(R.F.
Plasma-Enhanced Chemical Vapor Deposition, PE-CVD ) (N2 RF-plasma)
ST-01(Ishihara Sangyo, 100 anatase, crystallite size of 7 nm)
(N2-doped) N, Plasma

Nitrogen-doped

N, Plasma

PECVD (TTIP)

4-1

> 1-U 1

4-1-1
(radio frequency plasma)
N»-plasma
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UV-Vis

ST-01 ( 4-1 4-3)
RF 400 N»
700 sccm 10 min RF
100 W 200 W 300 W ST-01
4-1
400 nm - 450 nm Ti10, RF
300 W UV-Vis
300 W N-doped TiO2 400 - 450 nm
4-2 (200 300 400 )
400 nm - 450 nm TiO,
400 400 nm - 500 nm

400 sccm 700 sccm 800 sccm
ST-01 4-3
400 nm-450 nm

Ti10, 700 sccm

(RF power) 300 W

400 700 sccm 10 min  ( 4-1)
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95

9
— 90
(]
© 85t
f
m /
~ 8 0OF
© .
o —Raw Ti O2
- —100W
(]
x 5ol 200W
— 300W
6 5-
6 Or
55
400 410 420 430 440 450 460 470 480 490

Wavel ength (nm)
4-1 RF-plasma TiO,

(treated temperature 400 ; N, flow rate 700 sccm ; plasma time 10 min)

s

—100

)]

o 90r

[

©

Hso/

(&]

@

_70,

> —Raw Ti 02

X 6o ——200

—300

5 0r —400
40

400 410 420 430 440 450 460 470 480 490
Wavel ength (nm)

4-2 TiO;

(RF power 300 W ; N, flow rate 700 sccm ;Plasma time 10 min)
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( %)

95

()]

090,

c

©

4_‘85* _

e

o8 0r

:757 —Raw Ti 02

() —400 sccm

0:70, —700 sccm
900 sccm

6 5-

60

400 410 420 430 440 450 0 470 480 490

46
Wavel ength (nm)

4-3 Ny.plasma T10,

(RF power 300 W ; treatment temperature 400 ; plasma time 10 min)

4-1
Parameter Set range Optimum absorption
RF power 100, 200, 300 W 300 W
N, flow rate 400, 700, 900 sccm 700 sccm
Reaction temperature 200, 300, 400 400
Plasma time 10 min 10 min
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4-122

4-1-2-1

32eV 30eV

700 (Bickley et al., 1991)

(Asahi et al., 2001)

N doping TO,

(Nitrogen-doped)

X (X-ray diffractometer XRD) (
4-4) ST-01 (N,-Plasma)
300 W 400 (101)
20 =25.3°

20=38° 48.2° 54.14° 55.28°
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(cps)

i -
> [ |
~ 3600 ;
—_ L I
® i ¥ ‘
3100 — Raw TiO, 2
L I
< B | - : ed Ti 02
=260 :0 : | Plasma-treated TiO,
L . = Anatase
2100 L
c r b
] L ! ‘1 Mr
- 1600 ;1‘ u! n "’H\:‘ "
n N i ]J1 W\"l‘\ “\ 1 ‘\‘Mw\:\u*
11 Ob \‘d‘ b““\ N m‘\‘ F' m‘ u"w ‘1‘1;
ﬁ“ Iy Jﬂ\ﬂu\‘h‘}\“ﬂl i Ll -h""‘:ﬁw‘ wnﬁ“‘“‘*“\\l«ﬂ‘;‘ full “‘f‘w WN“J il i “\H‘i H’}“M“H‘ i M\‘U‘M
P S AT R O i Akt
600 | . \ .
100
10 15 20 25 30 35 40 45 50 55
2 6 (degree)
4-4 ST-01 N»-plasma XRD
(RF power 300 W ; N, flow rate 700 sccm ; Temperature 400 ; Time 10 min)
4-1-2-2
(Specific Surface
Area)
(Anpo 1997)
BET
4-5 ST-01 (RF
300 W 400 10 min)
285 m’/g 183 m’/g (
70 )
2
282 m’/g
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(m

ar ea

300
28(
26 (
24
22(
20 (
18¢
16(
14¢
12¢(
10¢(
80
6 0r

P

ugr)f ace

LB = == G == == == == == g =2

Speci fic

Raw TiO, '2 Pre-treated TiO, Plasma-treated TiO,

4-5

4-1-2-3

ST-01 N»-plasma

(Scanning Electron Microscope, SEM) 40,000

4-6(a-d) (FE-SEM) 10,000

4-6(e-f) SEM

SEM FE-SEM

ST-01

41

(Asahi et al., 2001)

