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2.2 Brenner-Tersoff

SWNT Brenner CVD (Chemical
Vapor Deposition)
%) Tersoff 10) T
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D
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Fyj Ni Ny Ny n
N = ) (2.8)
k(=)

N, =1 3R + (Z)f( JF(x,) 2.9)

1 (x, <2)
F, = 1+°°s{”2(x”f -2) (2<x, <3) (2.10)

0 (B<x,)
X, :m; )f(rim) (2.11)

F;j N, N, N Cubic-Spline

Fig.2-1

Table 2-1

9)

Fig.2-1 Fy Ny N; Ny

Table 2-1 Brenner
De(eV) | S | BA") | Re(A) | Ri(A) | Ro(d) | ay co | dy
6.0 [1.22] 21 | 139 1.7 | 2.0 |0.5]0.00020813 [ 330 3.5
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2.5

251 Langevin 'Y
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Langevin phantom

oo 2T (2.23)
At,
F(o) At (Fig.2-2)
T. F(o)
T.
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phantom phantom
F(o) Fpor

SWNT (2.24)

mX =F,, +F(0)-ox (2.24)



2.5.2 Velocity scaling

Velocity scaling
(2.25)

Tc
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3.2

321
Fig.3-1
Junction Junction
Temperature Jump Junction

. 4466 [(5,5)-2000 Junction-66 (6,6)-2400]

. 20 K [(5,5)-290 K / (6,6)-310 K]

. SWNT 50 nm

. 3 ns
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Fig.3-1 (5,5)-(6,6) Junction
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1 2
(a) 1
Langevin
Fig.3-2(a) 48 48 Phantom
Phantom Phantom
7
300 K
0 ~ 100 ps Velocity scaling
1 Phantom Langevin
1  Langevin
(b) 2
1 Langevin 2 Velocity
scaling Fig.3-2(b)
1 440 Langevin
Velocity scaling CNT
2 Velocity scaling
2 Velocity scaling

Phantom

(a) Langevin

Fig.3-2
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Langevin Fig.3-3
(5,9) Junction
(6,6) SWNT 20ps

Fig.3-3
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3.23

3ns
SWNT Temperature Jump AT dT/dz
3.1 A
dT
__4f 3.1
q 2 (3.1
q 0 A (3.2)
0
== 32
9= (3.2)
0 Langevin phantom Velocity
scaling A
SWNT 1
23(d/2+b/2) (Fig.3-4)
R K (3.3)
0
K=l_4 _ A (3.3)
R AT T,-T,.
Th (676) TC (595)

Fig.3-4 SWNT



3.3

Langevin Velocity scaling Table 3-1(a),(b) Fig.3-5(a),(b)
(5,5 (6,6) Junction
(5,5) (6,6) K
A Junction Temperature Jump AT A
K Fig.3-5
(5,5 (6,6)
Langevin
phantom 88 Velocity scaling 440
Table 3-1
(@) (5,5 (6,6)
Langevin Velocity-scaling
AW K] e T lorass (59731

(b) Junction

3

Langevin Velocity-scaling
AT [K] 1.102 1.021
A[W/m K] 24.884 16.067
K[GW/m2 K] 39.612 25.036
310 T T T T L 310 T T T T

(.5)

Junction

< X
) e
S =
= ©
= ()
S 300 - L 300
£ 5
2 [

Junction

N N N N s 1 s 1 | s 1 s 1 s
290 -200 6 200 290 -200 0 200
Positionz[ ] Positionz[ ]
(a) Langevin (b) Velocity scaling

Fig.3-5
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Fig.3-5 Velocity scaling Junction Temperature Jump
Table 3-1 (5,5 (6,6) Junction
Fig.3-5 Langevin
Velocity scaling A
K Langevin Velocity-scaling
Junction Temperature-Jump A T Fig.3-5(a),(b)
Table 3-1
phonon SWNT
Langevin Velocity scaling
Langevin
Fig.3-6
Fig.3-6 Langevin Fig.3-6
phantom
Langevin Langevin
SWNT

Fig.3-6 Langevin
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4.1

3 (5,5)-(6,6) Junction
(5,5)-(6,6) Junction

Langevin

15)

SWNT SWNT

9 10°® [(m* K)/W]
108 [W/(m?
K)]
SWNT Junction
Velocity scaling Langevin

Junction 2 SWNT



4.2

Fig4-1 4-2
Table 4-1 4-2 (@ (BS5-(L1) 4 (b)
(m,m)-(m+1, m+1) 4 7 Table 4-1
4-2 Junction Fig.4-1 Fig4-2 Junction
(a) (b) SWNT 25 nm
3 Velocity scaling
290 K 310K 20K
3 (3,3)
(a) (5.5)-(1, 1)

