candidates detection with small hardware size and computation time. The algorithm is shape based segmentation with
8-bit grayscale input images. Due to the simplicity of the algorithm, it supports for real-time driving assistant system. Fig.
1 shows the overviews of the proposed speed limit recognition system. In this research the number recognition module
analysis features of the region of interests (ROIs) and compares with the features of the numbers for number recognition.
The number recognition process extracts the local feature quantity of the scan window (SW) and compares it with the
standard quantity of various numbers “0 ~ 8 to find the match for recognition. It has 3 steps. In the first step, the SW
(detected sign area) is narrowed down to search area, where the numbers are located, before analyzing to detect the
features of numbers inside. In the second step, the feature quantity from the number is extracted (Fig. 2). Finally,
limited-speed number is determined. By comparing the feature quantity extracted from the search area with the standard
features of numbers, limited-speed is determined. In terms of detection accuracy, the simulation achieves 100% of
accuracy in 54 real life scenes in day light on highways (31 scenes) and local roads (23 scenes) (Fig. 3). The proposed
hardware-oriented algorithm can be implimented a low cost embedded SoC system with ARM core and FPGA.

HEHEEROBRIIRKEOBEDOT /T 4 T =TT 4 VAT MIBWCIFEFICEETH D, AWFFETIE, Ko R
FDV Y —=ZANBRERENDMHPIABL L AT A EIZ, VT IVE A LA CHEEERZRHRT DV AT AEBEES L2 L
AL =R =2THIFTAIY ZLEZRIE LT, o TADPORAREE Y=~y F o 7B T
NTY ZXNEBEDE D Z LT, EEEBROBEMERORH R X O N~ Ny =7 B EFHFa A N TEBT
Lo BETNTY XL TIE, 8bit D L—Ar — LEGIZH LTy = A F_N— 2D ENEITH, VT NAEA L
DT AT LY R— T 520107V TY ALE2TE LGB L, Fig. 1 131RET 25 M %R %
VAT LAOMETH D, AW TIEEEROBEMEIR (ROD 12 LT, # L < BA¥E L7 BF 0 R Prd 7o R
ERWEETREEIT Y 2 LT, WERT AR T 2 IEERRE U, BEEREkE L. SW (R Al fE ) 2
LR MEEZMHE LT, Z0ORIMUEEZ D 5

MUDPD LML v v F LS SEH T L Nomber Recogion algoritm concet.
N3 . . - The computation for feature quantity extraction is simple.
T, 0~8 @;ﬁ? %*U/\E‘E—’ﬁ_éo V2= N R Acompact | Input Image - Precision rate is high.

— N N — N w camera is i 1 Narrowing Search Area
DAT v 7B END, AT v 71Tk, & availeble. | g onye ) {Ltrom SW (Scan Window)
?%B%O)tﬁ%ﬁ%%*ﬁﬂ ﬁﬁ—é 7:@&: SW (ﬁ%gﬁ@%*ﬁ 7 | w Input Image
FEI) 2 BETRFET D Td 5 Search Area — _ e el | cition
Signs Enhancement Filter - operation
| on the Search area

RV ATe, RIZAT v 72 TiX, Search Area 7> (8 bit—> 1 bit)
i B Black and White pixels

SECFH I DR E AT D (Fig. 2), EIZA B
Ty 7 3THE, HONLHUDEETOMELE ey
{® i | Number |
Recognition Existence of White Line

L LR ME S 2 i3T5 2 & T BHTFEO ;
| W‘ [B&] / utou Local feature quantit

Logical
loperation

HEEITH, BELIENA—RU 77T XA
ZHAWTCY Il —yarawfroT, 54 [HOFER N

DRI (FHHTE 31 5o - i 03 T N | LIS/ T et
4= e ! m, raffic-Sign / implementation.

—) (Fig. )Tk LT 100% 8 B AZE G o H . - -

BEF L. “HUTLEY. ARM 27 & FPGA 78 Fig. 1 Speed limit recognition system.

o
3

B IN-EKa X D SoC MAIAHRT AT AT ® Result of Simulation at a Local Road
EHEFTHZEAHEE D, | St 4

3
3 3

SW(ScanWindow)__ _. \}'hm_‘ line

S

o

Recognition_rate [%]
8 a8

12345678 910111213
Frame number

Frame number: 13, SW size: 40 pixel
® Result of Simulation at a Highway

Speed-sign (50 kmfl;)

Not Speed-sign

|
9
] | N
— o i k=] JSBRN
- I - ! | ! s8N S 7
1 LT 5 :
] 12345678 910111213
I .l I 80, « Frame number
5 [ Frame number: 13, SW size: 39 pixel

Fig. 3 Recognition results per frame of scene at a local and a highway

Fig. 2 Vertical white line feature of numbers. roads in Japan.



V. High speed feature extraction architecture in CAD Assoc. Prof. Tetsushi Koide

system for colorectal endoscopic images with NBI e
magnification Medical lecturer Shigeto Yoshida
, — i IRl UN
KIBENBIHE KRR R ER B2 W3 1% (CAD) D= DEEL _
BB T — 5T HF & Assoc. Prof. Toru Tamaki
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Increment in r_1umber_ of colorectal cancer patient increases the requirement for a Prof. Kazufumi Kaneda
more efficient diagnosis system. In this study, we have proposed an improvement = A
for feature extraction in computer-aided diagnosis (CAD) system for colorectal Bz A HFISC
endoscopic images with narrow-band imaging (NBI) magnification. The algorithm with a bag-of-features (BoF)
representation of local features and Dense Scale-Invariant Feature Transform (D-SIFT) is used in the feature extraction. It
is necessary to consider a trade-off of the precision of the feature extraction and speedup by the FPGA implementation for
processing of real time full high definition (1920 x 1080) image. We simplify the original algorithm and reduced the
number of computation for feature representation in hardware implementation purpose. The simulation results compared
with the software implimentation of the original argorithm, we can achive about 1,000 times speed up of the feature
extraction algorithm without the degradation of the detection accuracy. In the feature extraction, the features obtained
from the images of each type are clustered and the center of each cluster is saved as Visual-Word (VW). Then, the fea-
tures extracted from the input image are compared with the VWs of each type and a histogram is made from voting for the
nearest VW. The proposal hardware oriented feature extraction algorithm is shown in Fig. 1. Figure 2 shows an architec-
ture of the proposed algorithm. The pipeline processing is realized by using FIFO. Moreover, by reducing the number of
dimension of the visual words from 128 to 64, the amount of memories is reduced by about 95% compared with software
implementation. In addition, pipeline processing is realized by performing block line gradient computation. Each pixel
will get to the system for block line gradient computation before storing into block buffer. When the pixel in the next line
of the same block comes, the corresponding intermediate block line gradient is read from the block buffer to continue the
gradient computation for that block. The two block sizes of 5 pixel and 7 pixel are necessary in our system. Hence, the
Direction and Intensity of Gradient Calculation unit (c) and the Directions Convolution unit (d) in Fig. 2 are duplicated
for Block Size = 5 pixel and Block Size = 7 pixel processing in parallel.
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VI. Real-time type classification architecture based on Assoc. Prof. Tetsushi Koide

