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Fig. 1.1 Schematic diagram for a conduction process controlled by barrier
mechanism. (a) high resistivity, (b) low resistivity.

Fig. 1.2 Crystal structure of In,0s.

Fig. 1.3 Schematic diagram of (400) plane and (222) plane oriented ITO films.

Fig. 1.4 Schematic diagram of screen-printing process.

Fig. 1.5 Applications of printed electronics engineering
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Fig. 2.1 Schematic diagram of experimental system.

Fig. 2.2 Schematic diagram of experimental procedure for printed ITO films.

Fig. 2.3 Schematic illustration of AFM.

Fig. 2.4 Schematic diagram of experimental procedure for printed ITO films.
(a) cantilever angle =15°, (b) cantilever angle <15°, (c) cantilever angle >15°.

Fig. 2.5 Description of transmission system.

Fig. 2.6 Description of four-probe measurement system.

Fig. 2.7 Description of hall effects measurement.

Fig. 2.8 Bragg’s law

Fig. 2.9 Description of orientation “g” of grains.

Fig. 2.10 Presentation of orientation “g” of grain by pole figure.



Fig. 2.11 Presentation of orientation “g” of grain by inverse pole figure.
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Fig. 3.1 Electrical properties of ITO depend on annealing temperature.

Fig. 3.2 AFM images of (a) as-deposited, and (b) annealed at 600°C ITO films.
Fig. 3.3 Transmittance spectra for as-deposited and annealed samples.

Fig. 3.4 Variation of (a) resistivity, (b) carrier concentration and mobility of ITO
films annealed under different annealing temperature.

Fig. 3.5 XRD pattern of ITO films annealed under different annealing
temperature. Inset show variation of the ratio of peak intensity of (222) and (400)
planes with annealing temperature.

Fig. 3.6 Variation of (a) resistivity, (b) carrier concentration and mobility of ITO
films annealed at 600 °C with different Ar gas flow.

Fig. 3.7 XRD pattern of ITO films annealed at 600 °C with different Ar gas flow.
Inset show variation of the ratio of peak intensity of (222) and (400) planes with

different Ar gas flow.

Fig. 3.8 Schematic diagram of complex (Sn,-Oa").

Fig. 3.9 (a) Resistivity, (b) carrier concentration of without pressure annealing
and with pressure annealed ITO films under different annealing temperature.
Fig. 3.10 EBSD image of ITO films. (a) as-received, (b) annealed without

pressure, (c) annealed with pressure.



A4
Fig. 4.1 1-V characteristics of coil-patterned gas sensors fabricated with
screening printing of ITO powder. (a) without annealing, (b) annealed without
pressure, (¢) annealed with pressure. The inset is the image of ITO powder
films .
Fig. 4.2 Response and recovery properties of coil-patterned gas sensors

fabricated with screening printing of ITO powder under various gas.



Table 1 Electrical properties of electron beam exposed ITO films.
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Abstract

Gas sensor is a device which detects the presence of various gases within an area, usually
as part of harmful to organic life. The metal oxide semiconductor currently constitutes one of
the most investigated groups of gas sensors. They are based on the resistance variation when
the semiconductor oxide films surface are exposed to gases. Metal oxides such as WO,, ZnO,
SnO;,, In,03 are relatively safe structure and operating compared to other materials. Among
various oxides, gas sensor based on In,O3 and SnO, are most attractive materials for
semiconductor gas sensors. Indium-tin-oxide (ITO) gas sensor has been demonstrated
recently, which showed a promising properties including stability in the air and high
selectivity of gas.

