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

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

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

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

December 1, 2015
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)
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2.  Staff of Research Institute for Nanodevice and Bio Systems
(RNBS)
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Integrated Systems Research Division
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Visiting Professor
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Yuji Miyahara
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Overseas Researchers
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3. Executive Committee Members of Research Institute for

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

T/ TINAR - N FRAERFHEFT O EE

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

At the Nanointegration Research Division we focus the research on nanodevices, fabrication processes, nanointegration,
nano-bio integration devices, photonic devices, nano-quantum devices, thin film devices, nanodevice modeling and
functional materials.

T EREREIEM TR, T/ T AR, Fak R, FIAT I —ay | FINF BT S A, Trb=v7
TIAA T IV EFT AR EET SAA, FITARARET VT BEREMAM B E B 2058417 > TD,

4.1.1 Research projects in nanointegration research division

F/RBEHERRBAICBTEHARTOS IR

The outlines of research projects at the Nanointegration Research Division are as follows.
TR FAR R BT DM T B Y = 7 b D F b D O E AR T D,

1. Biomedical Electronics: Radar-based breast cancer detection (Prof. T. Kikkawa)
INAFATALALNILIMAZIR: AL RAERICEDEMNAKIE

A time-domain reflectometry breast cancer detection system was developed, which was composed of a Gaussian
monocycle pulse (GMP) transmitter circuit fabricated by complementary metal oxide semiconductor (CMOS) 65 nm
technology and an ultrawide-band (UWB) planar slot antenna array. The center frequency and bandwidth of the antenna
were 6 and 9.2 GHz, respectively. The GMP train having the pulse width of 160 ps was generated by the 65 nm CMOS
logic circuit with a core area of 0.0017 mm? and was emitted by the 4x4 planar slot antenna array. The fabricated planar
4x4 antenna array with the matching layer could resolve the two separate 5x5x5 mm? breast tumor phantoms, which were
located at the depth of 22 mm with the spacing of 8 mm.

P R BB S S B L AR S AT D& BRI L T2, 2D 2T Al 65nmCMOS CHERLL 7= s 7 & /A 7L
7L A(GMP) F6 A& [ % SR TS 53k (UWB) (i Ay N T U 7 F B R S LT D, FD JE R S s iriliE ez
6.0GHz, 9.2GHz T&>7=, GMP ®~ L 1% 160ps CTififE 0.0017mm? @ 65nmCMOS TH K E 4 4x4 O qh 7
TFTUVANS IS ST, 4xd 72T F T U AT REES 5x5X5mm3 DFLFE T 7 b LA —/47 ks 2 {5 8mm B TIES
22mm OALE IZALE SV TV DD ARG TET-,

2. Biomedical Electronics: Complex permittivities of breast tissues (Prof. T. Kikkawa)

NAFATLALIVIMOZIR: HEEBOERFER

The variability in measurements of complex permittivities of tumor tissues between multiple samples could be
attributed to the volume fraction of cancer cells in the excised tumor tissue. By the use of a digital photomicrograph image
and hematoxylin-eosin staining, it was found that the malignant tumor tissue was not fully occupied by the cancer cells,
but the cells were distributed locally in the stroma cells depending on the growth of cancer. The results showed that the
volume fraction of cancer cells in the tumor tissue had a correlation to the measured conductivity and dielectric constant
in the frequency range from 1 GHz to 6 GHz.

FACH SN 7= F A O E R FE R A NEL . Z OIS > XFEM AL O HE M S5 2 FEHI 51k
K2 ERHALNIIR ST, i T Ve~ oA LT DAV T E TN 58 IS
LML TREICEA SN TWDOTIIL, MEMEORIZOM L TIFEL TWDIENHLINI 2T, FLEM
kOO FE AR L R A R 1-6GHz (235 T M DR 73 BRI B b D Z & A B BT LT,



3. On-chip antenna: Chip-to-chip signal transmission (Prof. T. Kikkawa)
FoFVITToTF: FYIRMESEE

Interchip data transmission was demonstrated using impulse radio ultrawideband complementary metal - oxide -
semiconductor (CMOS) transmitter integrate circuits with  on-chip dipole antennas. A differential pseudorandom binary
sequence of 27 data of Gaussian monocycle pulse (GMP) was formed by 65-nm CMOS logic circuits using up- and
downpulses with certain gate delays. The CMOS transmitter generated 5-Gb/s GMP with the center frequency of 10 GHz.
To improve transmission gains, an interposer with the high dielectric constant (g = 38) and optimized thickness was
inserted under the CMOS chips as a dielectric slab waveguide. 2-Gb/s GMP signals were transmitted and received in the
distance of 10 mm by use of the CMOS on-chip antennas and the high-« interposer.

AL SNV ARB IR I IERRCMOSEERERIIE (CA > Ty T H AR — VT U7 T 2L T, Fo 7 MiEE &2 KLz,
65NMCMOSHERE A FLIZ LD, H TS T U E/F A2 7L Z(GMP) D ZEB D EEELT L & W2l T —Z 2T 5 R LT,
CMOSEIE[EIE 1 H L JE I B 10GHZ OGMP TEGb/s D 7 — # L — N i LTz, ARERIS A UGE T 272012, FhEH
38D if AR AR IR AT B ARER L L CCMOSTF v 7' D i ALA > 2 —R—% —&L7, CMOSHA > F v 7T T
T T 7 R EEEL0MmMCT2Gb/sD T — XL — R CIAZE 2 EiEL 1=,

4. Nano-bio integration devices (Prof. S. Yokoyama)
F/NAARETNARDBRR
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.
NNV T HARERE oA A A2 — D EAT o> TD, BEMLTc v Vas sl a7 e Ao Laikra 4t
IREFMEIC RO @O IR E GO0, S Var OERE TR R Z FIVAUR, JEERRLSU ORI IS TED,

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

FyT EAEROHR
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 their integration technology is
developed.
AL T F =T AL IR LSI OBFFEEAT> TN D, St Z WA YT TV —T 4 77T Ge 7+
TAT I ZIRETF v 7 EBLRRIC LB R B BT DB I LR LB O ZE AT > TUD,

6. Dopant Activation by Thermal Plasma Jet Induced Rapid Heating of 4H-SiC Wafer
(Prof. S. Higashi)

BISXTT oy MBS RIEMERIC XL BH4H-SICOT/NROTFHMEMEE

We have proposed application of thermal plasma jet (TPJ) to annealing of ion-implanted 4H-SiC wafer. SiC wafer
temperature reached to 1830C by TPJ irradiation, and As+ implanted n+ junction with the depth of 17 nm, and sheet
resistance of 289 Q)/sq. have been successfully formed. P+ junction formed by Al+ implantation and TPJ annealing showed
low sheet resistance of with junction depthe of 40 nm. These results imply that TPJ induced annealing is useful for impurity
activation in SiC wafers.

RLEBT TR~ =y MTPI) U BBV | Z L 54H-SICY = A A L A LT AR OIEVE L A 42 R LT,
ZHIETIZ, TPUZEYSICY T %1882 CE TS DT LTI . AshA A AEALTZn+FHIE T, $EATRS ~17nm,



—MEH1289Q, AlZ A A EALT-p+iEIK T, B2 GRS ~40nm, ¥ —MEPI8.0KQDfE FA2 15 THY, TPUZLHAR
HIEMEAL A ATRE CH DL FEE FRELT-,

7. Design and synthesis of materials based on group 14 elements for organic
electronic devices (Prof. J. Ohshita)

14ETRER—RELE-FREFTNA 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.

BREFEIH A —R, AT O Ax | F bt — AHEKEEM RS OFHEE 7 A ADOM KD
BAZZBEL T, ML~V TOMMH REA RIS SN 4G e R 2 H T 08B AL EmaE kL . D%
PEALES AT - AT NV ATV I T 5 VBT T TN TIRETL TS, ALEDT SAZR L TOIE H
Ze LW GERHE B 7T 28 L IL R TREETL T D,

8. Biomolecule and ion detection based on Si single-electron transistors for highly
sensitive integrated sensors on a single chip (Assoc. Prof. A. Nakajima)
VTNV T EORBERTBRIEELY—DOHDSIE—BFFSUORFERAWN A4
INAF S FRRH

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 SETSs, 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.

ER LR OT=D1T, Si M —FE R P AZ(SET)E W e A0y FRoA A DR AT > T D, SET D=
IRENMEIIARD THEL =D IZ, £ ET SET ZR AL A A4 — O G X )~ T2, A8l Si ZER YR>3
JAIEZ VT SET O=IRENEZ I LT, 77— ARENINT AT &7 2 A (Gm) NS S0 g 13007 FEAR
B> ZD @R R EE I Z DR DD IR 8 D, £To, ZER Y My /WS, H— Ry My XU IS IC A~ T
TR F I3 AR5 TG G T DMER DN RELBRDR R DD,

9. Silicon carbide (SiC) devices: SiC power devices and SiC integrated circuits for
harsh environments (Assoc. Prof. S-I. Kuroki)

I)AVA—INLE(SIC) TINMR: 4H-SIC N —HBERTFINAAOHAELLIGRIBEE A
DT=HD 4H-SiC EFERBRHE

Research and development on 4H-SiC power devices and integrated circuits for harsh environments electronics 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 also carried out a research on SiC power module for
automobile.
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10. 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-1. Kuroki)
ERRRL—RRILICLIBREAMSHMHEHELI-ZHES IV FELEEETENS
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 cm?/Vs. Ozone
radical treatments on poly-Si TFTs were suggested and demonstrated for reduction an off-leakage current.

