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Aim and Background of Foundation
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The Research Center for Nanodevices and Systems (RCNS) is performing fundamental research
for advanced integrated circuit technologies and a new computer system. RCNS was founded in
May 1996 and is based on the research achievement at the Research Center for Integrated
Systems, whose scheduled term was from 1986 to 1996. Research objectives at RCNS are (1)
development of ultra-small-dimension transistors for tera-scale integration with a few tens of
nanometers (1 nanometer=10°m) gate length and a systematic study of the related device physics,
(2) proposal of new transistor structures and development of the necessary innovative fabrication
processes and materials technologies, (3) high-speed interconnect technology including optical
interconnects, (4) study on new system architectures for flexible, intelligent information processing
and the related component architectures such as high-performance multiport-memories.

The RCNS has been selected as the Center of Excellence (COE) on “Nanoelectronics for Tera-
bit Information Processing” based on the 215t COE program, in 2002. The scientific staff of RCNS
and the cooperating members of the Graduate School of Advanced Sciences of Matter intend to
form a COE for innovative research and education on information electronics by extending their
world-class research position.
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Organization of Research Center for Nanodevices and Systems
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Nanodevice Research Division

R TNKE B ZEREXE  FEHEERER)
Prof. T. Kikkawa , Assoc. Prof. K. Shibahara, Visiting Prof. (Domestic)

F/ T0tv AHEESE
Nanoprocess Research Division

iz #MLEF BEE PERHE
Prof. S. Yokoyama, Assoc. Prof. A. Nakajima
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Molecular Assembly and Materials Synthesis Research Division

AEREX

EEZER
Executive Committee
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Prof. H. Sunami

Director
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PrOf'(ﬁ':&h;vata System Design and Architecture Research Division
2B A9 N\URANTY BIEE NHET BEEHEGEN
Eﬁﬁ:ﬁ Prof. H. J. Mattausch, Assoc. Prof. T. Koide, Visiting Prof. (Abroad)
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Cooperative Research Staff (Faculty Members

FEMERE (HhKFE. £F)

Visiting Scientists (Universities, Industries
FRNERAZE HEEDEE
Cooperation within Hiroshima University Cooperation with Society
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21st Century COE Program

_ _ e o
TIEYMERF /ILIMAZHR EFHREHR | |
Nanoelectronics for Tera-bit Information Cooperative Research with Industries
Processin
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t%ﬂiﬁuﬁﬁ%ﬁﬂ'%ﬁﬁhﬂ' Regional Joint Research
Graduate School of Advanced Sciences of Matter . o
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Graduate School of Engineering Interuniversity Cooperative Research
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Graduate School of Science
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Hiroshima Synchrotron Radiation Center
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Venture Business Laboratory

International Cooperative Research

T/ TY/BO—HREXE
Nanotechnology Support Program
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Research Areas
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Nanodevice Research Division
Development of ultra small dimension transistors with a size of a few tens of nanometers and related
nanodevices for a tera-scale integrated system consisting of memories and processors on a single chip,
and research on advanced interconnect technology, wireless interconnect technology and optical
interconnection.

(2) ¥/ 70t AHEESE
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Nanoprocess Research Division
Development of atomic-scale process technologies, and study of atomic-scale, in sifu monitoring
technologies for extremely large scale nanodevice integration.
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Molecular Assembly and Materials Synthesis Research Division
Study of self-assembling processes utilizing specific physical or chemical nature of a source gas or a
substrate surface, by which nanostructures are integrated to realize functional units such as memory and
logic.
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System Design and Architecture Research Division
Study of memory-based flexible and intelligent information-processing systems in which data
processing is carried out by interaction among ultra large scale memory units and is controlled by
network cooperative processors.

