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NEC-SX5

HITACHI- SR11000

2 nodes 64 nodes 32

16 cpu/node 16 cpu/node

256 GFLOPS 6.96 TFLOPS 27.2
LINPACK 243 GFLOPS 3.32 TFLOPS 13.7

128 GB 2048 GB 16

64 GB/node 32 GB/node

1TB 21.4TB 21.4

10.5TB 16 TB 1.5
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Photochemical Reaction (TD-DFT)

Catalytic Reaction
Manoscale simulation system

Electron Correlations
(GW)

4»7'-(:

Ogranlc Charge Transfer Salts
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Development of Order(N) Programs

Hole doping into DNA
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Surface Dynamics

Ge/Si systems  Quantum Dots Adsorption of H on H/Si(001) surface

Self-organization induced by strain 1.62 psec

% 00000

Sub-surface diffusion of a Ge atom
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Transport through nano-structures

First-principles calculations for transport properties

Molecular wires Atomic wires

Peapod C60@CNT
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Transport: Effects of contact structures

Effect of contact site Effect of metal contact
1 .
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DNA: fusion of biotechnology and nanotechnology

hydrated Mg*™ vs. anhydrous Mg**
HOMO

Possible candidate for nano-structures
(1) Length (~cm)
(2) Narrow cross section (~nm wide)

(3) Self-assembling LUMO
(4) Conducting ?

self-assembly Circuits

L

—1®

(guanine) — C (cytosine)
(thymine) — A (adenine)

Nanodevice: diodes, tansistors
Dekker, PhysicsWorld, Aug. 2001 14



Photochemical reactions

Structural transformation induced by photoexcitation

Photoisomerization

91114

~J13
\)\/ \\/\\N

H

rhodopsm (retinal)
vision, photosynthesis

Photochromism

ab Closed stale

“*‘ *U’

J0HI sk 4N SO0 sk <TIME

I
(b} Oipen stute

Iﬁa

Photochromic molecules

optical switch

Time-dependent DFT calculation
oi(r,t+ At) = U(t+ A,t) ¢;(r,t)

X AFAL
Ut +A,t) = P[exp (-i / Hres(s) ds)]
t

photoinduced ring-opening of benzene

Photoexcitation enhances structural transformation
from crystalline benzene to amorphous solid (a-C:H).

How does the wt-nt* excitation affect the o-bond breaking ?
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Next generation CMQOS transistors

65nm CMOS
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Large-scale DFT calculations

Efficient and reliable method: Order-N method
Bulk Si (4096-12288 atoms)

300'05' AR AR Ge/Si(001)
o -~ :
O 7
&L -
o | - Hut cluster 12x12 (6.5nm x 6.5nm)
£ y ' on Si (8.7nm x 8.7nm) 3399
- e
D_ ‘_/"
O Lo~

Numer of atoms 14000

we have done SCF calculations on the
systems containing up to 16,384 atoms

Nano-scaled catalysts: small metallic
clusters on oxide surfaces
17



LDA

1.129 eV

(DQMC)

LDA (OFT) Y, 0.08 eV~900 K
DQMC 1.131 eV 0.002 eV~ 20K
o T‘\\l ot _/u
S e
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” Pb-32n2
NIMS

Pb-3212 Pb-3232

Pb2Sr2Y0.62 CaF2

Ca0.38Cu308
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@copper ion

pairing force

Na,CoO, yH,0

-

K,

K

X

C 1+
\ d-wave I3 -

f-wave

@ cobalt ion pairing force

T~

Physical Review Letters ,

In press
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Ti-50at.%Al

Zr concentration
Inoue, et al.,(1993)

NIMS-PJ

Gr (APFIM, TEM)
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Phase-field

2)0.8s" b)2.4s"

Fe-Cr-Co

field

F_e-4ﬂat°fn2-4ﬂat°fn0_ﬂ at 913K

Phase-

F_e-4nat qu-ilDat fi:G_o at 913K, (Magnetic aglng)

b)2.45' IS c) 85

Phase-field
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NII'V\Sl

ITBL
(IT-Based

Laboratory) PJ,
(JARI, NAL,
NIED, NIMS,

RIKEN, JST):
e-Japan

http://matex.nims.go.jp/
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I'T

NIMS!

For Gate dielectrics

For nano-fabrication

_ J Dielectric
EXp-analysis® .. functions

SV

APS

Nano-growth

' Properties

Phonon

=psiion
'rans

For MEMS

Nano-contact

http://www.fsis.iis.u-tokyo.ac.jp/theme/nanoscal/
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2010

10
nano second MD

beyond LDA QMC
TDDFT
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