BT NTAE — WL DHGTARL — PR LR R L, 2OV —FEIEVE T Va5 4T, 3
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4.1.2 Research highlights in nanointegration research division
HARNASAF

|. Biomedical electronics:Radar-based breast
cancer detection

INMMAATAALILIMAZIR: A INILREBRIZED  Prof. Takamaro Kikkawa ‘
ANARE % HINNE

A time-domain reflectometry breast cancer detection system was developed, which was composed of a Gaussian
monocycle pulse (GMP) transmitter circuit fabricated by complementary metal oxide semiconductor (CMOS) 65nm
technology and an ultrawide-band (UWB) planar slot antenna array. The center frequency and bandwidth of the
antenna were 6 and 9.2GHz, respectively. The GMP train having the pulse width of 160 ps was generated by the
65nm CMOS logic circuit with a core area of 0.0017mm? and was emitted by the 4x4 planar slot antenna array. The
fabricated planar 4x4 antenna array with the matching layer could resolve the two separate 5x5x5mm? breast tumor
phantoms, which were located at the depth of 22mm with the spacing of 8 mm.

IR AR S BRI LR R S AT A& BT L=, 2D 27 A1 65nmCMOS TERL L 7= A o7 o /
B A 7L Z(GMP)FEAE R & BAHHHR(UWB)H A 2 > R T 7 TGRS AL TUW 5, FULJE L & |y
BIXZENZEH 6.0GHz, 9.2GHz Td - 7=, GMP ™/ %/L A 1EI% 160ps THEfE 0.0017mm?2 @ 65nmCMOS TA %
SN A4 DT T FT LA DS Sz, 4x4 T T FT LAIERKE S 5X5XmmE DOFLFE T 7 > b A
& —4 s ~H 2 8mm AL TIE X 22mm DB ICHLE SN TWADE R TX 7,

[1] S. Kubota, A. Toya, T. Sugitani, T. Kikkawa, 5-Gb/s and 10-GHz Center-frequency Gaussian monocycle pulse transmission using
65-nm logic CMOS with on-chip dipole antenna and high-k interposer,” IEEE Trans. Comp. Package and Manufact. Technol., vol. 4
2014, pp.1193-1200.

[2] T. Sugitani, S. Kubota, A. Toya, X. Xiao, T. Kikkawa, “Three-dimensional confocal imaging for breast cancer detection using CMOS

Gaussian monocycle pulse transmitter and 4x4 ultra wideband antenna array with impedance matching layer,” Japanese Journal of
Applied Physics 53 (2014) 04ELO03 (9 pages).

(@)

4x4 slot antenna array

z/(mm) '

-

(a) Line 1
Matching Layer

0.28 mn\ b ; o /
Skin Phantom* o —— /
2mm 1 7

y/(mm) =

yl(mm) 100 2 x/(mm)

Breast adipose
phantom
40 mm

» x/(mm)
j

Y (c)

(b)
y/(mm)
zl(mm)
-
2i(mm) 20|
7
xl(mm) Y (mm) ! K x/(mm)
I .“k\:“, 40 &
yl(mm) x/(mm) (f)
(c) :
yl(mm) 4 z/(mm)
Z(mm) = e
- < 8 mm
50407 e
50, oy 0 4 y/(mm) 2010™—520
yl(mm) 20 530 x/(mm) x/(mm)
x/(mm)
Fig. 1 Reconstructed image of breast tumor phantom. Fig. 2 Spatial resolution of confocal images of breast tumor

phantoms with separation distance of 8 mm. (a) 2D image by
antennas without isolation. (b) 3D image without isolation. (c) 2D
image by antennas with 1mm isolation slit. (d) 3D image with Imm
isolation slit. (e) 2D image by antennas with 6mm isolation slit. (f)
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(a) Schematic configuration of 4x4 antenna array.
(b) Quasi-3D confocal image. (c¢) 3D confocal
image.



Il. Biomedical Electronics: Complex permittivities of
breast tissues

NAAAT4AIILIMNA= IR HEEEBOERSESE Prof. Takamaro Kikkawa
Hfz HINAE

The variability in measurements of complex permittivities of tumor tissues between multiple samples could be
attributed to the volume fraction of cancer cells in the excised tumor tissue. By the use of a digital photomicrograph
image and hematoxylin-eosin staining, it was found that the malignant tumor tissue was not fully occupied by the
cancer cells, but the cells were distributed locally in the stroma cells depending on the growth of cancer. The results
showed that the volume fraction of cancer cells in the tumor tissue had a correlation to the measured conductivity and
dielectric constant in the frequency range from 1 GHz to 6 GHz.

TR SN FUBEMOBEREFERZNE L. T 0I5 > X 1 33lmiiao eI 5O 5 5 FEEE
WCERT D Z ERHLNNI T2, Y T e~ bF V) e A PR LT VX VEE TN
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[1] T. Sugitani, S. Kubota, S. Kuroki, K. Sogo, K. Arihiro, M. Okada,T. Kadoya, M. Hide, M. Oda, and T. Kikkawa, “Complex
permittivities of breast tumor tissues obtained from tumor surgeries,” Applied Physics Letters 104, 2014, pp. 253702-1-5
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lll. Detection of prostate specific antigen by differential Si
ring optical resonators

EB Si VU RFIERICIIMIRFRAFRTH Prof. Shin Yokoyama [
S TITE I

The target of this study is to realize biosensors available at home utilizing the mature Si semiconductor technologies. The
sensitivity of 10 ng/ml has been achieved for prostate specific antigen (PSA) [1], however it does not reach the practical
level of 1 ng/ml. In this report we have succeeded in detecting PSA with practical sensitivity by using differential Si ring
biosensors. In the differential sensor the light is input to two rings and one of the outputs is merged after n phase shift (Fig.
1(a)). Although the temperature dependence of the refractive index of Si isrelatively large, the resonance wavelengths of the
two rings of the differential sensor are shifted in parallel. Then the differential output becomes independent of the
temperature. Furthermore common mode noise such as stray light is canceled and the detection sensitivity is improved. To
flow different liquid to the sensing and reference rings, the fluid channel is fabricated by using thick resist, SU-8, and
polydimethylsiloxane (PDMS) which is one of the silicone rubbers (Figs. 1(b-d)). After covering the rings with SiO,, the
windows are opened to contact to the liquid. The measurement sequence is shown in Fig. 2. For the sensing ring the liquid
with PSA is flown, and for the reference ring one without PSA is flown. Measured differential spectra for various PSA
concentrations are shown in Fig. 3(a), and the integral output versus PSA concentration is plotted in Fig. 3(b). Simulation
result is also shown. The output is changed for PSA concentration less than 1x10° g/ml. The simulation result is in good
agreement with the experimental data (Fig. 3(b)). The large output at PSA concentration of 0 is due to the initial unbalance
of two rings such as area of two windows etc.

AHFFED BT FECFRICHH TE /4B —% S PEERERZRI AL CEATHZETHS, ZVETIC,
AT SEHUR PSA % 10ng/ml DS Tt L 72 23[ 1], FEF Y Ing/ml (ZEEL TR, ARl 28 Si U7
AA T —12LD PSA ZFE MK E TRt &7z, 28R TIE 2 2OV 71 eE AL, A7 ikl 2245 S
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L7 (1K Lb-d) . Vo7 % SO, T4, WK BT 25/ B AR 7, PSA ORI TNEZ K 2 12, #ERA1X 3
R T . ROV 7 I PSA & Lo Rk . &) — HITIEE VIR Z Tt L 72, PSA IR EE<1x10°g/ml LA R CHE 43 H
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[1] A. Hirowatari et al.: Proceedings of SPIE, Silicon Photonics and Photonic Integrated Circuits 111 (2012) 8431 1S.
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Fig. 1 (a) Schematic of differential Si ring optical-resonator biosensor, (b) optical micrograph of fabricated biosensor, (c) cross
section of the fluid channel, and (d) photograph of the fabricated biosensor chip with PDMS fluid channel and input/output tubes.
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containing PSA is flown and for the reference and (b) plot of the integral of the differential spectra versus PSA concentration.

ring one without PSA is flown. Simulation result is also shown.



IV. Dopant activation by thermal plasma jet induced
rapid heating of 4H-SiC wafer

8TS5XTTyMNBHEEMEIZLD 4H-SIC VT o
N DB Prof. Sefciro igesi

N -

We have proposed application of thermal plasma jet (TPJ) to annealing of ion-implanted 4H-SiC wafer. SiC wafer
temperature reached to 1882°C by TPJ irradiation (Fig. 1), and As implanted n+ junction with the depth of 17 nm, and
sheet resistance of 289 (/sg. have been successfully formed. Al+ implantation and TPJ annealing showed low sheet
resistance of 8 kQ with junction depthe of 40 nm (Fig. 2). These results imply that TPJ induced annealing is useful for
impurity activation in SiC wafers. We have investigated precise control of heating rate (Rn) and cooling rate (Rc) during
rapid annealing of phosphorus-ion (P*)-implanted 4H-SiC using TPJ and its impact on impurity activation. The Ry and
Rc were controlled by approaching and retracting speed. No dependence of sheet resistance (Rs) on Rn was observed,
while increasing Rc significantly decreased Rs. The minimum Rs of 150 Q/sg., the maximum carrier concentration of
2.9 x 10% cm3, respectively, were obtained under R; = 568°C/s.
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Fig. 1 Transient evolution of 4H-SiC wafer temperature Fig. 2 Resistivity of impurity implanted junction in 4H-

during TPJ irradiation. Surface temperature reached to SiC wafer as functions of TPJ annealing temperature.
1882°C within 3.4 s.



V. Synthesis of dithienogermole-containing oligo- and
polysilsesquioxanes as luminescent materials

EAEMHELTOOFIT/FLE—ILER/FYITEEY  Prof. Joji Ohshita
RIVINERXA XY DERE 2z KA

Oligo- and polysilsesquioxanes have received an increasing attention as organic-inorganic hybrid materials. Their
network structures composed of Si-O bonds usually provide good film-forming properties and thermal stability to the
materials. In the present study, dithienogermole (DTG)-containing oligo- and polysilsesquioxanes were prepared for
the first time from DTGs bearing one (DTG1) or two trialkoxysilyl group(s) (DTG2). The reaction of DTG1 provided
a cage-type octasilsesquioxane (DTG1-POSS) as a viscous oil, whereas the reaction of DTG2 yielded a network
polymer (DTG2-PSQ) as a self-standing film (Scheme 1). DTG1-POSS showed highly efficient PL in THF (® = 56%),
which was supressed by contact with nitorobenzene, indicating the potential of DTG1-POSS for sensing nitroaromatic
explosives. In contrast, polymer DTG2-PSQ exhibited weak PL with ® of 2% as a film, but ® was improved to 38%
by copolymerization with trimethoxymethylsilane (DTG2-MeS in Scheme 2 and Figure 1). DTG2 was copolymerized
also with a trimethoxysilyl-substituted carbazole derivative (CzS) in the presence of poly(9-vinylcarbazole) to provide a
composite material with hole-transporting electroluminescent properties, being applicable to a multi-layered organic light
emitting diode.
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[1] J. Ohshita, M. Nakamura, K. Yamamoto, S. Watase, K. Matsukawa, Dalton Trans. 2015, 44, 8214-8220.
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Fig. 1 Photographs of self-standing films of DTG2-PSQ
and DTS2-MeS-1 film under room light and UV
irradiation at 365 nm (from left to right).