ITO gas sensor based on the material surface with gas adsorption and desorption. They are
almost depleted of carriers and exhibit much poorer conductivity than ambient air. This
reaction can be influenced by many factors such as natural properties of base materials,
operating temperature, surface areas and surface additives. Most of all, such a high operating
temperatures is required to increase the sensitivity, however, it may cause considerable
degradation of ITO gas sensor lifetime and even application to a volatile gas sensing is
restricted. Recently, ITO gas sensors commonly modified by their particle size reduced to
nano-scale to enhance the sensitivity. Hence, how to fabricate a gas sensor operating at room-
temperature is an important issue, and ITO gas sensor fabricated with nano-particles has been
considered as a solution for this problem. Printing technology is relatively inexpensive
compared to other technologies, simple, safety and benefit. However, printed ITO gas sensor,

which is sintered using ITO nano-particles still has a high resistivity and low sensitivity.



In this study, we studied about the electrical properties on pressurized high-temperature
annealing of ITO films and its application to room temperature gas sensor. First of all, we
studied about the limiting factors of resistivity in ITO films annealed at high temperatures,
then, we proposed to the method of pressurized high temperature annealing to reduce the

resistivity. Also, resistivity in printed ITO powder film decreased from 1.6 KQ-cm to 294

Qcm during the pressurized annealing at high temperature. Finally, we show that response
and recovery properties of printed ITO powder films was found to be dependent on properties
of ambient gases at RT, which indicates the possibility of using printed ITO powder films for
the fabrication of RT-gas sensor device.

In the chapter 1, introduction and basic theory of gas sensor, physical properties of ITO,
importance of printed electronics engineering, and the purpose of this study are described.

In the chapter 2, experimental system, experimental procedure for printed I1TO films, and
various analysis principles are explained.

In the chapter 3, the origin of resistivity increase of high temperature annealed ITO films
were investigated, propose a new annealing method, and improved electrical properties of
new annealing method of ITO films are discussed.

In the chapter 4, electrical properties on the high-temperature annealing of printed 1TO
powder films were investigated. Finally, response and recovery properties of printed ITO
powder films was found to be dependent on properties of ambient gases, which indicates the
possibility of using printed ITO powder films for the fabrication of RT-gas sensor device

In the chapter 5, results found form this dissertation are summarized and concluded.
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Barrier

Fig.1.1 Schematic diagram for a conduction process controlled by barrier mechanism.

(a) high resistivity, (b) low resistivity.
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Fig. 1.5 Applications of printed electronics engineering[11].
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Fig.2.1 Schematic diagram of experimental system.
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Fig.2.2 Schematic diagram of experimental procedure for printed ITO films.
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Fig.2.3 Schematic illustration of AFM.
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Fig.2.4 Schematic diagram of experimental procedure for printed 1TO films.

(a) Cantilever angle =15°, (b) Cantilever angle <15°, (c) Cantilever angle >15°.
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2.3.2 =3} =A(Transmittance spectrum)
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Fig.2.5 Description of transmission system.
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2.3.3 4—FA =A (Four—probe measurement)
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Fig.2.6 Description of four-probe measurement system.
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2.3.4 & =7*(Hall measurement)
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Fig.2.7 Description of Hall effects measurement.
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nA = 2dsin®

n = integer determined by the order given
A = Wavelength of x-ray

0 = Scattering angle.

Fig.2.8 Bragg’s Law
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2.3.7 AX} FH} A& 3 A (Electron backscatter diffraction; EBSD)
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Fig.2.10 Presentation of orientation “g” of grain by pole figure.
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Fig.2.11 Presentation of orientation “g” of grain by inverse pole figure.
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Fig.3.1 Electrical properties of ITO depend on annealing temperature.
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Fig. 3.2 AFM images of (a) as-deposited, and (b) annealed at 600 °C ITO films.
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Fig. 3.3 Transmittance spectra for as-deposited and annealed samples.

-37 -



3.3.2 A7|4 EA

bl e A5

ol

Figure 3.4(a)x 7] 4dEloll A A2 A 600 °C7HA] EA &

!