support vector machine for colorectal endoscopic W Nt

images with NBI magnification Medical lecturer Shigeto Yoshida
KB NBI i A IR BER L ZIEOT-H DY R—FRH% AT A
TIOVNZE T T IINEL LA THNT —XTOF~ Assoc. Prof. Toru Tamaki

Increment in number of colorectal cancer patient increases the requirement for a HEHR A
more efficient diagnosis system. In this study, we have proposed an improvement prof. Kazufumi Kaneda
for feature extraction in computer-aided diagnosis (CAD) system for colorectal b 4 FFISC
endoscopic images with narrow-band imaging (NBI) magnification. The proposed
CAD system classifies colorectal endoscopic images obtained by endoscopic diagnosis into three types (Type A, B, C3)
based on the NBI magnification findings. The overview of processing flow of the system is as shown in Fig. 1. First, the
feature quantities for each type are extracted from all pre-learned images for each type by Dense Scale-Invariant Feature
Transform (DSIFT). Then, those feature quantities are clustered and a Visual-Word (VW), which is effective in
differentiation of each type image, is elected. In our system, 768-dimension VWSs are used for each type. Next, for each
type image, a histogram is created by voting all the feature quantities for similar VWs. Then, a learning step by Support
Vector Machine (SVM) is performed using the histograms generated above. Finally a histogram is created from an input
test image, and is identified by the learned SVM identifiers.

Support Vector Machine (SVM) is a classifier for 2-class identification. Therefore, in order to realize 3-class
identification, the one-versus-one technique is taken. Fig. 2 shows a block diagram of a 3-class SVM identification
module. The SVM generates an identification hyper-plane that maximizes a margin between a class Y and a class Z.
Therefore, the SVM achieves high identification performance to an unlearned image.

In order to implement the SVM identifier in FPGA, floating-point number arithmetics are changed into fixed-point
number arithmetics. The Linear kernel (Inner product) is used as a kernel of SVM, and the number of Visual-Word is set
to 768. The our Simple Gaussian Filter (GF) which is simplified for hardware implementation is used for feature
extraction. 960 real images, which are taken by Hiroshima University Hospital department of endoscopy, are used for the
data set. These images are classified based on the NBI magnification findings by a professional doctor. The results with
10-fold Cross Validation 10 times are shown in Fig. 3. From the simulation results, in order to obtain similar
identification accuracy to a floating-point number (software, 64-bit), only 13-bit decimal fraction data are necessity in the
hardware implementation.
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4.3 Molecular Bioinformation Research Division

SFETEREFHRARM

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.

o FAEMTEREHAIIFEEPT. MEMS, SAA 5 FEE, A Ao BEFRt o 7IcE8T5
WMEEAT > TD,

4.3.1 Research projects in molecular bioinformation research division

S FERERMEMRBAIE T EHARTOD I

The outlines of research projects at the Molecular Bio-information Research Division are as follows.
Gy AR B EAF SRR I B T D 9E 7 B = 7 D T b O D E AR 35,

1. Achievement of solar energy transformation by utilizing micro-mirrors in aquatics
(Prof. M. Iwasaka)
KEENDTAIOSFT—ICEEIRILF—ERIGEREDES

The aim of this study is to develop a new solar energy transformation technique by utilizing micro-mirrors in
aquatics. The micro-mirror, which is a biological photonic crystal in the structural-color-indicating tissue, such as
guanine crystals of fish scales and lorica of algae, is investigated to explore a key mechanism for an effective transfer
of mechanical and solar energy. The goal of this study is the attainment of magnetic modulation of micro-mirror
alignments in the presence of Brownian motion that will bring new concepts for solar energy exchange and transfer
technologies.

AMFFRIAKE AR A DK~ A 7aT7—="2 R AL KGGT L F — 2RI 8 B ORI Rz
Hig3, KEMEDENO T b=y 7y nad @ HE TG TNDET T = A a E O E 6 5R
FHAE DS | AR - R = LT — DR LS TT TV BB Z T A=A LEFAL, 2 O~ A27ni7—0
B[] 218 S LS RN 3 2 2.8 C L SO 72 LI | 2 K 2 D = L& — B HURZE D 3Rk 2 K BB AE )0 18
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2. Oriented immobilization of functional proteins on a Si wafer using a SiO2-binding
protein, Si-tag: application to biosensing devices
(Assist. Prof. T. Ikeda and Prof. A. Kuroda)
SiOHMER RV INVEISItag IZFALE=ER EADEV NIV ERBERILEDREFEENN(F
T ERADIGR
We recently developed a method for immobilization of proteins on Si wafers using a SiO-binding protein, Si-
tag. The Si-tag is a 273-amino acid fusion tag that binds strongly to unmodied SiO, surfaces. Si-tagged fusion
proteins can be bound to a SiO; surface by simply mixing them with or spotting them onto a target. We are currently

developing Si-based biosensors that make use of the immobilized biomolecules as highly specific recognition
elements (in collaboration with Nanointegration Research Division).
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3. Protein immobilization using a novel SiO2-binding peptide
(Assist. Prof. T. Ikeda and Prof. A. Kuroda)
FRSIOMERTF FORRES NI BEARIE~DFIA

We previously reported that SiO; is deposited on the coat of Bacillus cereus spores as a layer of nanometer-sized
particles (Hirota et al., J. Bacteriol. 192, pp. 111-116, 2010). Gene disruption analysis revealed that the spore coat
protein CotB1 mediates the accumulation of silica. We found that B. cereus CotB1 (171 amino acids [aa]) and its
C-terminal 14-aa region (designated CotB1p) show strong affinity for a SiO2 surface. Because of its small size and
high affinity for SiO2, the CotB1p peptide should be a powerful tool for developing Si-based biomaterials,

