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Fig. 1.1 Schematic illustration of experimental ACCVD apparatus.
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Fig. 1.2 Schematic illustration of CMD method applied to a sputter-deposition system.

Fig. 1.3 HR-TEM images of as-grown SWNTSs. Inset shows the higher-magnification
image of the location indicated with a solid square in the lower-magnification ifhage
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Fig. 1.4 Typical epitaxial growth modes (a)Frank-van der Merwe growth, (b)Volmer-
Weber growth, and (c)Stranski-Krastanov growth.
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Fig. 1.5 Mapping of metal islands growth on Ti(110) surface.
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® = % 2% (2.1)
i
Bij = Teaa (i) @ frij (i) + by faij(rip) | (2.2)
frij (1) = Aqa€XPEA1aaT) (2.3)
faij(r) = —Baa,€Xpl-A254) (2.4)
bj =(1+ {i’}a"ai)“sﬁaj (2.5)
Gij = Z fe(T i) Gaaya (01k)EXD| Pagya, {(1i) — Reaa;) = (Fi - Re,aia;)}qaiajak]

- 2 (2.6)
Jabc(f) = ﬁabc{l + jgzz - 2+ (h::ic— 0039)2} (2.7)

1 I < Riap
fean(r) =4 3+ 3COS(T—) Riap<T < Roap | (2.8)

0 r> Roap
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0000 29000000000000000000000000c¢; =80¢ =8¢%/d?0

c=d?0000000

Jabc(6) = Clabc +

Cz,abc(habc - 0039)2

C3,abc + (habc - COS@)z

(2.9)

000000000000 2100000000000000000000000®)00

gogobobooan

1 I < Riap
fean(t) ={ 3 — B SIN(Tgo ) - & SiN(3rg—ms) Riap<T < Roap }
0 r> Rap
(2.10)
000000000000 00000000000
siooo ooon CoO OO

A 1.8308x 10° 1.3718x 10* | 1.8712x 10°

B 4.7118x 107 7.3180x 10 | 2.8373x 10"

A1 2.4799 2.6003 3.4463

A2 1.7322 1.5742 1.1304

n 7.8734x 101 | 14923 4.6421

§xn | 5.0000x 10! | 5.0000x 10! | 5.0000x 101

P 1.7322 1.5742 1.1304

q 1.0000 1.0000 1.0000

Cy 1.0999x 10°® | 1.3949 1.4774x 1071

Cy 4.2150x 10! 1.6560 7.0720

C3 2.6299x 107 5.1159 3.2398x 10

h ~5.9825x 107! | 85134x 10! | 1.8852x 1071

Ry 3.4000 2.8000 3.0000

Ry 3.7000 3.1000 3.3000

Re 3.0809 2.6626 2.4972

Table 2.1 Potential parameters of Si-Si, O-O and Co-Co interaction.
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Asio 3.9930x 10° Osisio | 1.0000 Cssisio | 4.1975
Bsio 6.7025x 10 Osioo | 1.0000 Casioo | 4.3601x 10t
A1sio 4.8806 Josisi | 1.0000 Caosisi | 2.5593x 10t
A2sio 1.2138 Joosi | 1.0000 C3o00si | 1.0664x 107
1sio 6.1634 Crsisio | 3.8290x 1073 hsisio | —4.9426x 107!
dsio X sio | 5.0000x 1071 Cisioo | 6.4308 hsioo | —3.3333x 107
nosi 1.4040x 10t Crosisi | 7.0994x 1071 hosisi | —9.4558x 1071
SosiX nosi | 5.0000x 1071 Croosi | 1.6785x 1072 hoosi | 3.6365x 107t
Psisio 27711 C2sisio | 6.3408 Risio | 2.6500
Psioo 24327 C2sioo | 3.0578 Rosio | 2.95000
Posisi 25024 Coosisi | 8.2824x 10t Resio | 1.6200
Poosi 5.9238 C200si | 6.2187x 1071

Table 2.2 Potential parameters of Si-O interaction.