Aol Wstolnt. AAe 227t 7SS Ado]l Frheklvh Figure 3.4(b)+=
71 Aol A A2l A 600 °C7HAl e S a3l 452 Mo =9 o]

F&= wstoln], 719 A E SRS A% Aol FEot AasAn,

8.0x10* — 71—/ T T T
E 7.0x10° - (a) -
O soxi0t i
®]
= soxi0t b -
2
= 4.0x10° F -
=
B o0t -
0
o 2.0x10* | -
1.0x10° | 8
1 1 1 1 ‘:;'{.: 1 1 70
(?A 1 8x1021 L T 7/ T X T
O 1.6x10" (b) - 60
21 [ g
g 1.4x10 - 150 ©
W 1w g
[ ] 140 S
€ 1007 -2
] I —
g 8.0x10™ | 430 g
20 | ]
8 6.0x10 _ 120 EN
3 4.0x102”_- -10 “
E 20x10” |
8 L 1 " 1 IIIJ 1 " 1 0

0 100 500 600
Temperature (°C)

Fig. 3.4 Variation of (a) resistivity, (b) carrier concentration and mobility of ITO films

annealed under different annealing temperature.
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Fig. 3.5 XRD pattern of ITO films annealed under different annealing temperature.
Inset shows variation of the ratio of peak intensity of (222) and (400) planes with

annealing temperature.
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Fig. 3.6 Variation of (a) resistivity, (b) carrier concentration and mobility of ITO

films annealed at 600 °C with different Ar gas flow.
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Table 1 Electrical properties of electron beam exposed ITO films.

Conditions Exposure time Resistivity Carrier concentration Mobility
(min) (Q cm) (em™®) (cm %/ VS)
Without gas 0 5.95x 10* 2.89 x 10%° 28.2
pressure 4 2
60 5.63x 10 477 x 10 23.1
With gas pressure 0 1.24x 10" 2.37 x 10 21.1
60 1.24x 10 2.34x 10% 21.4

7 Ox10'4_‘ ( a) —&— Without pressure
—(O— With pressure (0.15 MPa) |

o o

5010 .

4 0x10°F E

300107 .

20010 .

Resistivity (Q cm)
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T 4 T < T z T & T 4 T
3500 ( b) —@— Without pressu
—(O— With pressure (0.15 MPa)

30010

250" |
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50010°

Carrier concentration (cm™)
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Annealing temperature (°C)

Fig. 3.9 (a) Resistivity, (b) carrier concentration of without pressure annealing and

with pressure annealed ITO films under different annealing temperature.
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Fig.3.10 EBSD image of ITO films. (a) as-received, (b) annealed without pressure, (c)

annealed with pressure.

-50 -



3.7 A&

dA et £917] 7F

o

0
10

7
Njo
]

o

—

1S
B

3R

WHst= ITO B 7l

s

o] ]

]

—_
fite)

39

=
=

(0.2 MPa)€ A g

8 we 7k

&7) 9]

p—

o

= A7 =5

2o}

=L O
Elass

o B A

e 57

55k 7t

S
=

3l w2k o 2 (Electron backscatter diffraction; EBSD) ©]w]

z

G

BR
fi%e)

—_—

Br

1o
=

3}

i3

)

-

| 91e] A7t 48499 = 2

Ag B

-51 -



[1] A. Rogozin, N. Shevchenko, M. Vinnichenko, F. Prokert, V. Cantelli, A. Kolitsch, and W.
Moller, Appl. Phys. Lett., 85, 212 (2004).

[2] H. A. H. Mohamed and H. M.Ali, Sci. Technol. Adv. Mater., 9, 025016 (2008).

[3] W. G. Haines and R. H. Sube, J. Appl. Phys., 49, 304 (1978).

[4] R. L. Werner and R. P. Ley , J. Appl. Phys., 37, 229 (1966).

[5] K. Nishio, T. Sei and T. Tsuchiya. J. Mater. Sci., 31, 1761 (1996).

[6] M. J. Alam and D.C. Cameron, Surf. Coat. Tech., 142, 776 (2001).

