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Specimen Catalyst Features of Co catalyst Deposition
designation | thickness via H-plasma condition Features of as-deposited CN s
(nm) pretreatment

Average Number density | Working pressure Diameter | Length | Tube number Morphology Is/Ip

particle of particle ( Torr) (nm) (nm) density ratio

size(nm) | (G particles/in®) (G tubes/in®)
Al 8 - - - - -
A3 5 ~35 ~294 0 - . - . .
A2 8 - - - - -
Ad 10 ~125 ~17 0 - . - . .
Bl 8 ~30 77-310 ~115 worm-like 0.4
B3 5 35 115 ) s - - - -
B2 8 ~40 77-310 ~86 worm-like 0.4
B4 10 ~47 ~270 B > : - : .
Cl 8 - - - particle-like -

5 62 46 p root-growth CNTs 8.5
C3 32 v 30-260 ~31 ( network) and
& ~30 .
catalyst-split nanotubes
C2 10 177 ~10 8 ~5 30-153 ~6 root-growth CNTs 4.2
C4 32 ~10 45-153 ~11 root-growth CNTs 0.9
bl 5 ~46 ~109 8 - - - -
D3 32 - - - . . -
particle-like
D2 10 ~157 ~8 8 - - -
D4 32 - - - -
El 8 - - - particle-like -
5 ~60 66 _ root-growth CNTs 15.7
E3 32 N j3 o 30275 =30 (network) and
catalyst-split nanotubes

E2 10 ~180 7 8 ~5 30-153 ~6 root-growth CNTs 2.2
E4 32 ~10 45-153 ~9 root-growth CNTs 1.0
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243 AN SR Y 2 Ra i (2 Co & i E(E)

Specimen | Buffer layer | Catalyst Features of Co catalyst | Deposition
designation | materials thickness | via H-plasma condition Features of as-deposited CNTs
and its (nm) pretreatment
thickness Average | Number density Working Diameter Length Tube number Morphology I6/1p
(nm) particle of particle pressure (nm) (nm) density ratio
size(nm) | (G particles/in®) ( Torr) (G tubes/in®)
root-growth
= CNTs (network)
E5 AION 5 ~60 ~64 &30 25-80 ~8 and ' 6.5
5) catalyst-split
nanotubes
E6 ) .
10 ~160 ~7 - - - particle-like -
5
root-growth
7 CNTs (network)
E7 AION 5 ~60 ~69 &~30 31-350 ~20 and ‘ 33
(20) catalyst-split
nanotubes
E8 root-growth
10 ~184 ~7 ~7 38-90 ~9 CNTs 0.9
root-growth
CNTs (network)
B9 23 W0 | 30360 ~187 and 27.4
AION (10) 5 ~60 ~59 catalyst-split
nanotubes
E10 16 - - - particle-like -
AIN root-growth
D5 (15) 10 ~150 ~9 32 ~6 27-250 ~18 CNTs 2.1
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244 A A BT 2 RE LA (1 Fe 5 )

Specimen | Catalyst | Features of Fe catalyst via| Deposition .
dels)ignation Thickgess H-plasma pretreatzlent coﬁdition Features of as-deposited CNTS
(nm) Average |Number density of| CH,/H, ratio Diameter Growth | Ig/lp Morphology CNTs

particle particle (sccm/scem) (nm) rate ratio orientation

size(nm) | (G particles/in®) (um/min)
FB1 5 - - 5/50 - - - particle-like -
FC1 5 - - 5/50 ~15-32 - 0.7 MWNTs random
FA1 5/50 ~9-13 - 0.9 trace MWNTs random
FA2 5 ~30 ~605 1.5/50 ~9-15 - 0.9 trace MWNTs random
FA3 1.5/100 ~9-13 - 1.0 trace MWNTs random
FA4 5/50 - - - particle-like -
FA5S 10 ~108 ~11 1.5/50 - - - particle-like -
FA6 1.5/100 - - - particle-like -
FDI 5/50 ~10-26 13.16 | 0.7 MWNTs aligned
FD2 5 ~23 ~1985 1.5/50 ~9-24 491 1.1 MWNTs aligned
FD3 1.5/100 ~6-25 & 0.9:1.3 0.06 10 | MWNTs and trace SWNTs | random
FD4 5/50 ~13-30 3.90 0.8 MWNTs aligned
FD5 10 ~28 ~774 1.5/50 ~13-29 1.32 0.9 MWNTs aligned
FD6 1.5/100 ~13-31 0.07 1.3 MWNTs random
FEI 5/50 ~10-20 5.10 0.7 MWNTs aligned
FE2 5 ~15 ~1855 1.5/50 ~8-21 2.63 1.7 MWNTs aligned
FE3 1.5/100 | ~6-22 & ~0.9-1.3| 0.11 10.5 MWNTs and trace SWNTs random
FE4 5/50 ~13-27 0.57 0.7 MWNTs aligned
FES 10 ~25 ~738 1.5/50 ~14-28 0.47 1.7 MWNTs aligned
FE6 1.5/100 ~7-26 & ~0.9-1.3 | 0.33 2.9 MWNTs and trace SWNTs random
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2045 B AN SR Y LA g i L (1 Fe 5 [E0(H)