VI. Effects of annealing on the morphology and
crystallinity of TiO2 nanoparticulate films

TiIO F/HFEDOHBELEREIZRIFTERDEE  Prof. Manabu Shimada
Bz EH T

Porous thin films exhibit a wide range of interesting characteristics, such as electric conductivity, optical property,
and so on. These have been used for gas sensors, photocatalysts, and dye sensitized solar cells. The performance of these
devices is largely determined by the crystallinity and the porosity of the films.

Recently, we succeeded in the preparation of porous TiO: films by the gas-phase deposition of non-agglomerated
nanoparticles [1]. The pore structures of the films could be tuned by the diameter and deposition velocity of the
nanoparticles. However, the nanoparticulate films had poor mechanical strength with the nanoparticles in the films being
amorphous, indicating that the films were insufficient in applications. Annealing of the film is promising for enhancing
mechanical strength and crystallinity. We therefore investigated the effects of annealing of the nanoparticulate films.

The nanoparticulate films were fabricated using the plasma reactor and the deposition chamber shown schematically
in Fig. 1. Non-agglomerated and amorphous TiO, nanoparticles with a geometric mean diameter (GMD) of 46 nm
synthesized in a plasma field were deposited on substrates. The nanoparticulate films thus formed were annealed at
various temperatures in the range of 100-1200 °C.

Fig. 2 shows typical scanning electron microscopy images of the TiO, nanoparticulate films before and after
annealing. The GMD of the nanoparticles composing the films were 46 nm for the as-deposited film, 26 nm for the film
annealed at 500 °C, 45 nm for 800 °C, and 1.4 um for 1200 °C, respectively. X-ray diffraction patterns revealed the
temperature range for each of the crystalline phases: <300 °C for amorphous, 400-900 °C for anatase, and >1000 °C for
rutile. The porosities of the films annealed at <900 °C were over 80%. As a result, highly porous films consisting of
anatase nanoparticles could be obtained by annealing at 500-800 °C.
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[1] M. Kubo, Y. Ishihara, Y. Mantani, and M. Shimada, Chem. Eng. J., vol. 232, pp. 221-227, 2013.

manometer

deposition

MFC
Ar=s-L]; ook chamber

liquid !
ki w
Ar—)-Q\\\\\\\\\\\\\v

precipitator

RF power =]
13.56 MHz |+
Bk
1 plasma
- reactor
Fig. 1 Schematic illustration of experimental apparatus for fabricating TiO, Fig. 2 Scanning electron microscopy images of the
nanoparticulate films. cross-section of the films annealed at various

temperatures.



VIl. Memory operation mechanism of fullerene-
containing polymer
75_D>'§ﬁ7ﬁljv_a))‘{'}§”’ﬁ%m ASSOC. Prof_

Anri Nakajima
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The memory operation mechanism in fullerene-containing nanocomposite gate insulators was investigated (Fig.1)
while varying the kind of fullerene in a polymer gate insulator [1]. Electrons can easily be injected into the fullerenes near
the Al gate with a small magnitude programming voltage because of the closeness in energy between the LUMO level and
the Er of the Al gate, whereas holes are difficult to be injected because of the difference in energy between the HOMO
level and the Er of Al (Figs 2-4). Injected electrons or holes are stored in the LUMO or HOMO levels of the fullerene in
PS. A negligible number of traps exist between the LUMO and HOMO levels (Fig.4). Through the investigations, we
demonstrated a nanocomposite gate with fullerene molecules having excellent retention characteristics and a programming
capability. This will lead to the realization of practical organic memories with fullerene-containing polymer
nanocomposites.

Ta—T 47 IRy LTI T =L U ERBEARY ~ — I S o a ARy MR (K1) 12361752
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IRAFFRICEY, 7T — L ARG T /2 Ry MR I BN T R B R L Ty I T RE ) RO Z b B R LTS, UL R
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[1] Anri Nakajima and Daiki Fujii, Appl. Phys. Lett. Vol. 106, No. 10, Art. No. 103302 (5 pages), March (2015).
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VIIl. Silicon carbide (SiC) devices: SiC power
devices and SiC integrated circuits for harsh
environments

M)AV A—INE(SIC) T/INAX: 4H-SiC /T —
BURTNRAROHRLBERBEEADIOH®D
4H-SiC E£EE IR R

Assoc. Prof.
Shin-Ichiro Kuroki
WeHFE B fh—AR

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 2014, we carried out the research and
development on 4H-SiC power devices and power module. We developed 1kV SiC Schottky barrier diode. And
also research on nickel silicide ohmic contact for 4H-SiC bottom electrode with partial amorphization, and NiNb
silicide ohmic contact, and dry/ wet gate oxide on SiC were carried out. We also carried out a research on 4H-SiC
MOSFETs integrated circuits for harsh environments, especially radiation-hard SiC logic circuits.
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IX. 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—EREICEIBERTAHAE 3 BFHEHL-2&ES Shin-Ichiro Kuroki
D)avEELENREEEENS VD RS WA 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 pum.
TFTs with this well-crystal oriented poly-Si thin films were also fabricated. And this TFT show high electron mo-

bility of p= 560 cm2/Vs. Ozone radical treatments on TFTs were suggested for reducing OFF-leakage current.
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X.  MEMS optical switches using slot-ring resonator

AOvk) 27 £iR88%EALV- MEMS XA YF Assistant Prof.

Yoshiteru Amemiya
FrEBh# WER

Si ring resonators with low-voltage operation are necessary to realize on-chip optical interconnections for high
performance large scale integrated circuits (LSI). Figure 1 shows the proposed Si ring resonator optical switch where the
waveguide is the slot structure. Inset shows operation mechanism, and this optical switch is Micro-Electro-Mechanical-
Systems (MEMS) type device [1]. The slot waveguide is deformed by an applied voltage and the slot width is narrowed, and
effective refractive index and resonance wavelength are changed. Optical signals with resonance wavelength are modulated
by the applied voltage and the device is operated as an optical switch. Figure 2 shows the simulated result of slot width
dependence of the effective refractive index. When the slot width is 50 nm, effective refractive index change is 107 per 1
nm slot width change. From this result, the extinction ratio is calculated as a parameter of the length between the clamped
points shown in Fig. 3. More than 10 dB is estimated at the low voltage < 0.4 V when the length between the clamped points
is larger than 15 pum. Figure 4 shows the scanning electron micrograph (SEM) image of the fabricated device and slot width
of 150 nm is successfully fabricated. Figure 5 shows the optical output intensity using the fabricated device at applied
voltage of 10 V and 0.5 dB operation is succeeded. In order to obtain the extinction ratio near the simulation value, the
fabrication processes and so on are improved.
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[1] Y. Amemiya et al.:Proceedings of the 11th Int. Conf. on Group IV Photonics 2014 (2014) WP15.
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4.2 Integrated Systems Research Division
KB AT LEFHRRAB

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.

LR AT 2R T, 778 vy MR EEEEREATY BASIEE N AA s AL ST = —
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4.2.1 Research projects in integrated systems research division

KR ATLHEEMRBAIZBTHHRTOS I

The current research projects in the Integrated Systems Research Division are outlined.
BUEIT> CWD R 7 0y = 7 SO E A/ 5,

1. Area-efficient N-port memories with large access bandwidth

(Prof. H. J. Mattausch and Assoc. Prof. T. Koide)

[E R S D /NEENAR—R AT

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 and Assoc. Prof. T. Koide)

EEAEY RUEDOHBEHRILES R T LOKRILI-OHDIEA

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. Study on digital real-time moving-picture segmentation and feature extraction
(Assoc. Prof. T. Koide and Prof. H. J. Mattausch)
TADR2WITLEA LB ER S B EHEEMEICET MR

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.

