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Abstract

In this reseach, Indium Tin Oxide (ITO) powders were prepared by selective
membrane precipitation technique via sol gel process. The stiochiometry of In:Sn ratio for
single phase Indium Tin Oxide(In25n207-X) powder was studied by hydrolysis process of mixed
solution. The mixed solution was prepared by mixing indium chloride (InC13) and tin
chloride(SnC12'2H20) in acetylacetone at room temperature with indium to tin mole ratio 11,
1:3,8:2, and 9:1 respectively. The mixed solutions were added into the membrane reactor then
hydrolyzed to precipitate by 1 M NH40H solution. The precipitated powders were washed with
deionized water and separated out by centrifuge at 3000 rom. The precipitated powders were
characterized by Thermogravimetric Analysis technique (TGA). The result are used to support
the calcinations processes of ITO powders. The XRD technique and Fourier Transform Infarred
Spectroscopy (FT-IR) are also used to investigate the purification and the crystallinity of
powder.
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11

(Flat panel displays: FPDs) (Liquid crystal
displays: LCDs) (Organic light emitting diodes:
OLED)

(Transparent conducting thin film)

2
(Au) (Cu) (Aq)
[1]
(Indium tin oxide: 1TO)
(1T0)
375V 3.50-4.06 eV [1]
(Hydrothermal) (Freeze drying)

(Spray  drying)

(Sol gel)
(Homogenous)
(Precipitation Technique)
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2. 4 1173
g2 91

3. RSN,

4, 600700 800

(XRD)
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2.1
123 (crystallographic
phase) (space group la-3) (space group R-3c)
X0j X
80 (unit cel!)
1 (anion)
(lattice parameter)  10.118 A [1] 2.1
2 In 3 six-fold
(2 four-fold [2-3, 29-31]
lattice
b site
cation
anion ®
Vacancy _
(16) d site

cation



(oxygen vacancies)
Ve 2
(conduction band)
12 3I{V0¥)eX e
+ 13 (cation)
In2Y Y0Y
4-6%
12
221
(IT0) ()
() L3
(SnO 09 Kt
Bixbyite 2.2 (n-type - semiconductor)
(wide band gap) 3543

(25005000 ‘om )
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222

(Absorption)
(Transmission)!
(Energy Gap: Eg

(Valence Band)

Bixhyite

(Reflection)

(Conduction Band)

21

2.3

13



‘1.1 'V - (2.1
V = /A (2.2)
Ag ()
b 6.63 x 10'%JS
¢ 3x 108m/s
v (]
Photon _Energy
absorbed
2.3
(£8) [4]
223
(Resistivity)
2

(Mobility: )



(free carrier) 2
1
(oxygen deficiency)
4]
er
y X\ 0

T Relaxation time

m*c (Effective mass)
Relaxation time

m*c

23

(semiconductor)
(conductor)
(band structure®

(dopant)

2.3

23)

24
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(b)
24 []
(energy gap) E
(valence band) (conduction hand)
£6 2-10 eV
(excite)
Eg < 1 eV
(impurity element)
(doping)
Ed (donor level) 2.5
(donor)
(n-type
semiconductor) n-type

semiconductor  band  gap
(conduction  hand) hole



. " (p-type semiconductor)
(acceptor)

0 =Semiconductor atoms
@ = Impurity atom with
five valance electrons

0 =Extra electron from
impurity atom

N-Typ©

2.6

2.4

10

(hole) '

Conduction
band

0 0

Donor levels

WY
£d~0.05 eV

Q0000Q000

P-Typa

[6]



1

type) (TCO,
transparent conducting oxide) 2 02 123
(impurity dope)
( ¢ Sb F (G2 b
(>2F

1003 (indium tin oxide: 1TO)

241
(Solar Cell)



24.2 (Organic light emitting diode: OLED)
OLED (thin organic layers)
(transparent anode) 6
(metallic cathode) hole-injection layer, hole-transport
layer, an emissive layer, and an electron-transport layer
( 2-10 ) emissive layer

(electro luminescence)
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OLED Structure
e 2 t0 10 VOC

Electron
Transport
Layer PEFL)

Organic
Emitters " 170

Anode
Hole

Injection
Layer (MIL)

28 OLED [§

24.3 (gas sensor)

(C02 (H2

244 (Liquid Crystal Display: LCD)
2 (Substrate)
(Column) (Row)
Indium Tin Oxide

(Ground)
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2.9 Passive matrix [9]

Active matrix (TFT LCD Monitor)

(Thin Film Transistor: TFT) b=t

(~ Pt AD

2.10 Thin-Film-Transistor or active matrix displays [9]
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Ll
FAAT
w D
Rguro A
) 211 LCD  Active matrix [9]
25
(Cation)
I
(Segregation)
25.1 ! [10]
(Precipitation) ‘ " (Quantitative

analysis)
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(Growth)

(Digestion)

24

16

" (Precipitant)

(Nucleation)

(Anisotropy)



2.12

[10]

(Solid solution)

(Coprecipitation)

BaS04 BaCl2
BaS04 Baz

BaCl|

120337

BaS04
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(Occlusion)

(Cohydrolysis) !