[7] P. A. Cox, Transition Meal Oxides Oxford 1992

[8] I. Elfallal, R. D. Pilkington and A. E. Hill, Thin solid Films 223, 303 (1993).

[9] H. Morikawa and M. Fujita, Thin Solid Films 339, 309 (1999).

-52.-



bz, A E5

)

-

]

Ay

b hRAA $8

h B

+S o] &%

1o}l

=)
=

ool wls) Aol 7k

ah
5}

3}

-
T

A 4% ITO B9t

41 AE
w4 AbshE kA

eehA i o

]

b

Aol Abgol

ﬂo
H

~I

T

puzel

il

=t 3o

3

TR A S
)

1

R

aho] ZhAAR AT Aol

)

b ARSI sheha TRl o
°ol-&

bol 2} Altel] 2

PR 2 72 o)

-

e}

=

A 7kl e mf

b

AE Qoo U 71

H

=
T
o]

H

o

&

ato], 3%llA Al

S

OL
4.2 A9

7 9

A]

)
)

ITO o]~

2z ITO

=]
Rus

1zt =7]17F 50nm 9

111 v g2 4o

=

=

vpeloF 3 ITO

T

h S

Jo] A%
-53-

S
4

=
=

ethylcellulose ¥} terpineol



o
I

Azstdnt. 249 o Qe dEre F= 20 um oF, Z|#e 2= 1 mm
T A9 (Si0z)7]9o] AL A,
7k g 2) 7k Figure 2.1 4 o] b AIeE S AIZE AR AA @8 A

U2 Aol ol getglon], haan B4 e AR el flo Aol A

T
o
[l
il
o
ofo
ol
o
9
2
=
Ll

g ARE 9947 F ARtk $4, 26 Bzsh o
<10™° Torr &Foz vHE 5 725 {98t A Wals st Ao
of st ol ARt Ar N, 0,2
of A3, 100 = F4°o = 100 ppm

AbgsEleH, Ttas §% 2dAE oSt

TRl Jbag Tl 3PSk A ARl S ARl 474 54 Wk 4-

(5
N
e
i)
ot
|y
ox
it
o
o,

L3 4-TdAPH =748 Keithley 2400 sourcemeter &

o
ofo
_O‘L
30
o

4.3 1TO 330 BeS o] &§ 7t2AM 54

4.3.1 L2719t AEE ITOHSE dete] A3 EA

Figure 4.1 % ITOE =3¢ ZAEHo R Qlisle] 7Y 724l A8

Aol Frtste] MRS AHstnz e AxAEgS FASE Aol Fasit (a)e
A, (b) ti7IgtelA dAe, (C) 7t EAE Alzoltt. dAHAY A= (a)
i 43.9 KQ:em?| 2 ¥AZS 7AW, t7] T A AR (b= 1.6 KQemA &
o2 fradon, et dAEE AR (o) oAE 293 Qem AT @S FHAEA
7k dA e Aol wlE] 82% #HAa&S #E otk AlE (o) A doixl AT

ITO w2 ¥had 7h Al A o

r o)
ot
o\

o] AF[3] oA BHaHE 600~1500 Q HE]



30 T | | |
F— (@) p=43.9KQem .

20 L-----(b) p=1.6KQem A
| () p=294Q¢em

Current (um)

0L

20k

30 | i 1 . ; { f I

Voltage (V)

Fig.4.1 1-V characteristics of coil-patterned gas sensors fabricated with screening
printing of ITO powder. (a) without annealing, (b) annealed without pressure, (c)

annealed with pressure. The inset is the image of ITO powder films image.