G FILER T, AT LU THWIA A TEEHE R B AR DAE 2 D5t G zahit T 2B THY A7 V=
7 M= ZD AR CH D B R SCEN A H S B W CEERRTLE TH D, TN E TN DO i 43 E|
TNAVZLPEREZIVTODRE T Y 7 N =7 TOMBRERFEE L TSI UT VA LALER/INEFE T
FAENHFETHD, K707 NTlE, BV a0 R — 2O MBS AL AT 572018 VT AZA LD T
— LR — VBRI OIS0 | B /INETC AL ATRE AR R Y E A T LY R LR T T
F et R T HIEEHIELTND,

4. Study on massive-parallel memory-embedded SIMD matrix processing
(Assoc. Prof. T. Koide and Prof. H. J. Mattausch)
BAF|AEYIIRTF4yRSIMDEZ Ny RTORYI VT IZEET HHE
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.
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5. Influence of fabrication variability on circuit performance and reliability
(Prof. H. J. Mattausch and Assoc. Prof. T. Koide)
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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)

KBELBEDI=HDIT NI L EHRERBMRER AT LICET HHR

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)
Kig- BIFFEEZRAVEY7 V3 LR EERRSERE A AH AT LICEETHHR

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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Word-parallel smallest Euclidean distance search by

distance mapping into clock-number domain Prof. Hans Jiirgen
o - s Mattausch
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The applied concept of distance to clock-number mapping enables a digital smallest Euclidean distance (ED) search
architecture (Fig. 1, 2) which is scalable to advanced technology and to any reference-data size. Small consumption of
Silicon area is achieved by an area-efficient circuit (Fig. 3), which uses the same adder for absolute-difference calculation
of vector components and subsequent square calculation by sequential addition of partial products. Additionally, a circuit
implementation for a clock-number minimization algorithm (Fig. 4) is proposed to significantly reduce the clock-number
needed for the search. Experimental verification is done by chip fabrication in 180 nm CMOS technology (Fig. 5) for an
architecture configuration with 32 16-dimensional reference vectors having 8-bit components. For the application
example of codebook-based data compression, the fabricated test chip achieved 1.19 us average search time, 5.77 us
worst-case search time and low power consumption of 8.75 mW at the maximum clock frequency of 47 MHz and
nominal power supply voltage Vdd=1.8 V.
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. Memory-based hardware-accelerated system for
high-speed human detection

EEAREOEOHDON—FY TP TEEINT- Prof. Hans Jirgen Mattausch
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A hardware-accelerated learning and classification system based on multiple prototypes and nearest neighbor (NN)
search is reported. The system combines the flexibility of software implementations with the speed of hardware
implementations (Fig. 1). An FPGA-implemented coprocessor architecture for nearest Euclidean distance search (Figs 2,
3) is applied to cope with the computational demand of the NN search. We benchmarked the system on the complex
application of human detection. The experimental results verify that the system outperforms previous implementations by
significantly reducing training and detection times. A clearly improved per sample detection speed of 2.24us is attained
(Table 1).
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Fig. 1 The system is separated into hardware and software
blocks. Host PC and hardware components communicate through
the PCl-e bus. Recognition and clustering are accelerated
through the hardware components.
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Prototype Address- Output

Fig. 2 The Euclidean distance calculation architecture. The distances be-
tween two samples are calculated through pipelining and parallelization.

One Sample
Classifier Detection speed per sample
Dalal and Triggs [1] 14.810% um
Software NN 272.10 um
o This work (128 bit parallel) 38.87 um
Pipeline Result
peline Results This work (512 bit parallel) 2.24 um

reset:

Table 1 Accuracy results of various system implementation evaluated with
the INRIA data-set for human detection.

Fig. 3 The minimum distance search module. The one sample signal is . .

asserted when the accumulated pipelined calculation is completed and the [1] N. Dalal, B. Triggs, IEEE Computer Society Conference on

local winner prototype address is stored in the output register. CVPR, pp. 886-893, 2005.



lll. Proposal of an MOSFET model based on modified
cold-bias de-embedding method
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The millimeter-wave (mmW) band (30 ~ 300 GHz) is a candidate band for applications of communication, radar,
imager, molecular identifier, and so on. However, in the mmW band, device models are not provided. Moreover, its
modeling method has not been established. A reliable circuit design is depends on a reliable device model. And, a reliable
device model is depends on a reliable measurement (Fig. 1). Figure 2 shows a micrograph of a MOSFET device. We
have proposed the accurate measurement method by the accurate probe alignment [1]. For the MOSFET device modeling,
we adopt a cold-bias de-embedding method, which distinguishes a bias-dependent MOSFET core from bias-independent
elements (Fig. 3). Since the conventional cold-bias de-embedding method ignores the frequency response of the device, it
is hard to estimate the element values accurately. We utilized its frequency response and succeeded in the accurate
estimation of the bias-independent values. Additionally, we found that the threshold voltage of the MOSFET in the mmw
region was different from that of DC and we redefined its threshold voltage for mmW. Applying these progress, we have
been able to simplify the MOSFET core (Fig. 4) and develop a small- / large-signal MOSFET model up to 330 GHz [2]
(Fig. 5). The MOSFET model may contribute for the reliable mmW circuit designs.
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IV. 300GHz CMOS wireless transceiver

Prof. Minoru Fujishima
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The purpose of this work is to realize a 300GHz wireless transceiver with data rate of above 100Gpbs using CMOS
technology for the first time in the world. It is a serious problem that device model which is available above 300GHz
does not exist when a 300GHz wireless transceiver is designed. Therefore, the device models should be made at the
beginning. The models of passive devices are made by electromagnetic (EM) simulator. To use EM simulator at 300GHz,
the process parameters which are used by EM simulator should be calibrated for 300GHz frequency. Therefore, this work
proposed a systematic calibration method of process parameters up to 300GHz using transmission lines. The validity of
this method was confirmed using the measurement results [1]. Moreover, a MOSFET of currently-available CMOS
process has no gain or insufficient gain to realize an amplifier in 300GHz band. Consequently, it is impossible to realize a
300GHz wireless transceiver by usual architecture. Therefore, this work proposed the architecture which is suitable for a
300GHz wireless transceiver. The error vector magnitude (EVM) of the proposed transceiver using 16QAM at various
values of in-phase/quadrature-phase (1/Q) phase variation and I/Q amplitude variation is shown in Fig. 1. Moreover, the
proposed transceiver uses D-band (110 — 170GHz) frequencies as intermediate frequencies. Therefore, D-band amplifier
is required. This work considered theoretically how to realize an amplifier with high gain and wide bandwidth [3].
Additionally, the method to optimize the parameters of the matching networks in the amplifier by numerical search was
proposed. Figure 2 shows the chip micrograph of a D-band amplifier designed by the proposed method. The amplifier
has small chip area due to the layout of matching networks like “fish bone”. The small-signal characteristics are shown in
Fig. 3. The 3-dB bandwidth is 41GHz and the maximum gain is 15dB [4]. The other circuits composing the transceiver
are under evaluation. Moreover, a CMOS-chip-to-waveguide transition in 300GHz band was designed (Fig. 4), and the
insertion loss of 1.6dB was realized by EM simulation [5].
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V. High accuracy and simple real-time circle detection on
low-cost FPGA for traffic-sign recognition on

advanced driver assistance system
Assoc. Prof.
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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. In this research, we aim to solve this challenge and perform real-time speed limit signs recognition
on a low resources embedded platform. The targeted platform is the Xilinx Zyng 7020, which has 85K logic cells, 53.2K
LUTSs, 106.4K registers and 506KB BRAM. Hardware implementation of circle detection using voting the local pixel
direction at edge is shown in Fig. 2. When a new binary pixel gets into the system, the corresponding three columns are
given to the direction voting module. Pattern confirmation, a shared module among various SW sizes compares each
three inputs in a line with the line patterns. Three adjacent results are then combined together in column directions con-
firmation sub-module before voting for the number of pixels that
match a specific direction. These results are pushed into column
direction voting FIFOs. Voting results of all columns in the corre-
sponding area are accumulated. All local area voting results are
added together, making SW directions voting result for circle de-
tection.

The more important accuracy is the scene detection accuracy. In
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VI. A hierarchical type segmentation algorithm Assoc. Prof. Tetsushi Koide

based on support vector machine for colorectal i C N
endoscopic images with NBI magnification Medical lecturer Shigeto Yoshida
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Increment in number of colorectal cancer patient increases the requirement for a ' oF Kazufumi Kaneda

more efficient diagnosis system. In this study, we have proposed an improvement for PO LIRS
feature extraction in computer-aided diagnosis (CAD) system for colorectal 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 VWs are used for each type. Next, for each type image, a histogram is created by voting all the feature
quantities for similar VWSs. 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.
Accordingly, it is difficult to catch the boundary of each type only by performing identification by single-size scan
windows and to determine the image segmentation from the results. Thus we propose a hierarchical identification
method using multiple-size SWs in Fig. 2. In this work, four multi-level scan window sizes, such as 60x60, 120x120,
180x180, and 240x240 pixel, are used, in which the unit scan window size (grid) is 60x60 pixel. The combination of
SWs of arbitrary sizes is also possible. In general, the multi-level scan does not necessarily need to process
simultaneously. Since the sequential processing is suitable in software implementation, if the type identification result
dose not clearly determine in the current level scan window, then the scan window will be broken down to the lower
level scan window size. This method is top-down hierarchical identification. In this work, a bottom-up hierarchical
method is used. We call this method as pyramid style identification. In this method, the type identification results of all
levels are accumulated and the probability of each type of each unit region (grid) is calculated. Finally an image
segmentation result is obtained based on each grid probability. This method is suitable for hardware implementation.
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4.3 Molecular Bioinformation Research Division

SFETIERT PHRARM

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.

S FAMIE A EA TR L. MEMS, A5 F[EE, N AA o7 BEEE e v 7195
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4.3.1 Research projects in molecular bioinformation research division

SFEGERBEFERARBAICETAIHETOO I

The outlines of research projects at the Molecular Bio-information Research Division are as follows.
Gy AEMTERE S PN T DR vy = 7 b E b O OMEE AR5,

1. Magnetic control of biogenic guanine crystals fixed on a substrate
(Prof. M. Iwasaka)
EREICEEL-EHRBART 70 RBROBKFIEICE T SRR

In the present study, we describe the fabrication and manipulation of a micro-mirror system similar to the
iridophores of neon tetra that allow microstructural light control. Biogenic guanine crystals as micro-mirrors were
adhered to a glass substrate with flexible DNA joints under a vertical magnetic field. We then observed the
movement of the micro-mirrors under sub-Tesla horizontal magnetic fields. Under ambient fields, the orientation
of the guanine micro-mirrors did not change. Appling a horizontal magnetic field of approximately 400mT
generated by an electromagnet induced motion and width changes of the guanine micro-mirrors, which were
observed by an optical microscope. However, the inclination of the micro-mirrors recovered upon removal of the
magnetic field. The developed guanine micro-mirrors on a glass substrate demonstrate the remote control of
microstructural diamagnetic materials, and may show promise for use as an underwater microactuator for
microfluidic systems.