Pl asma-treate



(a) ST-01 (b) RF power 100 W ; 10 min

(N2 flow rate = 700 sccm ;Ts =400 )

(©) RF power 300 W; 10 min (d) RF power 300 W ; 30 min
(N flow rate = 700 sccm ;Ts =400 ) (N flow rate = 700 sccm ;Ts =400 )

(H) RF power 300 W ; 10 min

(N2 flow rate = 700 sccm ;Ts =400 )

4-6 ST-01 N,-plasma SEM
( ad 40,000 ) FE-SEM ( e-f 10,000 )
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4-1-3

(electron spectroscopy for

chemical analyzer, ESCA) 4-7
(binding energy) 0 - 1000 eV ST-01
Ti2p3n Ols
459.2 eV 530.5 eV 4-8 4-10
Ti O N
Ti O
N Saha
Tompkins(1992) N Is XPS TiN peak
B -N(396¢eV) N - (Ti-N bond)
Y -N2(400eV  402eV) N TiO,
ESCA N ( 4-10 )
N No-plasma 300 W 10 min
300 W 30 min N (binding energy) peak
400eV Saha  Tompkins Ny.plasma
N Y -N, N, TiO;
ESCA 300W 10min 300 W 30 min
0.7% 0.3% RF Ny-plasma

TiO,xNi(titanium oxynitride)
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mi n
mi n

mi n

© 6000
=
=}
o
6500
>
400
»
c
© 3000
=
2000 NJJ
1000
0
1000 900 800 700 600 500 400 300 200 100 O
Binding Energy(eV)
4-7 ST-01 X
(7))
c
> 50070
(@]
O 4500
—_ Ti2p
4000 —300W 30
-~ 300W 10
—~ 3500 —r aw
- / —100W 10
I 0
c
0y 0
c 0
- 0
0
470 468 466 464 462 460 458 456 454 452
Binding Energy(eV)
4-8 N, plasma Ti2p X

(N flow rate = 700 sccm ; Ts =400 )
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(Count s)

Intensity

(Counts)

I ntensity

7000
600
D mi n
500 D mi n
400 D mi n
300
200
100
0
542 540 538 536 534 532 530 528 526 524 522
Binding Energy(eV)
4-9 N, plasma OlsX
(N flow rate = 700 sccm ; Ts =400 )
4000 3750
30QW 10min -
3900 NIS j , 13760
o s
. 13650
3800 RawoThel i B -
Lo o J L TSR AN ¢ 13600
3700 4 Y L0 ow T A A T -
«— 0 VT 300W 30min SHO 13550
N . L K N c
3600 v V oy 135 @0
3500 . AN ” —> 3450
- " : 4 f 1Y =» 3400
3400 : i AR
100W 10min | |-/~ 13350
3300 ;- 132300
3200 3250

4121419080807 04608040304204099389893985989393929239889
Binding Energy(eV)

4-10 N, plasma Nl1s X

(N flow rate = 700 sccm ; Ts =400 )
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4-2 N, plasma

Sample peak AT(%)

Raw Ols 64.2

Ti 2p3 35.8

100W 10min Ols 62.7

Ti 2p3 37.3

300W 10min O1ls 61.2

Ti 2p3 38.1

N 1s 0.7

300W 30min Ols 61.9

Ti 2p3 37.8

N s 0.3
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(Gas Chromatography , GC)

4-1-4-1
4-11 4-12
365 nm
450-550 nm 0.6 mW/cm?
(2003) -
C-C 82.6 Kcal/mol 346.1
nm C-H 98.7 Kcal/mol 289.7 nm O-H 117.5 Kcal/mol 243.3 nm
1400
12 ojgtable UV light on
~1000
g
£ 8060
;: 602‘0/0\\\% #
= I Y { T O O--o----"0---0-----9°
400
200
0
0 5 1 1.5 2 3 3.5 4