4.3.2 £97] 7129 wE 7AA EA

Figure 4.2% “4&olA Ar, Ny, 0, 7}2=& 242} 100ppm® FY RS wo] 7244 £

7‘( -
f AHIARE Age] Frhste] b Fele] B AR el A Age] ebgslE A
of Atk oldd $UEA WaE £xe] B4 Lwsl Agogonz stx ¥



o}
A BE Sguste AEY 5 gov, AU A Be 0,904 by

W2 3 EAHS Holal, T O R Ny, PIAHO R Ar 7F o2 3EAgl] Gl s

solahgict
1.00020 r T r T T
100ppm 100ppm 100ppm 100ppm
~_1.00015 |- -
O
e Ar
e Y
o))
o
" 1.00010 |- -
Py N
= 2
> - -
g
g 1.00005 / -
5 \ -
w L ‘ | ] 2|
/ W
1.00000 : . L L L . .
0 500 1000 1500

Time(sec)

Fig.4.2 Response and recovery properties of coil-patterned gas sensors fabricated

with screening printing of ITO powder under various gas.

-56 -



44 ZE

ITO ¥ehs 7hsAlA A 2tel o

=]
ot

AR
A}

=2 A

7]

f

t71 €

S

T AM = A2

e s,

3

b2

=
54

3

b1

5]

&

= :
g

4 54 AN mt

F 271

&l

&

12l S ol

= =
< T

1 82 %9 #HAass ## Y. &3 7fx

A2 el 1l

ol
=

Mo

)

-57 -



4.5 Z1 53

[1] D. Vincenzia, M. A Butturia, V. Guidib, M. Carottaa, G. Martinellia, V. Guarnieric, S.
Bridac, B. Margesinc, F. Giacomozzic, M. Zenc, G. U. Pignateld, A. A. Vasilieve and V.
Pisliakovf , Sens. Actuators B Chem., 77, 95(2001).

[2] A. C. Huebler, Printed electronics Europe 06, Apr., Cambridge, 2006.

[3] B.C. Kim, J.Y. Kim, D. D. Lee, J.O Lim, J.S. Huh, Sens. Actuators B Chem., 89, 180
(2003).

[4] J. Yu, B. Huang, Y. Dai, X. Qin, X. Zhang, Z. Wang and S. Wang, Slid State Sciences, 13,

1315 (2011).

- 58 -



Xy
=

EK

)

7her

e

sk ITOE

A7

o] §5t]

el

=

i A o

E
=

ERE

7

7}

el

WH3ls [TO gy 7He] o

&

oA

S
-

FaL, ol#

z'sg o)

7

AR
Ha

al

o

= Ar, Ny, Oy E97] 7}~ E579

=
=

npEto 2 ol Al ZE Al

F ITO

<)
“

A%

7JIHo 2

=K

!

olo

)

Rl Ea B B

ol
——

B

-59 -



SEROE

1. J. E. Koo, M. N. Jung, S. J. Oh, S. N. Kim, B. W. Lee, W. J. Lege, S. H. Ha, Y. R. Cho, and
J. H. Chang "The Growth Mechanism of ZnO:In Nanorods and Application as Field Emission

Device (FED)" Sea-mulli (The Korean Physical Society) 57, 231 (2008)

2. S. N. Kim, M. N. Jung, S. J. Oh, J. E. Koo, I. H. Heo, H. S. Ahn, S. N. Yi, B. W. Lee, W. J.
Lee and Jiho Chang "Stuctural, Optical, and Electrical properties of ZnO:Al Nanorods grown

by Using a AuGe Catalyst" Sea-mulli(The Korean Physical Society) 57, 231 (2008)

3. M. N. Jung, J. E. Koo, S. J. Oh, J. H. Chang, T.-I. Jeon, W. J. Lee, S. H. Park, J. S. Park, J.
S. Ha, T. Yao "A study on the indium-induced variations in photoluminescence properties of
indium-doped zinc oxide nanorods” International Journal of Nanoscience 8,137 (2009).

