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Preface

The Research Institute for Nanodevices (RIND), formerly known as the Center for Integrated Systems Research
established in 1986 by the Ministry of Education, Culture, Sports, Science and Technology, has been engaged in
semiconductor research for 37 years. Now that the importance of the semiconductor industry is being reevaluated,
the Nanodevice Research Institute is working on applied technologies based on semiconductor nanodevices. Until
2023, the Nanodevice Research Center consisted of four research divisions: "Nano-Integration Research Division,"
"Integrated Systems Research Division," "Molecular Bioinformation Research Division," and "Nanomedicine
Research Division." The new institute will be reorganized as the Research Institute for Semiconductor Engineering
(RISE) and consist of the “Semiconductor Strategy Research Division,” “Nanodevice Research Division,”
“Interdisciplinary Research Division,” and “Research Support and Equipment Management Office.” The institute
will formulate its own semiconductor research strategy and conduct research based on this strategy. Over the next
several years, the institute will be expanded and will be engaged in semiconductor research and human resource
development.

We continue to promote the "Research Center for Biomedical Engineering (RCBE)" as a MEXT Joint
Usage/Research Center and the "Advanced Research Infrastructure for Materials and Nanotechnology in Japan
(ARIM)" as a MEXT project. RCBE entered its second phase in FY2022. The center aims to promote advanced
collaborative research in the field of biomedical engineering and to promote the practical application of biomaterials,
medical devices, and medical systems in Japan by fusing the functions of the Institute of Biomaterials and
Bioengineering, Tokyo Medical and Dental University, Laboratory for Future Interdisciplinary Research of Science
and Technology, Tokyo Institute of Technology, Research Institute of Electronics, Shizuoka University, and the
Research Institute for Nanodevices, Hiroshima University.

The ARIM project is a 10-year project that began in FY2021. In addition to shared use of state-of-the-art
equipment and technical support by highly specialized engineers, new remote, automated, and high-throughput
advanced equipment will be introduced, and material data generated from the equipment usage will be structured and
provided in a way that makes it easy to utilize. Using a super clean room with a total area of 830 m?, the support will
focus on energy conversion materials, including not only Si but also wide-gap semiconductors such as SiC and GaN,
and high-performance solar cells. Through these supports, we will promote the establishment of a system that enables
the collection, accumulation, distribution, and utilization of high-quality material data. In addition, the project was
adopted as the "Integrated Green-niX research and human resource development (Green-niX)" by MEXT in the
"NeXt-generation Novel Integrated Circuits CenterS (X-NICS) Project” that started in FY2022, by Tokyo Institute
of Technology, Toyohashi University of Technology and Hiroshima University. We contribute to the future of the
semiconductor industry through research, development, and human resource development.

In March 2023, we launched the "Setouchi Semiconductor Consortium" with the Institute as the core, thirteen
companies and three public organizations as members. We intend to work together with industry, government, and
academia to develop human resources and conduct research and development related to semiconductors. In June
2025, the number of participating companies have been increased to thirty-one and Kobe University has been joined
the program, further developing the program.

In March 2023, construction of the J-Innovation HUB Building (new building) was completed. In the building,
analysis and evaluation equipment for semiconductor research and facilities for research and development of Al and
communication technologies were introduced. The new building will be used in conjunction with the Institute's super
clean room to further advance semiconductor research and development. In addition, an open space has been
established on the first floor of the new building where all related parties can freely gather. We intend to make it a
place where researchers and engineers in semiconductor-related fields can actively exchange opinions, and as the
center of the Setouchi Semiconductor Co-Creation Consortium activities, we intend to utilize the space for research
and human resource development activities, thereby contributing to the revitalization of local industry.

This annual report offers comprehensive information about the recent research activities and achievements at the
RISE 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.

July 1, 2025
o Joizmate
Akinobu Teramoto

Director
Research Institute for Semiconductor Enginnering,

Hiroshima University, Japan
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2. Staff of Research Institute for Semiconductor Engineering (RISE)
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3. Executive Committee Members of Research Institute for
Semiconductor Engineering (RISE)
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4. Joint Usage and Joint Research Committee Members of
Research Institute for Semiconductor Engineering (RISE)
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Research Divisions of Research Institute for Semiconductor
Engineering (RISE)
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The Research Institute for Semiconductor Engineering

On April 1, 2024, the institute was reorganized as the Research Institute for Semiconductor
Engineering to build upon its accumulated strengths and to establish a comprehensive and integrated
framework for research and development across the field of semiconductor industrial technologies.

The newly established institute consists of three core research divisions and one administrative
support office:

¢ The Semiconductor Strategic Research Division

e The Nano Device Research Division

e The Interdisciplinary Research Division

¢ The Research Support and Facilites Operation Office
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5.1 Nano-Device Research Division
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At the Nano-Device Research Division we focus the research on nanodevices, Semiconductor Production System, and
Integrated Circuits. The outlines of researches at the Nano-Device Research Division are as follows.
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Semiconductor Production System Research Field
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A non-contact sensor for micro-LEDs was realized using a Glassstage Light source
capacitance sensor EPIS (electrical picture inspection (2)
system) fabricated by a semiconductor CMOS process. By
irradiating a micro-LED with suitable wavelengths light and
measuring the photoelectrically converted voltage, a fast and
accurate evaluation has become possible.

() MELEREDOIBL O)HELEED T 7y 7Y
Figure (a) External appearance of the measurement device
(b) Block diagram of the measurement device

VT =) LOERBR (a) Cross-section ,
Selective growth of ruthenium Si0, Ru Inhibitor (b) SEM image

% SFA Ef -

Prof. Akinobu Teramoto 2 um

Si0,/W Rw/W

R B EA W T, LT = A RN R E RO
WMFEEIToTCNET, YUV ERLIRE X T 2T DT A
VTV RANR—ANE — B R LT HEAR ISR E A A S
HTHZLIEY o T AT FICEIT VT = A5 TEIR

MESHHIENTEXEL, 2 ym
Selective growth technique of ruthenium have been studied

using atomic layer deposition. By coating an inhibitor on a PRS2 BAm LT 2o LT = WR TR TRE D)

substrate with a silicon oxide and a tungsten line-and-space Wi 53, (b) SEM 14, (c)Ru-L,(d)O-K @ EDX =&

pattern, ruthenium were able to be selectively grown only on (a) Cross sectional schematic, (b) SEM image, and EDX

mappings of (c) Ru-L, (d) O-K after ruthenium atomic layer

tungsten. N -,
deposition on the inhibitor coated substrate.

_13_



MTJ ZFICEFBFRILBERIERDOR
AYFoT

Switching characteristics of tunnel

magneto resistance in MTJ devices

% SFA Ef

Prof. Akinobu Teramoto

Magnetic Tunnel Junction MT)ZEFDAA »F L 7 EiE
FEIZ, PRV PO R PUREE L S B UIRBE D
W RPIREDNBINA G ERHVET, FUEL Tz
BRIz, RIREE D HBLAE R 23 B & Write Error Rate
(WER)ZS <720 £ L7z,

During the switching operation of magnetic tunnel junction
(MTJ) devices, an intermediate state may appear between
the low and high resistance states of tunnel magneto
resistance. When compared at the same voltage, a higher
probability of the intermediate states resulted in a higher
Write Error Rate (WER).

-04 -02 00 02 04

Switching voltage (V)

00 05
Voltage(V)

s
Switching voltage (V)

FPEPRIED HBLHE R DRI E D () FEA H L EERF D
HEHI(R@0.06V),(H)WER, HW\ 54 D(c)R@0.06V,()WER
(a) Resistance at read voltage (R@0.06V), (b) WER for low
probability of intermediate states, and (c) R@0.06V, (d)
WER for high probability of intermediate states.

