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Properties and conductivity mechanism of ITO films
prepared by r. f. magnetron sputtering
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Huazhong University of Science and T echnology, Wuhan 430074, China)

Abstract: The high quality ITO thin films were prepared at different temperatures by r.f. magnetron sputtering.
The results show that Ar partial pressure (p(Ar)) has an important influence on the conductance and transmission
in visible range (Tvi.) . The optimal p ( Ar) is 0. 2 Pa ascertained by experiments. The sheet resistance, Tvi and
color of ITO films depend on the film thickness. The film properties can be improved by elevating substrate temper-
ature (£s). For instance the films with Tvi larger than 90% and sheet resistance 13. 1 €/ U are obtained when ¢. is
200 C. Based on the growth theory of ITO thin films during the three steps, the relations between the conductivity
and the film thickness are established according to thermionic emission and tunneling, percolative form of film con-
ductivity and Cottey model of conductivity mechanism. The critical thickness d., which is about 48 =54 nm, is con-

firmed by the experiment data. The validity of conductivity mechanism and dimensional effect are confirmed by anal-

ysis of AFM for ITO surface.
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Table 1 Dependence of ITO films

on deposition time

No Deposition Thin film Ty, max/ R/
time/ min color % (Q« O N
1 1 colorless 87.3 1080
2 2 beige 86.4 960
3 3.5 beige 84.4 820
4 5 beige 80.6 357
5 7 darkish 85.9 240
6 9 buff 89.0 200
7 10.5 yellow 88.8 165
8 15 puce 84.4 86

TviL, max means maximate transmittance of ITO thin film in visible

light spectrum. Rs means sheet resistance of film
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Table 2 Relationship between sheet resistance

and properties after hot-treatment

Sample  Ammealing  Tvi wa/ X Re/
temperature/ C % nm (Qe O N

1# 350 90. 939 560 14.5

2f 350 91.513 534 14.0

3# 350 91. 687 577 13.1
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