(IPA=527ppmv  1=0.6 mW/cm?)
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2506
2000
Stable Vis light on
>
5150—0
% D Rt R O - oo
© 100 R o ----0
£
500
0 ‘
0 0.5 1 1.5 2 2.5 3 3.5 4
Ti me (min)
4-12
(IPA=1055 ppmv  1=0.6 mW/cm?)
4-1-4-2

N, plasma (RF power 300 W ; N, flow rate 700 sccm ;

Ts 400 ; Plasma time 10 min)

GC/FID 4-13
Raw ST-01
4-14
OH
4-14
4-14 4-15 Raw TiO,
N-doped TiO,(RF power 300 W ; N, flow rate 700 sccm ; Ts 400 ; Plasma time

10 min) UV light

4-16 Raw TiO, N-doped
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Ti0, N-doped TiO;
Raw TiO, 20 min
100% TiO,
TiO,
4-17 450-550 nm Ny-plasma (RF

power 300 W ; N, flow rate 700 sccm ; Ts 400 ; Plasma time 10 min)

13
impurities

(Irie et al., 2003) 4-18

70

4-14
N,-plasma (RF power
300 W ; N, flow rate 700 sccm ; Ts 400 ; Plasma time 10 min)
Irie et al.
(2003) 4-19
ST-01
ST-01
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= N} N} w cw
Acetdne LoncEntratisy (ppmv)

=
o

50

0

conec.

273

.
IS
o
o 5560
— stable adsorption
- 500
o B
— 450
© —e—| PA conc.
- 400 1
- —B—Acetone cojn
S 350
()
(8]
c 30696
o
© 259
<
o209

159

1060

5 0r

0 n

0 13 25 36 46 59 67 87
Ti me (min)
4-13 Raw ST-01
(IPA=527ppmv  =0.6 mW/cm?)
5560
stable adsorption UV light on

5060 P gh

~450

g

2400 —e—| PA cong.

JR .

5353 Acetone
s

£300

2

S250

2

%203

<

2150

<

=100

5 0

0 L = \4.7

18 45 90 105 120 180 225 270
Ti me (min)
4-14 Raw ST-01
(IPA=527ppmv  1=0.6 mW/cm® =0.165 g/L)

50

light

293

on

165 180 195 210 245 258 268 274 283
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UV light on

stable adsorption

500

450 —e—| PA conlc.
= —-8—Acetone conc.
§409
£350
E
£306
Q
2
S250
2
22060
E
£ 150
<
=!

100

50

0 ! Lo °

0 18 45 90 120 180 225 270 300 303 323 343
Ti me (min)

4-15 N, plasma (RF power 300 W ; N, flow rate 700 sccm ; Ts 400 ;
~ Plasma time 10 min)
S
g (IPA=527ppmv  1=0.6 mW/cm® =0.165 g/L)
o
[
o 1260
o
— 10 = -
"
o 80/
>
o : ---®---Raw Ti O2
i 6 On —=—N-doped Ti O2
x
<
S 40

20

o=

0 10 20 30 40 50 60 70 80
Ti me (min)

4-16 Raw ST-01 N; plasma (RF power 300 W ; N, flow rate 700 sccm ;

Ts 400 ; Plasma time 10 min)

(IPA=527ppmv  [=0.6 mW/cm’ =0.165 g/L)
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(ppmv)

>
IS
o
o c
~ o
550 200
c ®stabl e aflsorption Vis light on -
0500 1186
- —e—| PA conc. -
~450 i a
© y —sB—Acetone co%@d&)
148
c
o
120
108
c
o
80 _
(]
60°
<
40
20
> 0
S 0 2 4 6 8 10 12 14 16 18
o Vis irradiation time (hrs)
o
4-17 N, plasma (RF power 300 W ; N, flow rate 700 sccm ; Ts 400 ; Plasma
c
tinke 10 min) (IPA=527ppmv 1=0.6 mW/cm?)
©
600
‘; stable ]
o adsorptio Vs light on -1 PA conc.
© ) —=—Acetone conc.
c50
o
o
© 40
c
o
® 30
o
<
<"20
o

10

0O 2 4 6 8 10 12 1 6%%%0222426283032343638
e r

4 1
Ti m

4-18 N, plasma (RF power 300 W ; N, flow rate 700 sccm ; Ts 400 ; Plasma
time 10 min)
(IPA=527ppmv  1=0.6 mW/cm’ =0.165 g/L)
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( %)