) (Precipitation agent)
) ( )

(True coprecipitation)
Chemical stoichiometry
(Simultaneous precipitation and coaggregation)

(Hetero-coagulate)
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25.2 * (Hydrothermal method) [10)

(anhydrous  powders) :

100 350
15 MPa (autoclave)
( 213
25.3 (Spray-drying method) [10}
(spray-drying)
(atomizer)
30 250
0.1

( 214)

19
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2.5.4

1 (Freeze drying method) [10]
(freeze drying)

(cryochemical processing)
?

(sublimation)
(segregation)

0.1

20

0.5
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255 (Sol-gel method) [10, 11]
(sol  gel) (Wet
process)

(dense film)

(ceramic ~ fibers)

(215

Xerogel film Densefilm
J
Sol-Gel Technologies
Theiraﬁ]roducts
215 [12]

011
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L
01
1 1
M(OR)4
M(OH)4 (ROH) R

M

2.

(polymerization)
(Gelation) 2
(Hydrolysis) (Condensation)

Hydrolysis :
MOR)x + 2 M(OR)x- 1(OH) + R-OH (2.5)
Water condensation
(OR)X1-M - (OH) + (OR)x.1- M- (OH)  (OR)x1-M - (OR)x_1+ HX (2.6)

Alcohol condensation

M(OR)x+ (OH)-M -(OR)x-1 -- (OR)Xi-M- (0R)XL + R—OH) (27)



(Aming)

(hypercritical)

23

X
(Alkyl group) (Aryl group)
pH
(Chelating  agent)
(Chelating  ligand)
(Acetic acid) (Acetylacetone)
(dehydration)
(Supercritical)
1
( 216)

20 50
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}

(Polymeric gel)

(Particulate gel)

24

21
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21

(Selective
precipitation)
I, Segregation (

I pH
reactor
|
(hollow spherical
particles)

-mixed salts

25



2.6 * [13]

261

30

(Dialysis process)

(cellophane)

(Electrodialysis process)

(anode) (cathode)

(Reverse osmosis)

( < 500 0.1-1 nm)

26



, (solution diffusion)

1-10 MPa 10-100 atm

1 ) ’ 1
]

I

(Nanaofiltration)
10-20 atm 1-2 MPa
NaCl

(Ultrafiltraton) '
(microporous) (colloid)

2-20

(Microfiltration)
0.1-10

(Pervaporation)

1000

40-80%

21



2.6.2

2.6.3

2.1

2.1.1

(Heating)

2111

TGA

(Thermal Analyzer: TA) 114]
(Physical Properties)
(Temperature programme)
(Cooling)

. (Thermogravimetrlc Analyzer: TGA)

01 JTg 0.1%

28
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2.1.12 | (Differentia! Thermal Analyzer

heat rig
coil

46

tilermo couples

' DTA)

2.18 [14]
(Endothermic) (Exothermic) DTA
DTA curve
2.1.2 (X-ray diffractrometer: XRD)[15]
. .1895 W.C. Rontgen (X-rays)
0.1-100 (A) 0.01-10

0.07-0.2

30



(absorption)

2.12.1

2.1.2.3

2124

2.1.25

(scattering)

(bombard)

(emission)
(diffraction)

3
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2.19 [15-16]
(reflection)
2
.. 1912 W.L.Bragg 0
OP R
AP+PC = A = (2.8)
0CD 1

AP = PC = dsin0 (d

11
~

(29)



interference)

(1K)

2.12.6

9

33

? (constructive

nl = 2dsin9 (2.10)

Bragg equation

sinG = nX/ 2d (2.11)

(destructive interference)

(scattering” 1

(detector)

(Iattice constant)
(peak)

(2.12)

( itcell) a=b=ca=p=y
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hk,l
2128 (particle size)
Sherrer’s equation
KA (2.13)
Pcos 9
P 1 1
(FWHM)
2.1.2.9 (x-ray

diffractrometer: XRD)
(Phase analysis)

7

| (Quantitative analysis)
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2.23

HTK16

2.1.3 it
Spectrometer: FT-IR)

