DLC
DLC RF-PECVD
DLC
DLC
2.1
DLC
DLC
211
(Hybridization)
(Hybrid orbital)
1
3 U]
L spAA (Linear  Diagonal hybridization)
P spl- (sp1- hybrid orbital)
2 P 2 21 (a) sp-
(inear)  180°
2. Sp2 (Trigonal hybridization) P
sp2 2.1 (b) sp2

120°



sp3ls

2.1 (a) sptla
180° () sp2!a
120° (c) sp3a

sp3

spM,

109.5°

sp3

109.5°

(Linear
(Trigonal hybridization)
(Tetrahedral hybridization)

1 ' (Tetrahedral hybridization)
!

109.50°

top view

109.5°

sp3

sp3

Diagonal hybridization)

21 (c)

(linear)

109.50°



I

(Carbon) 4 " (Electronic
configuration) 122 22p2 4
8
C-0Q C=20 C=20
spLsp2  p3
2.1.2
(Diamond)
(Tetrahedron) sp3
4 @)
2.2

ac=0.35 nm [12]

2000-2500 | K|[3]
5 1031016Q-cm




2.13

(Graphite)
(Trigonal planar)
sp2 3

23 13]



2.2 DLC
2.2.1 ' DLC
(Diamond-Like Carbon; DLC) DLC
(Amorphous) [7,14]
(Disorder) 24 (Short-
rang order) sp3 sp2
' DLC spdsp3
[7,14] ,
2.5
(Polyethylene; (CH2n (Polyacetylene;
(CH)n sp2
sp3
[14]

24 DLC



Sp-

ta-C ta-CH

HC polymers
sputtered a-C(:H)
no films

graphitic C » Lot | EELLES

e A CUSSEES H

'25
sp2  Sp3 [14]
[6, 15] DLC
[4.15]
DLC
(Biocompatible)
7]
DLC (Optical window)
DLC

(Electron emitter devices)

DLC

10



2.2.2 DLC
. Aisenberg R Chabot [5] DLC
ct
DLC
2 [1]
(Physical Vapor Deposition;
PVD)
, (DC/ RF sputtering) (lon
beams)
2 (Chemical Vapor Deposition;
CVD) CVD (Kinetic energy)
1 (Thermodynamic) CVD
2.6
CVD (Precursors gas)
DLC
(Radical)
(Substrate)
[17] CVD
(Hot Filament; HF) (Plasma Enhanced; PECVD)
(DC) (RF) 2.1
C\VD DLC  27(a)
CCpP 2.7(0)
ICP 2.1

© 2.1(d)



CH4

H ———» 2H

Reactants

CH4+ Hz

Activation
e, heat

+ H— CH3 + H>

“T R,.cu.
| |
o I -

Substrate

F

N

CVD [L7]

K

(@) RF parallel

__ﬁ ‘'mors'-
=

plate  (b) RF inductive discharge

[\

; ; BIAS

() DC glow discharge () Hot filament

2.1

DLC [4, 6]



DLC CVD
, [4]

[18]
2.2.3
(Radio
Frequency Plasma Enhanced Chemical Vapor Deposition; RF-PECVD)
(RF-PECVD) DLC
2.8
RF-PECVD 2 1
(Capacitively Coupled Plasma; CCP) 2. (Inductively Coupled
Plasma; ICP) CCP
(Sheath)
2 CCpP
CCP 7]

ICP
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(b)

2.8

2.3

(Radio
Frequency Inductively Coupled Plasma; RF ICP)
10£-1022 cm'3 [3] 13.56 MFIz
(International - communication  authorities)

231" ICP
ICP 3

L (Vacuum
(Vacuum  chamber)



(D3

(Matching network)

(Matching network)

(Faraday law):

VXE =-//0N
0

(13.56 MHz)
3
2.3.2
2.9

E(r,t) if(rt) (B

By

[19, 20]
By

(Si02

(RF generator)
(Induction coil

50Q

t
(Air core transformer)
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= —A\\

2.9

2.10

(Air Core
Transformer model) [19,20] 211

i in l (OU1)

2.10 ICP



7

M, k
Leoit Reoit ’/'\ It
P ?'\/\/\, »-
Ry
P f\) — vy Leot L
Z, N 781 1 79U
L
!
( ) ( )
211 ICP
(Z))
RO1  Ldl
Z\ = Recoil t j 0™ coi (2-2)
(22) (Ref)
(Lp! +Le)
22=Rpi +j(ii(Lp +Le) (23
Vrf=Zllcoil-jcoMI g (24)
°=Z72)p-jcoMim (25)
M1= kLol
1. Jcogllzlcﬂl 26)

Vif =l - —7 - ©



L oi Z,
Z, =1l/’f—=z,+“’2zj"‘{2
il 2
Z] L2 22 23
2.10 [21]
, <M \L pr+L,
1 AN AJ+)Oi(‘-‘coiI ’ N E 2
Z"”