Asico 1.4491x 10° Osisico | 1.0000 Casisico | 2.2754x 10t
Bsico 9.9818 Osicoco | 1.0000 Cssicoco | 2.9734
A1sico 25510 Ocosisi | 1.0000 Cacosisi | 9.3278
A2sico 5.2554x 1071 Ococosi | 1.0000 Cacocosi | 2.4492x 107
Nsico 3.8363x 10 Crsisico | 9.4321x 1074 hsisico | —8.5539x 107t
SsicoX Isico | 5.0000x 1071 Crsicoco | 8.6172x 1071 hsicoco | —3.6940x 1071
NCosi 1.0562x 10 Cicosisi | 8.2442x 1072 hcosisi | —2.8320x 1071
ScosiX Ncosi | 5.0000x 1071 CLcocosi | 2.8962x 1071 hcocosi | 7.9129x 1072
Psisico 48124 C2sisico | 4.0811 hisico 2.6500
Psicoco 3.7131x 101 C2sicoco | 2.7197 hzsico 2.9500
Pcosisi 3.6698x 1071 Cocosisi | 2.5700x 10t hesico | 22474
PCoCoSi 2.0732 Cacocosi | 4.6118x 1071

Table 2.3 Potential parameters of Si-Co interaction.
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Aoco 7.7755% 10* Jooco | 1.0000 C3o00co | 3.2931x 10t
Boco 1.8392x 10 Jococo | 1.0000 C3.0coco | 3.0000x 10t
A1.0co 2.3234 Qcooo | 1.0000 C3co0o | 5.5417x 10t
A20c0 7.0331x 101 Qcocoo | 1.0000 C3cocoo | 3.0000x 107
1oco 2.1492x 10 Crooco | 1.0766x 1073 hooco | —1.0000
Soco X ocoe | 5.0000x 1071 Crococo | 1.7190 hococo | —8.6180x 107!
1coo 2.4914 Crcooo | 2.3857x 1071 hcooo | —7.1426x 1071
8coo X Mcoo | 5.0000x 1071 Crcocoo | 5.0796x 1071 Ncocoo | —7.0709x 1072
Pooco 8.5436 Co00co | 4.5444 Rioco | 2.6500
Pococo 3.1789x 1071 C2.0coco | 1.0000x 10t Rooco | 29500
Pcooo 1.1495 C2cooo | 5.0000x 10t Reoco | 22380
Pcocoo 3.4658 Cacocoo | 3.4090x 1071

Table 2.4 Potential parameters of O-Co interaction.

Psioco | 9.1121x 1073 Casioco | 3.5000x 10
Pocosi | 5.7423 C20cosi | 3.5000x 10t
Pcosio | 1.4981x 1071 Cocosio | 3.4394
Osioco | 1.0000 C3sioco | ©9.0000x 10
Jocosi 1.0000 Czocosi | 1.1762x 107
Jcosio | 1.0000 Czcosio | 1.0850x 107
Cisioco | 2.9594 hsioco | 1.0000
Crocosi | 7.6933x 1071 hocosi | —8.073x 1071
Cicosio | 2.8323 hcosio | —2.507x 1071

Table 2.5 Potential parameters of Si-O-Co interaction.
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Fig. 2.1 Schematic diagram of periodic boundary condition.
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Fig. 2.2 Schematic diagram of book-keeping method and domain decomposition method.
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F = (2.11)
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00 2120000000 3 1
“NKsT = Y —mp\2 2.12
5Nka ;Zmaa (2.12)

0000 TODODOO0O00O0O00000000000000®00000000o0go
ggbobbooobobboooobobbooobbboooobobbdooonoobooon
Uooboboodd vaOboogoooboooobbbooooobooooooboo
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OTOOOODOO T.OOOOOO 213000000000000000O