(a) (5,5)-(6,6) Junction (b) (5,5)-(7,7) Junction

(c) (5,5)-(8,8) Junction (d) (5,5)-(10,10) Junction

Fig.4-1 (5.5)-(1, 1)

Table 4-1 (5,5)-(1, ])

[A]
(5,5) Junction o)) (5,5) Junction o))
(5,5)-(6,6) [ = 6] 66 2400 8.308
(5,9)-(7,7) [I=T] 42 2856 9.693
(5,5)-(8,8) [/ = 8] 2000 198 3200 6.923 11.077
(5,5)-(10,10) [/ = 10] 330 4000 13.846
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(b) (m,m)-(m+1, m+1)

(¢) (7,7)-(8,8) Junction

(d) (8,8)-(9,9) Junction

Fig.4-2 (m,m)-(m+1, m+1)

Table 4-2 (m,m)-(m+1, m+1)

[A]
(m,m) | Junction | (m+l,m+l) | (m,m) Junction | (m+1,m+1)
(5,5)-(6,6) [m = 5] 2000 66 2400 6.923 8.308
(6,6)-(7,7) [m = 6] 2400 118 2800 8.308 9.693
(7,7)-(8,8) [m =17] 2800 196 3200 9.693 11.077
(8,8)-(9,9) [m = 8] 3200 50 3600 11.077 12.462
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4.3

Velocity scaling

KW

SWNT

Fig.4-3(a),(b) Velocity scaling Langevin

K

Table 4-3 SWNT K
(a) (5,5)-(, )
(555)_(696) (595)_(797) (595)_(898) (555)_(10910)
SWNT [A] 1.385 277 4.154 6.023
N Langevin 107.18 62.93 69.686 41.017
KIGWm™K] 00 ity sealing | 25.036 | 23205 | 14.056 16.981
(b) (m,m)-(m+1, m+1)
(575)_(6’6) (6a6)_(757) (757)-(878) (878)_(979)
SWNT [A] 1.385 1.385 1384 1.385
N Langevin 107.18 128.7 128.64 84.96
KIGWm™K] 35 ity sealing 25.036 | 40945 | 44245 180.592
o T T T T (') ]
100 - 7]

50r

Thermal Conductance [GW/m2 K]

Langevin

Thermal Conductance [GW/m2 K]

(@) (5,5)-(%, )

Fig.4-3

L of (5,5)—(1, 1) Junction

150r

Langevin
100

50F

Velocity scaling

6

7

8

m of (m,m)—(m+1, m+1) Junction

(b) (m,m)-(m+1, m+1)

Langevin
Table 4-3(a),(b)
Table 4-3(a),(b)



4.4

SWNT Junction
K Table 4-3(a) Fig.4-3(a) (5,5-(1, )
SWNT K
Langevin
Velocity-scaling
(m,m)-(m+1, m+1) Table 4-3(b) Fig.4-3(b)
Langevin K
Velocity scaling (8,8)-(9,9)
3 SWNT
2 3
Langevin 1 1
Velocity scaling 1
Langevin
SWNT 3
Velocity scaling 3 CNT
SWNT SWNT
K 10° [W/(m® K)]
Velocity-scaling K 100
10" " [W/(m?® K)] SWNT
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SWNT
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5.1

3
Junction 2 SWNT
Langevin Velocity scaling
SWNT
Junction
SWNT
Fig.1-5
Velocity scaling
Junction

(5,5) (6,6)
MD

1

Fig.1-5

Junction

Junction

Junction
2



5.2

Junction 3
(5,5)-(6,6) Junction

(Fig.3-1)
1) both-extend 22007+ 4466 (/=0,1,2)
4466 (2000-66-2400) 6666 (3000-66-3600) 8866 (4000-66-4800)
(5,5) 1000 (6,6) 1200
2) (5,5)-extend 1000 m + 4466 (m =0,1,2)
4466 (2000-66-2400) 5466 (3000-66-2400) 6466 (4000-66-2400)
(5,5) 1000
3) (6,6)-extend 1200 n + 4466 (n=0,1,2)
4466 (2000-66-2400) 5666 (2000-66-3600) 6866 (2000-66-4800)
(6,6) 1200
Velocity scaling 20K : 290
K/ :310K 3 ns K
3 4 (3,3)

1) 3) Fig.5.1 52 53



(a) 4466 (b) 6666

(c) 8866

Fig.5-1 both-extend
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(a) 4466 (b) 5466

(c) 6466

Fig.5-2 (5,5)-extend
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(a) 4466 (b) 5666