REERSR T ——ILIZKBEBEITOERE

FALV= MoS, S& IR 0 K il il

Defect Passivation in Solution Processed

MoS, Films via Sulfur Annealing

% SFA Eip

Prof. Akinobu Teramoto

Si,N, 112 2 T MoS, &tk 2 727"V J1—H — R EE DV
R me A TERIL , T00°CRE AR T =— N &1(TH&
S/Mo fHpktt 2:1 D RAF7R @t EZ R L E T, Ar 7 =—/L
SHBIL T, B 7 = — M d b a E LML, R A
[ SR ET,

Two-dimensional (2D) MoS: films fabricated on SisNa surfaces using
solution process with various precursor concentrations, followed by sulfur
vapor annealing at 7000 C, exhibit well defined layered structures with an
S/Mo composition ratio of 2:1. Compared to Ar-annealed films, sulfur
annealing significantly suppresses oxidation and enhances film quality.

2.4t Ar annealing, 700°C
22
20
218 -
18
1.4
12 i °
1.0
2"W

2297

ol
2.0 . °
=3 . > .
=18 . e
5 L 9|
1.8 .
i
1.4 - @- Surface
@ 15s etching
1.2
1.0
5 10 5 30 35 40

15 20 2
‘Solution concentration (mM)

Ar, FiEERRT =— /%D MoS, #ll5(a),(b)S/Mo AL
EE. (¢),()HRTEM Wrifif4., JE i #EEE 0.63nm,0.65nm

(a), (b) S/Mo composition ratios, and (c), (d) cross-sectional
HRTEM images of MoS: films annealed in Ar and sulfur
vapor, with interlayer distances of 0.63 nm and 0.65 nm,

irradiation. The highest etching rate of 84 pum/s has been

photoresist  surface

respectively.

SOSHERREEA T T X~V = v k (R-TP]) (T ——— L

1574 FLYUR FOBERT Y F wf e orvm | OICT EEDRMLL R

Ultra-fast Etching of Photoresist by Reactive-Thermal ¥ wol  PRbackside TP Qﬂﬁ]@77ﬂ\l//

Plasma Jet (R-TPJ) g ARBIOT YAy

3 E 400 - (ﬁg@ﬁ#ﬁﬁﬂgﬁé'ft
i HE—H (M) EW Transient variation of
Prof. S. Higashi & ) fs‘b""af’zm'“e photoresist and silicon
] . = {alerback s wafer temperature
AriZ O, ININL 7 SUOEMER RIEBAT T X~ = (R-TPJ) ... . | observed by OICT.
WCED 7MLV Ay F T EE DR JE % Optical Time [ms]
Interference Contactless Thermomety : OICT (Z LD EHHIL . ' B ‘
YRR EE Lo T 7L — e D EZ IS LTz, e 2-;”3%%:(@%;
SRR S DB T T 7 HE T P a7l RbE
40)%.1545 HoOX 84 um/s ODEEHE =y T T EEDBL £ 2 Rl Tl —
t@ptlcal Interference Contactless Thermometry (OICT) has £ S
been applied to measure transient temperature variation of E § Maximum
photoresist during reactive-thermal plasma jet (R-TPJ) s T  temperature of
E
2

achieved on the basis of the relationship between photoresist
surface temperature and etching rate.
K. Matsumoto, APEX 18 (2025) 016503.

L
N
1=}
=)

L L L
0 30 40 50 60
Discharge Current / [A]

and etching rate with
respect to the R-TPJ
discharge current.
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—_— <l CH, =
77_l//ll:b =) ﬁ*%l/ /XF -[r:;—cu,—zl:—wi%n %O\CHJ ‘;’
Fullerene-containing electrically conducting = H
electron beam resist for organic nanodevices o, )

3 = L
AR PERE ZEP520a & PCBM. C-V Ftk.

Associate professor Anri Nakajima Fig. ZEP520a and PCBM. Fig. C-V characteristics.

fEEICHEREEHT ) A XT3, A ERT 57
WIZ, ABEEFRLYAMNITZL—LV U E2RALE
MEMEBR L TCWET, BEXEEREOFHKT Ry
BT ) U A PiEEE B TREN BB OB D
T ATERTE £7,

Fullerene-incorporated electron beam (EB) organic resists

are developed to realize high integration of nanometer o o

lateral-scale organic electronic devices. The structures of F IR =Ry RETF T /U AXREED T TE TR
nanoscale dots and nanowires having electrical conductivity 7/ VH#&ED SEM . B L 7T =L DI,

are able to be fabricated with a simple fabrication process Fig. SEM micrographs of Fig. TEM of micrograph of

of Ollly EB exposure and development. nanoscale dots and nanowires. nanowire and PCBM distribution.

FTI/RT—VEH EL TINAADT=HD Alg,
EABFRLUAL
Alq,-Containing Electron Beam Resists

Nanometer-Scale for Organic EL Devices

/&%ﬁx h e R

%f?v/z% \CEEROR AR TEIRGTOHE
W28, BB OB O H7r 7 e 2% FHWT, T /A
— = A — )V CHARE N 5 [0 DY A RN 2l
T2 A1 Bl 7 N\AAE LB D72 O &A% L TF

[ Mullip\e layers =
ITo =S = E -
[“Glass substraw§ =

7
A simple method only using electron beam (EB) exposure Al IRAE TRV ARD@FMBEID SEM &, (b)FET-HrEE & UEL

and development is developed for fabricating current- 1% DRy MEETE OB O E ARSI L, (o) MIFEREENSD L 7]
drivable light-emitting organic devices with lateral sizes 2L IRy B AREL), ()T /P AREH EL 73 A 2O,

and positions on the nanometer scale. The method uses (a) SEM image of a thin film, (b)optical microscopy image of  dot
light emitting molecule-incorporated EB organic resists. structure after electron beam exposures and development, (c)

electroluminescence (EL) from a thin film, (d) schematic image of a
nanosize EL device. These structures use Alq,-containing EB resist.

-
o
[

LBABREORMEEEESEIL AL
- OHZE

Research on defect structure and metal

SREER

Initial

contacts on_the surface of semiconductors
b EBR TEERA (BHE)

Assoc. Prof. Hiroaki Hanafusa

EBREEOVIYV AN T =— L EARELTS
SiC YSEURDF =70 A —I 7 a2 7 MERETT
“SiICA” OWFFEEHEREL TUWD, SIC E{R D fil
FHEITHE ALV OBEENTERR S TR,

1000°COERERE T ChA—Ivra X7 N

DHERFSN TWDZEEZBENIL TV,

Initial : 5.8X10[Qcm?]

1000 °C : 6.0 X10* [Qcm?)
* BERAIATH

1000 °C, 5 min

b))
1045 =¢
600 700 800 900 1000

Annealing Temperature [°C]

Specific Contact Resistance [Qcm?]

We are conducting research on "SiCA," a novel g'?'m HETTLEBREOFBIEEHRHLE
ohmic contact formation technology for SiC MEENIVAIMEREEZTRT

semiconductors that does not require metal layer The electrode surface maintains flatness while
annealing. Experimental results have demonstrated exhibiting low contact resistivity, even under very
that the ohmic contact remains stable even at elevated high-temperature conditions.

temperatures of up to 1000°C.
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SiGe RN IR FEHIAZBAIZEE I AL

Study on Atomic Arrangement of SiGe

B &l &
Assist. Prof. Ryo Yokogawa

WA T D22 B IET A A ST
W% SiGe {dn O ST BB IAEIRIZ B9 DA 22 AT > T D,
B X #r, T~ 3 ED SRR, TRIITZ LT
JEFDBELFIL TODO TR, PR R TR S U
TWDIHAZHR R T2,

Research on the atomic arrangement of SiGe alloys, which
are expected to be used in next-generation transistors and
thermoelectric devices, has been carried out. As a result of
analysis using synchrotron radiation X-rays and Raman
spectroscopy, Si and Ge atoms are not distributed randomly
and tend to aggregate with same atoms.