SAT LERE T — T OF v AL
System Design and Architecture
Research Division

F /T84 R R AL
Nanodevice Research Division

it NPT
Nanometer Transi stors

AFRYAN—RAVE1—FT7—FTV F¥x
M emory-Based Com puter Architecture
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Optical Waveguide
(long range)

)/ mEs G
Metal interconnects
(short range)
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Self-Assembling Process
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Atomic Scale Process
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Nanoprocess Research Division
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Molecular Assembly and Materials
Synthesis Research Division
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Research Divisions at RCNS
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Research Themes

. F/ TNA XM (Nanodevice Technology)

FI/A—=B/TAX LR A —a%T FOWE
(Nanometer-scale / Wireless Interconnects)
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(Nanometer-scale MOSFETSs)

= RITILIAMOSFETDERZE
(3D-MOSFETS)

) UFHEET N RDHEE
(Si New Functional Devices)

SERHRLS | DERAFR
(Optically Interconnected LSI)

. F/ 7+ XEHiT (Nanoprocess Technology)

MOS k5 >R ADMHMIETOERDHAE
(Fabrication Processes of Nano-MOSFETs )

ESARERT— MEBERORFRAREDOHR
(Atomic-Layer-Deposition of Ultrathin Gate Dielectrics )

ZREREMHE IOt XADOHME
(Interconnect and Low-k Materials and Processes)

SINE
(Takamaro Kikkawa)

& RBERER
(Kentaro Shibahara)

AREX

(Hideo Sunami)

P ERE
(Anri Nakajima)

IS
(Shin Yokoyama)

G- {ITES
(Shin Yokoyama)

P ERE
(Anri Nakajima)

HINRE
(Takamaro Kikkawa)

D FEREBBERMT (Molecular Assembly and Materials Synthesis Technology)

BBt 70w RICL BT/ BEMBEOHE

BB AEREX

(Fabrication of Nanostructures by Self-Assembling Processes)
(Seiichi Miyazaki*, Hideo Sunami)

* K20 e im i E Rl £ W 28§} (Graduate School of Advanced Sciences of Matter)

DRTLERE - 7—F TV F v i (System Design and Architecture )

ZIR— AT OHR
(Multi-Port Memories)

BEAEYOHE
(Associative Memories)

AEYR—RZEOHE
(Memory-Based Learning)

B 57 E & it DBt R
(Picture Segmentation and Feature Extraction)
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Nanodevice Research Division

+/ A—ZAMOSFETDO#Z (Nano-Meter-Scale MOSFETS)
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We are conducting research on technical problems due to MOSFET scaling. MOSFETs with ultra-thin
gate oxides and 30-nm gate-length have been developed. In order to pursue the improvement of the

performances, source and drain ultra-shallow junction formation and work fucntion tuning of metal gates
are conducted.

1B5% 4" — FERIEIR (Ultrathin Gate Oxide)

F7E 1. 2nm7— MERILIEZH 95
MOSFET D I i TEM G- B

Cross sectional TEM image of MOSFET
with ultra-thin gate oxide (1.2 nm).

Sha ez 29 57— M
30nm MOSFET 0> 7 i TEM 5 5.
Cross sectional TEM image of MOSFET

with ultra-shallow junction using Sb. Gate
length is 30 nm.

124 (Ultra-Shallow Junction)

BOEAZE HWCShIREREAS L 75— b
F——F v TR EBXEREE ) 2
3 7-MOSFET D ¥ i TEM G- &L

High current drivability MOSFET with Sb ultra-

shallow junctions, where overlap length between

gate and the junctions is intentionally increased

by tilted ion implantation.

L—H7 =— L TR LB E DR S 5
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In-depth profile of B-doped ultra-shallow junction o 2De tg [nm]“ 5 &
formed by the laser annealing. Ultra short duration P

annealing in the order of nano seconds leads to little
diffusion of B.

A B LT — bk (Metal Gate)

No Irradition

B Concentration [x102 cm-3]
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Cross sectional SEM photograph of 80 nm

gate made of Mo instead of poly-Si.
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In-depth profile of N in Mo gate MOSFET. Nitrogen 1020 30 40 50 60
diffusion from TiN on Mo gives rise to nitrogen Depth [nm]

pileup at the upper interface of SiO, that leads to

damageless workfunction shift.
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= RITILAMOSFETDREZ (3-D MOSFETS)
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Research on three-dimensional (3-D) MOS transistor has been carried out aiming for higher performance of ULSI
device, larger current-drivability in particular.