(c) 6866

Fig.5-3 (6,6)-extend

- 41-



5.3

Table 5-1 5-2 Fig.5-4 5-5
1) 3) (5.5) (6,6)
K A Junction
Temperature Jump AT A K
Table 5-1 (5,5) (6,6) A
1) both-extend
4466 6666 8866
(5,5) 193.938 292.054 209.414
A [W/m K] (6,6) 159.731 140.832 201.787
2) (5,5)-extend
4466 5466 6466
(5,9) 193.938 225.239 196.026
#[W/m K] (6,6) 159.731 169.494 154.005
3) (6,6)-extend
4466 5666 6866
(5,5) 193.938 157.882 114.706
A [W/m K] (6,6) 159.731 162.209 205.469
Table 5-2  Junction K
1) both-extend
4466 6666 8866
AT [K] 1.021 0.715 0.618
A[W/m K] 16.067 28.843 28.819
K [GW/m® K] 25.036 44.096 44.572
2) (5,5)-extend
4466 5466 6466
AT [K] 1.021 1.604 0.450
A[W/m K] 16.067 11.131 42.296
K [GW/m® K] 25.036 17.641 65.138
3) (6,6)-extend
4466 5666 6866
AT [K] 1.021 0.358 0.341
A[W/m K] 16.067 44.799 51.345
K [GW/m® K] 25.036 70.507 80.108




Thermal conductivity N [W/m K]

300

200

100

nof 1200n+4466

3) (6,6)-extend

Fig.5-4 (5,5),(6,6)
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Thermal conductance [GW/m2 K]

T T T T T
80t . 8ot .
3 °
60f { & 60f .
S
v
) o =
40f 1§ 40t .
3
3
. - s L -
3
N [ ]
I . J 7L . _
1 2 0 1 2
10f 2200 1 +4466 m of 1000m+4466
1) both-extend 2) (5,5)-extend
T T T
801 o-
g | ° ]
I
S 60r -
L,
] - _
=
S
2
T 40t ]
8
bS]
§ . -
S °
20F 1
| 1 1
0 1 2
n of 1200n+4466
3) (6,6)-extend
Fig.5-5 Junction
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5.4

K 10" [W/m*K]
10® [W/m*K]

(5,5)-(6,6) Junction 4466 SWNT
both-extend Table5-1 5.2
Fig.5-4,5-5 K A
Junction Table 5-2 6666 8866
SWNT Junction
(5,5)-extend (5,5),(6,6)
(5.5) (5.5)
(6,6) 5466
(5,5),(6,6) Junction
Junction
(6,6)-extend Table 5-1 Fig.5-4 (5,5
(6,6) (6,6) (5,5
both-extend  (5,5)-extend
3
CNT Fig.1-5
Junction
3 (5,5)-(6,6)
4
CNT
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5 MD
Langevin Velocity scaling
Temperature Jump CNT Junction
phonon
Junction K Junction
2
2 SWNT
K Junction Temperature Jump
Junction
Junction SWNT (6,6)-extend
both-extend SWNT
K
Junction ~SWNT
SWNT
SWNT

CNT Junction
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SWNT

Velocity scaling
310 : 310 .
< z
:
© 2
= ©
& 300 41 8300
3] S
= e
290500 0 200 290500 0 200
Positionz[ ] Position z [A]
a) (5,5)-(6,6) Junction b) (5,5)-(7,7) Junction
310 T T T T T T 310 T
< X
e e
S 300 4 8300~
IS £
e e
290° —2IOO I (I) ZCI)O 290° —2I00 (I) Z(I)O
Position z [A] Position z[A]
c) (5,5)-(8,8) Junction d) (5,5)-(10,10) Junction
Fig. A-1 (5,5)-(1,1)
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300

Temperature [K]

290

310p

—200 0 200
Positionz[ ]

a) (5,5)-(6,6) Junction

Temperature [K]
8
o

290~

—-200 0 200
Position z[A]

¢) (7,7)-(8,8) Junction

Fig.A-2  (m,m)-(m+1,m+1)
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Temperature [K]

B SWNT

310 T T T T T T T 310
3
[}
5
<
3001 — gSOO
=
()
[l
2 1 1 1 1 1 1 1 29 1 1 1 1 1 1 1
S1%00 -300 0 300 600 —%00 -300 0 300 600
Position [ ] Position[ ]
a) 4466 b) 6666
310

300

Temperature[K]

2 1 1 1
Si%00 -300 0 300 600
Position[ ]

c) 8866

Fig.B-1 both-extend
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Temperature [K]
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<
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5
<
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300

Temperature[K]
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Position[ ]

¢) 6466

Fig.B-2 (5,5)-extend
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Temperature [K]
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Fig.B-3 (6,6)-extend



55

17

10

B01032-0

- 55-