INETIZYZ L —T7 T, MIE R ICITk%2 B3 # Bacillus cereus/SEREE HH > A 5 (Si[OH]4) & BV iA
H AN TSIOZ A L TEM T2 R R LT, KEDSIO A AN =X LZMMTLIZLZ A, CotB14
ARIEDSIOEAICEET2EEHIT, SIORFEIZHGE ST HILaF R LT, SiOAE A 15T 28HkA R
LT LT LA, CRILAT BRI BT Y T X7 F RASIOA S HE BT HZEE R LTc, AAXTFR
wiAE LU 22 & TR B8R A A A B E T A AD BT I Re L 72 D L IFF S,



4.3.2 Research highlights in molecular bioinformation research division
HRN(SMF

. Selective detection of anti-allergen antibody in serum
using Si ring optical resonators and Si-binding allergen

molecules Assist. Prof. ‘

N ] . .  Takeshi Ikeda :
SIUVTRABBLESIBATULS VS FERVIEROR i wr el
FLLT Rk

In collaboration with Nanointegration Research Division, we have been developing a ¢ -
new Si-based biosensing method using Si ring optical resonators in combination with Assoc. Prof. -

the Si-binding protein (Si-tag). Si ring optical resonators act as a biosensor when Seiji Iga\yamoto
functionalized by proteins using Si-tag (Fig. 1). In this proof-of-principle study, we used AR TTARIEIR

a major mite allergen (Der f 2) as a model antigen to detect anti-allergen antibody in

serum of an allergenic rabbit. We constructed the fusion protein of Si-tag and Der f 2

by gene engineering techniques. When we injected the solution containing the Si-  Pprof.

tagged allergen into a PDMS microfluidic channel on the resonators, resonance peaks  Akio Kuroda

Qf t.he resonator shl.fted toward longer wavelength (Elg. 2, arrow 1). This observation iy BmiEk g
indicated that the Si-tagged allergen bound onto the ring surface as expected. Next, the

resonator was immersed with the serum of the allergenic rabbit. The resonance peaks were further shifted (Fig. 2, arrow
2), indicating some substance in the serum, most likely allergen-specific antibody (anti-Der f 2 IgG), bound to the allergen
immobilized on the ring. In order to specify what was adsorbed, the resonator was immersed with a solution containing a
secondary antibody (anti-rabbit IgG antibody). The third shift of the resonance peak (arrow 3) clearly indicated the
substance adsorbed from the serum was indeed anti-Der f 2 IgG. This study demonstrate that the combination of Si-tag and
Si ring optical resonators act as a functional label-free biosensor and can detect specific antigen-antibody binding. We are
currently improving our biosensing systems for high-throughput detection of biomarkers [3].

FER ST A LD T VX — D52 Wik ORENIIZ AT C L - /8RR AP FE i P & 2[R C Si e dtiREs 2
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FREN DMBREERENTZZL0, Sitag G T LA LN Y BTG L2 e RSN, KIC 71//1//7/,_‘1151,
U XROMIEE BRI A, SHRHIRIERE OV 7 MR 2SNz, ZOT 7 R E R OH T LIV
PUEDFERIZEDL D THAZ LA MR T A0 U XHURICHE S T2 “IRPUKEZRR L LI2EZA, ZFEHDOV T
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Rholc, ZHLDFERNG 7L ATV EAET X O MG FICFEET 200 =T LT U HUEn, Vo7 BICEE
SN Si-tag A TV ATKEA LTz SRR RO T MR E U RSN, ARFFREICED, v ar g
AEEV T IRZR DA A DEDRASAA | EL TEN THLZEN RSN, B, SR E L2 IH H (R

ExHIEL. SO EEED TWD[3],

[1] S. Yamatogi, Y. Amemiya, T. Ikeda, A. Kuroda, and S. Yokoyama, Jpn. J. Appl. Phys. 48, 04C188, 2009.

[2] M. Fukuyama, S. Yamatogi, H. Ding, M. Nishida, C. Kawamoto, Y. Amemiya, T. Ikeda, T. Noda, S. Kawamoto, K. Ono, A. Kuroda, and S. Yokoyama,
Jpn. J. Appl. Phys. 49, 04DL09, 2010.

[3] M. Fukuyama, Y. Amemiya, Y. Abe, Y. Onishi, A. Hirowatari, K. Terao, T. Ikeda, A. Kuroda, and S. Yokoyama, Jpn. J. Appl. Phys. 50, 04DL11, 2011.
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Fig. 1 Schematic representation of label-free biosensing using Si  Fig. 2 Shifts of the resonance peak of the resonator by the
ring optical resonators and Si-binding protein Si-tag. When some binding of Si-tagged allergen onto the ring (arrow 1), binding of
substrate binds to the protein immobilized on the ring via Si-tag, anti-allergen antibody to the allergen (arrow 2), and binding of
resonance peaks of the resonator shifts toward longer wavelength. anti-rabbit 1gG antibody to the anti-allergen antibody (arrow 3).




Il. Oriented immobilization of functional proteins on a Si
waft.er using the SI:blndlng protein “Si-tag”: application B o
to biosensing devices
Prof. Akio Kuroda

Si faG5 I\ VEISitaglZRALIERLADEV/OE g HEE
BEEILEDRFEL/ 1ALV THT~DIGA

Immobilizing functional proteins to specific sites on a Si device is essential for the development of new Si-based
biodevices. We found that bacterial ribosomal protein L2 binds strongly to a Si dioxide (SiO,) surface. We designated this
Si-binding protein as Si-tag, which can be used as an adhesive molecule to immobilize functional proteins on Si devices
[1]. The fusion protein of Si-tag and protein of interest is functionally immobilized on Si materials (Fig. 1). The binding of
Si-tagged fusion proteins to a SiO» surface does not require chemical modification, pretreatment, or any specific conditions,
allowing rapid immobilization of biomolecules. Time-of-fright secondary ion mass spectrometry analysis demonstrated
well-ordered molecular orientation of the immobilized protein molecules. We constructed a fusion protein of Si-tag and
antibody-binding staphylococcal protein A for oriented immobilization of antibodies on a Si wafer (Fig. 2) [2]. The antigen-
binding activity of the antibody immobilized via Si-tagged protein A was about 4- to 5-fold higher than that of the physically
adsorbed antibody (Fig. 3), because well-ordered molecular orientation of the former enhances the interaction between the
immobilized antibodies and soluble target antigens. We are currently developing highly sensitive Si-based biosensors that
make use of the immobilized biomolecules as specific recognition elements (in collaboration with Nanointegration
Research Division) [3-5]. We also developed a single-step purification method for Si-tagged fusion proteins [6-7], and are
currently improving the functionality of Si-tag by protein engineering techniques.