00))

(a) Bulk SiGe (Ge: 32%)
(030)

e

(h00)

TG X BRI T~ TR ()73 V7 SiGe(32%), (b)
Si, SiGe TIFAMRFRBUEFELAVBL S IR FRLSIAN TE AT
T BTN EETRIEL T D,

Synchrotron radiation X-ray reciprocal lattice mapping : (a)
bulk SiGe (32%) and (b) Si. SiGe exhibits unique diffuse
scattering, suggesting that the atomic arrangement is not
completely random.

(/T AR TE 587 ]

Nano Device Research Field

Uarvh—n"A FBRRETL 7 b
A =2 X: CMOS &£&[[&
SiC CMOS Integrated Circuits

iR BEARMHR—ER
Prof. Shin-Ichiro Kuroki

VAT — AR (SIC) -8 R % F - i SRR 58 FH SR R
[EIHR DAF 422 6D TS, 4H-SIC CMOS & [m] B O
TehHED T, FEZ SIC SRAM DS 72 & 2w | A
A% H1% IEEE Electron Device Lett. 72 THRFELI-, A0F
TRIXPERAIF . B . A7 = —F L A7 TR ED H[H
HFFEL L THED TVND,

Research on SiC harsh environment electronics has been
carried out. 4H-SiC CMOS circuits were fabricated and
demonstrated. This research is carried out under the
collaboration with AIST QST, KTH Royal Institute of
Technology, Sweden.

o

WL Word Line, (2!
o~

Voo k

PU PU‘ 2

=GND

BL1: Bit Line 1

16V

: (a) Hold State

16V
—1av

16 e
(c) Write State

ur T — 1

—1v

N —uv

\Minimal Arga ‘
Square,
\

02 4 6 8 1012 W% 002 4 6 8 1012 14 16 0 2 4 6 8 1012 1416
Vin (V) Vin (V) Vin (V)

4H-SiC SRAM EN—T LA UN\—2 DEIE

4H-SiC and Half-Cell Invertor’ s output characteristics

7L SICTHREHR UV 4 X —2 1 > Y DR,
Radiation-Hardened Ful [-SiGC UV
ixelDevices

SR —ER
Prof. Shin-Ichiro Kuroki

SHOTTIROVHLAREERIEL ., 748 A4 —Kb
SiC TYERIL 727V SiC UV (¥R ) A A= a4 4
L, EIEF A HED T D, 64 BIFEA A= BV E){EE
SEFEL., FAUERKEL CTT a—F KR L O s A ik
W77 AREHIT Appl. Phys. Express 365728 TR ELIZ,
AW T EERRE, SRS F-REL & 5 [E BRI 205 v
DI FEMFFTEL THED TS,

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

25

==

.

8 B EaE ErE

4H-SiC 4x4 APS 7L A &Fa—45[EEK
4H-SiC 4x4 APS and decode circuits
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VAV H—NA FBRERETIL S bR=
7 X BeEnRAEREEE SiC Integrated
Circuits for High-Temperature Applications

iR BEARMHR—ER
Prof. Shin-Ichiro Kuroki

ST T — AR (SIC) N8R A W R PR B 35 H AR 7
[l DR FEZ D TS, BV FEREEIEE O FEZ2 D
300°CHEE) I X OME MR A 0O 7=, AR X [EEE
IEEE Journal of the Electron Devices Soc.72& THFELT-,
K TENLT7 2 =T 7 vIaL 2772 —EFR)ED LRI ZEE
LD TNS,

4H-SiC Gate driver circuits for EV’s power module were
investigated. 300°C operation and the reliability at high
temperature have been investigated. This research is carried
out under the collaboration with Phenitec Semiconductor
Co. Ltd., Japan.

SiC Gate Driver Circuits [a]
4H-SiC Gate Driver Circuits

LRI T 2EF AL N
B9 2 eI OB 5E

Electron-spin related optical properties in

compound semiconductors

A% RIS R
Prof. Hideki Gotoh

BT RNX—TEIET HHERLEET SAZADEHEZDS
L., FHERIZEBITHE AL OMEEEIIL T, A
IRBEA RSB TR T D720 AR AW LE A A=Y
V7 ERHEELTL, ZOTFEE VT, GaAsBi BIFHAE
VRN OA G Rashba I CTHAHZ LA SN LT,

To create IT devices with low energy consumption,
electron-spin related optical properties have been studied in
semiconductors. We have found an effective magnetic field
induced by spin-orbit interaction in GaAsBi is Rashba type
with a spatial imaging system developed to detect spin
states.

(a)
10F 5 - 3.0 T T I(d)
< o (@)
-..Ul o5} 1 & 1of B A
- - 8 oof-l-gg- M-
- 00 02 04 06 0.8
%% B 30 P (mW)

X ()

(F2) R R CTAL L A A=V 7 LTS, () B %)
WL U — LD,

(Left)Spatial imaging of spins in a semiconductor surface.
(Right) Estimated effective magnetic field as a fuction of
input laper power.

CBW RS ) U A ¥ OfEE 5
S A ZHEREDRFTE
Fabrication and device functions with

semiconductor nanowires (NWs)

Hi% 1R
Prof. Hideki Gotoh

Bl 3 IRTE T /M IE DI AL G TR RE D FE B 145
TELHERT /) UAYDIERE | T3 ZERED I FE %
T2 TCB, InP/InAs ~T 12 /U A Y%Az pin FX
FAA—REfERL | @ E MR (O-band) TOFRILOB
AN T,

Fabrication technique and device functions of
semiconductor nanowires (NWs) have been studied
expecting novel three-dimensional nano-structures and
useful optical functions. We have created p-i-n light-
emitting diodes with InP/InAs hetero-NWs and observed
light emission in telecom wavelength (O-band).

(

ITO -

=

3

g

Ford

BCB £
=

(%]

=

=

AuZn

1050 1200 1350 1500
Wavelength (nm)

InP/InAs $5G KT /U AT ORNHF A A —F OMEER LT
AR IVBLOIENA A=,

Schematic of light emitting diode with InP/InAs NWs,
emission spectrum, and optical image of light emission.
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T /B DHREIC K AMFIRIEE REFE
Material Fabrication and Surface
Contamination by Deposition of Nanoobiects

Bz BH ¥ (D)
Prof. M. Shimada

FIVARDIFAL — KRB ZE L, AP
FRlE, HERRSH T, A 7 Rl b SR R,
BROENOLOEES M Z AR DI REIT> T D, T
A RYE DGR L L TR EA A L&D,
BEL V5,

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

| —e— Blank

L~ TiO,CLO .
[ -—3-- Ti0,Cul/ H,0, - /
AChE 2

pH

Fenton-like Reaction: CuQ and H,0; interact to increase
hydroxy! radical production, boosting photocatalytic activity.