, T
va:‘/?cva (2.13)
goooooooooan

ggobooboooobooboooobobbooobbboooobbboooooobobooon
0000000000000 000000000ONewtonD 000 O0O0OOoO0OOoOoOO
0000000000000 0o0O VeretbDOOOOoOoooo

O000 AtO0O0OO0ONewtonDOOOOO0O 200000 20000000000
ugoboboogooood

F.
ri(t + At) = 2ri(t)—ri(t—At)+(At)2# (2.14)
00000000000000000000000000000000
1
Vilt) = S ri(t+ A~ ri(t - AY (2.15)

000 riO)0r(A)D0DD000O0O00O 215000000000000000000
00000 221400 21500 rit—AY)0OO0O0O0O0ODO

Fi_(t)
2m
0000000000000000000 Q)00 0 vi(O)oooooooooooo
ggobbooogoobooooobooo
VerletOOOOOOOOODOO0O0O0OO0D0OO00OOO0O0O0O0O0O0O0O0OOOO0O0OOOOOO
000000000 2160000000000 0DO0O0ODOODOODOODOOOOODOO
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ri(t + At) = ri(t) + Atvi(t) + (At)? (2.16)
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O0O000Velocity VerletO DO OO0 O0O0O00O0O00 200000000000000
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ri(t + At) = ri(t) + Atvi(t) + (At)z';‘—r(r? (2.17)
Vi(t + At) = vi(t) + ZA—nt]Fi (t+ At) + Fi(t) (2.18)

Verlocity VerletD OO OO0 0000000000 OODODOODOOOOO

o g s~ WP

0000 r(0)0000000 vi(0)00000
0000 F/RO)DO0000O

000000 (n+1)000 ri((n+1)A) 000000
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Fig. 3.1 Low-quartz R surface.

Coordination number Color name

turquoise

bulywood

forest green

gray
red

ga|lbh|lw|N

Table 3.1 Coordination number color-coding.
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Fig. 3.4 Snapshots of Co adatontfdsion on low-quartz R surface.
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Fig. 4.6 Snapshots of 45 atom Co clustdfuliion on Co terminated low-quartz R surface
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Fig. 4.9 Snapshots of 45 atom Co clustdfudiion on Co terminated low-quartz R surface
at 1073K (a)initial state,(b)0.755ms,(c)0.842ms,(d)1.068ms.



49

] 50

oo ood

51 JUUuooooogo

0000000000000 00000000 Melt-QuenchMQU D OO OOOOO
gogobooboogon

1. Low-quartzO NVT OO OOO0O0OO 5000Kk0100psO0 000000
0000000 SiGUuU0Ooon

2. 00 Si0, 0 10¥[K/s]0 000 5000K0 0 1073KO 000000

3.1073K0 100ps0 00000000

051000000000000000000000000000O0O0OOOO0O0O SiO
00400000000 20000000000000MQUUIODOOOOOOO SIO,
gboobobooboobooobo

A D e g 8.2 e o
QAR
X BOE T eSS R
e PO L S TR
S AR TR TP =
e 74
G AT LR
L2 ’i" .}(%‘g‘_",ﬁi.‘
W0 e
b B A

Fig. 5.1 Atomic configuration during Melt-Quench method (color-coding)
(left)initial state, (center)liquid Sig) and (right)amorphous structure.



050 0O0O000ODOoOoOoood 50

5.2 OOOO

SioDO 97200000 19440000000000000000 CoOO 100900
45001010022500000 Co0OO0OOOODODOOOMDOOOOOOOOOO
000 4.4563nmx 5.1456nmx 5.0nnD0 00 00 0.135fs0 0 0 1073K0 1500K0 0 O
0 2000KO 1ns0 00000000000 O000O000O000O00 300000000
0000000000000000000 5.20000000000000000000
2293.0R 000000005900 O-0000000000000000O0000O000
0000000000000 0.02573[A21 0000000



050 0O0O000ODOoOoOoood

51

Ry

3t
A pLar O
B

!