T AR NSO B — A
FX RNV NT VAL
poly-Si Gate A beam-channel transistor
having an H/L=1.0um /
0.2pum.

Source Drain Gate

V—A@SHE S — NRLOT A7 M
H/LOE R % B & L7=S0I(Silicon-On-
Insulator) BY—AF ¥ X)L FT TV AH
An SOI (Silicon-On-Insulator) beam-channel

transistor aim.ing for higher aspect-ratio MESONm, 1.0 mo ) 2 B A A SUATERR L C A 7
HIL, beam height to gate length. 0 OBRBEH A KA T L T DR

A corrugated-channel transistor with 31 silicon beams of 80 nm in width
and 1.0 pm in height resulting in several-times larger drive current.

) D UEBERET /N ADBARE (Si New Functional Devices)
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For next generation ultra large scale integrated circuit (ULSI), researches of new Si functional
devices such as Si quantum devices or single electron transistor (SET) are carried out.
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BT N7 YU RZDOSEWE % VN FZEXNOREH 1
SEM image of Si SET with double side gates and a highly EXNOR characteristics of the Si SET with double
doped narrow channel with an array of nanoscale islands. side gates.
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Research on wireless interconnection for high speed clock and data transmission between ULSI chips is
conducted. Silicon integrated antenna and ultrawide band (UWB) transmitter and receiver circuits using

Gaussian monocycle pulses can transmit ultralarge capacity of infasmation, .
2 g::::::; Gaussnan monocycle pulse ]
;‘ -
£ 10
§ ]
g o
S 1
>
5 10 -
s 4
3
© -20 Input pulse voltage = 500 mV |
Impulse formmg network x2 A
30 R .
. 0.0 0.5 1.0 1.5 2.0
ULSI - Chlp Time [ nsec ]
e . 2.0 T
Ty : %57 7). Transmitting antenna [ input pulse voltage = 500 mv ]
B i [ Gaussian monocycle pulse ]
Ry ZRT T Receiving antenna 1.5 [~Calculation : Fourier transform 7
LV a R EICERBL LT T IS L D ERO . L ]
-~ N N °
Bl CEBEEM Ca I 2 =7 —T 3 UV ATRE 210
Wireless interconnects integrated on a silicon substrate g
can transmit signals between ULSI chips. 05 | ——Channel 1
L —— Channel 2
S CAR LN 1 f(Capacit b ]
C=Blog,|1+ Haw **1~‘( pacity) N A T T T
2 B 5 Dk (Bandwidth) 0 5 10 15 20 25 30
S/NZ{%%%%J:E(S/N ratio) Frequency [ GHz ]
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According to Schannon’s theory, Gaussian monocycle pulse which has an ultrawide band can transmit ultralarge
information density.

FEERELS | DHEZE (Optically Interconnected LSI) forage ¥ Oumut
Electro-optic \ I ol
Material
IR i EHC, YRR B L C B IRER R NE O, 1 N\ =
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For the optical interconnection the signal delay is not increased with @& e22ikl & U o 7 iR 4%
increasing the number of fan out. Therefore, it is suitable for the W= A A F
massively parallel processing. As indicated in the figures, we are Ring resonator type optical switch
focusing on the research to integrate the optical switches using electro- ~ using electro-optic material.

optic materials, for which the refractive index is changed by the applied
bias, on the Si chips.

Si;N, waveguide Photodetector

Optical  switch using ring T ist
ransisior - Giobal optical l

resonator
Electro-optic
material

interconnection

R

v
ol /
=~

Metal electrdde

TERL7= D 73RS

Fabricated ring resonator.