RO N T NAALL TS AN 7L 7 Z— DI FE D T D, FIEDIRERFIC TERRERNERT S
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JOURNAL OF APPLIED PHYSICS, 17B730 (2015); @ DOI: http://dx.doi.org/10.1063/1.4917243

2. Guanine crystals as micro bio-fluidic tracers in aqueous solution
(Prof. M. lwasaka)
TFP_URERICKBII0RENAF L — DERHR

In this study, the basic micro bio-fluidic tracer properties of biogenic microcrystals in aqueous media were



investigated. Microcrystals, mica plates, silica, and microcrystals from a diatom cell and biogenic guanine crystals
from goldfish showed light scattering inhibition when the crystals were observed in water under a 5T magnetic field
and dark-field illumination. In particular, in 50% ethanol/water medium, convection of the biogenic guanine particle
aggregates was reversibly inhibited when the microcrystal suspension was exposed to a 5T magnetic field.
Microscopic observation comparing the biogenic guanine crystals in water with 95% ethanol or 99% acetone
revealed that light flickering on the surface of the crystals was affected by the surface interaction of the crystal with
the surrounding medium. By considering both the magnetic orientation of the microcrystals and the possible
interactions of crystals with the surrounding medium, a magnetically controllable fluidic tracer was suggested.
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JOURNAL OF APPLIED PHYSICS, 17E127 (2015); & (> DOI: http://dx.doi.org/10.1063/1.4917330

3. Magnetic measurement and control of arthritis causing crystals (Prof. M. Iwasaka)

RRZSIESECTEFRNBROBIATAFEICEISERME

The number of gout patients has rapidly increased because of excess alcohol and salt intake. The agent
responsible for gout is the monosodium urate (MSU) crystal. MSU crystals are found in blood and consist of uric
acid and sodium. As a substitute for drug dosing or excessive water intake, physical stimulation by magnetic fields
represents a new medical treatment for gout. In this study, we investigated the effects of a magnetic field on the
dissolution of a MSU crystal suspension. The white MSU crystal suspension was dissolved in an alkaline solution.
We measured the light transmission of the MSU crystal suspension by a transmitted light measuring system. The
magnetic field was generated by a horizontal electromagnet (maximum field strength was 500mT). The MSU crystal
suspension that dissolved during the application of a magnetic field of 500mT clearly had a higher dissolution rate
when compared with the control sample. We postulate that the alkali solution promoted penetration upon
diamagnetic rotation and this magnetic field orienting is because of the pronounced diamagnetic susceptibility
anisotropy of the MSU crystal. The results indicate that magnetic fields represent an effective gout treatment
approach.
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JOURNAL OF APPLIED PHYSICS, 117, 17D152 (2015); #&3Z®DOI: http://dx.doi.org/10.1063/1.4919037



4. Chlorophyll fluorescence control in microalgae by microcrystals
(Prof. M. Iwasaka)
TAIAY) RV KHEB DN E B RETH O LR R

Magnetic fields were applied to water suspensions of guanine crystals to induce changes in light scattering as a
possible way to control photosynthesis in microalgae. The effect of guanine microcrystals with and without an
applied magnetic field on the photosynthesis of a unicellular microalgae (plant), Pleurochrysis carterae (P.
carterae), was investigated by examining chlorophyll fluorescence. The fluorescence intensity at 600-700nm of the
photosynthetic cells increased remarkably when the concentration ratio of guanine microcrystals was 10 times larger
than that of the cells. This increase in fluorescence occurred reproducibly and was proportional to the amount of
guanine microcrystals added. It is speculated that the guanine microcrystals enhance the intensity of the excitation
light on the cells by concentrating the excitation light or prolonging the time of light exposure to the cells. Moreover,
applying a 500-mT magnetic field allowed modulation of the fluorescence intensity, depending on the direction of
the fluorescence light.
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JOURNAL OF APPLIED PHYSICS, 117, 17E130 (2015); @£ DOI: http://dx.doi.org/10.1063/1.4918777

5. 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)
SIOAMEEG AN ETSi-tag IZFALI-EIR EADIVNOBEEILEDREREENN(4E
VT B~ DI

We have developed a method for immobilization of proteins on Si surfaces using a Si-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 SiO- and SiN surfaces by simply 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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6. Protein immobilization using a novel SiO2-binding peptide
(Assist. Prof. T. Ikeda and Prof. A. Kuroda)
MHSIOMMARTF FORRES VRV EBERE~DFA
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,
ZIVETIZHS 7 L — 7 Cld, S IS5 B8 Bacillus cereus23BR B H 725 A 12 (Si[OH]) 2 BV
AF AN TSIO2Z H AL THE T HZEa R A LI, AR DSIO2E G AN =X L2 ffHT LTI2&Z 5, CotB1
PNTEDSIO2E AT G HLEBIT, SIO R I & DI AT RLTC, SIO2f &2 5 DA
FELSHITL72E 25, CREROD 14T I/ IRIZIEITHR L T~ T FRBSI02 <A 5§D ea R LT, AR~
TFRERAE LRI T 28 THIT AR B8R A A ARG T A AD BT P Re L 22 b L HIF S LD,



4.3.2 Research highlights in molecular bioinformation research division
BARN1F1MF

I. Magnetic control of light scattering by micro-
reflector of algae

Prof. Masakazu lwasaka ;

BEOTAH0-YILIS—OX REERKHE WS B

The study presents experimental evidence that coccoliths have a light scattering anisotropy that contributes to the possible
control of solar light exposure in the ocean. A suspension of Emiliania huxleyi coccoliths shows distinct light scattering
properties when the angle of incident light is changed by the application of a magnetic field. The 3-um-diameter floating
coccoliths orient themselves in response to magnetic fields and scatter light radially, suggesting that the coccoliths on
Emiliania act as light shades or collectors, depending on the angle of solar light. Understanding the photonic functions of
extracellular calcite crystals in algae will accelerate the process of algae-based bioenergy production [1].
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[1] Y.Mizukawa, Y.Miyashita, M. Satoh, Y.Shiraiwa, M. lwasaka, Light intensity modulation by the micro bioreflectors of Emiliania huxleyi, Scientific
Reports, 5, 2015.
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Fig. 2 Magnetic orientation of cocoliths removed from
Emiliania huxleyi.
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II. Selective detection of anti-allergen antibody in serum
using Si ring optical resonators and Si-binding allergen
molecules Assist. Prof.

Takeshi Ikeda 7
SIUVTRARBESIERTLLS S FEAWIERDR s mhm ‘c.
FULTUIEDBE

In collaboration with Nanointegration Research Division, we have been developinga Prof. W
new Si-based biosensing method using Si ring optical resonators in combination with ~ Seiji Kawamoto gﬁ
the Si-binding protein (Si-tag). Si ring optical resonators act as a biosensor when #ds WA TER Ve
functionalized by proteins using Si-tag (Fig. 1). In this proof-of-principle study, we used
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 Prof
by gene engineering techniques. When we injected the solution containing the Si-tagged Akid Kuroda
allergen into a PDMS microfluidic channel on the resonators, resonance peaks of the = . -
resonator shifted toward longer wavelength (Fig. 2, arrow 1). This observation indicated iz RHER ) §
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 1gG), 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 1gG antibody). The third shift of the resonance peak (arrow 3) clearly indicated the substance adsorbed
from the serum was indeed anti-Der f 2 1gG. 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].
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[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).




[I. Oriented immobilization of functional proteins on a Si

wafer using the Si-binding protein “Si-tag”: application Assist. Prof. Takeshi Ikeda
to biosensing devices W% M

Si #&EBAVI\VEISitag IZFALI-EIRE~DFIVINVE Prof. Akio Kuroda
BEEILEDRFEL/ 1ALV THT~DIGA i BHER

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 (SiO2) 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 SiO2 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 fusion proteins of Si-tag and
antibody-binding proteins (staphylococcal protein A and streptococcal protein G) for oriented immobilization of antibodies
on a Si wafer (Fig. 2) [2,3]. 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) [4-7]. We are also applying our techniques to enzyme
immunoassays to improve the sensitivity [3]
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[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] T. Ikeda, T. Ueda, H. Tajima, K. Sekiguchi, A. Kuroda, Anal. Methods, 6, 6232-6235, 2014
[4] S. Yamatogi, Y. Amemiya, T. Ikeda, A. Kuroda, and S. Yokoyama, Jpn. J. Appl. Phys., 48, 04C188, 2009.

[5] 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

[6] M. Fukuyama, M. Nishida, Y. Abe, Y. Amemiya, T. Ikeda, A. Kuroda, and S. Yokoyama, Jpn. J. Appl. Phys., 50, 04DL07, 2011
[7] A. Hirowatari, T. Taniguchi, T. Ikeda, M. Fukuyama, Y. Amemiya, A. Kuroda, and S. Yokoyama, Proc. SPIE, 8431, 843118, 2012
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4.4 Nanomedicine Research Division
EEEH L

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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4.4.1 Research projects in nanomedicine research division
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The outlines of research projects at the Nanomedicine Research Division are as follows.
BUEATON CO LB ERI ISR PN D E 7 0y = 7 MO E 72 O OB EEFEIT T2,

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

EFFRIRFASTORZRRALEFEIAILRIZET HARDOBFR
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.
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2. Analysis of hepatitis virus replication and development of anti-viral therapy
(Prof. K. Chayama)
FF 0 €IV AEERIBOBRIALARADIEH

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.

BRUFRD AN ARLCHRUTFR T ANV ADEGU Lo THIZE SN D B IR ROIRIE L, Tz iRl THF
eI 2 AT S DT A /L ADinteractionD A = A LEfRI 25, ~A 77 LA E % VT ALV RRE A
V=T e Lo TR ILEE T DOFEL, micro RNADFELO LA 7a L AR fETL, A2 2 —7 =
1 DVERBE P ANV ADYIA L Z =T = A A BN T DT LI JOBRO EOHLT AL ATGHRED
PAFEZTTD,

3. Establishment of small animal model of viral hepatitis (Prof. K. Chayama)

REBEEICKI/INEBVFRETILOER

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.

JFR DT AN ADEGU LR B DIIE T D7D I3E EORERISNUATHD, £l Ao F—Txm
72E DIRFEN RO RIEDFRRELZ LD B2 HZEN D JTIIZIRIEL TOD S8 Y Ml a2 1E R 20 SR & Ao A+ 21w
ODOEFNE RTIZL TODZENPESILD, EMTHIIEF AT~ T 2 Al E T, ~LS—THi/RE D
H—Z BN ERORFIR CEZ > TODRIEL R CIREEDE T VAR BMENT 8 FTREZE, Tl (2 =
DIRRED IR 21T,

4. Development of cell culture system of hepatitis virus replication (Prof. K. Chayama)

IEEMRRE AR /IILAOENE, EEROREIL

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.

