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Abstract

Indium-Tin Oxide (ITO) films were prepared on the commercial glass substrate by the
Magnetron Sputtering method. The target was a 90wt.% InzO3-10wt.% SnO: with 99.99% purity.
The ITO films deposited by changing the partial pressure of oxygen gas (Oz/(Ar+02)) of 2, 3 and
5% as well as by changing the substrate temperature of 300°C or 500° C. The influence of
substrate pre-annealing and pre-cleaning on the quality of ITO film were examined, in which the
substrate temperature was 500° C and oxygen partial pressure was 3%. The characteristics of films
were examined by the 4-point probe, Hall effect measurement system, SEM, AFM,
Spectrophotometer, and X-ray diffraction.

The optimum ITO films have been obtained when the substrate temperature is 500°C and
oxygen partial pressure is 3%. At optimum condition, the film showed transmittance of 81%, sheet
resistivity of 226(Ycm?, resistivity{p) of 5.4 X 107*¢Zem, carrier concentration of 1.0 x 10%cm™, and
carrier mobility of 150cm?*Vsec. From XRD spectrum, ¢(222) plane was dominant in the case of
substrate temperature at 300°C, without regarding to oxygen partial pressure. However, in the
case of substrate temperature at 500°C, ¢(400) plane was grown together with ¢(222) plane, only
for oxygen partial pressure of 2 and 3%. In both case of chemical and ultrasonic cleaning without
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pre-annealing the substrate, it showed much almost same sheet resistivity, resistivity(p),

transmittance, carrier concentration, and carrier mobility.
In case of 500° C/60min pre-annealing before ITO film deposited, both transmittance and carrier

mobility are better than no pre-annealing, because pre-annealing is supposed to remove alkari

ions diffusion from substrate,

ITO film deposited on the Corning 0080 substrate showed a little bit better sheet resistivity,
resistivity(p), transmittance, carrier concentration than the film deposited on commercial glass.

But no differences between Corning substrate and pre-annealed commercial glass substrate are

found.
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ing system

(furnace)d} A 500° C/60% S¢F 9 %,
NH,OH : HyO: : HoO2 1:1:52 34g 29
o2 75°ColA 108 ¢ 71 dte] 7 gEHY
47182 AAsgen, HCl : HpO: : H208 1
1:52 8149 Ao 75°ColA 108 §¢t 7}
3l 7] EH Y T EZ AASAUC EF 2}
@A v} 58 B¢ FHFE MY F, AL 7MAR
Bo] d=A7) 2.0x10%orrs] 27 AZTEE
de Foe Fa43 27jof B3 @ Feh=2al,
BAEE F44- 9 293 5 AAS 980
oF 108 A & presputteringZ &) F, 4G o}
223 3k 7hA FYFS ZH 3] A8t MFC
& o] £33 A main sputtering A 23t} F
A3 gehg A7) Y8t el i Age
10cm, rf power:= 100WZ 3 sigich 7182 x
¥ 300°C 9 500°C, 239} & bmtorr o] 2
Aa7tAE OAMAr+0)9] ¥ &R 2, 3, 5%7HA] ¥
A7 A Pk

3. &l &1 ¥ 1§

3.1 &8 wa27|H#9 ITO &Y

311 %7= 9 ¥Ag
Fig. 2 1f power 100W, 2218 Bmtorr, 7)
B&E 300°C 2 500°C, 2t2 B¢ 3% &3
T AMNFA JdoiMe g JYEd Ig=
olt}. Fig. 2(a)& ITO ¥t S A 444 Av| A &
29 Efxax 97 90%3 Jdebdrd. Fig.
2(b)3} (el A Re RAY 7| B2 =7 &7

e}
904 — ]
g‘e/ HD 1 l, ) h N ‘ ’ ‘D)
& ) Teh.-cT
o :
£ 104
g ’
c ; (2} glass
E 604 - {b} Ts=500°C, Po,=3%
; {c] Ts=300"C, Po,=3%
50

400 500 600 700 800
Wave length(nm)

Fig. 2 Transmittance of ITO films
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Fig. 3 Sheet resistivity of ITO films
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Fig. 4 Carrier concentration of ITO films

Table 1. Properties of ITO films by substrate temperature and oxygen partial pressure

300°C 500°C
2% 3% 5% 2% 3% 5%
Transmittance(%) 78 78 79 83 81 B2
Sheet resistivity({¥cm?) 4200 8500 145000 210 226 1050
Resistivity(£fam) 84x107 1.7 2.9 5.0x107° 5.4x107 14x107¢
Commercial | Carrier concentration(cm™) | 1.9x10™ | 2.2x 107 | 85x10* [ 1.1x10" 1.0x 10" 4.0x 10"
glass Carrier mobility(cm?/Vs) 38 20 22 138 150 61
Crystal ortentation (222) (222) (222) (222), (400) | (222), (400) (222)
Roughnesstum) 36 63 46 17 25 20
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Table 2. Properties of ITO films on commercial glass

Sheet Resistivity | Transmittance Carner‘ Can.lfer Crystal
resistivity (xm) %) concentration mobility orientation
(1

(Yem?) (cm™) {cm?*/Vsec)
Pre-annealing(x )+ 173 3.6x107 79 5.3 10% 24 222
Ultrasonic cleaning bx X (222)
Pre —annealing{ x )+ s »
Chemical cleani 210 4.6x10 78 3.0x10 33 (222)
Pre—annealing{ O )+ . "
Chemical cleaning 226 5.4x 10 81 1.08x 10 150 (222)

Fig. 7 Surface morphologies of ITO films on
commercial glass by chemical clean (Ts :
500° C, Poy : 3%)
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Table 8. Properties of ITO films on corning glass
Sheet Resistivit Transmittance Carrier Carri Crystal
Corning 0080 resistivity S:_; "; ¥ (%) concentration a::;,etr ) ryts i
(Yem?) (fdxm (em ) (ecm*Vsec) mohility | orientation
Pre- aling( X ‘
¢-annealing( )+ 44 9.2x10 * 81 1.27x 10” 10 (222)
Chemical cleaning
Pre— ling{ x )+ ;
ve —annealing(x) 31 3.0%10 * 82 12.06 10° 48 (229)
Ultrasenic cleaning
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