Ef ficiency

| PA Remove

4-19 ST-01 N, plasma (RF power 300 W ; N, flow rate 700 sccm ; Ts

400

100

90r

80

70

60

5 Of

4 0Of

3 0f

20

10}

—e—Raw Ti O2
—=—N-doped

Ti O2

0 50 100 150

200 250

Ti me( min)

; Plasma time 10 min)
(IPA=527ppmv  1=0.6 mW/cm’
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=0.165 g/L)
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4-2

(RF-PECVD)
TiO, (thin film) (titanium
tetraisopropoxide ,TTIP) (carry gas) N,
PECVD
4-2-1
(RF-PECVD) X
(X-ray diffractometer XRD)
CVD
400 sccm

30min 60 min 200 sccm 30 min
550 4 400 sccm
60 min ( 4-20 )

20=38.3°
38.3°
(Amorphous)
(rf power 100 W) tfpower 0 W)
X 400 N, 400 sccm
4-21 (rfpower 0 W)
20=25.3° LPCVD( )
TiO,
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(rfpower 100 W)
TiO,
X-ray (GIXRD)
400 N, 400 sccm
(550 , 4hr)
TiO, X-ray (
TiO,
(550 ,4hr) 20=43.27°
TiO,
20=43.27°
(550
400 N, 400 sccm
4-23
700
20=33° peak
550 20=37.3°

Ti0,

55

(550 , 4hr)

(550 , 4hr)

90 min 120 min

422 )

peak

(550 , 4hr)

700 800 )

90 min 120 min

PECVD

90 min



600

500

400

300

I ntensity

200

1006

4-20 PECVD

—200 sccm, 30”hin(A)
——Substrate
400 sccm, 60min
—400 sccm, 30min(A)
400 sccm, 60min(A)

=

ettt ARt o Rl

25 30 35 40
206(degrees)

XRD (RF power =100 W, Ts =400 )

I ntensity
= N N w w N
[8)] o ul o [8)] o
O D (o) D O D

[E
o
(@)

OW, 30mi n
—100W, 60min(A)
—100W, 30mi n(A)

. Anatase

20

4-21 PECVD

25

30 35 40 45 50

206(degrees)
RF power
XRD (N, flow rate= 400 sccm, Ts =400 )
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500 220
45 14200
400 'll — 120 min, 550 +°°
ﬂssdll M 90 min, 550 1160
- .l ——120 min 1140
530 ‘ 90 min
- “r 1120
c 250
_ I 1100
200 M 'l"l ‘\ '
|'|J|, e {*MI“MI l|| "l 180
150). - Ht.ﬂl Ilnw b 160
Ty 'h ‘|I -'! | )
100 oy m,lf,-i’mL *M e M 4o
'J'" Iﬂw '
ol W mw;tu\&k 'JHM .
0 0
20 25 30 35 40 45 50 55
206(degrees)
4-22 PECVD 550 ,4hr
GIXRD (RF power =100 W, Ts =400 , N, flow rate= 400 sccm )
1500
—90min 550
> 90min 700
w0070 90min 800
S —120min 550
- —120min 700
- —120min BO0O
500 —Si substrat|e

Al
#;Lh *Lvh M\M]

hh
h‘ s

Whll‘ ™~ I\ “‘ ol
s

4-23 PECVD

25

30 35

XRD

40 45
26(degrees)

50

55 60

(RF power =100 W, Ts =400

Substrate = Silicon wafer )
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422

4-2-2-1 RF
(Field Emission-Scanning Electron Microscope,
FE-SEM) 150,000 OW 50W 100W 150
W) N, 200 sccm (Ts) 400
60 4-24(a-d)
FE-SEM
RF
A
(LPCVD)
( 4242 ) 30

W 100 W 150 W

( 424bd )

(CVD)
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(a) RF 0w (b) RF 50 W

(c) RF 100 W (d) RF 150 W
4-24 RF FE-SEM

(N, flow rate= 200 sccm, Ts =400 , Deposition time =60 min)
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4222

(FE-SEM) RF power

150 W 400 sccm 400
(30 60 90 120 min)

4-25- 4-28 FE-SEM

PECVD

Lee et al.(1994) (

4-29 30 min

60min

(20000 PECVD LPCVD

LPCVD

PECVD

Jung et al. (2005) LPMOCVD

CVD

60
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4-25 PECVD 30 FE-SEM ()

() (RF power =150 W, N =400 sccm, Ts =400 )