Si TARAARENRAF S FHMA LA T A ABREDOTDIIE, BREOM B 25 E T2 E A 0EL2 5,
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Assist. Prof. Takeshi Ikeda

[1] K. Taniguchi, K. Nomura, Y. Hata, T. Nishimura, Y. Asami, and A. Kuroda, Biotechnol. Bioeng., 96, 1023-1029, 2007.

[2] T. Ikeda, Y. Hata, K. Ninomiya, Y. Ikura, K. Takeguchi, S. Aoyagi, R. Hirota, and A. Kuroda, Anal. Biochem., 385, 132-137, 2009

[3] S. Yamatogi, Y. Amemiya, T. Ikeda, A. Kuroda, and S. Yokoyama, Jpn. J. Appl. Phys., 48, 04C188, 2009.

[4] M. Fukuyama, S. Yamatogi, H. Ding, M. Nishida, C. Kawamoto, Y. Amemiya, T. Ikeda, T. Noda, S. Kawamoto, K. Ono, A. Kuroda, and S.
Yokoyama, Jpn. J. Appl. Phys., 49, 04DL09, 2010.
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[7] T. Ikeda, K. Ninomiya, R. Hirota, and A. Kuroda Protein Expr. Purif.,71, 91-95, 2010
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4.4 Nanomedicine Research Division

SKEERFHRABM

Research projects in Nanomedicine Research Division can be categorized into five research activities. 1)
Investigations of pathogenesis of virus induced hepatitis and its treatments. 2) Developments of new diagnostic means
with devices, such as surface plasmon resonance, for tumors and allergy, etc. 3) Development of a device for sucking
test for dementia elderly persons. 4) Development of regenerative medical technologies, by producing bio-materials
with high affinities for bones, tissues and cells, so as to construct a superior scaffold for cell growth. 5) Development
of a cleanser or disinfectant containing immobilizing aseptic substance.
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4.41 Research projects in nanomedicine research division
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The outlines of research projects at the Nanomedicine Research Division are as follows.
BEATOIL COAEREER A A N B 0 7 ey = 7 b D b O O EEFR 95,

1. Development of novel therapy against hepatitis viruses using human hepatocyte
chimeric mice (Prof. K. Chayama)

EFFHRRFASTORZH AL EIMILRICETHEROMERE

We established the reverse genetics system of both hepatitis B virus and hepatitis C virus using human hepatocyote
hchimeric mice. We are currently investigating mechanisms of drug resistance using this mice system. We are also trying
to develop new therapeutic drugs that overcome such resistance in corporation with pharmaceutical companies.

A NI NI AT <0 2% W FR T ANV ADRRYL R R 2 VT, U e BT TBRIF RV AL A, C
FBIRFRIANADYN=AY 2R T AT ADREMESLLTZ, DV =AY = 32T 4 7 AD FEZ IS L TR TR TR
2T DT ANVADIMELE BDAD =X LHfFEI 5L 012, B3 LG L TR I3 28T LR E 3L O B
FHEAT> TN,

2. Analysis of hepatitis virus replication and development of anti-viral therapy
(Prof. K. Chayama)

FF 80 VA IETEHEDORBALERA~DIEA

Hepatitis viruses escape from innate anti-viral immunity by developing multiple anti-interferon machineries.
Understanding of such mechanism is important for the development of anti-viral therapy. We analyze change in
MRNA expression and micro-RNA expression using cDNA micro array. We attempt to develop anti-viral therapy
based on these understandings.
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3. Establishment of small animal model of viral hepatitis (Prof. K. Chayama)

REBEEICLI DIV RET IV OER

Immune reaction is important for the development of viral hepatitis. We try to develop small animal model using
human hepatocyte chimeric mice and cytotoxic T-cell clone and helper T cell clone. Such models are important for
the development of anti-inflammatory drug development.
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4. Development of cell culture system of hepatitis virus replication
(Prof. K. Chayama)

IEEMRAE AV OMIILADESE, IEERDREL

Emergence of drug resistant virus strain is a serious problem in the treatment of chronic hepatitis B patients. We
will establish cell lines which stably produce nucleotide analogue (lamivudine, adefovir, entecavir) resistant hepatitis
B virus. Using these cell lines, we will try to find out novel substances effectively suppress the replication of the
virus. We also try to clone hepatitis C virus strains those are resistant against anti-viral drugs such as protease inhibitor
and polymerase inhibitor.
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5. Development of novel anti-hepatitis virus therapy based on analysis of human
genomes (Prof. K. Chayama)

ENT/ LRRATIC K DFBIT A MBEDEIE

Effect of anti-viral therapy is different from patient to patient. We analyzed SNPs of human genome and found
that type of HLA-DP is related with chronic infection of hepatitis B virus (Nature Genetics 2009). We also found
that the effect of interferon therapy depends on the SNP of MAPKAPKS3 gene (Gastroenterology 2009), 1L28B (J
Gen Virol 2011), and GALNTS (J Gen Vrol 2013). We further identified an ITPA variant relating to ribavirin-induced
anemia (Gastroenterology 2010), a DEDPCS variant associated with development of hepatocellular carcinoma, and



a HLA-DQBL variant involved in persistent HCV infection (PLoS One 2014) by GWAS. We will analyze SNPs to
identify genes related to progression of viral hepatitis and efficacy and side-effect of anti-viral therapy to develop
novel strategy to treat patients with chronic hepatitis virus infection.

Fx TN FETITBRIF R Y ANV ZAD R B 518 {57 & L CHLA-DP (Nature Genetics 2009), C*i!
MFROANAZKE T DA 2 —T = OIRR N R LETH T 5851 L L TMAPKAPKS (Gastroenterology 2009),
IL28B (J Gen Virol 2011), ACK1 (J Hepatol 2011), GALNT8 (J Gen Virol 2013), ~7 A& —7xu U/ EY
UOFRFEIC BT HE ML B T A5 1L L CTITPA (Gastroenterology 2010), #5812 B9~ 5 n1-& L C
DEPDCS5 (Nat Genet 2011), CHRUHZ& 7 A /L AD el 4e 1 B3 28 {5 & L THLA-DQBL1 (PLoS One 2014)
ZRELTETZ, BN DTAFET HSNPEREFERZHRITL . BRUTFR DAV A, CRUFFR D AV AD TR REHE I
B 2B n oI RIGE PRI E B 458 s 72 [ E T2, b DB s FOREREA T L, AL A
ZHEBRULO DIBIR D BRFEIZHE D1 D,

6. Modeling for photonic and electronic circuit simulation

REREMHERICHT HEBEAEEROBFE (Prof. K. Chayama)

Prognosis of hepatobiliary malignancy is very poor. We previously identified MRP2 which plays important role
in the drug resistance. We will establish cell lines which is resistant against anti-cancer chemotherapy to establish
new treatment regimen to cope with drug resistant malignancies.