Sum

Si substrate

BEOLEE ((Ba, S Ti0,) & FIL =

RRELTWDIEAL v F 2R L TOEBIRRLST SIS DS
The proposed optically interconnected LSI with optical switches. Output light from the waveguide made

of electro-optic material ((Ba,Sr)TiO3).
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Nanoprocess Research Division
RFEBRET— MEBIRDOBZR

(Atomic-Layer-Deposition of Ultrathin Gate Dielectrics)
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For high density device integration, development of high-k gate dielectrics are inevitable. Researches of
atomic-layer deposition of such gate dielectrics are carried out for high reliability. ZrO,, HfO,, Si nitride and

their stack structures are studied. 104
Boron —
£ 103 S0,
6 =
3 TOX—2.O nm .\
2 .
; =10 : BD
ALDSI;N, 5 B ' ALD
Sio, § 101 : Si-nitride/SiO,
- 8 3 : T ,=2.2nm
source \\\_&\\jiifi— s X q
10° - SBD to HBD evolution /HBD
Si-substrate o'l
0 10 20 30 40 50 60 70 80
N . . N 4 . Time (s) )
JRF RS 1 2 AL, /S10,2 & v 7 /7 — bR & BT AR ST LI/ S10,2 % v 77 7 — |
Schematic of ALD Si nitride/SiO, stack gate dielectrics. FERR N D HE R A AT
Time dependent dielectric breakdown characteristics
of the ALD Si nitride/SiO, gate dielectrics.
MEMT 70t ROHE =

(Fabrication Processes of Nano-MOSFETSs)
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Small size contact hole formation and metal filling into the
holes are studied in order to connect the source/drain of the
small MOS transistors with the metal interconnection.

TR Li=fiia s 2 7 hak— b &

Fabricated small contact hole.

ZEEGEMHTOERDOHME
(Interconnect and Low-k Materials and Processes)
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ULSI interconnect technology requires low- resistance metal and low-k dielectrics so that novel low-k
dielectric films such as photosensitive and self-assembled low-k films have been developed for the next
generation materials.

200nm

TR
$4700 15.0kV 12.4mm x60.0k SE(V) 2002/10/07 15:09 500nm

RIS B R BRI E e — A L pmpen T H CHAMEEBHEER — 7 X Low- I O Wik

Electron beam lithography of photosensitive low-k dielectric film. TEM'EE ) . Lo
Transmission electron microscopy of periodic porous

low-k dielectric film.

-9.



o FEIaE R R R

Molecular Assembly and Materials Synthesis Research Division

FELZHEESKE - EFREOEREI T EBBHHOHE
(Precision Analysis and Control of Chemical and Electronic States at Interfaces)
ik AR — MERERIEEM A T N AOFEBITET, EEERRERA~T n S HIC BT DR
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For high-k dielectric gate stack and optoelectronic devices, process technologies for precise interface control
have been developed based on the analyses of atomic-scale chemical structure and electrically-active defects at
the interfaces and hetero-interfaces.

__107 n-si(100) ] W E AU RS AT LD 5 B R MG B . Ozi\}\“@@ﬁi‘
B | M maetem o0 A HIO,/SIN,/Si(100)A% > 7 M0 R FE O3 A |2 BV E T 58,
E .| As-evaporated ngh sensitive measurements of defect states by total photo-electron yield
g’ 0-annealed \ spectroscopy. Impact of O, anneal on the defect state distribution in the
E 300°C HfO,/SiN,/Si(100) stack structure.
> sl 500°C

10
§ 600°C Sizp Take-off Angle : 90° 0 ?}kkfﬁﬁﬁf"ﬁUDHfO /SiN, /Si(100)
g S 25 I W DX BT TS,
o'l el RERACEURDHEFTI S TNFL T8
5 gé‘ S L
‘*10,‘};- | X-ray photoelectron spectroscopy of

4.0 4.4 4.8 5.2 5.6

HfO,/ SiN,/ Si(100) stack structures
PHOTON ENERGY (eV)

0y-annealed

PHOTOELECTRON INTENSITY (ARB.UNITS)

600°C As- before and after O, anneal. N atoms
syaporated diffi ith progressive interfacial
500°C 1 . use_ with prog
oxidation.
300°C
104 102 100 98

BINDING ENERGY (eV)

HEeMSt 7o RICKBSIEFFIYNTERMEATDHAE
(Si Quantum Dot Memory with Self-Assembling Synthesis)

S THHNNTEEER R R OYE L EOMEE AR AL T A OIS, RiE-CmB e S 2 R0 s
e D FEA I 28> TND,

Self-assembling synthesis of functional units such as memory and logic is being studied utilizing self-assembling
processes in which the specific or chemical natures of a source gas or substrate surface control the reactions.