(SCIE)

4. Mina Jung, Sunyeo Ha, Seungjun Oh, Jieun Koo, Jungjin Kim, Keisuke Kobayashi ,
Yoshihiro Murakami , Tae-In Jeon, Takafumi Yao, Jiho Chang "Investigation on the
electronic state of In-doped ZnO nanocrystals by hard X-ray photoemission spectroscopy"

Current Applied Physics 9, €165 (2009). (SCI)

5. M.N. Jung, S.J. Oh, J.E. Koo, S.N. Yi, B.W. Lee, W.J. Lee, D.C. Oh, T. Yao , J.H. Chang
"One-step formation of ZnO nanorod bridge structure using geminated Si substrates by vapor
phase transportation” Current Applied Physics 9 e161 (2009). (SCI)

-60 -



6. M. N. Jung, S. H. Ha, S. J. Oh, J.E. Koo, Y.R. Cho, H. C. Lee, S. T. Lee, T.-I. Jeon, H.

Makino, J. H. Chang "Field emission properties of indium-doped ZnO tetrapods™ Current

Applied Physics 9, €169 (2009). (SCI)

7. M. N. Jung, J. E. Koo, S. J. Oh, B. W. Lee, W. J. Lee, S. H. Ha, Y. R. Cho, and J. H. Chang
" Influence of growth mode on the structural, optical, and electrical properties of In-doped

ZnO nanorods" Apply Physics Letter 94, 041906 (2009). (SCI)

8. Inho Im, Mina Jung, Jieun Koo, Hyunjae Lee, Jinsub Park, Tsutomu Minegishi,
Seunghwan Park, Katsushi Fujii, Takafumi Yao, Gyungsuk Kil, Takashi Hanada and
Takafumi Yao "Effect of anion-to-cation supplying ratio on the surface morphology of AIN
films grown on ZnO substrates at low temperature™ J. Vac. Sci. Technol. A 28, 61 (2010).

(SCI)

9. Seungjun Oh, Mina Jung, Jieun Koo, Youngji Cho, Sungkuk Choi, Samnyung Yi,
Gyungsuk Kil, Jiho Chang "The mechanism of ZnO nanorod growth by vapor phase
transportation” Physica E: Low-dimensional Systems and Nanostructures 42, 2285 (2010).

(SCI)

10. B. R. Chang, J. Y. Lee, J. H. Lee, H. S. Kim, J.E. Koo, K. R. Bae, W. J. Lee "The effects
of thermal annealing on the structural and optical properties of MgZnO Films" Sea-mulli

(The Korean Physical Society) 60, 450 (2010).

11. Yujin Cho, Youngji Cho, Jinyeop Yoo, Jieun Koo, Sungkuk Choi, Sangtae Lee, Wonjae
-61 -



Lee, Takafumi Yao, Jiho Chang, “Study on the Changes in the Surface Morphology and the
Optical Properties of Thermally-annealed (1120) ZnO Substrates” " Sea-mulli (The Korean

Physical Society) 61, 311 (2011).

12. Jieun Koo, Seunghwan Park, Woong Lee, Youngji. Che, Hyojong Lee, Sangtae Lee, Jiho
Chang “Improved electrical properties of pressurized high temperature annealing of ITO and

its application to gas sensor” Sea-mulli (The Korean Physical Society) 57, 1069 (2011).

13. Jieun Koo, Seunghwan Park, Woong Lee, Youngji. Cho, Hyojong Lee, Sangtae Lee, Jiho
Chang “A study on the High-temperature annealing on ITO films by controlling the Oxygen

Partial Pressure” Sea-mulli (The Korean Physical Society) (2012). Accepted

14. M. N. Jung, J. E. Koo, G. S. Kil, S. H. Park, W. J. Lee, D. C. Oh, H. J. Lee and

J.H.Chang “Enhanced field emission properties of indium-doped ZnO nanorods” Journal of

Ceramic Processing Research (2012). (SCI) Accepted

o ¢ g& ¥

1. AL, Ay, o5, AA, ol4hg, shdE, =99, oA, ZAZ “In

o
=)