4-26 PECVD 60 FE-SEM ()

() (RF power =150 W, N, =400 sccm, Ts =400 )

4-27 PECVD 90 FE-SEM ()

() (RF power =150 W, N =400 sccm, Ts =400 )
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4-28 PECVD

(

120

) (RF power =150 W, N,

FE-SEM ()

=400 sccm, Ts =400 )

)

[
N
[}

[y
N
[}

8 Of

6 Of

Thickness(nm
(R
o
D

40
20
0
0 20 40 60 80 100 120
Ti me ( mi n)
4-29 PECVD
(RF power =150W, N, flow rate= 400 sccm, Ts =400 )
4-3  PECVD SEM ( nm)
Deposition Thin film Thin film Thin film Avg. thin film
time Thickness(1) Thickness(2) Thickness(3) Thickness

30 min 13 11 11 11.67

60 min 102 107 105 104.67

90 min 115 113 114 114

120 min 131 132 132 131.67
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423

RF-PECVD TiO,
(ESCA)
RF-PECVD RF power 100 W
400 (30 min,1 hr)
4-30 ESCA Ti2p3n Ols PECVD
Ti O 458.2eV 5294 eV Boo et al. (2005)
XPS Oxygen 1s
O OH OH peak
Oxygen 1s
ESCA N ( 4-30c ) PECVD
N (binding energy)
396 eV Saha Tompkins N
- (Ti-N bond) B -N 550
4 annealing N peak
TiN TiO,(Saha Tompkin,1992)
annealing
4-31 RF power 100 W 400 30 min
Ti0, Titanium 2p;,  2p3n  Oxygen 1s

Nitrogen 1s

Ti0,

400 30min 100 W 150

W 4-32 Titanium 2p,»
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2psn Oxygen s Nitrogen 1s 150 W
TTIP TiO,
4-33 RF power 100 W 400 30 min
( 400 sccm) + ( 300
sccm 100 sccm) Titanium
2p12 2psn  Oxygen ls
Ti0O,
Nitrogen 1s
TiN (Battiston et al., 2000)
ESCA PECVD
( 4-4 ) TiO, O/Ti
2 1
Battiston et al. (2000) PECVD N»
plasma N,+O, plasma
Ti/O ( ) Ti
27% O 73%
120 0.9% 250
3.5% PECVD 8-14%
(N 1speak 397 ¢eV) (Battiston et al.,

2000)
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(Count)

Intensity

250096
—~ 300p®6
=
=
o
200p0 O 25090
30mi n(A) ~ 30mi n(A)
30min > 30min
15000 —ihr - 200p0 o
—1hr (A) o 1hr (A)
=
© 15000
100Pp0 <
10090
5000
5000
0 . . . . . 0 . . . . .
469 464 459 4514 449 444 545 540 535 530 525 520
Binding energy (eV) Binding energy (eV)
(@Ti2pX (b) O 1s X
3500
c
=]
o
0 3000
30mi n(|A)
>
- 30min
5 2500 —1hr
; ——1hr (A)
=
— 2000
1500
1006 :
408 403 398 393 388
Binding energy (eV)
(c)N1s X
4-30 PECVD X (TTIP 400 sccm, Temp. 400 ,RF 100 W)
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(Count)

Intensity

250090 ~ 30000
=
=
o
20000 0 250p0
- gl ass(A)
gl ass(A) - — Si wafer
— Si wafer - 200pO gl ass
15090 gl ass -
2]
=4
© 150
100p0 <
100
5000
5000
0 . . . . . 0 . . . . .
469 464 459 454 449 444 545 540 535 530 525 520
Binding energy (eV) Binding energy (eV)
(@Ti2pX (b) O 1s X
3506
=
=1
o
0 3000 /
> |
— 250 \
n
c
© \
=
— 200
1500 g!ass A)
—Si wafer
gl ass
1006 . . . .
408 403 398 393 388
Binding energy (eV)
(c)N1sX
4-31 PECVD X (TTIP 400 sccm, Temp. 400 ,RF 100 W)
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(Count)