"Cf p-n heterojunction (type IT)

" —
-
Jcuo |

e
T | 'llal ; .
éﬁﬁ\ / ,/ Fenton-like reaction:
N pefom’  CUO (1)-TION (&) + H0,
R's"G\ b (_,,jwm{ '0H+ OH + HOO=+ H'

CVD 7't A CEpk Lica )/ Wi (a). MR Al
fig (b). PEREM EDA B =X A (c)
Composite nanoparticle thin film synthesized by a CVD process (a),

catalytic performance of the thin film (b), and mechanism of
performance enhancement (c)

KRS T & BBEKIELEY DAL
Water-solubilization  of  hydrophobic
compounds using natural polymers

#ix wHE 'R (M)
Prof. Atsushi Ikeda

B NFZPECRI T F R LA L LTV TBR
KYEDEEREVEAL B2 K LT D2 8IT Pl Th
SO E Mz FIVT, FHCHBEIEM B OB % 2 B &
‘j—o

We succeeded the water-solubilization of hydrophobic
functional compounds using polysaccharides or
polypeptides as solubilizing agents. Using these
complexes, we develop drugs and functional materials.

H
HS H
(0]
L
OH H k: H
) o~y
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A

kL
it

Functional compounds Complex

FEREME ) TR @ 7 T EA RO
Schematic illustration of functional compound-natural
polymer complexes

R LB B DO FET-IRE

Electronic states in cuprate superconductor

AR BREDL (GHD
Prof. Kenya Shimada

IR FEZ TR L TR DRINEL — T — 2RV CE DR
BEAE DB T INZITV\. SR B AD TR ERBIRED
MBEERIRT D [HEIRILF—] ORENDTATRLLELR.

We have developed a new analytical method and performed
high-resolution angle-resolved photoemission spectroscopy
using synchrotron radiation and ultraviolet lasers to visualize
for the first time the full picture of the “self-energy” that
reflects the nature of the strange metallic state of cuprate
superconductor.

ol |*EETESHCaSR | | wRmmEhTER
RIRILFE— S ETHLF—8E

06 04 02 0

IRILF— (eV)

EBRTESNIEBESIRILF—DESBEESD.
Real and imaginary parts of the self-energy
obtained in the experiment.

Y. Miyai et al., Phys. Rev. Research 7, L012039 (2025).
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Breast Cancer Detection Using 1
Microwave Imaaina

R HNAE (FB)

Professor Takamaro Kikkawa

JR oy REFIRBES THi ) S AT L3 AU D 4 H e & 7F e a e ma rem me
i U7z NERAPEFLAR TIEMHERITE O R — @i b3
TIIRHEMET T2 Z &R LN o7, Fllzo =
UWNTBEE IR IRIL 2R 08 o T o AR, TR KFIRPE,

FORRERY: RO THERY) | REERE, =7«

ALy ETY L DIFEMEORR TH S,

A portable microwave imaging device was developed and a

clinical test was conducted at Hiroshima University Hospital. s

High detectability is observed for fatty and extremely high J‘_‘ H I|_| I_
dense breasts but low detectability is observed for 1 rent Danity Seors 4

heterogeneously dense breasts. The paper was published in (b)
IEEE Trans. Bio. Med. Eng. 2024 Detectability versus patient age and breast density scores

Frequency
L

W TRUE O FALSE

Frequency

o

HHHEH — AN & 2 R B E O BRI S LT

EXz30 2Ry B-ERREEER

EEERORT EHERA

R | - v &
W R (HD) ﬁg@_—//)ﬁ 5 i &

2 Assoc. Prof. Koichi Matsuo RADTRBE A,

- W EMEECOTRII AT Matsuo (2024

B ESBRRORBMIER Anal. ~ Chem.,
96, 10524.

Observation of Protein Structural Dynamics using by o
Synchrotron Radiation Circular Dichroism %

SN EREE BRI ARA BT o R IR
BTEDLVAVRIEET A AZBIFEL B et
REICRETHILT, o TENAEREEHBEER T
DEROBRI IS A AL 2 . LU R~ 7 DM LR R ] AR
THHALT DI EITREILT,

U E & )

<AV T NAACEDZ L SN EARIEEA AR5
A microfluidic device that can efficiently mix protein and — BrOBIZeAEL A Lo aHAL L, G HBFE RS DB -
membrane solutions was developed. By installing this 9l - ¥ EEEREICRID LR~ Ze LBl S

device into synchrotron radiation circular dichroism  Visualization of dynamic structural changes when proteins
instrument, the dynamic structural changes occurring when |nter?ct .Wlth blo-memb.ranes using mlgroflu!dlc devices, and
proteins interact with membranes were visualized over a application research into various biological phenomena

. . 1 . related to diseases, antibacterial properties, and substance
wide time range, from milliseconds to minutes. transport

L

| EEOBETICETS a YRILOMERYT L
Characterization of a-Synuclein conformation - Pl T
under the Mimic Physiologic Condition ; f
- y 0 N/ e e é““jj Imaura, Kawata,
WeEFE WEX— (HD) C. ;:ﬁf.n“xﬁ-—zAw#m?' i—iumé Matsuo (2024
H _» Assoc. Prof. Koichi Matsuo : - Langmuir, 40,
20537.

B ZRALEAZEESREZSLIUVER-ELES
FHEICEDREBRE. R FHNFVIaL—LavItibHE
WAt EZHAEOEDILET. a P XULAUD, #iEH
BM OIS T 7 SO R RHE CRER) " I2E 1T 5 2
a1 g \ SH - — . d Tl I s N

ERIISR AT 550 FREERALMILE. (AR B LIRS A W30 1)~ B HEAS7 1L @S & B

AT, (C)(1,3) 1-60 7 H 07 I/ E(2,4) 96-140
Combining synchrotron radiation circular dichroism and FHOT I BREO A EBEEOHENEMAIZONTD MD 23al—

linear dichroism spectroscopy with molecular dynamics DENIQ)

simulations, we clarified the molecular structure of a- (A) Circular dichroism spectrum of the native and membrane-bound
synuclein which forms on the vesicle membrane within states. (B) Linear dichroism spectrum of the membrane-bound stastles.
nerve cells just before transforming into "amyloid fibrils (C?hMD simulation for the membrane interactthions of W (1,3)the 1 to
(aggregates)," 60 amino acid region of aS and (2.4) the 96 to 140 amino acid
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WREREIC XY HIE S MEBRMT DS
Signal Processing Algorithms for Inverse
Problems

numerical model

= =

Bh# RINEZD (BE)
Assist. Prof. T. Ishikawa

FHRNEY T 74— (CT) IZR DG FHRELRCT & LT
L7 Z 745 5 (RTS) DLz Wik L L TEbSh
DA O FIEFR B LOEMMEREELZIT>TWD, CT ; NI
CRERE SO — SO RO BRI [romremen | AL
ZHETE . RTS MBL Tl /A XIS 7D RTS flior % S OIS 2 L— s DR T,
fliH AT %, ZHOOFIEZEL, SO T L d o
YR LERREL . B A T 2, L o

scatterin

We develop and validate fast, robust algorithms for by objectgs permittivity distribution) by

inverse problems, such as those in computed tomography computed tomography.
and random telegraph signal processing.

A numerical simulation of the
reconstruction (relative

(LRI T BF ]
Integrated Circuits Research Field

T INIVYIRT INA REBEMOHE
Study on Fundamental Technologies for
Terahertz-Wave Devices

iR BE X (D)

Prof. Minoru Fujishima

REKDBESE - SNELGRRBEEZERIT H-H. YTT §
INWYFEDIT—ART7LAEEBEERMORRICRYUME &
ATLVD, CMOS SEFE[EIR % AL - 2 Rt — LGS
KU, fEANEBACBYEASEV IR LE— N REER
92, BT, 100 A—h)LDBEEEEHTER 100 FAEVHE B
DT —HMREZEELTEY, RUKLTVA VYL RBREOER i -
BfTELTORAZERFICANTNS, 300GHz B COMOS 7 T —X K7 LA k5 o—/RI2 & BEEme
In pursuit of next-generation ultra-high-speed and energy-efficient iz;2==gs

wireless communication, we are researching sub-terahertz phased array High-Speed Wireless Transmission Experiment Using a 300-GHz Band
wireless communication technology. By utilizing CMOS integrated CMOS Phased Array Transceiver

circuits for two-dimensional beamforming, we can dynamically control

beam directionality while maximizing energy efficiency. Our current goal

is to achieve 100-gigabit-per-second-class wireless transmission over a

100-meter communication distance, paving the way for the fundamental

technology of future wireless communication systems.
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5.2 Interdisciplinary Research Division

RO BRMAvtRM

At the Interdisciplinary Research Division, we focus our research on Bio-integration, Big-Data Science,
Supramaterials Integration, and IOB. The outlines of researches at the Interdisciplinary Research Division are as
follows.