FT-IR

FT-IR

3%

[15-16]

XRD
1600

{Fourier Transform Infrared
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0.01

2.24 '
(Fourier Transform Infrared Spectrometer: FT-IR) [17]

2.14 (Scanning Electron Microscope: SEM)

2.14.1
Sir JJ. Thomson .. 1897 .. 1924
Louid de Broglie

Carl  Stormer



3

1927-1928 Denis  Gabor
Max Knoll Ennst Ruska
Carl Stormer

Manfred Von Ardenne .. 1930

scanning coils
(image resolution)

(analytical electron microscape)
(spot analysis)
(electron probe microanalysis. EPMA)
(characteristic x-ray)
(wavelength dispersive x-ray spectrophotometry: WDS)
(energy dispersive x-ray spectrophotometry: EDS)

2742 v
(1000-3000

(anode plate) 105 107

5-200
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(secondary electron image: SEI)
35 ( 10 )

(backscattered electron image: BEI)
10

(X-ray image: XRJ)
(KM, L..)

1011mnlai ill (- vnoitil fflirtfimniiodi 1

Incicent Beam
Primary Backscattered Electrons
Thoy th]a%/ s Atomic Number anil Topographical Information
Composit gon In?ormatlon
Cathodolurninescelice
Eiectrkal information
Auger Electrons
Sifte Sengive Seconcary Eledrons
Composifora ? Ingorma fion Topographical Information

SFecimen Current
Electrical Information
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(plastic scintillation detector)

(Robinson detector)

1 (lithium drifted silicon: Si(Li))
(Single
channel analyzer, SCA) (Multichannel analyzer: MCA)
2
(column)
(console unit)
2
2143 SEM
)
(Filament) 100
)

( Scan coil )


http:fl''l.fv

4

6 4 (X, Y direction )

e
.

R
siare i

{
\
ol

226 SEM [19]
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2.8
Shitao L. [19]
40 100 85 1000
TG/DTA
(In(CH)-)) 123 315 (110
400 XRID
XRD d-spacing (222)
20
Chi HH. [20]
(ITO) (FTO)
(Acetylene back)
(In(N03. 5H,0) (110 (SnCl4)
6L\ w9~ 6
L 4) 1
120 10 750
30 TG/DTA
636 (weight loss)
550 700 XRD  SEM
750 ' (
123 ) 16 3B
Nimai CP. [21] (1:
90:10 70:30  50:50) (transformation)
(IV)la 60,
120, 300, 450 675
() (IV)
IrLj0j 2 330 590
Jin SL. Sung C.C. [22]
(Solvothermal process)
() (In(NO>nHD () (SnCl45H2 )
92:8

80 10


http:frhll~rl'UCl'H)ru11.fJ

43

(
) f 250
10
, 1 D3
(PEG) 25.02
Sutapa RR. [23] ITO
V) ]
In:Sn 955 90:10 85:15  80:20 10
490 '
20 60
11 03 UV-
Spectrometer
Tang. [25] (ITO)
(In(NO033 (SnClI4)
10:1 9
TGA/DTA
XRD  SEM
Uv-visible
Stotica T.F. [29]
( (OCHDY (In(OCHDI
(In:Sn) 91
1000 3
5 150 15
550
(In"Snp3
four-probe



34Q'em’
3Q'%em’
Nadaud N. [31]
1550 10

neutron powder diffraction

-0
6 14 X2
(10.1247 A)
Yingying G. -~ Liping Q. [37]
(SnCl4)
40
34 pH 6 pH
250
InOOH ITO
Ki. Y.M. [39]
InCI34HD SnCl45H)
(
pH (pH = 6.75-10.13)
pH 6.75
pH

60

91

143D
059

Mossbauer spectroscopy
0Xygen partial

(In(S04)))
(NHJ)
300
pH
ITO
9 ITO
250
InOOH ITO
ITO
(NH))
] 400-700 )
pH
20
9.75


http:6.75-10.13

3.1
1 0(InClj) Aldrich 98%
2. (SnCI22HD) (Merck)
98%

3, 65% (Conc.NHj) CARLO ERBA

4, 1 (Acethyl Acetone (CsHE) 2)) Laboratory Rasayan

D. ( parafin oil)

3.2

)

2,

3,

= .

b, (Thermogravimetric Analyzer: TGA)

Perkin Elmer ~ Pyris 1 TGA
6. (Differential Thermal Analyzer: DTA)
Perkin Elmer -~ DTA7

1. (X-ray Diffractrometer: XRD) Brucker AXS
GmbH D8 Advance

8. (Fourier Trasform Infrared
Specrophotometer: FT-IR) Perkin Elmer ~ FTIR Spectrum GX