Zm=R1+ja>Lx RX

211 2.12

@’MR ,
Rl o Rcoil + 2p
12|

LT GB\A\nLIﬁHe)\

LV - Lcoi I
V iz

212
ICP [21]

2.12

(2.11)

(2.12)
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24 DLC RF-PECVD
DLC 2.2.2
RF-PECVD DLC
RF-PECVD DLC
. Kumar ~ P. N. Dixit [22] DLC RF-PECVD
2 1356 MHz 100 MHz
DLC
1356 MHz 100 /cm2 420 fcnn2 DLC
36A/  6TAI
. C. Won [23] DLC
ICP p-type (100) 2X2 cm2
25-200 1.0 torr
DLC
Atomic Force Microscopy (AFM)
AFM
D 1368 cm'l
G 1534 - 1573 cm'l D
G 2.1.2
YT, Kim [24] DLC p-type (200)
RF-PECVD 200 - 400
0.4 - 6.0 torr (53.3 - 800 Pa)
Atomic Force Microscopy (AFM)
DLC AFM
1 D

1350 cm'l G 1575 - 1600 cm'L
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. .Liew [25] DLC RF-PECVD
ICP 1356 MHz 500
2x1.5 cm2 01
08% 10% 30%  50%
15
SEM
DLC
SEM (Cauliflower)
(Polycrystalline) D 1350 - 1360 cm'l
G 1580 - 1590 cm'l
T. Shimizu [26] DLC Ni RF-
PECVD
0.1 ton-
300
052-246 eV
SEM
DLC SEM
(Crystalline)
1332 cm'l 1590
cm'l
2.6.1
2.1.3 4



« ]

2.5
251 ' ‘

(Mass spectroscopy) ~ Optical Emission Spectroscopy (OES) [21]

(Langmuir probe)
(Local parameters) [27]
2.13
(-V characteristics)
3 21, 27,

28]

1 (lon saturation region):

(Vpr) (Plasma potential; V)
(Electron potential barrier)
(lon sheath)
2, (Transition region):

113

" (Floating  potential;  Vf)

(Thermal velocity)



3. (Electron saturation region):

(Electron  sheath)

lnr A !
plasma potential (Vp) /
lon saturation Transition region Electron saturation
region region
_../ VD‘
floating potential (V)

2.13 28]
252 (Electron temperature; Te)
[27] (Maxwellian
distribution) (le) 2.13

= 1 i ) 2.13
4=lsep (213)

|6
f kTe*™ (2.14)

les = eneApy|n e]



253

(1,5 [29]

32

23

K
2.13
2.15
I AR
e Alnle (215
(Plasma density; np
(quasi-neutral)
()
( p) "« o,k p
2.16
12
4 =061entp ¥ 2.16)
VM
[29]
4
0.6|Ap9{ ) (217)
2.15 2.17
ICP
41



2.54

C. K Kim

Electron temperature (eV)

ICP

ICP

RF-PECVD

C. K. Kim [30] ICP

200 - 600 0.005 - 0.05 torr
I 3-7eVv 214

2.15

101+ 10Bem'3

- 20 Smtorr
L. ¢O 10mtorr
L AL 20mtorr
| V¥V SOmtorr

v T -

OO0
0\./,,—0——0-—-—"'
/'Q\ /ﬁ___ﬁ

e

4
A 1 i 1 " 1 A Il A i A w

0

a 1
100 200 300 400 500 600 700
Power (W)

214
C. K. Kim [30]

24
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10 L v T v T v T v T v T v T
-

Plasma density (cms)
-h
°-.
1

10“0 ; 1(.10 . 2:)0 . 3:)0 . 4(;0 . 5(‘)0 . 660 . 700
Power ()
2.15
c. K Kim [30]
C. . Chung [31]
ICP 100 - 300 0.001 torr
I 55 - 6.7¢eV
10Dcm’3
2.6
SEM
[32]
SEM

(Electron gun)

(Collector)

2



26.1

(Photo multiplier)

DLC

DLC

12 A

0.28

RMS roughness (nm)

Y.T. Kim

0.8

0.7

0.6

0.5

04

0.3

0.2}
0.1

0.0

6.0 tom (800 Pa)

26

DLC
DLC
RF-PECVD 2.4
. C. Won [23]
25 - 200 2.16
AFM 25 - 50
0.15
40
135
—®— P-=V roughness .
®, —0O— RMS roughness 430
/ \ 12s
< .\°"".\ 120
415
O —Ssae—
O——pg o
405
25 50 7 160 125 I;O 1175 e
RF Power ( )
2.16 DLC , AFM
. C. Won [23]
YT Kim [24] DLC
200 - 400 04 - 6.0 tom (53.3 - 800 Pa)
AFM AFM 10 A



