Table 2-1 Obtained total energy difference for C-face 4H-SiC.

ideal ideal, spin | m-bonded chain
AE (eV/1x1) +0.345 | Ref. -0.033
Table 2-2 Obtained total energy difference for Si-face 4H-SiC.
ideal ideal, spin | m-bonded chain | buckling buckling, spin
AE (eV/1x1) +0.248 | Ref. -0.026 +0.131 +0.121
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Energy (eV)

Fig.2-17 The structure model of mbonded chain model for C-face (a) and Si-face (b), and the
buckling model for Si face (c). The band structures of ideal surface for C-face (d), m-bonded chain
model for C-face (e), ideal surface for Si-face (f), m-bonded chain model for Si-face (g), and the
buckling model for Si-face (h).
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Fig.2-18 SiC(000-1)C/tridymite-Si
structures. Blue, yellow, and red balls represent Si, C, and O atoms, respectively.
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COESBENKIBHIZECT-IEE . REMEL SiC-1/E (bilayer) R BETHEELIZHYER
CRELRmEEFHEEL (Layer by layer B&1b) . BEDBLIEN RSN DAIREMELH D, BT
ACXOHEERFELTIE. HERE. MRS E. EARDTFEOBRGENHY . FBELHIHEHG
DEHIIESEDIIaL—aVRBETH S, —A. SiC(0001)Si/Si0, REEED R mAEICEAL
FBESFIX.BLEHEDOE—REMD VIaL—a aE{To1¢l5, BEL TSI RFICHE XL
A\ REEBEEEZ 5L, BBIERIGIETEF LM o1,

Si $ & y
Fig.2-20 An SIC(OOO 1)C/SiO2 interfacial
structure at 25 ps of the 2500K MD simulation.
Four Oz molecules have been introduced at the
Fig. 219 A snapshot of the MD steps in an interfacial region. The interfacial Si atoms at 0
oxidation process of SiC(000-1)C/SiO: interface ps and O atoms of the introduced O, are

with an Oz molecule at 2500 K. Purple balls are represented with light blue and light red balls,
the introduced O atoms respectively. We can observe an empty space (a

red ellipse) at the interface.
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Fig.2-21 Side views of models of SiC/SiO: interface (laterally duplicated), a) C-face model
having C-C bonds and b) Si-face model. The SiC part of these models consists of four SiC
bi-layers (12 Si(C) atoms/layer), with hydrogen atoms for the bottom layer termination; the SiO2
part consists of a layer of SiOs4 groups with hydrogen atoms for the oxygen dangling bond
termination. Silicon, carbon, oxygen, and hydrogen atoms are depicted in purple, gray, red and
white, respectively.
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Fig.2-22 MD snapshots of the Si02/SiC interface models (laterally duplicated) after being
supplied with 10, 20, and 30 oxygen atoms.
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Fig. 2-23 Schematic representations of the typical chemical reactions at the Si02/SiC interface
region with the lower and the higher level of oxygen atom supply.
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Fig. 2-25 Chemical structures produced at the SiO2/SiC interface region.
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FRRE DS MD it E%1To7=(Fig.2-26) . BRLIEE T D SiC [Z[E C-C #EEZ/EY . FEFREAIE
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Fig.2-26 Snapshots in a MD simulation of SiC(000-1) surface oxidation by Oz molecules. Light
green, yellow, red and white balls represent Si, C, O and H atoms, respectively. Initially, a part of
the surface is capped with a thin SiOz layer and the remaining surface area is clean. At 90 ps, the
C-C bond region beneath the oxide layer is enlarged.
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Fig. 2-27 Snapshots for Si oxidation simulation:
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FYBRBLBIEENERSNSTREENH D ENRESINT-, S512, BEMEEEHDORYAH
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(2-3-3)  SiC BRILIERFREERIIZEE T SR
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RETIE Fig. 2-28 (a) DKSITHEFR C RN HILARZIILEF R L= C RFE. Fig.2-28 (b) D&
(2200 O [RFHEMLI- C RFI2EHEEHFD Co=Co RIE/RE D SiC IZEF Timl RHa%E
fEAL. MERIN T[S, LA L. RGO BATHBEN RMRERICRIZTEELGEICETS
MEIERETHATHS,

CCTIE, £ITHAE[6I TRV -FREEEZHIRL. 4SiC bilayer ZEBML 333 RFOREE
EEERL. BRTHEEDEEEZHETLIz, COBEDMEM T, Fig. 2-28 ()DL 1-10I1ZRT O R
F(Z C #BMLT= Ci RMa%. Fig. 2-28(d)D LK 1-8 IZ5RF 2 DD 0-0O FEEEM 3 Angstrom FREH
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85



\ 7 (b) Co=Co

Energy (eV)
& A M o M A O o®

Energy (eV)
b A P o M B o o®

0 10 20 30 40
z (Ang.) z (Ang.)

30 40

o
o
n
(=]

Fig. 2-28 (a) Schematics of Ci defect. (d) Schematics of Co=Co defect. (¢) Calculated defect level
distribution for Ci defect at Si-face SiC/SiOs interface. (d) Calculated defect level distribution for
Co=Co defect.