HOEREGAIFERMMATIX, ARG By 7T — 2 Ao X BWERLE | I0B, IZB3 058217 > T
%o BOEEEIFITHINC BT AT 0y =/ MO Eeb O OB E I T 5,

[ F —29 oA A2 455 8]
Big Data Science Research Field
" . Ubuntu PC Rx antenna
B 2E 8] B HA 1 < k5 k8 % # Rl B fE e
WA 10T DX Tx antenna \
Massive Connect loT
Based on Space-time Synchronization /
Hig M o P
| : Tx antenna

R H AT NT DYEEL - 15 5 55 B 2% o e (R # SS—
CDMA) (2 #6 BE REZI R0 - AL B i 2 52 & T
LB O EERGEIE /) — R R — 22 FE T D% B
B FIZBW T T Y RV T W22 S EUm AR BRI
B(E FTREZR MERRIE (S v AT LA SERET D,

We have investigated a synchronized spread-spectrum code
division  multiple access (SS-CDMA)  wireless =
communication  system that can simultaneously v w7 LS (USRP) % U -[FIH] SS-CDMA 0525 L 32
communicate with a large number of terminals by using  2Effi (RISE ] 4/<_—Ia> HUB # 3 BEEERTEN COER)
high-precision time synchronization and high-accuracy Implementation and evaluation of proposed synchronized SS-CDMA
positioning technologies. using software defined radio (USRP)

A JIE R B¥EYAX:512x21x21
ResNet34,
P

PN A TR PR T Ll | TTARE o 2EAE AR S 1,0
TOUTILEA LEEEZ M ZIEFiE -y

‘ A Real-time full-screen diagnostic support method for

lesion area detection and classification in colonoscopy

HEEIR INHE L Assoc.Prof. Tetsushi Koide .

#EML, RUDETEERERT]
HAYrX:5x21x21
ChO: RZERBIF v RIL Chl-4: REHWMF v I

channel 0 channel 1 channel 2 channel 3 channel 4

H..:.008

k%ﬁﬁﬁﬁﬁmzwf\E%%&%ﬁﬁ%%%ﬂ#é:&f\E%

HEWDIELSE BT D200 B a— T KB AT A
%%%Lto$yz?bm NICE/JNET ZpJRICHKSX, T4 —F F—
=V T ERAWRET Y TR ERE X A TR e A S bE

72 End—to—End O KGR AJRERIE CAD ¥ AT L Th 5, St ZmEr | weewmr  myezan: Type 3BLE
E e 4 EoILAILER
We developed a computer-aided system to reduce variability in diagnoses by : K NBI WHIBEIZ IS 22 Wi S D 723D @ End-to—End JH 255851

physicians during colonoscopic examinations by presenting quantitative VAT I
inference results. This system is an End-to-End colorectal cancer lesion
identification CAD system based on the NICE/JNET classification,
combining a lesion area detector and lesion type classifier using deep
learning.

Fig. End-to-End Lesion Identification System for Diagnostic
Support in Colon NBI Endoscopy.
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TrE—MEBXOZHXIEICHITIEEBFEE
AVW-RERBHEEDT L—FEHEFEDRR
Development of a Grading Method for Skin Surface

Microstructure Using Deep Learning to Support
Diagnosis of Atopic Dermatitis

IS HE+ Assoc.Prof. Tetsushi Koide

IOMERETHD AAMS Tl FEZFZAVEREBOFADS L
— RO EEITIHBABEER L, T—2H O L —FRHBDRYESRE
T30, FADDELRIIZE LT —2hREEREL =, 13 9525
HFHETILOEFETHDT L—R I ENATREE A o=, — AT AERIZ 3
LTIEERED S ENTREE AT,

- BEIF—SETILFSALELTIEFREZFBEES
- CNNOIHEFERSMEL UT, BIRES)L TEGRE 0 £,0,0,..

[PLULF—HREREOREICE TR TREEORPLAFREORE &/ YTOINERAL. E-PIYTLLOTRIL

Predict © 2.60

Ny FEIR
(224 X 224pixel)

SENAS e e
* X FRATER
(628 % 753pixel)

| 752 [ 7¥%yb ] ]
]

[0,0,0,..]

05 [0,1,0,..]
1 [00,1,..]

1,0,0,..]

1,1,0,.]
ERSANILETFHBEDRE

— R A EHR ERE SR AR

. T . , R AERGERERS AL E

i - e | | sEWPRAEE

« EESRFAEURD L SRERHIC
: FADNENEE. SR DTS5
L)L SR | NBMEICHIEHELELD

1
ol
1

In the AAMS, a research project of “Elucidation of Sweating Abnormality in
the Pathogenesis of Allergic Skin Diseases and Development of Treatment
Methods,” a discriminator was created to perform grade classification of skin
surface image using deep learning. To improve the bias in the number of data
and the number of grade sheets, data expansion suitable for the classification
task was performed. The 13-class classification model now allows for
grading by continuous values. Highly accurate classification is now
possible for uniformly surface roughness images.

CRWTAE T AT A ANS (2 D Bl L 7o B - BRI & T
TR D 7 L — <A

Fig.
images of skin ridges and folds identified by the diagnostic
support system AAMS

Grade evaluation of skin surface microstructure using

HIKIESNER EBIEICHT OBy
To—ZEMZRAWERAXDTRRE

Delay-Doppler Domain Modulation for Low
Earth Orbit Satellite Communication

HEHEIR = %
il Associate Professor
HERKELE (LEO) i 2 1m 3 1

Masataka Miyake
bSIDRAYSEDIR RN Y EE T T
77 AR G A BT D720, BRI K O
07T — T MOt % B AL 7 8 AS R [ JE I ze i
(OTFS) & A LT-3 AT LET L ORI B AL -,
LEO DRy 77— 7 & B L7 H rTREMEREAL A 3.

To achieve a highly efficient and reliable wireless access
control scheme for Low Earth Orbit (LEO) satellite
communications, we have been developing a system model
that applies Orthogonal Time Frequency Space (OTFS)
modulation, which emphasizes robustness against delay and
Doppler shift. We have also conducted an applicability
evaluation considering the Doppler shift in LEO.

=

—@— BEROTFS
44— BER OFDM

BER

>3
S

60 70 80 90 100

Elevation angle (degrees)

HEMMAITKTTHE Y MRV BER O3 =2l —ralfE R —fi
R OTES, ###: OFDM, 50 GHz, SCS 960 kHz)

Example simulation result of Bit Error Rate (BER) as a function of

satellite angle (Blue: OTFS, Orange: OFDM, 50 GHz, SCS 960 kHz)

HSZAZF IO CF-mMIMO & AT L
[ZEFBFE-) I —RAFEHDHE

Interference Mitigation and Resource

Allocation for CC-CF-mMIMO Systems

B#H 2 HE GEE)

Assist. Prof. (Special Appointment) XIA SIJIE
WHARGE(E > AT AOREECIZIANT, @8 A H '
N7V —KHHE MIMO Hili o @ AL T | SR+
WO B A BN R 70 D, RIS, 77 AL LT
V—KEHE MIMO (T30 5T ¥ &V — A fE H i 2
BRAEL | IS MEEIRIEME 2 i 2 72V AT A B,

As next-generation communication systems move towards
higher capacity, advancements in high-frequency utilization
and CF-mMIMO technology are progressing, yet frequent
interference and high computational complexity remain
challenges. This study focuses on developing interference
mitigation and resource allocation techniques for CC-CF-
mMIMO to construct an adaptable and scalable system.