NEIE RISV, BB A OB AT L TEREDIBIILDSIRD S 722 (KIREL TP BEWRETH
Do PUEEANMHIEDER I TR OEALICER T 2EERR D1 ThD, F 4 IZTAETOMEICINT, i
Jea A L2 B 4> Dtransporter& L CMRP2%# 75 L C& 7= (International Journal of Oncology), a7 ikt (4%
RAWT, FUEAIOIIA T AUHF IR T 28 R T2t L 1R OSEEDBEARRFIL T, Zhbo
BART OIENTIZIY | FUEABEIRCR 51E B T AR E e L T\ D,

7. Combining molecular target drugs to inhibit cancer-stromal cell interaction in
gastric cancer (Prof. K. Chayama)

S FIRMZEGERIC LS B fEHl L & E IR 048 B 4E A o H

We examined the effects of PDGF-R tyrosine kinase inhibitor (nilotinib) and mTOR inhibitor (everolimus) on
tumor stroma in an orthotopic nude mice model of human gastric and colon carcinomas. Treatment with PDGF-R
tyrosine kinase inhibitors did not inhibit tumor growth but did significantly decrease the stromal reaction, lymphatic
invasion, lymphatic vessel area, and pericyte coverage of tumor microvessels. In contrast, treatment with mTOR
inhibitor reduced tumor growth and microvessel density but did not decrease the stromal reaction. Combination of
PDGF-R inhibitor and mTOR inhibitor reduced both growth rate, stromal reaction, and distant metastasis. Target
molecule-based inhibition of cancer-stromal cell interaction may hold promise as an effective anti-tumor therapy.

T2 1Tz E T, WHAbEE O ME 217 1E J Hearcinoma-associated fibroblast (CAF)73platelet-derived growth
factor receptor (PDGFR)ZE I HLL TV, PDGFRY b 2 3K CRVE S 2 2. 52 B2 k0 | o B -
R A ] D2 LA WA L C&7=(Am J Pathol 2006), —J7 . mTORPH.FE 31 A0 AR 5l 212 3 2 98 il e <o i 45
W R 2 B 2, BRROMIR 23 7R 38 A2 0F T2 221280 L E R R O F B AR 23 28
VNREIE D AT REME A B 9 & R O R TR AR E 7 /L & - O CREB L 7= (Neoplasia 2013) .



8. Pharmacogenetics of inflammatory bowel diseases (Prof. K. Chayama)

RIE SRR B AREICE T AREREEHHR

Recently, the number of patients with inflammatory bowel diseases, i.e., ulcerative colitis and Crohn’s disease,
has increased rapidly. Although the cause(s) of the diseases is still unknown, treatments including
immunosuppressive therapy using anti-TNFa reagents, and leukocytapheresis are effective. However, some patients
are resistant to these treatments. Factors associated with the effects are unclear so far. In this research, we analyze
single nucleotide polymorphisms (SNPs) in all around the genome to identify genes that associated with the effects.
Our final goal is to establish the strategy to treat such patients more effectively.

PAEMERGE B (R RIGR 07— 90) BB BT 2SN L T d, ZHBEBO R IXRTZ AT
BB, HUINF-o )2 - oo B2 iR IE° B M BRBR ERIEL WS TG RIER A N Th D, Lol Zhbin
IR ED BE LN D, BITED LA ZNOIREIED A A T DR X B> T, ARifF5E
TIXT b EITAFET DSNPAMEFRAIZAEHTL . SEMERSIR ROV IR T 585 A FE T 588
(2 ARSI AN L7 ia B O L2 BB E T2,

9. Quantitative analysis for gastrointestinal lesion under magnifying endoscopy

HIEERBICBIT5 I KAREESROEEILICEAT 5K (Prof. K. Chayama)

We have previously reported studies of image analysis of gastrointestinal lesion under magnifying endoscopy.
We applied a bag-of-features framework with densely sampled scale-invariant feature transform (SIFT) descriptors
to magnifying endoscopy images for quantitative analysis (Gastrointest Endosc, J Gastroenterol, J Gastroenterol
Hepatol, J Clin Gastroenterol). These technologies will allow endoscopist to use the computer-aided system without
the need to identify the discriminatory features of lesions.

o2 TN ETITHLE NESE BT OBFIE 21T > CTE T2, BARAIZ13Bag-of-features D Hufl 4 & 3L 12
dense Scale-Invariant Feature Transform (SIFT) % FUCHRF# g H 21TV, Support vector machine (SVM) % fifi F
L7cilk g T RS NREEEMG O & B b 21TV SR EREAZ WT E O I BIE DR VE B2 B EA R T&
5 E G 385k AT LD BRFE %47 > TV 5 (Gastrointest Endosc, J Gastroenterol, J Gastroenterol Hepatol, J Clin
Gastroenterol), ASHAFZE R CHOMEME RS AT L& WV T NHA LW RS AT 2 WA EIZID,
IEED iV SNBSS AT DO BHFE D ATREL 72D,

10. Measurement of complex impedance of affected or unaffected skin (Prof. M. Hide)

REBELIVESBEBO/EEANVE—F O RAIE

We investigated the complex impedance of skin of healthy controls with or without moisturizer, skin of atopic
dermatitis and psoriasis, by the use of a vector network analyzer. The complex impedance of skin reflects the
condition of skin and could be applied to the evaluation of skin diseases.

HEE NORIBASH R, BLORBUCTHREDH LD K EHRE THLT M — MR 2%  =H PERC R
WCREDEFRA L E—H ATy NI =27 FF A% Anritsu MS2028C VNAMasterz: F VY THITE) ~
FAFT B OWTRE LT, BRA B —F AT EOIRAEZ S LTI Y B O RFAf 12 b ok
LATREVED D,



11. A disinfectant containing immobilizing aseptic substance (Prof. H. Nikawa)
BEREHEFIDEERADIGH
We developed the organosilicon quaternary ammonium salts [3-(triethoxysilyl) - propyldimethyl- octadecyl
ammonium chloride (Etak), a coupling agent with disinfectant. It has broad spectrum antimicrobial activity against
both Gram-positive and —negative bacteria, fungi and yeasts. This compound binds chemically to a variety substrates,
making it a nonleachable antibacterial agent. Its bounded antimicrobial activity has had a variety of applications by
binding to fibers, fabric, carpet, sock manufactures (to control odor-causing bacteria), and metal surfaces.

