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P-type Si(100) substrate

Co sul.
Co, Ni& Fe PVD Sp|n Coating Co nit.
Ni ace.
Fe nit.

(1) 0.5 mm foil
(Z)SE?,sérifasfed Pretreatment
| VD H, Plasma

MPCVD I ECRCVD I
As-deposited'hanostructures I

‘ Morphologies I
Morphologies & lattice I
SIMS Element & Depth profile I

Magnetic properties I
V Field emission measurement I

Raman Element bonding I

Fig. 3-1 Flow chart of experiment procedures.
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Table 3-1 Specimen designations and their deposition conditions by
ECR-CVD for examining the important process parameters.

Catalyst
Speci. P recc algslg)]rsi of tzzlb. Source | Flow | Bias | Time | Micrographs
design. (thickness, © C)% gas (scem) | (V) | (min) figure no.
nm)*

Al 454 - - - 0 4-1(a)

A2 620 5 4-1(b)

A3 626 10 | 4-1(c)
4-1(d),

Ad Ni acetate >80 CH 20 _100 13 4-21(a)-(c)

A5 574 ! 20 |41
4-1(f), 4-20(a),

Ab >71 0 4-27(a),4-35(n)

A7 623 60 | 4-1(g), 4-1(h)

Bl 454 - - - 0 4-2(a)

B2 606 5 | 420)

B3 626 10 | 4-2(c)

B4 Co sulfate 580 15 4-2(d)

B5 574 CHq 2001100 42(e)

B6 571 30 | 420

B7 602 60 | 4-2(g), 4-2(h)

Cl 454 - - - 0 4-3(a)

c2 606 5 | 430

C3 626 10 | 4-3(c)

C4 580 15 | 4-3(d),

C5 Co nitrate. 574 CH, 20 ~100 20 :iieﬂ) :-:((g

C6 571 30 4-19(a).(b).(0)
4-3(g), 4-3(h)

c7 623 60 44(0) 4-4(d)

D1 454 - - - 0 4-8(a)

D2 606 5 4-8(b)

D3 626 10 | 4-8(c)

D4 Fe nitrate 580 15 4-8(d)

D5 s74 | M 2001190 o0 T

D6 571 30 | 4-8(H

D7 623 60 | 4-8(g), 4-8(h)

* The catalysts precursors : Ni acetate, Co sulfate, Co nitrate , Fe nitrate, Cu nitrate,
were spin coated on Si wafer from their | M water solution respectively. The
catalysts with specific thickness were coated on Si wafer by PVD sputtering.

® The substrate temperature were measured by a sheathed K-type thermal couple,
where the tip was embedded 1 mm below surface and 5 cm from the center of a
stainless plate-like holder with 15 cm in diameter.
Pretreatment conditions: H, 10 sccm, bias -100V, 10 min.
Other conditions: microwave power 750~800 W.
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Table 3-1 (continue) Specimen designations and their deposition
conditions by ECR-CVD for examining the important process
parameters.

Speci Catalyst Sub Flow
dre)tsi "| precursorsor | .~ | Source | ratio | Bias | Time | Micrographs
0 g _ catalyst (OC% gas (scem/ | (V) | (min) figure no.
: (thickness, nm)* sccm)
E1 454 - - - 0 |49
E2 . 626 10 4-9(b)
E3 Cu nitrate 574 | CH, 20 | -100 [ 20 | 49)
E4 602 60 4-9(d), 4-9(e)
F1 454 - - - 0 4-10(a)
F2 No catalyst 580 15 | 4-10(b)
F3 602 CH, 20 -100 [ 3: 411 ?f()c), 4-4(e),
Gl Co nitrate 565 CH,4 20 0 20 | 4-11(a), 4-11(b)
G2 574 CH,4 20 -50 20 | 4-11(c), 4-11(d)
Hl1 Fe nitrate 4-12(a), 4-12(b)
H2 Co(100) 599 CH, 20 20N 20 4-12(c), 4-12(d)
I1 Ni acetate CH4/N 4-13(a)
12 Ni(100) 238 H; 122 ey 3 4-13(b), 4-13(c)
J1 Co nitrate 485 CH4/H, 20/5 -100 20 4-14(a), (b)
K1 588 20/2 4-13(2),(0)
4-19(g)
K2 Co(10) 578 CHY/H2 =g 1001 20 =520
K3 595 2/20 4-15(e)(f)
L1 Co(10) 582 C,HyH 5/15 | -100 30 | 4-16(a),(b)
L2 Co(20) 4-16(c),(d)
I3 Ni(20) 657 2 10/10 | -500 20 116(00(D)
M1 20/2 4-17(a),(b),
Ni(10) P Jenye [ 22 101 5 [0
M?2 583 07} 11/11 4-17(c),(d)
M3 580 2/20 4-17(e),()
M4 590 | CH4/N, | 182 | -100 15 | 4-20(b), 4-21(e)
4-19(d),(e),(f)
M5 596 | CH4/N, | 18/2 | -200 4-27(b), 4-28,
4-35(m)
Co(10) 20 5 30.0 &0
M6 ¢ 602 | CHy4/H, | 16/4 | -200 4-33(a),(b) &(c)
4-34(a),(b) &(c)