CDF

A=128, U=64, K=8,
P=0dB for EPA,
Copin=0:1bps/Hz
0" ot

Downlink user capacity [bps/Hz]

TR @R 7 () LB B EY CF) OFFH

Evaluation of interference mitigation (left) and power allocation (right)

A=512, P, =-30dB,
(U, 4)=(8,16), =32
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(A @A WFTE 7 B ]

Bio Integration Research Field

TREEDYIYNEDT T UERDRE

Novel property of guanine crystals

in Amblygobius phalaena of Okinawa district

iR BREM

Prof. Masakazu Iwasaka

MHRBTHED Y9 N8 Amblygobius phalaen DV7T
=Rl EDORRIT AT D, FHET O F e
B FICAFIET HIENHALMNEIeoT, 7T =l
HRAX AR R D FCBE TR S 2 AT =K it B D B LA 73
RIBENTZ,

R HED YT N8 Amblygobius phalaen DR

Existence of guanine crystals was discovered in the area of H (DL OF B E B (FR) 12 biu-2
spinal marrow of Amblygobius phalaena which was obtained o R,

in Okinawa district. Guanine crystals in the area of  spinal

marrow of Amblygobius phalaena

L8002 0FBEDO NI TUF v
Bacteriocin derived from L. rhamunosus

L8020 ;
iz —)IEE (HE) *
Professor Hiroki NIKAWA -
b R AT 18020 ILEEEH DO NI TIA T e
Kogl 1Zi&, HLEEM 7213 T72< lEIR O EEHE LPS B o
EAEMALSELIER RS D, iz,
Kogl, a bacteriocin produced by L. rhamunosus 18020 1.8020 ZLESI ()0 /325U A<+ Kogl (W), i ERE D
which suppress both cariogenic bacteria and periodontal WS LPS 2R TE ML A 2 Z’%é(c)‘

burdens in oral cavity, inactivate the LPS produced by

periodontal burdens Kogl(b), a bacteriocin produced by L. rhamunosus 18020

(a) inactivate the LPS produced by periodontal burdens (c).

KT LA(SEBREIY T2y

il Quantitative cell subset analysis using

. Cell population consisting Abundance ratios of
antibody arrays of different subsets each subset %

W2 F 7 LIS B O ARSI E E L=tk 7L
A& FWTHII R H ~ — I — DA A —TF S MENTHYA]

?&*ﬁ j]ﬂﬂ-.’ié y]_ ({#{E) vl A B 1
Prof. Koichi Kato @C@ © [A1] [B°]

BT, BT, F— S RHT IR AFEOMAETOAL oy ™
BT E ST, IO 7 bS48 TR A2
ZeERMLELL, Antibody

microarray

Data derivation through
the algebra of sets

An antibody microarray on which multiple antibodies are

immobilized in an array format allows us to conduct the

high-throughput analysis of cell surface markers. Recently Hifk7 L A% M E R 7y byt O

we reported that the quantitative cell subset analysis can also  Overview of quantitative cell subset analysis using antibody array
be made using antibody microarray by incorporating the (Reprinted with permission from “Ogasawara T, Kato K. ACS Appl. Bio
concept of set operations into data analysis. Mater. 2021, 4:7673-81". Copyright 2021 American Chemical Society)
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ERvA

Bone—-BBB(blood-brain barrier)i&E
IORETINAZADER

Development of the Bone-BBB

Microfluidic Device

g MBERA (HHB)
Professor. Mikihito Kajiya

B LAMER IR RE O B 2 MR A 95 720 12 B IR & 1 R
o B P % 0 i 2 T8 ) 7 (7 1 BA AR CNZARADIC B 28 5 0E
T S AZADBAFIZIAR A TS, AT, M8 N
ML 7T At A e BT ICREL THEE T DV AT A
ZETEI,

To investigate the link between bone and cognitive function,
a perfusion-based 3D culture device is being developed to
co-culture bone cells and blood-brain barrier-associated
cells in a spatially organized manner. This year, a bilayer
system with vascular endothelial cells and astrocytes was
successfully constructed.

PDMS L&

PDMS FiE

A i e & i L PN B e+ S B e - T AR A e B TR ICER
B L CER WRBZRNEIR T /A A

A fluidic device capable of culturing bone cells and brain vascular
endothelial cells, pericytes, and astrocytes in upper and lower layers

AV ENAF O R EFIE DB
Interface Technology between Silicon and
I~ Biomolecules

B EHEX (HHE)
Prof. Akio Kuroda

Si TARAADEMEN, EMEERST-FFE A1 %[
EAL T DEITT LD ER A2 — D BRI
WChb, VHARAREWIEEZR T4 RIE Ny 15K
LT, Si OB BT I A L EIRICELE D
TZET U HHLO Si AL S B OB AED TS,

The ability to target proteins to specific sites on a Si device
while preserving their functions is necessary for the
development of new biosensors. We are developing a novel
Si-binding protein by engineering a protein to display amino
acids with affinity for Si on the flat surface.

VERLL 7= ST fE B &L VB OREETT VY
ERICEC & U727 G ST R H M AER TS

Molecular model of the Si-binding protein.

BIEZMD DREICH 15 MREERE - #HIKR

DEEIfZA
The roles of coagulation factors and complements

d for the pathogenesis of CSU
KBS U S (BHD)

Associate Professor. Yuhki Yanase

FxITTFETIT, BHE=RZ (CSU) HE A
BRI
BEE SR TTE T2 FH AL LIZ, E5I2, iEEALEE
[E K723, 1A g MO TTE AR OTEME L 275 S L

CSU DA AR T D AF LB - ~ AN A TS ML 5

FEPONI LI,
We clarified that expression of tissue factors (TFs) on the
surface of vascular endothelial cells activate the extrinsic

coagulation pathway and complements, such as C5, followed

by the activation of basophils and mast cells.

T2, 1
DOFFRIR 7 (TF) 235\ BLL . Mg h o 44K %

TL—71
LPS, TNFa
IL-18,IL-33
(v erpyseimns | LT Sqpprypeey,
T T Vi/via TFTE ERH3Y
*Eﬁa{] VEGF
X Xa TFRE
Ila
- E;/T PR
0% A AR [_Emszaﬂ HEHEE

Xa-lla

&y | MBS
s

c5—>Cba

223175

P PEZERRIE DI RBIZISIT D | MR SR LI R E St
AR RIC LD~ AN - A S L ERTEMEA LA
TV —Ur=FMHRE 2 A 5HBi)

Hypothetical mechanism of basophils and mast cells
activation in the patients with CSU.
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@B SiO, RS ORRAT LIk
INAABRE T /A ABIFEA~ DI

Molecular Mechanisms of SiO2-Forming

Bacteria and Their Applications

HEHIR B X (HHE)
Assoc. Prof. Takeshi lkeda

75 LNMEHITE Bacillus cereus ISR T~ A27ah >
TIVIRD SiOy BT HIEEFE AL, TDHF A=K
LD A HED TS, SiO, TERIZEE 5T 24Ky 1%
ARELDHEBEEL | PR A A E T A AR DTZD D
YV —)LELTHIAL TV,

We found that a Gram-positive bacterium Bacillus cereus
and its close relatives form a microcapsule-like structure of
SiO, in the cell. Several biomolecules involved in silica
formation have been identified and are used to fabricate Si-
based biomaterials and biodevices.