28y
"

/i
v
)

-
-

™A
!
(%
L ]
-

ryﬂ‘»’::.\
4 L TN
A .’ '.'.'.:“ ':‘ »
A -

‘\

Fig. 5.2 Computaitonal models of Co adatom and Co cluster on amorphous surface.



050 0O0O000ODOoOoOoood 52

5.3 OO0

MDOOOOOOOOOOOODOOOUODOOODO S10000000RDODOOODO
00000000000 320000000Co00O 1004500000 ROODODOOO
O000000ooO00oO0o0ooO00ooo0DoO00oOoO CoUbOoOUUDOoRrRODOO
000000000o00o0oo0ooooo0DOooooooooo o-oooooooo
0000 ROO OOOOUODOOOODODOOODODODODOODDOOO

00 531053300 0000000000000 0O0000O00O0O

00 [K]
1073 | 1500 | 2000
CoO OO
X o o)
o) o o)
45 X e} o
101 X o o
225 X o o

Table 5.1 Result of Co cluster surfacéfdsion on Co terminated low-quartz R surface.

531 10

g0o0oooO0oO0Do CoboUO 1oooOoooMDODOUOODODOOD1073KOO Co
00000 ROOOOOLOUOOOOOOOO 3000 O-CobbOUbbOOOOOODO
O00000D01500k02000KO0 000 33100 0000000000 00DO0OO00O0DOOO

532 90

000000000 90UD0oOd ColbpoUuopoUuooooMDOODOODOOODOO
00000000000 332000000000000000000O1500KT2000KO
000000000000 ooO00ooooo0oooooDoooooOonD CoOOO
00000 30000oogoo00onooooooogooooon 2000 CoO O
0000000000 CoUOODUOOUOOODODODO O-OOoOOoDOUOOODODOOO
O Col0ODUO0ODOOUODOOOOODOOONO 3.32000000000000



050 0O0O000ODOoOoOoood

53

.#\ .- L] _-—-'_i._.r-.
DY _¥Y.

-
3%

k

J.
iy

Fig. 5.3 Snapshots of 9 atom Co clustefsion on amorphous surface at 2000K
(a)initial state, (b)100ps, (c)400ps, and (d)1ns.

Fig. 5.4 Snapshot of 9 atom Co clusteftdsion result after CG relaxation

(left)atomic configurations,
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Fig. 5.6 Snapshots of 101 atom Co clustdfidiion on amorphous surface at 2000K
(a)initial state,(b)100ps,(c)200ps,(d)500ps,(e)750ps,(f)1ns.
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Fig. 6.1 45 atom Co cluster shape on low-quartz R surface (a)1073K, (b)1500K, and (c)2000K.

Fig. 6.2 45 atom Co cluster shape on Co terminated R surface (a)1073K, (b)1500K, and (c)2000K.

Fig. 6.3 45 atom Co cluster shape on amorphous surface (a)1073K, (b)1500K, and (c)2000K.
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Fig. 6.4 101 atom Co cluster shape on Co terminated R surface (a)1073K, (b)1500K, and (c)2000K.

Fig. 6.5 101 atom Co cluster shape on amorphous surface (a)1073K, (b)1500K, and (c)2000K.
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Fig. 6.6 225 atom Co cluster shape on Co terminated R surface (a)1073K, (b)1500K, and (c)2000K.

Fig. 6.7 225 atom Co cluster shape on amorphous surface (a)1073K, (b)1500K, and (c)2000K.
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Fig. 6.11 Center position of 45 atom Co cluster on Co terminated R surface at 1500K.



O60 OO

5 T T T T T T T T T T T T
0Ff / |
< 5| /. ]
> - / -
_15 [ T T TR B T T TR R i
-15 -10 -5 0 5
x [A]

Fig. 6.12 Center position of 45 atom Co cluster on Amorphous surface at 1500K.
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