Pt -Ir STM Tip
Hy: 107Torr Discharging Alter Dischargea at V4V Va=somY
Vg—T"W 1o Vg Sweep Rate: 9.1mV/s
E Irépoly-Si V(TFSO"‘V z
............. L
L N E 10
Tip Biaq : < 0 o —— ]
=-10V N L E 108
\ B 3
lerVg Measurement Z 0" Vi, SHIFT
o
Tunnel Current : 0.5nA Vg=50mV Lol B
OHI ¥ B\ S [ ssssss
g L] NS td ‘ L/W=0.5/10pm
- 6) 1" L L
Qs 2 45 4 05 0 05 1 15 2

= GATE VOLTAGE (V)

KBRS CSTM Y 1 — 7 | KD AT E Il L SifE 7Ry MR MEATY OREIESSIE TRy b

THEXULFERIICOHM IR TR L 7-Si0, K H AEFMAT)OEE
An electro-chemically OH-terminated SiO, Structure of non-volatile Si-quantum dot memory
surface formed by STM probe in H, ambient. and its characteristics of the memory operation.
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System Design and Architecture Research Division
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In order to realize memory-based and intelligent information-processing systems, research focuses on multi-port
memories, associative memories, memory-based learning as well as system architectures with visual recognition and

learning capability.

ZR— AT DHAE
(Multi-Port Memories)

REWRTUE LT 7 HANRY NigEbBEETHUVAT A
DERZRE T H72Dic, Fxld, DEBENSKT 7 &
ABEHER CEBWRLT LS AV FR— b AEY T —
XTI F AL TCVD, EEGBERRITYA 71
TRy FDVIRIT 7 ANRF Y vV a~DISHIZHE
THHIEBIT o TV D,

To satisfy the system requirement for large random-access
bandwidth, we are developing new multi-port-memory
architectures, which realize small area consumption as well as

FoRE  NE-R ECF E—REE low access-conflict probability. Conventional applications such
Hierarchy Level 2/ p ierarchy Level 1 as register-file and cache for advanced multi-issue
EA Blockleee[ |Blockl | & _|| Cell || Cell microprocessors are also studied.
Za =X
[ 0 v = 0 0
oa| i i g i : Technology 0.18 ym CMOS
= — .
%“" Blockl...| |Block z =l cell |..| Cell Routing Levels 5 Al Layers
= Supply Voltage 18V
) Die A 58mm x 5.8
Conflict ||Colum Sew Address ||Y-Decoder (1 Port) ©© frea mm mm
Resolver (N Port) Connector|[ Data Connector | Port Number 4 Port
T -1 % .- % T -1 $ -+ % Storage Capacity 128 Kbit
ﬂ;m. ﬁ H. m_'m' ;_’_m' Bank Capacity 2 Kbit
FTELA F—=5 TELZ T4 Bank Number 16(Tag) + 64(Data)
Addresses Data Addresses Data i
Level 2 Level 2 Level 1 Level 2 Word Length 16 or 64 bt
Cycle Time 2.5 nsec
BEHMER—- AT T —FT7F % 4R—=bXv v aDF v TEEHI

Hierarchical multi-port-memory architecture.

Elp\)‘ = U O)E}l:j'b
(Associative Memories)

SC = Storage Cell

Design example of 4-port cache.