$-5200 5.0kV x50.0k

B. cereus WNERRLT=~A7al 7&K SiO, i & RO
SEM & A4 —/)L 3—:500 nm

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

L —# — Spin-ARPES # A\\7- k34!
% X EVRIBEFIREDHHR
Study of spin-polarized electronic states in

antiferromagnets using Laser Spin-ARPES

IR 2HEEX (HHD)
Professor Kenta KURODA

AR A PR ICE T3 (Spin-ARPES) 13, &/ i s Z A
HBEETHEE I TELM I FZRENTTH D, 2024 FHIL,
~AraENL — P —EE AL EET Spin-ARPES BEMKER% A B K
PR R EHIEAT (HISOR) THAZEL, Z2EiE 4 v C AUt
RIZBIF DAL AARIRE TR EED T H A AR LT,

Spin- and angle-resolved photoemission spectroscopy (Spin-ARPES) is a
powerful experimental technique that enables direct visualization of
electronic band structures, including spin degrees of freedom. In the 2024
fiscal year, a scanning Spin-ARPES microscope incorporating a micro-
focused laser was developed at the Hiroshima University Synchrotron
Radiation Research Center (HiSOR). Using this apparatus, the mechanism
of spin-polarized electronic states in antiferromagnets was elucidated.

b-axis goniometer .

MBE chamber Double VLEED

Analyzer DA30
(Scienta Omicron)

ARPES |

EEp(eV)

HiSOR @ Spin—-ARPES #£& DX, 51/ R A
A BEETRETHIENTED,

Laser Spin-ARPES system at HISOR. This system enables us to
visualize electronic band structures, including spin information.
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4.3 Research Support and Facilities Operation Office
MRXE - RIFEEE

The Research Support and Facilities Operation Office maintains and manages the institute's facilities, operates
equipment (R&D) activities, and supports internal and external users. The outlines of research at the. Research
Support and Facilities Operation Office.

WFSE 48 BRI IEE B TlE, 20DV b — L& IZLOET AT DT 7 VT A HEFFEFLL . Z2NA D
FIICHET DM TED IO LD ABEZ T > T ET, BUE T T DIFZE S 1 - i (i E
HEIZBIT OO ERL OO EEREN T 5,

FoRIIERGEBRINS O DORAEZ RN 1R Photonic crystal waveguide
BEEE YT RABOE Gate electrode
Ultralow drive voltage Si optical modulator

utilizing tunnel field-effect transistors Source

HHER BEAEX (BT e

Special Appointment Associate Professor RE T DA
DR
N = B A — e \ Schematic of the
r RVERZIE T U AH (TFET) X H LT, Wik Source  hroposed optical
EFEREN S Vo < o= = X — Y RO 32 24T Si waveguide Gate electrode madulator.
S>TWD, BUITEILT v RGP AL A AT 1egs o =0V 1014 Vin-01V step
= TFET @,%‘fiﬁ‘éﬂjé’i@&)fb \50 . 1E:06 \ 100pum FEO7xb=y 7k
< 1E07 | WA £ p F v 4/L TFET D
We study an ultralow drive voltage silicon Mach-Zehnder = 1g.00 RLA i (1)~ — MBI
modulator utilizing tunnel field-effect transistors (TFETSs). £ 1E-10 (V)
Currently, we are working to improve the performance of £ 1517 Drain current (1) vs. gate
silicon TFETSs that incorporate optical waveguides in the & 1E13 voltage (V) characteristics of a
channel. 1E-14 - fabricated p-channel TFET with

7 6 5 4 32 -10

photonic crystal waveguide of
Gate voltage Vg (V)

HFERT DEBEMR E~DESEIN

Bonding technology of optical devices

on heterogeneous substrate

B mERR GE)

Assist. Prof. Y. Amemiya

ZHHE A BIOFNHE 2R — R EICERL
THIEEBEL T, HIRKRELE T CHEEREDHE
BRI C BB T D HAN O FE 21 T-> TN D, ZEHET-L
LCIE SOT et & v =2 U=z pn #6F . BAHFEF
ELTEZEIAI T L LED #FIZ OV TRFIL TV, LEHEAREICEREA LAY DY pn EAEFEELMAY

We are studying bonding technology of photodetector and 74 LED AR OXFBEHHEER
light-emitting devices on quartz substrate etc. under room  Optical micrographs of silicon pn junction device
temperature and atmospheric pressure for heterogeneous and gallium nitride LED at |ight emitting bonded
integration. We are investigating silicon pn junction devices on quartz substrate under room temperature.
using SOI substrate as photodetectors and gallium nitride
LED devices as light-emitting devices.
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6. Research Facilities of RISE

D

6.1 Super clean rooms
A== )=V )L—Ls

Super clean rooms, partly class 10 at 0.1-um particles, are used for fabrication of advanced devices and LSI’s.
el T A AR LS DFRUWEIFA— =0 = = LTI D, ebIEEE D @I a13r77210 (1572
F7 40—k PIZ 0.1um LA EORIEEORI 23 10 HLLF) TH D,

A
|
IFTm
11111
wC _I
Cas
Entrance
Changing Changing
room ; room
Super Clean Room: —
in West Building

Measurement
room

West Building since 1988 East Building since 1998

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

VIR O Y — b — D, 7 — b — SRR ARIT 830m?%, B Y — b — NIy AR 2
DITIANTANZ—INREISINTND,

Super clean room in west building. Super clean room in east building.
PEA A — /=2 U — 2 Jb— A FRA == V) = b— A
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6.2 Equipment for advanced devices and LSI fabrication
FIHT INA AR ULSHESR D 1-b DRI

6.2.1 Lithography

VT S5I4—
€ Point-beam type electron beam lithography system € Maskless photolithography system
(ELIONIX ELS-G100) (Heidelberg DLA150)
A e — W TE — LT ~AJL AR

(=VUA =272 ELS-G100) Resolution 6nm (AT VL7 DLA150) Resolution 1um

‘ o —
.

@ Maskless photolithography system
(Nanosystem Solutions D-light DL-1000)

YAIVABNEEE (T /AT LYV a—ar
A D-light DL-1000) Resolution 1um
\ : tap |

Photoresist patterns by D-light DL-1000.
D-light DL-1000{Z 8 AL Y AR R —2
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6.2.2 Dry etching

FSATvFT
@ [CP (Inductively Coupled Plasma) etcher for Si @ ECR (Electron Cyclotron Resonance) etchers for Si
(YOUTEC) (KOBELCO)

SIHICP GFiEfE & 7T A~) =y F o /&
(

SIHECR (B A7t dng) =5 J4EE
L—7w7) Clp, HBr, Ny, Oy i I 7] 6E (= 844)  Clo, BCls, HBr, No, O, 5 FI6E

@ Si deep etching system

@ ICP etcher for highly selective etching of SiO;
(Sumitomo Precision Products) (AYUMI INDUSTRY)
SR =T 74 1E SiOHICPTy F o 7 4L
(FEACKS# T.2) C4Fe, SFe, Ar EJHATRE

(7=2IT2E) CFs, Ha, 0o, Ar fi I FTHE

L=

|

|

|'

@ ICP etcher for SiO @ RIE (Reactive Ion Etching) system for SiO

(SAMCO) (KOBELCO)
SiOHICP=y F 2 7 4k SIOyHRIE(SUREA A oy T o 7 ) HE
(Y 232) CFy, Hy, Oy, Ar i AT RE

(FFHUEH) CF4, Ha, O, fifi JH A HE
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@ ICP etcher for Al
(YOUTECQ)
AVHICP=yF o 74 &
(—7v7) Cl, BCl;, N, fii 7] HE

_=

€ Chemical dry etching system for
Si3Ny4 and poly-Si (KOBELCO)

SN OSIOH T IHNVRTA o F L 73
(e = S0 CF4, Na, O, f#i [ RE

-30-

€ Magnetron RIE system for Al
(KOBELCO)

A~ %o RIBE®E
(# A 8UEH) Clo, BCls, N, fd Al HE
: ' 3.