Fox OF LB LB EHEF THEIA IV ZT I INIAF NS - NI F VLT ubt /LT B L
17 AR (Etak) 1%, —EOBEHH, VI LGME, 77 LRBER, = X —T 2RO L AR L THE AR
MVEFFS TS, ZOEBtakZ Hm3EICEL AT 528 T B 3EAEE 7524 T, Etak AN AL 3R w1 Z[E B b S
b, ZHUCEOKIRARE DARFA, W T ATzl OB -7 — 7V, AR &R EA =R CEHICH
BHERIN TR IO /LA AN ATREIC 225,



4.4.2 Research highlights in nanomedicine research division

AN o 2

I. Development of novel therapy against hepatitis
viruses using human hepatocyte chimeric mice Q

EFFHRTASTORZEALFRVAIVRIZET S -

oy d) Gk 3 Prof. Kazuaki Chayama =
B HIL—E ‘ 5 .
We established hepatitis viruses-infected animal models using human hepatocyte chimeric mice to investigate the
mechanisms of drug resistance and to develop new therapies for viral hepatitis. We also established the reverse genetics
system of both hepatitis B (HBV) and hepatitis C virus (HCV). Using this animal model, we found that 1) combination
with HCV NS5A inhibitor and either NS3 protease or NS5B polymerase inhibitors could eliminate HCV; 2) the efficacy
of combination treatment is different between HCV genotypes; 3) multidrug-resistant variants easily develop by sequential
use of anti-HCV drugs. We also established human hepatocyte chimeric TK-NOG mouse as a hepatitis viruses-infected

mouse model.

DIVOIVUTIFR T A v A DIEFEGEE IR OMEIAE L OHHIARIEORE OO, & MFlEX 2 7~ T 2
ERWTHRUANAEREETNVERRE LIz, SOHICVN—RAY =T 4 7 ZAOFEICLY, ARSI ST
flie ODBERT A NAEGe~ 7 ZAOERICHIFUC S EBNT R LT D, b 0%R% AW T, HCV NS3 i
EHI. NSSA BAEAI, NS5B RN U A 7 —BEAEZMAEDEDLZ LIZLY, HCV OHRNARETH D Z &
MHEERZHT25E5ILIN O ORIT HCV BEFRICL > TRE-s TN Z & MHERE AT 2HA1T
A% sequential IZ VD Z LI X 0 ZHIMELE R MBLT AN EE D Z & & A L7z (Shi, etal, Gut 62,
pp.1055-1061, 2013, Abe, et al., Am. J. Gastroenterol. 108, pp.1464-1472,2013), F7=HHoO b MFfax 2 7~
AL LT TKNOG VU ANRFR DU A NVAEGET N E/R 05D L& B WZ L7z (Kosaka, et al., Biochem.
Biophys. Res. Commun. 441, pp.230-235,2013),

ll. Development of anti-hepatitis virus therapy based on '
analysis of human genomes Prof. Kazuaki Chayama

BN/ LRATIS S BHTRAT 3 A MR DRI L

Recently a flame-shift variant in IFNL4 gene, newly discovered nearby IL28B, has been reported to strongly associate
with treatment response in chronic hepatitis C patients as compared to IL-28B variants, and the functional role of IFNL4
in the innate immune response to HCV have received a lot of attention. We analyzed IFNL4/IL-28B haplotype structure
in Japanese chronic hepatitis C patients. IFNL4 variant showed strong linkage with rs12979860 as well as comparable
predictability. On the other hand, rs809917 was not strongly linked with these SNPs, suggesting its lesser predictability.
By a large scale genome-wide association study using Japanese chronic hepatitis C patients and healthy subjects, a HLA-
DQB1 SNP, causing an amino acid substitution, was found to be associated with persistent infection. We further found
that IFNL4 polymorphism might confound the effect of the HLA-DQB1 variant on HCV persistence.

C BB T 2k D P A L APRIE A~ D JSEMEIT- OV T 158099917 <° rs12979860 25D 1L28B EisF% M L0,
ZOWBEOHHIEE T IFNLE NIZHDHTL—LL T RERIDIEINL0RS BEIEL TWAZEN RIS S, IFNLA
DR BUCEDHEI AT = A LI DONTHIEH ST, DivioiLiL IL28B-IFNL4 FEIk D/ ~T a2 A 7 i 15 % fRAT
L. BARANIZEWTIL IFNLA 3512800 rs12979860 L#H 238t > C HIREIXRIZE CTHY, — 77 rs8099917 |
EEALRL T FHIBE 125 5 T HEME DS R EHL7- (Ochi, et al. J. Gen. Virol. 95, pp.1297-1306, 2014),, /-, HivbiL
1% C BB AT I i & — R EE I C LD KHRE GWAS 12X > T HLA-DQB1 i& {5+ D7 3 /g & #az £ SNP A3 C 7Y
R AN ADFHGE G EBE L CWDZEAFRIEL . Z D% 5T IL28B BIn 2R DL Z 1T WD A[REMEA R
L 7= (Miki, et al., PLoS One 8, e84226, 2013) ,



lll. Measurement of complex impedance of affected or
unaffected skin

REBEIVRBSBEBOMRAVE—FVRARE

Prof. Michihiro Hide
% F BN

We investigated the complex impedance of skin of healthy controls with or without moisturizer, skin of atopic
dermatitis and psoriasis, by the use of a vector network analyzer (Anritsu MS2028C VNAMaster). The treatment
with a moisturizer increased stratum corneum hydration of all healthy controls. It lowered resistance of skin except
younger cases. The skin of patients with atopic dermatitis showed lower stratum corneum hydration and higher
resistance when compared with healthy controls. The lesional skin of psoriasis showed lower stratum corneum
hydration and higher resistance than non-lesional skin. These results indicated that changes of stratum corneum
hydration by a moisturizer and skin diseases affect complex impedance of skin.

i NOHRIBEFIS AR, BLXORRICEREO D DRIEHREBTHDL T b —MRAER, SR
OWTHEFEOHEFZA L = AR ML Ry KT —27 T FZ AW Anritsu MS2028C VNAMaster %
FAWTHE) KT B OV TR Lz, /% AT, RIBAISNHICE > THEKSEOBIML, &
JEOEFRA L E—F AT EBE 52 50, BFEEOGEITEOREN VW Fig. 1), —F. 7T hE
— MR EREBEICRBONTIE, AEKGEIZESADOZNLID BHALNUELS . BF AL LERAI AT ¥
— h ECEEHIOEm N D -7, WREORIZE CIXEEBEH L0 b AEKDENHL MK, AIAF
¥ — b ECTEBEITES I TR A A STz, DX v, REAEIS I X D AEKyE
DI, HRITIFE DTN 5 R JGHEE (7 N E—VERER, 0Hf) bEHEA B —F o AL
5z DAl RIB S Tz,

N1, 22y, m

Fig. 1 Complex impedance of healthy skin with (red line) or without (black line) a moisturizer. Data are
expressed by Smith chart.