9, (Scanning Electron Microscope: SEM)
1455 VP LEO Electron Microscope

10. Thennolyne  Furnace 6000

11. 4 Denver Instrument ~ TC - 254

12, Fisher Scientific  Isotemp

13, (cellophane hag)

14, (Hot plate) Fisher Scientific

LEO



3.3

10,

11,

34

341

(In:
1

)

(XRD)

117382

(Indium chloride: InCI3)

1

(In:

9:1

100

=01 7:38:2

80

46

(Tin chloride: SnClr 2HD)

1) 31
(Acethylacetone: CsHd 2)

250

100

810



31

11
1.3
8:2
9:1

Hot plate

(Precusor solution)

(InClj)

InCl|
1.0845
0.7591
0.8675
0.9760

(SnCl, .2HD)
(Indium Tin Oxide Sol Solution)

SnCl2. 2H0
1.1282
0.3384
0.2256
0.1128

47



/3.2

34.2

100

3.3

§ 1012

NH365%

8.33

8.33

100 ml

80 °c

100 ml

1

48

[20-22]

(1 M NHOH)

1

[19.21]



d

80

3. elastic rubber

3000

01 M

80

24

20

24

80

34

2-3

49

20



1 600 700 800
351 '
4 117382 91
31
35.2
3 8§10 12
353
600 700 800
(Heating rate) 15 °c/min 400
1
(Heating rate) 5 °c/min 600 700 ~ 800
1
35

time/hr.

50



3.5

temperature (°C)

temperature (°C)

700

600

500

400

300

200

800
700
600
500
400
300

200

o

()600°C () 700°

time/hr.

time/hr.

()800°C
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3.6 |
36.1
(Differential thermal analysis: DTA)
(Thermogravimretric analysis: TGA)
TGA/DTA
50- 1200 °c
10°c /min
20-30 mg
3.6.2
(XRD)
(Intensity: 1) 26

(X-ray Diffractrometer: XRD)
CuKoc
30 kv
30 mA
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20 - 20°-80°
0.1 deg/min
Time/ step 3 min
36.2.1 (Lattice parameter)
(ITO)
(3.)
k|
a
(Unitcell) — a=b=c a =3=y
A
0
3622 (Partice! size)
(ITO)
(Scherer equation) 3.2
0.89X, (32)
pcos 0
D
\ 5406 )

(FWHM)

3.6.3 -
(Fourier Transform Infrared Spectrometer: FT-IR)

(FT-IR)
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(KRr) transparent
disk 400 - 4000 cm'L
36.4 (IT0)
(SEM)
(SEM) 10000  (Magnification =

I0000x) 50,000  (Magnification —50000x)



(ITO)

41

41
10

ITO
ITO 170
ITO
ITO
ITO 1 (7:3)
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(TGA)

4.2

ITO

600 700

TGAIDTA
9:1

41()
800
110
ITO
)
(DTA)
DTG %/min DTA uVijng
10

56

41



42
9:1

1

2

( 4.1-45)

3

0 H.(OH)jIn -

o7

10
160-209
In(OH)3HD 42) 19, 20, 21]
2
209-272
In(OH)3 In§0)0H)2[19, 20, 21]
22,25
272298
SnOH? 02
(OHG.Ha (OH)3n - SnOH2[19, 21] ( 4.6-4.9, 4.10)
35.28

Colloid —»In(OH)3HD

NOH)3HD —»  In(OH)j + H

240'c

6IN(OH)3 In60)30H) 2
In§0)30H) 2 31n20)(0H)4
IAOOHM D3

290"c

032 -> 02+ hd

125 °C

53n02 509+ 1/202

39 0 5 Ph+ o


http:ln~f11~t111!1~Vl.11
http:Sn(OH).Hp
http:4.6-4.9,4.10

590 °c

Ds 4+ 120, (4.9)
20°
0H.(OH)3An-  (OHE).HD (OH)an- SnOH, + HD (4.10)
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600
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0.292
0213
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0.244
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0.241
0412
0.424
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0.324
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0.293

91

(622)(222)
0.277
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0.217
0.295
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Lattice parameter (°A)
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30.648
30.499
30.580
30.640
30.501
30.502
30.580
30.500
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30.580
30.602
30.499
30.55
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30.640
30.599
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30.500
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30.600
30.620
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30.598
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10.113
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10.145
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10.106
10.125
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10.145
10.113
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10.113
10.112
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(Arrhenius equation)

k = Ae'BRT
k . (Rate constant)
A (Frequency factor)
Fa (Activation energy)
(Gas constant)

T " (Absolute temperature)
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