TITVV, TTIAEN, T THEIN, T )T FHENIRE OFE A OEEET F a7 ity A )V A% AT DA
fez sz L, ZHBOX T D RINY ANV DN FAE DMENT TEHREMSLT D, ZIHDMILDT A L
PEEREZ A B, SE DO ANVAREAED W REIMIOR Z 83235 . Genotype 1bT D CRIZME T4 A LV
HCVERE#7n=71, HepG2, Huh7/2 & D KD DV T A FEAL TR B s 7 3L, Al P9 Tk
Y RIS DHCVZ B— 2 2 RET D,

5. Development of novel anti-hepatitis virus therapy based on analysis of human
genomes (Prof. K. Chayama)

ENT/ LRRATIC KR 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 MAPKAPK3 gene (Gastroenterology 2009), I1L28B (J
Gen Virol 2011), and GALNTS (J Gen Vrol 2013). We further identified an ITPA variant relating to ribavirin-induced



anemia (Gastroenterology 2010), a DEDPCS5 variant associated with development of hepatocellular carcinoma, and
a HLA-DQB1 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.

2 TN ETIZIBRUTR Y AV ADFifoe e B 4518 {xF- &£ L THLA-DP (Nature Genetics 2009). C
BNFRDT AN T DA 2 —T7 zu OIRPEN R EBE T 5B 1 & L TMAPKAPK3 (Gastroenterology
2009), 1L28B (J Gen Virol 2011), ACK1 (J Hepatol 2011), GALNT8 (J Gen Virol 2013), <7 A Z—7xr|)
NEVAF A BT D8 ML B3 %585 1-£ L CITPA (Gastroenterology 2010), FF¥#E%IE 2B 3285
&1L CDEPDCS5 (Nat Genet 2011), CRUF4 7 A L AD 5 Ik Y 12 B 9% 38 /5 1 & L CHLA-DQB1 (PLoS
One 2014) Z[FIEL T&E7z, BT DITAFAET HSNPEMERERIICAFATL . BRUAT RV ANV A, CHRUFRT ANV AD
Jri BEAE 2 (B - DB AR - OIR IR S B CRIE IS B E T BB 2 RIE 35, ZILLDE R 1 DR RE L iR AT
L. VAN ZEHBRLO DI DBAFITHE D15

6. Modeling for photonic and electronic circuit simulation (Prof. K. Chayama)

REE R BRI X9 5@ LA RO

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.

NEBAER I 13, BT BT A DI o THREIEDIBIUL DR ST AKIREL T T HBEWEE T
%o FURAIMNIEDIERF LT % O FEALICBR T 2 EER K F D12 ThD, LA ITTNETOHFEIZIBNT, T
e AR (2 B4 Stransporter& L CMRP2% 4 15 L C& 7= (International Journal of Oncology), iRk 4%
AT, HUEAOIIA B AHF IR T 28 K F AL G RECMEL DR AR FIL TV D, ZHb0
BARFOMHTIZERY . PrE AR 5B T DM BIMEIRE A B L T\ D,

7. Inhibition of collagen receptor discoidin domain receptor-1 (DDR1) reduces colon
cancer cell migration and invasion (Prof. K. Chayama)
LeF4—8FOL % —+ . DDRIOKGED ZHREGEBICRIFIHE
Accumulating evidence suggests that a unique set of receptor tyrosine kinases, known as discoidin domain
receptors (DDRs), plays a role in cancer progression by regulating the interactions of tumor cells with their
surrounding collagen matrix. We will investigate the role of DDR1 in the tumor progression of colorectal cancer.
Ta TN ETKRIGREMEIZIB WO CPDGFRANEENICHEILL TWAIEAHE L TD, ENKIGHER T
7 V&V TPDGFRINENE M2 fi o= F =7 O R B ERITRTT LI L2 A RE OIS O#i &
EHIT, TG ORI K O o~ O M S Bl SNz, =nTF =7 OIE/)5rF1ZIZPDGFRO I discoidin
domain receptor 1 (DDR1)23EIHAV TS, DDRUEZZT—7 &V ReT o274 —HFur o —8T
HY | AR TII AR 31T 2 DDRIDFEILE K AGREDIRE | 585 D BIEIZ OV THRET AT,

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

RIEERREARREICBTIRERERTR

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.

RIEVERGR B (BB RIBRC7 00— 90) BT BTN T\ D, ZIHREBO R EIFRZ AT
DD PUTNF-ofilAl| 2 IS IR a0 B M ERBR BRRIE L WS To R BER A T D, Ll Zhbif
RITIRPIMEDBE LN D, BIED LA ZNOIREIED R Z TR DR X BN o> TR, ARIFSE
TIXT /b BITAEET DSNPEAEFRAIIZARITL . SAEMENGR B ORI R PE T 285 F 2 [FETDLEh
(2 AR RES PRI AN L 7 ie B O L2 H B E T2,

9. Development of surface plasmon resonance (SPR) sensor for living cell activation
(Prof. M. Hide)

SRS EZRET SSPREVY—DFHRE

We previously demonstrated that SPR sensor could detect the reaction of living cells, such as mast cells, human
basophils and B cells, in response to stimuli in real time manner without any labeling. In this project, we are
developing two-dimensional SPR sensor, which enable us to detect a single cell reaction, and applying it to diagnostic
examinations for inflammation and cancer.

FrliznFETIcRE 7T AT AE(SPR) BB —& WD ZE T, FIKIZ 35~ AN b b f Bk AR
FADIGEZ T VA A I AR ERE | Dy D@ TR I T 58Il CWa, BT, 2R EToMm i RE
WIeAbTAHZE TS L O MBS B A2 AT REIC L, B0 RIE ISR 2 H LW R R 22 Wt E ~ o A4 B
FEL WS,

10. A disinfectant containing immobilizing aseptic substance (Prof. H. Nikawa)

B EFIOHEEADIGH

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.

P DFLLBAR LB EALIEAI CTHDOA I XTI N AF L3 - KU L UL Fue LT = b
I AR(Etak)l%, —EDOACIE, VI LBMERE ., VT LR, = _Ra— T AR L AR L THUEE A7k
NEFFSOTND, ZOEtaKZHFRICAL A T 528 T HBER A E T 528 T, Etak 3 IR R 2 [FH E ks
%o ZIUCIVRIRARE DATHH, HT A BB 72 E DRI -7 — 7 /VH, KRG & B =R Tl I hUE -
Bh RN LI LU 4V AN LS AT REI 72,

11. Substrates with antibody micropatterns as a platform for analyzing tissue
morphogenesis (Prof. K. Kato)

tR-REEEERART OO 0B ERALIER RO

It may be expected that methods for investigating cell-cell interactions in an in vitro tissue model will facilitate



to gain deeper insights into operating principles underlying organogenesis during development and tissue
regeneration. We have been involved in fabricating a cell culture substrate through micrometer-scale two-
dimensional antibody display for permitting to investigate dynamics of heterotypic cellular interactions. The results
of this study demonstrate that the two-dimensional antibody display serves to establish the spatially-controlled co-
culture of two different cell populations, providing an initial condition for further study on the dynamic evolution of
heterotypic cellular systems

BHEHEZD O E ORI, £, ZOIOREE 2 N TANTHESE T 21203, B HI%EHA
TERNZEE SR B IR AIZOW TR BT 5ZENEHEETHD, Fox i, ~Arma 27 VT4 7k
ZICH LT, BEEEOFUAZ ST TRIE T 52 LICEI LT, ZO I TERIE LD ZkoeHtik 7T 4 A
TUA BN BRI L AR RE R AU, B O/ e XL E A HIE LR IR T 52N TE,
MR MO A 1ERICH EDTEREIZ RO W HIBRRAMNT T2 LAV AR D L BIf SN D,



4.4.2 Research highlights in nanomedicine research division

AN e

viruses using human hepatocyte chimeric mice

EFFHRTASTORZEALIFRVAIVRIZET S -

BEoBiR 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) A single pCpG-
hulFN-gamma injection resulted in long-term elimination of HCV RNA in chimeric mice, providing, for the first time,
direct evidence that chronic infection with high titer HCV in vivo can be treated by sustained IFN-gamma treatment.; 2)
The HCV core protein suppressed mitophagy by inhibiting Parkin translocation to the mitochondria.; 3) An allergy
medication, affordability, and a simple chemical structure for optimization, chlorcyclizine might be an effective and

accessible agent for treatment of HCV infection.

DIVOIUIITFR 7 A /L A2 DOIREIRFUHEZE R ORI I L OSHTBIBRIE ORI D720, b MFMlFx 2 7~ 7 &
EROCTHRVANVAEEET VERBE L., SDICUN—RATV 2T 4 7 AOTFIEICEY, BAERI LT
Fix DERT A NAEGe~ 7 AOMERIC B U S E PRI LT D, b 0%z HAWT, EHMZEIIA
IFN-y 51 plasmid 2351 HCV Zh 5\ AF Il Td 5 Z & (Takahashi Y, et al. Hum Gene Ther Clin Dev. 2014;25:28-39),
HCV = 7 E H 2% Parkin & #5454 L, Parkin ® X k=2 KU 7~ translocation ZfHET 25 Z L2 kv, w1 b7
7 VU —%& i3 5 Z & (Hara Y, etal. Am J Pathol. 2015;185:399-408), Hit AX I LAl THDH 7 aLy 7 U TN
PLHCV I E A2 AL TEY, C HMIFRIZHTHHBILL20DHE5HZ L (He S, et al. Sci Transl Med.
2015;7(282):282rad9) & 72 L7,

I. Development of novel therapy against hepatitis n

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

ENT/ LRERICEDFRAT RAREDE & Bz ZKL—

Naturally occurring NS5A-Y93H mutation at baseline has been reported to be associated with treatment failure after
oral treatment with NS3 protease inhibitor asunaprevir and NS5A inhibitor daclatasvir. On the other hand, IFNL4
polymorphism is known to be associated with chronic HCV infection as well as viral resistance to Peg-interferon plus
ribavirin combined therapy against HCV genotype 1b. We analyzed relationships between these and found that Y93 wild
type is strongly associated with preferable IFNL4 genotype, suggesting possible interaction of host genetic factors relating
to innate immunity with HCV quasispecies.

