N, plasma

(Nitrogen-doped) TiO, (film)
RF-PECVD (titanium tetraisopropoxide ,TTIP)
3-1
3-1
(98%) Merck

(titanium tetraisopropoxide ,TTIP)
100% Anatase ST-01, Ishihara
Sangyo Kaisha, Osaka, Japan,

crystallite size of 7 nm

(iso-propanol, IPA ) (98%)
(Acetone) (98%)
(Methyl blue)
99.999%
99.999%
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Ti[OCH(CHa)2]4
284.25 g/mol
liquid

0.96 g/lem® (20 )

17-18
232
3-3
( )
130 mm
100 mm
100 mm
(Mass flow controller)  SIERRA 840L(U.S.A)

(MEC readout power supply)

500 sccm 200 scem

PC-540 (4 channel control readout)

500 mL
DF40 0-1000
0-100
Glas-Col MAX 250
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(365nm)

(UVP Ltd., Cambridge,UK)

SKC Inc, 3L SL
I mL
I mL
365 nm 8 W
420-500 nm 10 W

MP-136 UV-A Sensor

0.1-1.9 mW*cm™

(>400nm) MP-155 Lux Sensor
100-1900 Lux
MS-100 radiometer
3-2
RF-PECVD 3.1
1.
RF
4 cm
2. RF discharge
13.56 MHz 300W RF (Match Box)
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(inductive capacitive coupling, ICP)

PID
POWER
( 60 )
PC-615
CONVECTRON Gauge Tube
1000 Torr-0.001 Torr Torr  mbar
Torr

50 sccm 1000 sccm

GHP-800 800 L/min

24



3-3

3-2-1 - Ti0,
3-2-1-1
0.3%(W/V) (ST-01)
4
70 4
3-2-1-2
3-1
3.2x107 torr
10
N, Plasma Nitrogen-doped
3-2
N, Plasma

25
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[ \
W)
(( | | \\
| < Upper electrode

i i gasin
< Under electrode
< /_> - | susceptor
3-way valve Ball valve ‘\_ /‘ﬁ}
Flow controller /

/ W
I electric heat
tube
0 (9
Vacuum

sample s ‘ gauge

RF genjerator
IJ;LI IJ;LI Oil vacuum pump

i
[iiiriy

RF-PECVD
3-1 N,-doped

3-5 RF Nj-plasma ST-01
Parameter Set range
RF power 100, 200, 300 W
N, flow rate 400, 700, 900 sccm
Reaction temperature 200, 300, 400
Plasma time 10 min
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Raw TiO, powder

(commercially ST-01)

v

Pre-treatment

(Fixed in glass plate)

;

a

N,-droped treatment

by RF-plasma

:

’

No plasma treatment

N

;

:

Characterization

Analysis

!

UV-visible

spectrophotometer

’

Special surface area

measurement

’

a

X-ray diffractometer
(XRD)

|

\.

Scanning electron

microscope (SEM)

;

Photocatalytic of
gaseous [PA

'

GC-FID
Analysis

a

\

Electron spectroscopy for

chemical analyzer (ESCA)

J,
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3-2-2 - RF-PECVD

3-2-2-1

15

3-2-2-2

)  TiO,  (thin film)

tetraisopropoxide ,TTIP)

PECVD
3.2x107 torr
TTIP (
PECVD
TTIP
3-6 3-4
RF-PECVD

28

TiO,

RF-PECVD

50 )

15

15

( 3-3

(titanium

TTIP

80



Heating tape
N N (
STEEER R
Mass Flow
controller
0o
[Co %
NZ z i
Temperature controlled E] Oil vacuum
TTIP generater RE-PECVD pump
3-3 PECVD
3-6 RF-PECVD
Process Parameter Range
RF power 0-150 W

Carrier N, flow rate
Chamber pressure

Substrate temperature
Process plasma time
Bubbler temperature of TTIP
Heating tape

Electrics plate

200-400 sccm

0.8-1.4 Torr

200-400

30-120 min

50

80

4cm
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Substrates

Pre-treatment (clean)

Experiment Parameter

control

RF-PECVD prepare

=
[ |
[ |
H i

TiO, thin film
Silicon wafer N, 550 TiO, thin film calcined glass Air 550 - 4hr
700 800 —4hr and annealing N> 550 —4hr
TiO, thin film Photocatalytic
characteristic analysis analysis

X-ray diffractometer
(XRD)

microscope (SEM)

Electron spectroscopy
for chemical analyzer
(ESCA)

-/ J o J

[ Scanning electron
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3-4

3-4-1
I. - (UV-Visiable-NIR)
UV-VIS (U-3501 Spectrophotometer, Hitachi, Japan)
ST-01
TiO,
2. BET (SA3100, COULTER)
BET
3. Scanning electron microscopy, SEM
(JEOL JSM-6700F, Japan)
4. X X-ray diffractometer, XRD
(Crystalline)
(Amorphous)( , 1994)
(XRD-6000, SHIMADZU) X (GID)
3-4-2
RF plasma PECVD

Electron spectroscopy for

chemical analysis, ESCA >0.1%
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3-4-3
3-4-3-1

N, plasma

05 L

GC/FID peak

peak

R? 0.995

Vv xd,xRxT y
M xV x P

ppmv

(Gas Chromatography , GC)
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Vo s 2
? 0)
ppmv—i
3L
2.
- (A< 400 nm) -
( 3-4)
3-4
Contaminant Light Source Wavelength Light Intensity
2-propanol Ultraviolet light 365 2
raviolet li nm
(IPA, gas-phase ) g 0.6 mW/cm
Conc.=527.74 ppmv Visible light 420-500 nm 0.6 mW/cm2
3.
(Varian)
(FI ame 1 oni zFED)yi on Det ect or (SUPELCOWAX™.-10

Capillary Column, 15 mX0.53 mm ID X0.5um

46

4.5 min

5 min

130

15 /min

0 min
(Injector) 200

(Detector) 250

film)thickness
130
15 /min
46 -
4.5 min
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| PA input

TiO,

I\

Light source

3-5

3-4-32

(Methylene Blue)
3-6 UV-VIS

200 nm-800 nm

663 nm
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Absorbance

o

o

o

[¢}]

25
2
1-5
il
05
200 300 400 500 600
Wavelength (nm)
3-6 UV-Vis
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700

800