@ Plasma asher for removing
photoresist (KOBELCO)
VURANRER T IR~ T v v 74 g
() No, O FEFITRE




6.2.3 Oxidation, annealing, and doping
ERib. 7=—IU. FHEA

€ Oxidation and diffusion furnaces @ Ilon implanter
(Tokyo Electron) (ULVACQ)
WAL - PETBOAF A A EALEE Max 3500

(=L 7hry) Max. Temp. 1150°C

L

(7/V23227) Al B, As, P, F Z75 A AJRE

A= =

| o

€ RTA (Rapid Thermal Annealing) system @ Phosphorus diffusion furnaces
(Samco HT-1000) (SHINKO SEIKI)
b AV uBEE Sy VLR

(Y2 = HT-1000) Max. Temp. raise rate 200°C/s (FhPSFE %) Max. Temp.  900°C

e =

€ Annealing furnaces for general purpose
(Koyo Thermo System)

LA BLEREE E H,, Na, O,, Low Pressure
Oty —F v A7 &) Max. Temp.  1000°C

i

AL e JR

Training of oxidation
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6.2.4 Dielectric film deposition and epitaxial growth

HREERE TEAX S vIILEER
@ Low-pressure chemical vapor deposition (CVD) € Atmospheric pressure CVD reactor for SiO»
reactors for SiO,, SiN, poly-Si Doing of P and B possible (AMAYA)
(Tokyo Electron) SO, HERS il B FECVD
JECVD (LK) 7 (R =L 7 hry) (REUERT)  PRBEIUBR—7 flHE

Si0,, SiN, poly-SiHEfE A HE

@ Parallel plate type clean plasma CVD reactor for
SiN, SiO,, and amorphous Si (ULVAC)
ATVARR 7T X~ CVDIERE (7L /37)
SiN, Si0,, 7E/L 77 ASi HEFE A[RE

=

WIECVDY =t v T 4 v T RE

Wafer setting to atmospheric CVD reactor
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6.2.5 Metal deposition
EREEHER

@ Metal/dielectrics sputtering system
for BiSrTiO compound etc. (ULVAC)
BJEMERNEA S 2 T AL E
(7 v2327) BiSrTiO%:HERE rl 6E

- ey 3

@ Sputtering system for general purpose for variety
materials (EIKO)
A Sy IR E (2 A=2—)
RIS FHHERR

T~

6.2.6 Others
Z Dt
@ Surface-activated bonding system (EIKO)

RIETEE LG HEE (=1 2—)
Ar, H, Plasma treatment 7] fig

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

& JEBBCRR A A R B 7
(=A=—) Al Ti, TiN HEf& Al HE

. r =;- = “_

€ Vacuum evaporation system for variety of metals
(Donated: RICOH)

-33-

RZERAERE (V=)

Al SHERG T HE

Ay BY BT = T T 4 v TR

Wafer setting to sputtering machine



6.3 Characterization and diagnostics equipment

Al - T EE
@ Secondary ion mass spectroscopy (SIMS) system @ Total reflection of X-ray fluorescence spectrometer
with Cs and O ion gun (ULVAC-PHI PHI-6650) (Technos TREX-610)
QIRAF VBB HTEEE (TN 7 -T 7 A BRATH X HTEEE (Technos TREX-610)
PHI-6650) Cs, O4 i J&E(Cr-Zn) 10'°atom/cm?

@ Fourier-transform infrared spectrometer (FTIR) € Atomic force microscope (AFM)
(JEOL) (Seiko Instruments Inc. SP13800)
7=V IR S I RE R JRFRINBAME (BAa—Ar RV LAY

(A A&#E¥) Resolution 0.5cm™ SPI3800) Resolution Z:0.01nm, X, Y:0.1lnm

@ High resolution X-ray diffractometer ¢ X-ray diffractometer
(Rigaku ATX-E) (Rigaku RINT2100)
R X AR Bl

(V477 ATX-E) Angle resolution 0.0002° (V472 RINT2100)
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@ Ellipsometer
(Rudolph Research Auto EL)

TSI A—H— (LR 7YY —F Auto EL)
Measurable thickness > 10nm

@ Hall effect measurement system
(ACCENT HLS5500PC)

A= VR EHE (ACCENT HL5500PC)
Input impedance 10°Q

a
\ | =mii|

@ Spectroscopic ellipsometer
(J.A.-Woollam JAPAN M-2000D)

WV T I A—H— (Vz—r—T—T L
T¥ /% M-2000D) Measurable thickness > 10nm

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

XHBOLTE 4B
(KRATOS ESCA-3400) X ray source: Mg, Ka

€ High-resolution X-ray photoelectron spectroscopy (XPS) system (VG Scienta ESCA-300)
XHBRIEE AR (VG ¥ ESCA-300) Radius of analyzer: 300mm,

X-ray source: 4kW




€ Field emission scanning electron microscope

(FE-SEM) (JEOL Ltd JSM-IT800)

BRI i P A A - A

€ Focused ion (Ga) beam (FIB) system
(Hitachi FB-2000)

A (Ga)E — L AN T AE &

(AAEF ISM-IT800) (BT FB-2000) Min. beam diameter 10nm

- RN

R

€ Manual wafer prober (Vector Semiconductor) and

€ Semi-automatic wafer prober
semiconductor parameter analyzer (Keithley)

(Vector Semiconductor AX-2000)
BIF—F T E— N —

oA T AT H— (R F— B I ) N
HAENRT A= G =T FIA Y — (I —AL—)

SEMR— R B v 7 SEAD Y = v 7 1 v 7 i Y =aT VT B SIS AR E

Wafer setting to SEM load-lock chamber Measuring electrical properties using manual prober
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@ X-ray diffraction (XRD) €@ Atomic Force Microscope

(Rigaku SmartLab XRD) ( Bruker Dimension Icon)
IR AT X AR B4 & AFMJ5L-[H /7 B85 (771 20 —Dimension Icon)
(U %77 SmartLab XRD)

€ Scanning X-ray photoelectron spectrometer € Semi-auto probing system and semiconductor
(ULVAC-PHI PHI VersaProbe 4) parameter analyzer (MPITS3000-SE)
ERXHICE T I IEE BIA =TT VAT A KD
(73 7-7 74 PHI VersaProbe 4) N R /8T A 5T F 5 AP (MPITS3000-SE)

@ Ic probing system under an extreme environment, @ Test facility for high—frequency wireless

600°C. communication system and devices up tol00GHz

600°CHEEIE 7 m— 3 YSER/ T A—E T FF A 100GHZFE L FC O &) JE P8 15 - 7 7 N A ARFAM %
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6.4 VLSI CAD environment
VLSIE% &t FACADIR 2

6.4.1 Hardware
N—FxF

Workstations

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

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

mﬂ””lﬂ”l'!

Workstations for TCAD and LSI design
TCAD K OLSIT YA T — I AT —ar

6.4.2 Software
Y7

TCAD tools

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

Other simulators

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

LSI design tools

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