C TR AL A(HCV) D NS5A FEISIC F AR AR U D SEAIM 128 5 (YI3H) OVEHE T DFF1EDS NSSA BHE A& 75
HAE L NS3 BLEHIT AT 7L E M LD AP A LV AEEOIERA R LR #3522 LNV S TnD. — 5,
19 FYetifk LA F—T =m ) 4 Bf5F (IFNL4) 2713 HCV OFFE <> HCV genotypelb D=7 A 54—
=l UNE Y BE~OIRFETIEICEE L QWD W38 OBIREZ T 7225, Y93 B AERNTIRRISENE
IFNL4 28 L5 W BIEMEDFRO DL, 18 £ 00 B ARG DB R EIR )Y HCV D ZFE M (quasispecies)Z i E L T
WA R[HEMED RIS 7= (Akamatsu, et al. J Hepatol 2015, in press).



lll. Development of surface plasmon resonance
imaging sensor for individual living cell activation

1 G ERIER SPR A A= 5 v Y DR Prof. Michihiro Hide [ &
¥ F OEIA

There is a continuously increasing demand for biosensors that are able to detect living-cell activation. Surface
plasmon resonance (SPR) sensors are capable of characterizing the binding of detectants in the field of resonance on
a sensor chip in a real-time manner without any labeling. They provide a useful means to study the interactions of a
variety of molecules, including proteins, oligonucleotides, lipids, and even small structures, such as phages, viral
particles and cells. We previously demonstrated that SPR sensors could detect large changes of refractive index (RI),
when RBL-2H3 mast cells, keratinocyte, human basophils and B cells were activated by stimuli on a sensor chip [1-
7]. However, conventional SPR sensors are bulky and complicated to use as common diagnostic equipment, and
detected only an average RI change in the presence of thousands of cells in an area of the sensor chip. To overcome
these problems, we developed an SPR imaging sensor in order to detect the distribution of Rl on the surface of sensor
chip and succeeded in detecting the change of RI changes in individual cells such as RBL-2H3 cells and basophils in
response to stimuli [8-10]. We also developed a new SPRI sensor with broad observation area and a multi-well
chamber on the sensor chip by using a set of optical devices and a hydrophobic membrane. Moreover, we could
visualize the reactions of multiple spotted RBL-48 cells sensitized with human serum in response to specific antigens
using multi-well SPRI sensor for broad area [11].

Kii 77 AE G (SPRI B —IE, F U EEIILD LT DETFWEORES - B % T
DI DOENTZRERTH Y | il FE 100nm N OEREZ(\L (RHrRZ(l) ZEER VT AZ A L
BT 22 L2 vBBICL TV D, FxIINETIC, ZOREEZHAWT~ A Mila, Aiifd, & M
HEFEERSP B Ml 722 & o0 AL O VAL 2 FEAR R CREFFA 2N D @R EZ I TE 2 Z L2 A L TE 72
[1-7], LALZR23 6, EKRD S P REEITIRAL, HHERIZDERKRM & TlER< . Fo. BH#EEAN O 25
DARLE DOFL) 2T D720, %« OHIfADZEA L, K OMIEN O RTEN 2 BT R 2 42 2 L3
T&pinole, 22T, BxiTvo¥Fy FREOBITRZ KT 2 2 L DO TE 2 MlIGE
HEMS PRA A—V U 7B ZERL, 1 ML~V CORITRENOBIZZICHRS L [8-10, &6
2. NV F U2 VSPRIBUYTF 7 (BUKBLEIZLY 9 ¥ = ) & JAHIPH (10 mm X 10 mm
FLEE) DJEHTHRIAT 2 BIER ATRE R NF PRI D SPR A A — Y U JHEZBRE L, 9 V= LNOZNE
NOMBEOREISE ZFH L= T LV —ZWrE O BIFIC kY Liz[11],

[1] Hide et al., Anal Biochem. 302, 28-37, 2002 [2] Yanase et al., Biosens Bioelectron. 22, 1081-6, 2007 [3] Tanaka et al., Biosens
Bioelectron. 23 1652-1658, 2008 [4] Yanase et al., Biosens Bioelectron. 23 562-567, 2007 [5] Suzuki et al., Allergol Int. 57, 347-58,
2008 [6] Yanase et al., 25, 1244-7, 2010 [7] Hiragun et al., Biosens Bioelectron. 32 202-207 2012 [8] Yanase et al., Biosens Bioelectron.

26 674-681, 2010 [9] Yanase et al., Biosens Bioelectron. 32 62-68 2012 [10] Yanase et al., Allergol Int. 62 163-169. 2013 [11] Yanase et
al., Sens Bioo-sens Res. 2014 2. 43-48.
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Fig. 1 Scheme of multi-well SPRI sensor for broad area Fig. 2 Multi spots analysis of RBL-48 cell activations on a
multi-well SPRI sensor.



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

BEMREERTFROFIORE~ADEEILIZES Prof. Hiroki Nikawa
B MBS LR B v

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 IEMEHTEMEAT T JH8194 % B AR WAy BRIZ B W TS I L 2K 16 4R35 18 ARITNT TR L
iR B OMER LB A 128> T, M IEEF I > CRIBER O a & K B 95 TR 2D HAT
BT L C& Tz, Z2OH T, IH X7 FRE AL HE CHIZERSB IR OE /b DMRES N D BIG A Ro1T T, L7z
ST, ZDXH7% JHB194 #F X RuZEHE(LTHZET, DENICRL CIIPLE I RZ IR T Mk TIX
RO Z B CEOH 2R IMALEZ B TEDEE 2T, EETT->C5,

[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.




IV. Antibody arrays for quality control of mesenchymal stem
cells

MERBRHRO AEERICERGRAETLA Prof. Koichi Kato
% INpgEsh—

Quality control of mesenchymal stem cells is an important step before their clinical use in regenerative therapy
Among various characteristics of mesenchymal stem cells, reproducibility of population compositions should be
analyzed according to characteristics, such as stem cell contents and differentiation stages. Such characterization may be
possible by assessing the expression of several surface markers. Here we report our attempts to utilize antibody arrays for
analyzing surface markers expressed in mesenchymal stem cell populations in a high-throughput manner. Antibody
arrays were fabricated using a glass plate on which a micropatterned alkanethiol monolayer was formed. Various
antibodies against surface markers including CD11b, CD31, CD44, CD45, CD51, CD73, CD90, CD105, and CD254
were covalently immobilized on the micropatterned surface in an array format to obtain an antibody array. To examine
the feasibility of the array, cell binding assays were performed on the array using a mouse mesenchymal stem cell line
(Fig. 1). Our results showed that cell binding was observed on the arrayed spots with immobilized antibodies which
exhibited reactivity to the cells in flow cytometry (Table 1). It was further found that the density of cells attached to
antibody spots was correlated to the mean fluorescent channel recorded in flow cytometry. These results demonstrate that
data obtained by cell binding assays on the antibody array are comparable to those by the conventional flow cytometry,
while throughput of the analysis is much higher with the antibody array-based method than flow cytometry. Accordingly,
we concluded that the antibody array provides a high-throughput analytical method useful for the quality control of
mesenchymal stem cells. (Adapted with permission from ACS Appl. Mater. Interfaces, doi: 10.1021/acsami.5b04860.
Copyright 2015 American Chemical Society)

R R — 2D FETRIR 2 2 B OB RANC FE i DI IR O S0 E S BRSNS /] R ThD, Fex 13, i
=B —OFRB G — U PRI DO AT — 0¥ — MR R AT D E B/ T A—H—ThHHIEIZEH L,
FNERGE TN T AT DHURTF v 7 Z B LT,

PRI TR ZTE L T /ANSWA T A HM EIC R~ — B — 3t T D SO PUAZ B E E L=k T~
ZVERILT-, :@?y?’ﬂ:“@%@ﬁﬁﬁﬁﬂfﬁHE‘%%H&H@HE&%@G:Fﬂ%yﬁﬁ?%ﬁﬂ’ﬂﬁk@ﬁﬁ? AT TR (K1) .
FNODORME~— N — DI G — BB RIZTHRDIEN A RE ThH -7 (1), o, PRI O IR
B AE N Th - T, ORI NIZR BT DN~ — 1 — OB Z D2 L Lo T, FEE O
DEFRERODIENA[RETH T,

ek, MER OF v T 7 XV — a3 7 a—P A AN —IEN— R ThHo 7= ZRFEO R H~—h — 0)
FENZDWTHHT T 20135 HETARNDHEIZBWTKRER~ AT ATH -7z, Fox OB LIZHERT > 7 &2 Ayl
TERIENZ L AR B E WAL —T Y N ORI THOZEN A RE THY , D EHAERILE,

[1] R. Nishikiori, K. Watanabe, K. Kato. ACS Appl. Mater. Interfaces, in press. doi: 10.1021/acsami.5b04860.

Table 1. Results of immunophenotyping by antibody array-based cytometry
msc D Cell binding assay for and flow cytometry (FCM)
g\ immunophynotyping mean
~ score fluorescence score
mﬂ density of bound  based on intensity based on
@b g surface cells on antlbody cell . determined by peak .
1trmrmmmﬁ'r?rtmer?’frHrTi’hmrmﬂﬁm Aoy marker amray (cells/mm?)®  density FCM channel
Antibody array CD11b 23 + 18 - 15.8 -
CD31 9+ 10 - 17.2 -
Fig. 1 Immunophenotyping of mesenchymal CD44 671 & 200 * 67.0 +
stem cells through cell binding assays on an CD45 81 + 64 — 20.6 —
antibody array. CDs1 1106 + 162 ++ 268.1 ++
CD73 19 + 18 - 19.3 -
CD90 1030 + 348 ++ 483.0 +4
CD105 1108 + 109 ++ 39.0 ++
CD254 1+2 - 28.0 -
IgG 11+ 13 - 226 -

(control)

The data are expressed as mean + standard deviation for n = 3.

bScore: — low, + moderate, ++ high.