08%  10%
3.0%
5.0%
sp3
0.8% Si2 1.0%

. Liew [25]
0.8% 1.0% 3.0%
SEM
(Polycrystalline)
(Ball-like structure)
(Cauliflower-like structure)
sp2
sp3 Si3 2.0%

21

DLC
0% 2.17

3-4pm
8-10 pm

Sid - 5.0%

i3 (3.0%)

2.17

Sid (5.0%)

. Liew [29]
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T. Shimizu [26] DLC
, 300

052-246eV 218
052 246 eV 0.52 eV (Crystalline
diamond) 20 um
2.46 eV T. Shimizu

CH] CH4 —>CH3H

CH4 CH2 CH3
CH2 [1,17]

(a) Te=0.52¢eV

(b) Te=2.46 eV

218 DLC T. Shimizu [26]



2

2.1
2.1.1 '

(Raman spectroscopy)
(Raman scattering)
(Inelastic scattering) [33]

(Stokes)

(Anti-Stokes)

(Distortion)
(Polarizability; a)
(Raman shift) ,
(dipole moment; ) (E) 1,
fi—akE (2.18)
a0 Ar
a :a0+"’5r",Ar (2.19)

(/Adél !

Ar (v



Ar = r0cos(<yv) (2.20)
10 0
E
E = £0costee™) (2.21)
£0 219,220 22 2.18
A =alEOcos(al) +E0,of<((}|]|?'J cos({j)t)cosCooy) (2.22)
2.19

A=a0aBa)j)+ 5 (7 (-

E, (da 22
+7r0k5/ +«V
2.23
2
(-« v) (Emission  phonon) Gy
Stokes lines (00 + 01
(Absorbsion phonon) 1] Anti-Stokes lines

2 3

(Raman shift) (Wave number; cm'])

— [32, 33]



2.1.2 (DLC)
(Single sharp peak) 1332 cm'l
(Crystalline graphite) 1580
cm'l ‘G" (Graphite) (Disordlered
graphite) 1350 cm'l ‘D’ (Disordered) [34]
2.19
A.CFerari [35]
(Visible light; 514.5
nm) sp2 !
a sp3
(Raman cross-section)  sp2 sp3 50-250
sp2
spdsp3 G
sp2 C=C D
[14,3335] sp2  sp3 DLC
sp3 Electron Energy Loss Spectroscopy (EELS)
G NG 2.20 G
sp3 IDIG 20 02 sp3

0 07%



(a) 1332

=

<

=

‘»

[

3

=

S

e

[

o

/W
1000 1200 1400 1600 1800 2000
Wavenumber (cm'])
1583
(b)

=
<

=
‘»

[

D
=

S 2689
1S

[
(a

b S . I\
1000 1500 2000 2500 3000

Wavenumber (cm'l)

2.19 ) (b) [36]



1500 — £ £ -t bbb bee Ve e e e e

5!
KO >< ==
150 I
r 1590 )
i 50 X \X I
= T
S PR, ') B A
B 7
3 m
25 _ !
0N :
9 15 Mg
10
05- .. fy . ;
W 1. 1.1il.1.1E1.A
0.2 0.3 04 05 0.6 0.7 0.8 09
R
2.20 G IDIG
2.1.3 ' DLC
DLC
DLC RF-PECVD 24
. C. Won [23]
25-200 2.22 D
1368 1573 cm'l G 1534 1573 cm'l
IDIG 0.34 1.94 sp3
(Graphitization) DLC

AFM ,



Intensity (a.u.)

1100 1200 130‘ rOO l% l(((ﬁ-}])mo 1800 1900
2.2 DLC
. ¢. Won 23]

Y.T. Kim [24] DLC
200 - 400 0.4 -6.0 torr (53.3 - 800 Pa)

2.22
106.6 Pa) 10 100 085

1602 cm'l 1592 cm'l sp3
3 0.95 G
sp3
sp2 ! ' [33]

2.23
. e [29]
10%30%  50% DLC D
1360 cm'L G 1580 cm'l 1590 cm'l

0.4-08torr (53.3 -
G

1606 cm'l

DLC
0.8%
1355 cm'l



Intensity (a.u.)

Lo 1 A 1 1 i 1 A L A 1

1100 1200 1300 1400 1500 1600 1700 1800
Raman shift (cm™)

222 Y.T. Kim [36]

CPS

10,00 1100 1200 13001400 1500 16001700 1800 1900 2000

Raman Shift (cm")

223 . Liew [25]



2.23 DLC
T. Shimizu [26]
0.52 eV 1332 cm'l
246 eV 1332 cm'l 1590 cm'l
CH3 CH4—>CH3+H
CH4 CH2 CH3 1
CH2 [1,17]

B B

Te(eV)
Il& 0.52
' 0.83

&; (~5) ,.yV_[ 154

*

J 111111
1000 T200 1400 1600 1800

Raman Shift(crrf)

2.24 T. Shimizu [26]
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