FNHES AT LD EE L RIELT 5729

(CEERIEARERIT

WHEEAEY T —FT 7

F

Search Word (W bit) UC = Unit Comparison Cell
SCi1 | SC12 SCiw
uc uc 00 uc:
b | ar ] 1w
° SN Winner —PLA‘ Winner
2 WC1 ——,
S N F Line-Up Take All
@ | SCz1| SC2| | SCow Amplifier Ciruit
4
e UCz1 | UC22 UCaw| ¢, N (WLA) LA, (WTA)
'g WC __
F
a8+ 38 3 3
= o o o 8 8
o o o
& | SCr1| SCr2 SCrw
UG 00 UG
UCr1 R2 RW| g LA
\ »| (OrderR |=2Ry[ (Order R
WCRr __ C(orr:pleerxity) C(orr:pleerxity)
Column Decode and Read/Write|  F
(W Columns) En

Fully parallel associative-memory architecture.

HEAEY THD, Fxld, V7 AZ A L TOBEEZED A HE
7R FRUNEFRGERA T Y 7% T 7 Ty A L TN D

An important basic component for realizing the recognition functlon
of intelligent systems is the associative memory. We develop a fully-
parallel compact associative-memory architecture to enable real-time
recognition even for objects in motion pictures.

0 Winner-Loser Distance
\ (=
—= 250 .
— = ® o1 B!l
M1 -g: g A 10Bit
E | = = 200
2 £ = S Q
M g £l —5 @ 6
25| > N~ & 5 o)
2 o 5 0 150 QQ
s g — ) °©0o g0 Q
g |2 c a 4
8 £
< 100
| Mr,, 10° 10' 50 10° 10°

-2 ‘ - Winner-Input Distance (Bit)

~rny 2 UHEE 1 2 8BTS T HT ANy TG
Manbhattan-distance test-chip design with 128 reference patterns.
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S — = 7o
AEIA—RAFZEOWR S A ) 1R BILE By BE e
(Memory-Based Learning) H’Fiu%fﬁo’(b\é CREERTAEDIC, Bl IE AR
SR AR LT IR b R O A
J\LTb\éo

Intelligent information processing systems require a learning

.Associative X o o X
function. We study the possibilities of realizing learning as an

o Memory "
s
start .

data : addition of the associative memory. For this purpose an
input H o o . . .
T : organizational principle, as e. g. short- and long-term storage is
A : added.
winner =
(best-match) | =
search o . Pattern-input
& Recognition,, Pattern Learning |, front-end
: Decision 1 : H '
: input—winner larger then® & new-data : - "
H distance ? threshold & algorithm : Pattern feature ecognition
: - P Tput not i extraction unit result output
. smaller than recognized : known
..: threshold : ' fpattem
3 { Associative memory recogpnition
: SToretErm H decision unit
winner in short or Iong Shortiterm memory  —| * - know pattern storage oW
algorithm : - nearest match search pattem
o adaptive pattern
long term ﬁ;‘gr‘nz:;“ | ] : learning unit 3400um
S input recognized algorithm K new mfemnce paltem

----------------------------------------------------------- .

BTN Y X LOH 6 4B x— (RMEME4 0, EMEE2 4) O LRO¥E T
Example for learning algorithm. NVAY XLERBLIEBAETY T A NF 7
Test chip with 64-pattern (40 long term, 24 short term memory)
associative memory realizing above learning algorithm.

E{E N E) L3 O/ MEEFHLBE O D07 v NI TV AT HE LT, U
(Picture Segmentation TNE A AEGRIICOW TR AT > T\ D, 2D LD
. IR AT BT, ﬁuf%)@% EAEY R=2ADFH
and Feature EXtraCtlon) BERRICIN 2 T, Hifesy &%E@I;];Hﬂm@%é ERNBETh 2,
Z T, #x 5?11%*,34575)%‘5] AT O T & DS FTREZR iG]
RS OB LW FELBUEFZEL TV D,

Real-time picture recognition is investigated as a prototype
system for intelligent information processing. In addition to the
associative memory function and memory based-learning, the
functionality of picture segmentation as well as feature
extraction is necessary for such systems. Therefore we are
developing new methods for picture segmentation and feature
extraction, which allow easy integration.