00 Vb mejel A elAUSS A %Y 27 SEel wF AT

T
-

20081 st=r&E25+s] (2008.4.17~18)

2. The 6th International nanotech symposium & exhibition, KINTEX, Korea (August, 2008),

"Field emission properties of ZnO:In Tetrapods"”, M.N. Jung, J.E. Koo, S.H. Ha, T.R. Cho,

-62 -



H.C. Lee, S.T .Lee, T.1. Jeon, H. Makino, J.H. Chang

3. RS, Avly, 73], A, oldA s, £, FAST AL
He2 AFgE In =3 @ Zn0 Y=g 547 2009 &3

(2009.4.23~24)

4. 37th International symposium on compound semiconductor (October 2010)
"Measurement of |-V characteristics of solar cells using LED artificial light source™ Jieun

Koo, Jiho Chang, Kensho Okamoto

5. The 10th International Meeting on Information Display (October 2010) "Demonstration of
an Artificial Sunlight by LED and its Applications™ Jieun Koo, Kensho Okamoto, Youn-Rea

Cho, Jiho Chang

6. 2010 International Symposium on Crystal Growth ( November 2010) "Study on the
cathode layer for the field emission light emitter” Jieun Koo, Yujin Cho, Juseop Han,

Seunghwan Park, Woong Lee , Sangtae Lee, Gyungsuk Kil and Jiho Chang

7. The 15th International Symposium on the Physics of Semiconductors and Applications
(July 2011) “Electrical properties of printed ITO powder annealed at high temperature under
high pressure ambient gases” Koo Jieun, Seunghwan Park, Woong Lee, Sungkuk Choi,

Sangtae Lee, Jiho Chang

-63-



8.

(2011.10.19~21)

-64 -



	목차
	그림목차 Ⅲ
	표 목차  Ⅵ
	국문요약 Ⅶ
	Abstract Ⅸ
	제1장 서론
	1.1  가스센서
	1.1.1가스센서 분류
	1.1.2 반도체 가스센서의 원리

	1.2 Indium-tin-oxide (ITO) 특성
	1.2.1 결정 특성
	1.2.2 전기적 특성

	1.3  인쇄전자공학
	1.3.1 인쇄전자기술의 현황 및 중요성
	1.3.2 인쇄전자기술의 종류 및 원리
	1.3.3 인쇄전지기술의 응용

	1.4  본 연구의 목적
	1.5  참고문헌

	제2장 실험방법 및 분석
	2.1  실험장치 
	2.2 인쇄기술을 이용한 ITO 파우더 박막 제작
	2.3  특성분석
	2.3.1 Atomic force microscopy
	2.3.2 Transmittance spectrum
	2.3.3 Four-probe measurement
	2.3.4 Hall effect measurement
	2.3.5 X-ray diffraction
	2.3.6 Electron backscatter diffraction (EBSD)


	제3장 고온열처리 된 ITO 박막 특성
	3.1 서론
	3.2 실험
	3.3 고온에서 열처리된 ITO 박막 특성
	3.3.1 표면 형상 및 투과율
	3.3.2 전기적 특성
	3.3.3 구조적 특성

	3.4  분위기 가스에서 고온열처리 된 ITO 박막 특성
	3.4.1 전기적 특성
	3.4.2 구조적 특성

	3.5 산소 분압에 따른 ITO의 열역학적 특성 모델
	3.6 고온가압 열처리된 ITO 박막 특성
	3.6.1 전기적 특성
	3.6.2 구조적 특성

	3.7 결론
	3.8 참고문헌

	제4장 ITO파우더 박막을 이용한 가스센서 응용
	4.1 서론
	4.2 실험
	4.3 ITO 파우더 박막을 이용한 가스센서 특성
	4.3.1 고온가압 열처리된 ITO파우더 박막 전기적 특성
	4.3.2 분위기 가스에 따른 감지특성

	4.4 결론
	4.5 참고문헌

	제5장 요약 및 결론 