Intensi ty

16008 ~ 25006
o
140p0 5
o
©200p0
120p0 -
RF 150W - RF 150W
100p0 RE 100W - RF 100w
5 150p0
c
8000 ®
=
6000 —_ 10080
4000
5000
2000
O L L L L L O
469 464 459 454 449 444 545 540 535 530 525 520
Binding energy (eV) Binding energy (eV)
(a)Ti2p X (b)O1sX
40090
c
>
© 3500
O
_ RF 150
RF 100
>3000
«
=
® 2500
=
2000
1500
10058 ‘ ‘ ‘ ‘
408 403 398 393 388
Binding energy (eV)
(c)N1s X
4-32 PECVD RF power X (TTIP 400 sccm, Temp. 400 , Time 30 min)
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__250p%® —~ 300p6
- =
< =}
=]
o S 250p0
0 200p0 Z
. - Air 100 sccm
j Air 100 scicm . 200pO0 Air 0 sccm
Air 0 sccm —_
~ 150p0 o
c =4
) © 150P0
c =
—100p0 —
100p0
5000
5000
0 1 1 1 1 L 0 L L L L L
469 464 459 454 449 444 545 540 535 530 525 520
Binding energy (eV) Binding energy (eV)
(a)Ti2p X (b)O1sX
3509
=
=1
o
o 3000
>
— 2500
12
=
@
=
— 2000
1500 Air 0 scem
Air 100 sccm
1006 . . . .
408 403 398 393 388
Binding energy (eV)
(c)N1s X
4-33 PECVD X (TTIP 400 sccm, Ts 400 ,RF 100 W, Time 30 min)
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4-4 PECVD

Peak AT (%) Ti2p3 Ols Nls
TTIP 400 sccm, 100 W, 30 min 22.33 69.11 8.55
TTIP 400 scecm, 100 W, 30 min(Anneal) 23.72 76.22 0.06
TTIP 400 sccm, 100 W, 60 min 24.28 67.06 8.66
TTIP 400 sccm, 100 W, 60 min(Anneal) 21.84 78.16 0.00
TTIP 400 sccm, 150 W, 30 min 26.81 59.13 14.06
TTIP 400 sccm, 100 W, 30 min(Silicon wafer) 25.78 65.55 8.67
TTIP 300sccm, Air 100 sccm, 100 W, 30 min 26.36 73.64 0.00
4-2-4
4-2-4-1

(Methylene Blue)

UV-VIS

1.
UV-VIS 663 nm
4-34  4-35 365 nm 450-550 nm
4.5 mW/cm? 365nm

12
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oD

oD

(61

5 )
Stable Uv |ight on ¢No thin flilm

NI
g e
S
.
.
.
.
.
.
.
.
.
.
.
.

6 _ . 8 10 12 14 16
Ti me(hr)

4-34
(MB concentration= 1.5 ppm UV light Intensity = 4.5 mW/cm?)

(6}

5 . .
Stable Vis light on ®No thin flilm

N
D
[6;]

6 8 10 12 14
Ti me(hr)

4-35

(MB concentration= 1.5 ppm  Vis light Intensity = 4.5 mW/cm®)\
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PECVD

(RF power =150 W, N, = 400 sccm, Ts =400 , Deposition

time =120 min, Anneal condition = 700 N, gas 4hr)
( )
4-34
TiO, UV light
17
PECVD
4-35 (RF power =150 W, N,
= 400 sccm, Ts =400 , Deposition time =120 min, Anneal condition = 700

N, gas 4hr)  Vis light 4.5 mW/cm® 4.5 mW/cm®

OD 5
24 RF-PECVD
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~ Stable
* [@dsorptiod]
¢
*®
0. 25

* % UV 1Tight on

.\” * . o o . o%

12 14 16

.8
Ti me(h

4-36

(RF power =150 W, N, =400 sccm, Ts =400 , Deposition time =120 min,

Anneal condition =700 N gas 4hr, Substrate = Silicon wafer)

(MB concentration= 1.5 ppm UV light Intensity = 4.5 mW/cm?)

0. 29

Stable Vis light on
SREL ZERN| = 4. 5mW/ cm- 2

0. —a— > 4. 5mW/ cm- 2

0.
o 0. . O Y
<

0.

0. = B— g 5|

0.

0.

0 2 4 6 8 10 12 14 16 18 20
Ti me( hr)
4-37 4.5 mW/em® 4.5 mW/em®
(RF power =150 W, N, =400 sccm, Ts

=400 , Deposition time =120 min, Anneal condition = 700 N, gas 4hr, Substrate

= Silicon wafer)(MB concentration= 1.5 ppm)
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