Input image .-~

Image processing front end

Pre-processing
block

Moving object
tracking block

Image Segmentation Cell Layout

Image seg-
mentation and
extraction
block

Object feature
extraction and
modeling block

Image/pattern
recognition block

i Register
T ‘B I Block 3

4——' Input/output control block }4—

iti Input Image Size: 640 x 480 (VGA image) (in case of SIA)
Recognltlon reSUlt High-Speed Processing: 7.49 msec@ 10MHz (simulation)
Low Power Dissipation: 30 mW@10MHz (simulation)
3RS AT L O B ENT A NTF v T
System overview for picture recognition. Picture Segmentatlon test chip.
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AREREMMERFARBIFEERERTHFZERICE(T5HF
Education at Department of Semiconductor Electronics and Integration
Science, Graduate School of Advanced Sciences of Matter

T TS A AT AR o F — BT KRB R A SRR S R RR A TR L
TWb, TRt F /) THAAATE, ;7 7uvw AT, 5/ BT, MEEERRI T5%0 4 SH9Ey
BHZIBWTHIEIZ T T2 < R ERREEE b1T-o T 5,

Faculty members at the Research Center for Nanodevices and Systems belong to the Department of
Semiconductor Electronics and Integration Science, Graduate School of Advanced Sciences of Matter, Hiroshima
University. Nanodevice Engineering, Nanoprocess Engineering, Nanoscale Integration Engineering and
Intelligent Integrated Circuits Engineering Laboratories conduct not only research but also graduate level
education for M.S. and Ph.D. degrees.

REREHDERZHARE FERERHNFEROHRE
Laboratories of Department of Semiconductor Electronics and Integration Science

MR=E BEMRAS EEE 4o
Laboratory Content of education and research Staff
EFHEEFHET /N1 R ik
EFFERIZE Silicon-based novel functional devices = lllﬁ ) ﬁﬁk__ .
Semiconductor Devices and with quantum structures SCIIC%I;MIyaZ&kI
Materials BUMT /AR - TOER R A
Materials and processes integration Seiichiro Higashi
) BTN RETY T =% &T
BT /N R TS MOSFET modeling Motk 1\’;
Ultra-small Devices HIEETINA R ﬁélltjll 0 ﬁl;ga
E . . . . =
ngineering dogllszl and electromagnetic response Katsuhiko Higuchi
HEERIEVATLAIZE 7+ag - 7T OREBEBRHRE =H B
Integrated Systems Circuits and design for analog and AD Atsushi Iwata
mixed LSIs ERR ST

Mamoru Sasaki

. 1EIRMHE T /81 R Il BE
+/ T/}ff XI.—'“‘F . Ultra-small nanodevices Takamaro Kikkawa
Nanodevice Engineering DA X LREEEGE - &G ZE EAER

Wireless signal transmission and high-
speed interconnection

Kentaro Shibahara

. =TTt
+/FotRTH RFR7—)LMIEM - 5/ TAER | gLy ovama
Nanoprocess Engineering Atomic scale fabrication and nano process e gm

Anri Nakajima
T/ERBRIF BRILAEBEREEREDT /N R v [ S S
Nanoscale Integration 3D-integrated circuit devices Hideo Sunami
Engineering
HEEETEE IR T AEY R—XDHMEEIHIROIE, A2 H. J.