Specimen | Buffer layer | Catalyst Features of Fe catalyst Deposition
designation | materials Thickness via H-plasma condition Features of as-deposited CNTs
and its (nm) pretreatment
thickness Average Number density CH, /H, ratio Diameter I6/Ip Morphology CNTs
(nm) particle of particle (sccm/scem) (nm) ratio orientation
size(nm) | (G particles/in’)
ALO; ~10-19 & 3.2 MWNTs and
FD7 (5) 21 1473 0.9-1.3 trace SWNTSs random
ALO; ~10-15 & 1.7 MWNTs and
FDS (10) 23 1985 13 trace SWNTSs random
FD9 AlO; 5 1511 ~10-15 & 2.2 MWNTs and random
(15) 5 1.5/200 ~1.3 trace SWNTs
FE7 AIN 17 1543 ’ ~9-15 & 19.7 MWNTs and random
(5) 0.9-1.3 SWNTs
AIN ~9-15 & 31.5 MWNTs and
FES8 (10) ~15 ~1855 0.9-1.3 SWNTSs random
AIN ~9-15 & 27.3 MWNTs and
FE9 (15) ~25 ~1360 0.9-1.3 SWNTSs random
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Intensity

240
220
200
180
160
140
120
100
80
60
40
20

ALO,(10 nm)

10

20 30 40 50

26

B 4-1 AlLO34~ 4#%(10 nm)z. XRD 4 17 [
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Bl 4-2 Co(5nm)**7 % el t#2 1 55 T

(a)

(b)

No buffer layer ZnS-Si0; (10 nm)
(c) (d)

Al,O3 (10 nm) AIN (10 nm)

(e) )

AION (10 nm)

P 3 Py
B ERILs 2. R

(a)No buffer layer; (b) ZnS-Si0;; (c) AL Os; (d) AIN; (e) AlON
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] 4-3

(a)

(b)

No buffer layer ZnS-Si0; (10 nm)
(c) (d)

Al,O3 (10 nm) AIN (10 nm)

(e) )

AION (10 nm)

Co( 10 nm)** 7 o 3 e H144 + \g 4 TR gL il 2 A0
(a)No buffer layer; (b) ZnS-Si0;; (c) AL,Os; (d) AIN; (e) AION
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50kY  X100000 100nm WD 9.5mm

(a) (b)

No buffer layer Si3Ny (10 nm)
(c) (d)

TiN (10 nm) ALO; (10 nm)
(e) _

AIN (10 nm)

X100,000 1000

® 4-4 Fe(5nm) ** 73 k3 ek tH8 L 0 & T 5 FeldR (8 2.

1135’;;1, :

(a)No bufter layer; (b) Si3Ny; (¢)TiN; (d) AlLOs; () AIN
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100nm

(a) No buffer layer
(c) AIN (10 nm)

] 4-5 Fe(10nm) *+ 7
(a)No buffer layer; (b) ALOs; (¢) AlN
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W 10.3mm

No buffer layer ZnS-Si0, (10 nm)
(c) (d)

AlLO;3 (10 nm) AIN (10 nm)
(e)

AION (10 nm)

B 4-6 3 I 3 ek Bt $Hat 2 o 42 B8 8 Torr £ B4 (74 5nm
E e1Co & f§44), (a)No buffer layer; (b) ZnS—SlOz, (c) AlL,O3; (d) AIN; (e)
AIONG# * 5o~ B 5 Al, BI, Cl1, D1 4rEl)
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(b)
No buffer layer ZnS-Si0; (10 nm)
(c) (d)

ALO; (10 nm) AIN (10 nm)

(e)

AION (10 nm)

Bl 4-7 7 I8 e MRS 3 f B4R 2 B 480 8 Torrs £ & 4 (11 10
nm X 7Co % ff 4%), (a)No buffer layer; (b) ZnS-SiO»; (¢) Al,O;; (d) AIN;
(¢) AION(z ¥ 4354 %] 5 A2, B2, C2, D2 frE2)
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(b)
No buffer layer ZnS-Si0, (10 nm)
(c) (d)

Al,O3 (10 nm) AIN (10 nm)

(e)

AION (10 nm)

NTHU

Bl 4-8 7 F 3 Wk e 2 oF BT 2 B 32 Torr +# £ R4 (715
nm’%- 1Co % f %), (a)No buffer layer; (b) ZnS-SiO;; (¢) Al,O3;
(d) AIN; (e) AIONG# * 54 ] 5 A3, B3, C3, D3 4 E3)
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KV X100,000 100nm WD 14.9mn

(a) (b)

No buffer layer ZnS-Si0, (10 nm)
(c) (d)

Al,O3 (10 nm) AIN (10 nm)

(e)

AION (10 nm)