5. Activities related to RNBS
F/ TINAR = N FRAERIERAEFRICEES 5 EE

5.1  Nanotechnology Platform

F/75/00—- T39I A—LKIE

“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 Masataka Fukuyama
vacuum technology), and Kagawa University (responsible for MEMS) HRAEE LR
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 system, ion implanter, CVD reactors, sputtering
machine , oxidation and diffusion furnaces, ICP and ECR etchers, etc. and MEMS technology.

We supported 48 items in 2014. Some example of our supports of 2014 are introduced in Fig. 1-3. Figure 1 shows
the result of the support of “Microfluidic device for visualizing the filtration mechanism.” Fugure 2 is “Fabrication and
Evaluation of DNA Memory Transistor,” and Fig. 3 is “Growth of low-temperature-grown InxGai-xAs and investigation
of its crystal structure by using Rutherford backscattering spectrometry (RBS).”

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://www.nanofab.hiroshima-u.ac.jp).

SRR E DT )70 /ey — T Ty R p— A, R 24 DD 10 FEF O FHECRIAR L £ LT, IR B KFIT
Fp DU [E B O HR RS BE G, S IR KR (ST SR BRI TAGH) 1L 0 R (R B ZE H ) B LY /K
(MEMS £4if7) L L T, 2FE 16 RO O L TR E T TRVET, INERFIIRA 752 E (EB HifiH %
&, AA U AEAEEE  CVD, A BRI, RTA Ty T v —23) ZBHUEL T, 30nm LL R DUz~ — 25N
AN BT S A BT, MEMS 5207, HTBUIN TR & Se b7 S A B - Rl & SCiE L £,

2014 FEEI L AB D SR A FE B L £ LT, X 1-3 123X FIZ R L ET, K 11 DNA/SI AEY—hT7 P AZDEE
FRVERL GFAM | (R R ST R R TR | X 2 13 T A VAR O TR HEAE rT A LD 72D OFGIFLEE | QB AT
A 71V) K 3 IX TV T 4 — R i ELEE FHWTARIRRR InkGawxAs Dt db i OVERLL OET | (S B RF K
) T,

KFRIZOWTE, FTRROBEIATFENZLET OT, BhEFIEE A H<IEEALOBWLET, 72k, A—2a
— (http://www.nanofab.hiroshima-u.ac.jp/) |ZIZARZIHFLHEDONE K O HGFEHEXABERH SN TBVET O T, &
7o a—RLU TR LTSN,



(b) — Fig. 1 Fabrication and Evalua-

tion of DNA Memory Transistor

(a) <« AGE 10mm (Graduate School of Engineer-
H H H H - - -
| N B
TI/'\‘/I\ /.\c]?/ sa7oo1oo|:v116mmx802kssrunms;w‘as}zs‘wés‘s'Ebo;m; o Ing’ Unl-\/erSIty Of HyOgO) (a)
Pk G > Schematic  configuration  of

DNA memory transistor. (b)
Cross-sectional SEM image of
channel region of transistor. ()
Photo image of fabricated in-
vertor.

Fig. 2 Microfluidic device
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6. Research Facilities of RNBS

D]

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

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

NS
Entrance

Changing

room Changing

Measurement
room

A AN AN AN

West Building since 1988 East Building since 1998

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

PERR OSBR Y Y — o e — D X, 7Y — L — SR FE T 830m2, B Y — 2 /b — DM T AR £
DITIANT 4 NE =R EISITND,

-
3" 4 D

=i ——

Super clean room in west building. Super clean room in east building.
FERR AR — /=27 U — 2 jb— A FIHA—R—7 J — 2 b— A



6.2 Equipment for advanced devices and LSI fabrication

FiHT INA AR UVLSHERE D T-8 D%

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)
IS AR - — A A AL — LIS — L 2
(HAZ HL700DIN) /)b 50nm (HARFE T IBX-5DII) fe/MikiE 50nm

& Point-beam type electron beam lithography system @ i-line optical stepper
(ELIONIX ELS-G100) (Nikon NSR i8a)
AL P — LI A B — D S i-ERAT >/ —
(VA =7 ELS-G100) #z/)MriE 6nm (=712 NSRi8a) fe/) i 350nm

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

o

Photoresist patterns by D-light DL-1000.
D-light DL-1000{Z& AL VAN R —2



6.2.2 Dry etching

FSATYFT
€ ICP (Inductively Coupled Plasma) etcher for Si € ECR (Electron Cyclotron Resonance) etchers for Si
(YOUTEC) (KOBELCO)
SIFIICP (B A7 IR~) =y F L /4 E SIHECR (A rmbr dLig) oy F o 7 4E

(=—7>7) Cla, HBr, No, O fii I i hE (th = 548)  Clp, BCls, HBr, No, O, i il I AE

@ Si deep etching system € ICP etcher for highly selective etching of SiO»
(Sumitomo Precision Products) (AYUMI INDUSTRY)
SR =y T 7 4 SiOHICP—y T 7 4k
(FEAKEIE) CqFs, SFe, Ar i AIHE (73T 2) CFa, Ho, Op, Ar {8 7 HE
bl - m r«‘. T a |
- G Bl )

TgalE

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

(P = HIGH) CFq, Ha, Oy i AT HE

\I




@ ICP etcher for Al € Magnetron RIE system for Al

(YOUTEC) (KOBELCO)
ARICP= T 7k & Alffl~7 % a RIEREE
(—Fv7) Cly, BCls, N, fifi f A RE (#F P 8UEH) Cly, BCls, N2 ffi AT gE

€ Chemical dry etching system for @ Plasma asher for removing
Si3N4 and poly-Si (KOBELCO) photoresist (KOBELCO)
SisNg & U'SIO 7 I W NV R T A T T 7 35 & VURANRER T IR~ T v 74 E
(PR 5L5H)  CFa, N2, O fiti F AT RE (PR RLEH) N, Op fiti FH W] HE

Ty F U AEE AT AEE R Al « FEECA 3 ) 7 g 325 L

il



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

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

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

€ Annealing furnaces for general purpose
(Koyo Thermo System)

PLA BV SE
CEEY—T AT A) wEfEAEE 1000°C

€ lon implanter
(ULVAC)

AT FENEE
(Trv2) B, As, P SEEAHE

@ Phosphorus diffusion furnaces
(SHINKO SEIKI)

U AL

(FRERRHR) focm BEHIRLEE 900°C




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 (AMAYA)
(Tokyo Electron) SO, HERS il ECVDAE B
JECVD (LSRR 7 (RO =L b)) (RAEBUERT)  PREIUBR—7 1 HE

SiOy, SiN, poly-SiHEFE r] fig

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

SiN, Si0, 7E/L77ASi HER AT HE (A7) GaAs S HER A

e .

e

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

JR 1 JBCVDIF
(r—=EHT)

SIiN HEfE T

WECVDY =t v T ¢ v TR



6.2.5 Metal deposition
TRERHER

€ Sputtering machine for metal interconnects

€ Metal/dielectrics sputtering system
(EIKO)

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

BBEFRAA 2V AR (A=)
Al Ti, TIN HERE AT 6E

@ Electron beam evaporation 4 Sputtering system for 4 Vacuum evaporation
system (EIKO) general purpose (EIKO) system (Donated: Homemade)

BTE— NEAER PR <o 22 PUZE R R
Gef =) SRATHAER (=) bR (HHE: E ) A

& = .
r

SEHERH AT HE

6.2.6 Others
Z Dt

€ Surface-activated bonding system (EIKO)

RIETEME LG IEE (=1 2—)
Ar,H 77 X~ K mALEE T RE

~=a T )TN C LA BRI 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)
QAT EBGWIRE (T ANy 7-T 7 A BRATEOEXFR T EEE (Technos TREX-610)
PHI-6650) Cs, O > %A J&PE(Cr-Zn) 10 atoms/cm?
w

@ Fourier-transform infrared spectrometer (FTIR) 4 Atomic force microscope (AFM)
(JEOL) (Seiko Instruments Inc. SP13800)
7=V BRSSO RE R JRF T BEE (BAa—A AV LAY

(HAET) srfEse 0.5emt SPI3800) 43fERE Z:0.01nm, X, Y:0.1nm

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

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




& Ellipsometer
(Rudolph Research Auto EL)

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

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

€ Spectroscopic ellipsometer

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

DTV T I A= — (Vz—rd— =T L
T¥/3 M-2000D) fx/NHEREE 10nm

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

N R
(KRATOS ESCA-3400) X#tF : Mg, Ka

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

XERSEE o3 e o HrdsE (VG =& ESCA-300) 4362588 :300 mm, X#p XU —:4 kW




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

microscopy (FE-TEM) (Hitachi HF-2100)
RS R e A - BB

Pl 1 WA
(HSZ HF-2100) #%7-43f#RE 0.102 nm (HAZ S4700) fmsrfiRdeE 1.5 nm

€ Focused lon Beam (FIB) system
(Hitachi FB-2000)

B AT e — LN T
(H 7 FB-2000) /N —A% 10nm

€ Semi-automatic wafer prober
(Vector Semiconductor AX-2000)

BIF—F T E—N—
(R & —F3I72AX-2000)

~” A By

4 Manual wafer prober (Vector Semiconductor) and

semiconductor parameter analyzer (Keithley)
VAT TR N (R — IR
NIRRT AL =T F TP —(r—AL—)




6.4 VLSI CAD Environment

VLSIZ& &t FHCADIR 1%

6.4.1 Hardware
IN—FHx7

Workstations

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

@ HP: 9 machines (ProLiant DL580G5 X 3, xw9300 X 1, xw8600 X 1, j6750 X 1, c8000 X 2, h2000 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 TSUPREMA4/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*



4 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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