Intelligent Integrated Circuits

Engineering

LS| EIBRERE

Memory-based intelligent
information processing and LSI
circuits design

Hans Jiirgen Mattausch
VAN R i
Tetsushi Koide
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Facility of Research Center for Nanodevices and Systems

FEEY 1) — 2 )L—LNED (West Clean Room) HigY 1) —2I)L—LRER (East Clean Room)

BYEHE (Area of the Buildings) B4 (unit) m2

(5232 (Building sy—vn—L|  BEHEEE |- \
Construction) Clean-/Room (OfﬁcEe&Rg;. Area) i (retel]
BRI S R T LB
2 5 —BEEHE(West 520 790 1310
Building) (1988. 12)
FIFRLAR - VRFL
MRt 2 —HEER i
(E:'st B:ilding) (1998. 10) it [ 1770 Laboratories
| &t (Tota) 830 2250 3080 | FERE - I
1) —2IIb—L% 5 R (Clean Room Class)10, 0.1 um Ea TS |
A EERE - iR
ERE - iR
EERE - IRE
MR=EE ﬁ@f@g@j — 1\ (2
=WestCleanRoor=— 3 m
%‘“‘E‘J‘é‘ —
7afE  (West Building) HiE (East Building)
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FLEE

Principal Equipment

i NI kRS S
Onidion fomacon an lo- RN
pressure CVD reactors i A AL B lon 1mplanter for doping (As, Sb, B,
’ Rapid thermal annealing system In, Si, Ar, He).
for dopant activation (Samco HT- 200 keV, 100 pA (ULVAC IM200).
1000) 200°C/sec.
"‘I‘”\n - g |

-
~_v—'(

TBsAl /S 2 — L JERR DT 0 D K Z
ATy F T KE
Dry etchers for ultra fine patterning.

” AT S
Lk Y 2 AP i-line optical stepper (Nikon i8a).
F¥—

ICP etcher for poly-Si.

PR G RHEREH A /X & 4
Sputtering system for metallization
(Al, Ti, TiN).

P BMEIBIREE BB lithography — —yk ¢ L BT B /34798 Secondary AP 1t ﬂzfﬁﬁf{fﬂ

system (H1tach1 HL-700DID). £/I>  [on Mass Spectrometry (SIMS) Transmission Electron
#iiE (Feature Size) 50nm. (Phi 6500). O and Cs beams. Microscopy (TEM, Hitachi HF-
2100) 200k V.
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Hiroshima Airport

JRILFG A £
JR Sanyo Line

LRZEHE I

Bus 15min

FESRER
Saijo Station

IN_ES

Hiroshima Station

ERS

To Hakata X X
Taxi 10min

or Bus 15min

\V4

35 min 10 min

BT8R
Shiraichi Station e E[EIL
To Okayama

Taxi 30 min

(¥7000 55)
AV4

FITNAR - SRT LR 2 —
Research Center for Nanodevices and Systems

4}

LIPS HTERR Taxi I](I)min

Sanyo Shinkansen

RIG&ER HARER

Higashi—Hiroshima Station

Shin—-Osaka Station

15 min

- JRILFEAHRIE B ER A © FASER E T3IHS

- BRRFELBUGHFRRLERMN 5. R (A
ARRATE) FEF252—T10~15%

CREEHEKY A D —TH304(¥700055), F1-
£/ R TIRETHERZHK1 R

- BTRBRER AN 5 LU RS HTER R T R IL B ERAE B KSR

LBERESF/TFNAR  SRATLHEEV R —
T739-8527 HILBETHEEL1-4-2
TEL : (082) 424-6265

FAX : (082) 422-7185
E-mail : rcns@hiroshima-u. ac. jp

R—LA~R— Home page

2 hour 20 min EHER
To Tokyo
« 35 minutes from Hiroshima station to Saijo
Station by JR Sanyo Line

. 10 to 15 minutes by bus or taxi from Saijo Station
or Sanyo Shinkansen, Higashi-Hiroshima Station

= About 30 minutes by taxi (about  ¥7000), or about
1 hour by bus and train via JR Shiraichi Station
from Hiroshima Airport

* About 3 hours via Sanyo Shinkansen Higashi-
Hiroshima Station from Shin-Osaka Station

Research Center for Nanodevices and Systems,
Hiroshima University
1-4-2 Kagamiyama, Higashi-Hiroshima 739-

8527, Japan
Phone :  +81(82)424-6265
Fax : +81(82) 422-7185

E-mail : rcns@hiroshima-u.ac.jp

. http://www.rcns.hiroshima-u.ac.jp/
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