Table 2-3. Calculated results of the total Table 2-4. Calculated results of the total
energy difference (AE), and O-Si distance energy difference (AE), O-O distance (do-0),
(do-si). and dihedral angles along C=C (0: and 02).
Label | AE (eV) do-s; (A) Label[AE (eV) do-o (A) 6; (deg.) 62 (deg.)

1 0.000 2.264 1 0.000 2.649 14.32 34.72

2 | -0456 2379 2 | +1.157  2.958 19.31  82.39

3 -0.553 3.191 3 | +0.639  2.680 39.31 76.35

4 | -1L196  2.847 4 | +0.847  2.997 2.54 22.42

5 | +0.121 1911 5 | -0.326 2617 1.77 3.55

6 | +0.018  2.886 6 | +0.622  2.698 16.50  39.18

7 | -0351  2.761 7 | 40.568  3.035 452  19.21

8 | -0.720  3.135 8 | +1.036 2923 5726  62.33

9 | +1.182  1.983

10 | -0.830  3.183

BONT-RMGERD % Fig. 2-28(b). (D TFTEIZTRT, LDOS [FEBEFREDLD T, RiEE
PDAHAERIZEZANTH S, CORIZEVWTHTREINTWSHE NN RF T THS.Ci X
FMaDiE &L, SiC EEFDEMEENVEXF Yy ThDOMEFH I RMEEMEEC TSN, 5
RILHY 5.9 DK O-Si FEREA 2AUTENSKEBBIZTONTRIGEMMA T AICEEILTLIEN
PMND, CDEE.SI ITREFIZEY. O-Si DFFEMEERICEYTAICBEILTWWSIEA DM
fzo —H.Co=Co RMEDBZEIESNILMN 2. 3.8 DKIBREL_EAEFHFOEEIZHLVTSIC DX
Yy TRIZRIGEMEECHIZEN S Motz T, REMNODEHABENSE Si0, /A\VFDEL
[ZIECTRMBEMEEEOMNZEILTOIDO DM B,

FRIE. COMIZ. SiE C=C TEMRLI-LDEE. HILRVEBIZXTIL, RILAFIPOBREFL
ECEHBEDHT 100 BY U LD RIGEEEICKLTEEEIT oz, CNHDETERRKY. SiC/Si0, R
EDRMEERL L, REED(1)EFHEE. Q) ZDRAMEE. Q) REAMSDEICIKEL TS
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Fig.2-29 Elapsed CPU times with various process numbers measured on the
K computer for the SiC system of 3,848 atoms. Heaviest arithmetic operation

arts, i.e., matrix-matrix products (DGEMM), fast fourier transformations
FFT), and all-to-all MPI communications accompanied to the FFTs, are
extracted and shown here. In this measurement, the procedures for
subspace-rotation of eigen wave functions are not executed.
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Fig.2-30 A way of division of MPI comuunication space into three spaces.
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Fig. 2-32 Elapsed CPU times with
various process numbers measured on
the K computer for the tight-binding
calculations for systems of 107 atoms.
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Fig2-33 A snapshot of classical MD
simulations for graphene growth on
Ni surface.
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Fig.3-1 Fully structured unsteady simulation for vehicle aerodynamics: left, 500 million; right, 3.6
billion.
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Fig. 3-2 Top, domain generation for BCM(left) and domain decomposition by the Octree
method; bottom, Schematic of grid generation process from hierarchical structured data to
unstructured grid data.
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Table3-1 Breakdown of the elapsed time for completing grid generation for 3.2 billion computational cells.

Sub-process Time [sec.]

1. Loading geometry files 85.14
2. Creating the octree for domain decomposition 85.61
3. Distributing polygons 14.03
4. Detecting intersections between polygons and grid lines 14.04
5. Classifyling computational cells 14.16
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(b) (©

(a)
Fig. 3-3 (a) Overview of the wind tunnel simulation simulated in the present study.
Close-up view of the front grill (b) w/ cover and (c) w/o cover.
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Fig. 3-4 Comparison of the total pressure at five test sections between CFD (upper column) and EXP
(lower column).



(a) CFD w/o front grill cover

(b) CFD w/ front grill cover

Fig.3-5 Effects of the front grill cover on the flow field around the car body.
Significant difference is observed in particular around the under-floor region and the wake behind

the car body”
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Fig.3-6 [CAMBE CHRALMMMEFEE TSR FERICESTRT . R 1, 2, 3, 4 THIEND
MEALSFHERTHY. R 56,7, 8,9, 10 AHEETRTHS, RERDOMOD—ZHEFT 51
OIZ. FTHRERDEALIOGTHHTAZANTEOOEEALATYESND, COEESNT-
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Fig.3-6 Mesh refining technique in the case of the tetrahedron element:

intermediate nodes are labeled as 5, 6, 7, 8, 9, 10.
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N

Fig.3-7 Intermediate node mapping on the original shape data
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Table 3-2 Summary of peak performance due to code tuning of FFR
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ALYRBE|Fa—=24 3.92% (B{K/—F, 5018MFLOPS) 10.3[s]
175 ELL s 4.42% (B4K/—F, 5658MFLOPS) 10.8[s]
IW—THEI-Tavyik, Z0ih 9.52% (B{K/—F, 1218GFLOPS)
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Fig.3-8 Sustained performance of FFR (weak scale benchmark test.)
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