* The catalysts precursors : Ni acetate, Co sulfate, Co nitrate , Fe nitrate, Cu nitrate,
were spin coated on Si wafer from their 1M water solution respectively. The
catalysts with specific thickness were coated on Si wafer by PVD sputtering.

® The substrate temperature were measured by a sheathed K-type thermal couple,
where the tip was embedded 1 mm below surface and 5 cm from the center of a
stainless plate-like holder with 15 cm in diameter.

¢ A Ti foil (0.5mm) positioned 1 mm above the Si substrate.

Pretreatment conditions: H, 10 sccm, bias -100 V, 10 min.
Other conditions:M.W. 750~800 W. Deposition was conducted immediately after
pretreatment.
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Table 3-2 Specimen designations and their deposition conditions by

ECR-CVD for examining effects of catalyst material, substrate

bias and deposition times.

. Catalyst . . .
Specimen . Bias Time Micrographs
designation (thickness, nm) (V) (min) figure no.

N1 5 4-5(a), 4-5(b)

N2 . 10 4-5(c), 4-5(d)

N3 Ni(10) 20 4-5(e), 4-5(f)

N4 30 R

N5 -100 5 4-6(a), 4-6(b)

N6 10 4-6(c), 4-6(d)

N7 Co(10) 20 | 4-6(c), 4-6(D)

N8 30 -

N9 Ni(10) 150 30 4-5(g), 4-5(h)
N10 Co(10) 30 4-6(g), 4-6(h)

Pretreatment conditions: H, 10 sccm; bias -100V; 15min,M.W. 800 W.
Deposition conditions: CH4/CO, =20/2 sccm/sccm, M.W. 800 W, ~600 °C.

Table 3-3 Pretreatmentdesignations and their pretreatment conditions

by MPCVD.
Specimen Catalyst . Flow ratio | Micrographs
designation | (thickness, nm ) (sccm/sccm) figure no.
P1 H, 100 4-25(a)
P2 Co (10) H,/N, 90/10 4-25(b)
P3 NH; 100 4-25(c)
P4 H, 100 4-25(d)
P5 Ni (10) H,/N» 90/10 4-25(e)
P6 NH; 100 4-25(%)

Other pretreatment conditions: pressure 9~16 Torr, M.W. 600 W, 10min.
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Table 3-4 Specimen designations and their deposition conditions by
MPCVD for examining effects of nitrogen on the C diffusion

in metals.
Specimen Catalyst . SIMS analysis
. . ) Source gases
designation (thickness, nm ) figure no.

Ql Fe foil MH 4-26(a)
Q2 (5000) NH 4-26(b)
Q3 Co foil MH 4-26(c)
Q4 (5000) NH 4-26(d)
Q5 Ni foil MH 4-26(e)
Q6 (5000) NH 4-26(f)

*Source gases MH: CH4/H, = 10/100 sccm/scem 5 NH: CH4/N;, = 10/100 sccm/scem.
Pretreatment conditions: H, 10 sccm, 16 Torr, 960 W, 10 min.
Other deposition conditions: pressure 16 Torr, M.W power 960 W, 10 min.

Table 3-5 Specimen designations:and their deposition conditions by
MPCVD for examining effects of catalyst buffer layer and
source gases.

Specimen Catalyst X . Micrographs
ource gases
designation (thickness, nm ) e s figure no.
R1 Co (7.5 nm) NH 4-27(c)
Co (7.5 nm)/ 4-27(d)
R2 . NH .
SiO; (10 nm) 4-35(3),(k),(1)
R3° CoSiy NH 4-27(e)
R4 Co (7.5 nm) MH 4-35(h), 4-35(i)
* Source gases MH: CH4/H, = 10/100 sccm/scem ; NH: CH4/N, = 10/100
sccm/scem.