B 4-9 7 I 5 ek MRS R X BT 2 B 8 Torr s & & 4 (12 10
nm - 7Co % ff 4%), (a)No buffer layer; (b) ZnS-SiO,; (c) Al,Os; (d) AIN;
(e) AION(# 7 ¥~ B| & A4, B4, C4, D4 {-E4)
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5.0kV X100,000 100nm WD 14.6mm

B 4-10 7 = AION & ek 5 R a3 F S

(G# 7 %o~ W 5 ESE3 4r E7)

N
P

2.8 Sam B Co i &), (a) 5 nm; (b) 10 nm; (¢) 20 nm

Rl
-
-ﬁnh-_
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i il A
NTHU Sl 15.0kV X100,000 100nm WD 15.0mm

SEI 15.0kY X100,000 100nm WD 14.9mm

(b)AION (20 nm)

Bl 4-11 7 = AION * bk 5 & $388 2 K B #7302 #2582 10nm & 0 Co
5 f84),(a) Snm; (b) 20 nm (& * %5 5 E6 f- ER)
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Bl d-12 7 b & LR Hp 2 F B R BP0 Som & Co 5 R
AION =% } ),(a) 16 Torr; (b) 23 Torr (& ¥ %% 5 E10 f- E9)
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15.0kv X150,000 100nm WD 9.4mm

X S
Bl 4-13 5 2 4130 B gt s % 5 150k #4192 SEM B

SEl 15.0kv X110,000 nm WD 15.0mm

Bl 4-14 5 AIN(15 nm)/Co(10 nm) % 32 Torr = & & 4 2 g 55477k,
W e s DS
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‘o "

SEI 15.0kV X50,000 100nm WD 9.2mm

15.0kV X50,000 100nm WD 95mm

(b) TiN (10 nm)

B 4-15 Fe(Snm)A u] & SisNg foTiNGE #rfk 1 7 £ 2 g3 F Bk 0
494 %] 5 FBI 4r FCI
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150KV X100,000  100nm

30KV X100,000 1ihl|||| WD 9.5mm

_-l'
_ -.-,J;mr"

N -
150KV X100,000 100n0m YWD 9.4mm

(a) CH4/ H, ( 5/50 sccm/sccm), [SP.FA1] (b) CH4/ H, (1 5/50 sccm/scem), [SP.FA4]
(c) CH4/ H, (1.5/50 scem/scem), [SP.FA2] | (d) CH4/ H, (1.5/50 sccm/scem), [SP.FAS]
(e) CH4/ H, (1.5/100 sccm/sccm), [SP.FA3] | (f) CH4/ H, ( 1.5/100 sccm/scem), [SP.FA6]

B 4-16  Feff 45 & 22 CHy Hyin £ 0 103 & £ i % 2 85 5 (no buffer
layer), = * Bl(a,c.0)® - =+ Fl(b,d, )~ =] 5 ff 45 A& 5 2 10nm,%L %
F CHy Hoin £ 00 7 4 £ 2 g4 % 2 5 L ]
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}‘o-l.] \

H:78.94um ’ “’i {L-

0410172006 1.00kx 20um 041012006

H:29.47pm

2.00%kx 20um 04101/2006

(f)

H:0.37um H:0.39um

40.0kx Tum

(a) CH4/ H, ( 5/50 sccm/scecm), [SP. FD1] (b) CH4/ H, (15/50 sccm/scem), [SP. FD4]
(c) CH4/ H, ( 1.5/50 sccm/sccm), [SP. FD2] | (d) CH4/ H; (1.5/50sccm/scem), [SP. FD5]
(e) CH4/ H, (1.5/100 sccm/scem),[ SP. FD3] | (f) CHy/ H, (11.5/100sccm/scem),[SP. FD6]

B 4-17 Feff4if i 22 CH,/ Hyi £ 00 $hat 8§ & £ i & 2 $(AL0;
buffer layer), = < Bl(a,c,e)¥? + L Bl(b,d, N4 &) 5 fR4LE & 5 %
10nm, 5§ % f CHy/ Hylit & 2 7= & 2 gt g 2 32 AR B
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H:30.57pum

20um

H:0.63pum H:1.97pum

30.0kx Tum T.00kx Sum

(a) CHy/ H, ( 5/50 sccm/scem), [SP. FE1] (b) CH4/ H, (15/50 scem/scem), [SP. FE4]
(c) CHy/ H, ( 1.5/50 sccm/sccm) , [SP. FE2] | (d) CH4/ H; (1.5/50sccm/scem), [SP. FES]
(e) CH4/ H, (1.5/100 sccm/scem), [SP. FE3] | (f) CH4/ H, (11.5/100sccm/scem), [SP. FE6]

—_—

layer), = * Rl(a,c,e)® + * Rl(b,d,0)» | 5 ff 45 & 5% 10 nm,%E %
f CHy/ Hyimt £ 40 95 & £ 2 g4 8 25 3 4L )

Bl 4-18 Feff 45 & &2 CHy/ Hyit v $1pk g = & i 5 2 F2 5 (AIN buffer
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