IV. Titanium immobilized with an antimicrobial
peptide derived from histatin accelerates the
differentiation of osteoblast

BEMREERTFEOF I RA~OEELICELD Prof. Hiroki Nikawa
B RO IRE Hekg A

The rate of success of dental implant treatments in controlled patients is very high, over 90%, although, the
number of reports on failures of implants resulting from microbial infection, i.e. periimplantitis, have been
increasing in the last decade. Thus the surface modification to facilitate the bone healing and to suppress the
microbial infection should be ideal for dental implants.

We have shown that the cationic synthetic peptide; JH8194, that was designed based upon a histatin analog and
a lactoferricin fragment, has excellent anti-microbial activity. Furthermore, the JH-peptide facilitated the
proliferation of mesenchymal stem cells, and differentiation of osteoblastic cells. These reports suggested that
antimicrobial peptides or synthetic. Hence we tried to immobilize the JH-peptide on titanium surface and evaluated
the antimicrobial activity against P. gingivalis, which is known as the periodontal pathogen, and the differentiation
of osteoblastic cells, in vitro and in vivo.

The titanium immobilized with JH-peptide has shown the excellent antimicrobial activity against P. gingivalis,
together with the promotion of differenciation of osteoblast cells.

T2 T IR IEMEHTEMEAT T JH8194 % B AR R Ay BRIC F W TS AL, 2Rk 16 4R35 18 ARI2NT TR L
iR BB OMER LR A 128> C, MM IEEFHIC > CRIBER OB IR A K B35 TR 2D HT
BT L C& Tz ZOHT, JH X7 FRE WD HE CHIZERSBHIRLOE b DMRES N D BIG A Ro1T Tz, L7zh
ST, ZOXH72 JH8194 A F X RMICHEE(LTHZET, DRENICHL CTPEREZWIF T, MiENTIX
IR O Z B CEOF 2R ILEZBAR TEDEE X T, HiFEET1T-oT5,

[1] Int. J. Mol. Sci. 11, pp. 1458-1470, 2010.
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Fig. 1 Immobilization of cationic antimicrobial peptide, Fig. 2 JH-peptide immobilized titanium implant clearly
JH8194 on titanium surface. facilitated the osseointegration in vivo.




5. Activities related to RNBS
T/ TNAR - NAARERZRERICEET 5/EE

5.1  Nanotechnology Platform
F/T0/00— T3y Ir—LXIE

“Nanotechnology platform” was started by the Ministry of

Education, Culture, Sports, Science and Technology (MEXT) in 2012
for 10 years (2012-2021). Hiroshima University is the Core Institute
for Supporting in Chugoku and Shikoku Regions. Hiroshima
University (responsible for nano-foundry support for silicon Visiting  Professor
nanostructures), Yamaguchi University (responsible for high quality Maiataki Fukuyama
vacuum technology), and Kagawa University (responsible for MEMS) FREE WLER L
cooperate to support the project as one of the 16 support institutions in Japan. The special features of Hiroshima
University support program are special technologies to fabricate ultra-small Si MOS transistors with a gate length
of a few tens of nano-meters using electron-beam lithography machine, ion implanter, CVD apparatus, sputtering
machine , oxidation and diffusion furnaces, ICP and ECR etchers, etc. and MEMS technology. We supported 48 items
in 2013 which was the largest supports since our project started. Let us introduce the example of our supports in 2013
as DNA memory FET (Fig. 1) and Driver Circuits for spatial light modulator (Fig. 2)

We offer outside researchers to use our support and provide technical support for the nano-level foundry. On the
details, please look at the URL and download the application form. It is available to see our activity by WEB in English
(http://lwww.nanofab.hiroshima-u.ac.jp).

SCEHRFE DT )T 0 /ay— T Ty T F—AIE, K 24 FEEDD 10 AEOFHECRRA LTz, IR R R
VU E fEI D B Td D, TR R (ST SR F /30N TASGHE) 11l 0 oK% (Rl B B 25 1) B8 LY & JIKR %
(MEMS £4f7) L@ L CaE 16 BEEAD ONED LU TR T 5, JA B R FIRA 544 E (EB #MLEE | A 1EA
4EME | CVD, A\ AU RIA Ty F 5 —5) ZBREEL T30nm LU F DYz~ — AN TEA, o7
A AR MEMS 487, BT BN LEAfr &S 7 /A ABHSE - Sl A SB35,

2013 FEEDIARIT 48 e B K Tho7o, X 1, 2 1ZZOSHRFI %R~ T, SHRIZOW T, FRedilAs:
WZLETOT, BEFZEE I L IE S5 0BV LET,

728, AR—2b = (http://www.nanofab.hiroshima-u.ac.jp/) (ZIZARBEIEGEHONE L O HGEENEEHSN
TEVETOT, F7ra—RLTTH S,



Fig. 1 Schematic configuration of DNA Memory FET (Hyogo Univ).
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Fig. 2 Fabricated Driver Circuits for spatial light modulator (NHK).