®The catalyst for Specimen R3 was prepared by coating with 7.5 nm Co film and
followed by two-step rapid thermal annealing in N, atmosphere at 600 °C for 60
sec and 760 °C for 20 sec to form CoSiy.

Pretreatment conditions of all specimens: H, 10 sccm, 16 Torr, 960 W, 10 min.

Other deposition conditions: pressure 16 Torr, M.W power 960 W, 10 min.
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Fig. 3-3 Schematic diagram of MPCVD system.
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33E&H ~ RFlEF RF 1

(1) #&4:
P-type Si (100) & 5 (test grade )
Fe foil: & 99.9 %
Co foil: & 99.9 9%

Ni Foil: % & 99.99 %
(2) fR4L s

fiy 2 4% ( nickel acetate tetrahydrate ) : Ni(CH;COO),.4H,0
% i 47 ( cobalt sulfate heptahydrate ) : CoSO4.4H,0

A 4 4= ( cobalt nitrate hexahydrate ) : Co(NOs),.6H,0O

A f4 48 (iron nitrate nonahydrate ) : Fe(NO3),.9H,0

fiv fie 4f ( copper acetate monohydrate ) : Cu(CH;CO0),.2H,0
(3) F e # -

Hy " %R 999% =% %

Nyt & 99.99% = 4git

[

NH; @ % & 999% =42

CO2: %R 99.9% iiz4 48

CHy: # & 999% #tizf 8

CH,: %A 999% #izf 4
(4) B

UAjg et o Ti
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(1) 3% %
i AH BR Y B4
AR T UAZ R /ﬁtﬁf%‘

@%%’ﬂﬁ%a&ﬁﬁﬁifﬂﬁ

" f%(Methanol) 10 min
4 3+ -k (D.I water) 5 min
[ fit (Acetone) 10 min
4 &+ -k (D.I water) 5 min
2 13 p% (Isopropanol) 10 min
3 g3 -k (D.I Water) 5 min
MR A T ek N e 20 min

(2) fR&-%2 B 5 Spdr 25 4ud 2 0

(a) * 4 % v ;> (spin'coating) :
g 4 B 2 B R4 Dl water 2R 1M £ 1
hFE R T NIRRT R v BT AR 0%
EREE—IF S CNE S TR T S T S

(b)PVD 4+
I * meE2 4 - K353 ehFe Co & Ni ¥g f 4k 485
Bod 2~100 nm ARR S iE it @ 2o IR 5% » ECR-CVD
G SLFR Jf“ | 4 #2580 OR35S nm PF o AR 4L
FRFF B N EA o B A AR A &2 & CNT o
MPCVD &% E 2nm Z + 5% 55 J2A) o fJE3E k> =
% CNT -

(3) f4 e
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35 #F A7
35.1 BHA 4

(1) #4537+ B (SEM)

Bo T erER e A 5 HITACHI S-4100 * i BLsst ¢ % o
W ¢ FHEDEL A S BR e E PRBA -
BEREREIELE A4 G (topview) ~ MEAL (tilt45°) %
43 K41 %% (cross section) = 7};‘@1 o IR AW G pET ) ARG
oo ARSI F AT R ‘,f? 7 % SEM BLZEPF I YRR
WE GO AR R 2 CNTs » 7 B BRI sk (24
PR s o H EF 3Tk g B e MPCVD #72 £  tip-root
growth 2 3% 5 F2002PS 0 o s i o1 ONTS #4 B i 452
WP RAC ) FRASSESEGE A R 0 Vo g 5T
CNTs + £ o ¥ ¢ " JAdESEM e & pF > ¥ 11 1 > B2 44k
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TR F - EFARR R F 2
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(2) 7 &5 T 3 Bics(TEM)
7 % V% 3 B4 (Transmission electron microscopy:
TEM)> i¢ * p &~ JEOL 2010 FX> & f%+7 & = <+ & et (High
resolution transmission electron microscopy: HRTEM) » i& * p

# JEOL 4000 FX (400 keV)> % L%+ chci s 4o & TEM
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Fig. 3-4 Schematic diagram of I-V measurement system.**20>?%"]
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