6. Research Facilities of RNBS

D]

6.1 Super clean rooms
A—=IN—=J )= )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 AN LS DFUEIIA— /8= 2= )L — W TIT oS, bSO @\ ra3rF210 (157
F57 4—FHNIZ 0.1um LL_EDRIBRORI -3 10 ELL F) THD,

NS
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room Changing

Measurement
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West Building since 1988 East Building since 1998

Plan 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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6.2 Equipment for advanced devices and LSI fabrication

SR T INA AR UVLSHERE D T-8 DX

6.2.1 Lithography

VIT 54—
@ Variable rectangular-shaped electron beam € Point-beam type electron beam lithography system
lithography system (Hitachi HL700DII) (JEOL JBX-5DII)
B[R IEAE B — AR RA L R — DR T — L HE

(HSZ HL700DII) , (EIZTKEE% JBX 5DI1)

& Point-beam type electron beam lithography system @ i-line optical stepper
(ELIONIX ELS-G100) (Nikon NSR i8a)
RA L P — DI -1 — LJH ] iFRAT S —
(=V4 =7 ELS-G100) (== NSRi8a)

s (E

===

€ Maskless photolithography system
(Nanosystem Solutions D-light DL-1000)
~ AT A AEE
(F /v AT LYY a—a X D-light DL-1ooq)

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




6.2.2 Dry etching
FSATvFUT

€ ICP (Inductively Coupled Plasma) etcher for Si
(YOUTEC)

€ ECR (Electron Cyclotron Resonance) etchers for Si
(KOBELCO)

SIHICP GEMFE AT T A ~) =y T 7 ikE
(2—F>7)

@ Si deep etching system
(Sumitomo Precision Products)

SR =y F o 7 4 E
(EACKs# T.28)

@ ICP etcher for SiO,
(SAMCO)

SIO HICPT T L 7 4

SIFECR (B VA 7ubn dLg) =y F 7 ikE
(o= L)

€ ICP etcher for highly selective etching of SiO;
(AYUMI INDUSTRY)
SiOFHICP—y F 7 4k
(T=2IT )

@ RIE (Reactive lon Etching) system for SiO»
(KOBELCO)

SIOHARIE(SS A Ay =T 7))
CEORE:25)




@ ICP etcher for Al € Magnetron RIE system for Al

(YOUTEC) (KOBELCO)
ARICP= T 7k & Alffl~7 % a RIEREE
(2—TFv7)

€ Chemical dry etching system for & Plasma asher for removing
Si3N4 and poly-Si (KOBELCO) photoresist (KOBELCO)
SisNs X OSIO A7 I NVRTA VUANRERN T I A~

Ty Fr7RE (R R) T 7 A (1 )




6.2.3 Oxidation, annealing, and doping
BRib. 7=—IL . FHWEA

4 Oxidation and diffusion furnaces 4 lon implanter
(Tokyo Electron) (ULVAC)
Rl - YEHA AF U ENIEE
=L 7ty (T3 v7)

€ RTA (Rapid Thermal Annealing) system @ Phosphorus diffusion furnaces
(Samco HT-1000) (SHINKO SEIKI)
i AL PG U ARHR

(PR B

€ Annealing furnaces for general purpose
(Koyo Thermo System)
LA BB &
OEPE—F L AT L)




6.2.4 Dielectric film deposition and epitaxial growth

HREHR-TEAX O vIILEE
€ Low-pressure chemical vapor deposition (CVD) € Atmospheric pressure CVD reactor for SiO;
reactors for SiOz, SiN and poly-Si deposition (AMAYA)
(Tokyo Electron) SO, HERS il £ CVDAE B
SiOy, SiN, poly-SiHEFE HIBECVD ({b 5 Ak (R BUERT)

R (R mLrhry)
B "m i - —
T. ] ;9: \ ! -

3
|
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€ Parallel plate type clean plasma CVD reactor for € Molecular beam epitaxial growth system
SiN and amorphous Si (ULVAC) (EIKO)
SINM O /L7 7 ASIHERT AT AR 75 X~ SRR E AR LR S B

CVDIEE (T /L/3v7)

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

JR 1 JBCVDIF
(—=THT)




6.2.5 Metal deposition

ERERER
@ Metal/dielectrics sputtering system € Sputtering machine for metal interconnects
(ULVAC) (EIKO)

G BIKEAFINEA S 2 7 HEE (T V3 7) GBI ARy ) TR ()
- e ) - = P 49; : ~5

@ Electron beam evaporation 4 Sputtering system for € Vacuum evaporation
system (EIKO) general purpose (EIKO) system (Donated: Homemade)
B — AR A WA Sy 4G E FLZE TR

(tA2—) (FFHE: FLE)

6.2.6 Others
Dt
€ Surface-activated bonding system (EIKO)
RETEMECEGIEE (=1 2—)
|l e : ‘




6.3 Characterization and diagnostics equipment

Sl - AR iE
4 Secondary ion mass spectroscopy (SIMS) system & Total reflection of X-ray fluorescence spectrometer
(ULVAC-PHI PHI-6650) (Technos TREX-610)
2IRAAE B HTIEE RS EOEX B T L
(TR 7 -7 74 PHI-6650) (Technos TREX-610)

>

@ Fourier-transform infrared spectrometer (FTIR) € Atomic force microscope (AFM)
(JEOL) (Seiko Instruments Inc. SP13800)
7 =Y ISR S R Jif- 10 B

(HATET)

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

(U H7 ATX-E) (U #Z RINT2100)




& Ellipsometer € Spectroscopic ellipsometer

(Rudolph Research Auto EL) (J.A.Woollam JAPAN M-2000D)
T TV A—H— ST T A —
(VR 7Y% —F Auto EL) (YVz—rx— 7 —F APy M-2000D)

& Hall effect measurement system € High-resolution X-ray photoelectron spectroscopy
(ACCENT HL5500PC) (XPS) system (KRATOS ESCA-3400)
A L B R XL T-oy oM

i 1

€ High-resolution X-ray photoelectron spectroscopy (XPS) system (VG Scienta ESCA-300)
XS 1 e moirdsiE (VG =24 ESCA-300)

3




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

Z EE T AR
(H3Z HF-2100)

S R A A - R R
(A 57 S4700)

=

€ Focused lon Beam (FIB) system
(Hitachi FB-2000)
ERAA e — DN T E

(HsZ FB-2000)

€ Manual wafer prober (Vector Semiconductor) and € Semi-automatic wafer prober
semiconductor parameter analyzer (Keithley) (Vector Semiconductor AX-2000)
BIf—h T m—N—

v=a T TN (R E—EIa ) K

NASEAR ST A —T F T AP —(r—AL —) (74—t AX-2000)




6.4 VLSI CAD Environment

VLSIE%R &t FACADIR 1%

6.4.1 Hardware
N—Fx7

Workstations

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

4 HP: 9 machines (ProLiant DL580G5 X 3, xw9300 X 1, xw8600 X 1, j6750 X 1, ¢8000 X 2, b2000 X 1)

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

6.4.2 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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