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ABSTRACT

Structural, Optical and Electrical Properties of

In203ZCr Films Deposited by Spray Pyrolysis

Mi-Ra, Lee
Adviser : Prof. Dong Ju Seo, Ph.D
Major in Physics Education,

Graduate School of Education, Chosun University

In,04:Cr (ICO) films were deposited on the glass substrates by spray

pyrolysis. Transparent and conducting ICO films prepared with Cr
contents [Cr/(Cr+In) atomic ratio] up to 1.88 at.% were identified as Cr

~doped In,0; (In,O4Cr) with preferred orientation (222). The ICO lattice
is the same as that of the In,Oj cubic structure, with Cr®" substituting

for In®" associated interstitial O?~ in the In,O, There are no new
compounds in the ICO. The minimum resistivity and the maximum carrier
concentration of the ICO films deposited at Cr content of 1.88 at% were
1.28% 10 2Qcm, 3.98x10Yecm ™3, respectively. The optical transmission of
the sample deposited at a Cr content of 1.88 at.9%6 was about 80% in the
wavelength range form 300 nm to 800 nm. The optical energy band gap
of the ICO films deposited at a Cr content of 1.88 at.9%6 was 3.27 eV.
The optical energy band gaps of the ICO films decreased with increasing

Cr content of the samples.
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Fig. 1. Direct and indirect transition in semiconductor.

(A) direct transition. (B) indirect transition
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Fig. 3. Spray pyrolysis system for preparing the In,O5:Cr films.
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Fig. 5. X-ray diffraction patterns of In,O4Cr films deposited at

substrate temperatures ranging from 400 C to 500 T.
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Fig. 6. X-ray diffraction patterns of In,O4Cr films deposited at

substrate temperatures ranging from 500 T to 600 T.
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Fig. 7. X-ray diffraction patterns of In,O4Cr films deposited at

substrate temperatures of 525 C and various Cr content.

_18_



InO,Or Filrs
- SUbstrate Tenrperature 525°C
]

ok

ol

3

Crystal Size (nm)

06 08 10 12 14 16 18 20
Cr Content (a%9

Fig. 8. Variation of grain size of In,O4Cr films deposited with various

Cr content.
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substrate temperatures of 525 C and various Cr content.

_21_



C. In,O,;:Cr vHe] 3shehs x4

Cr 35 188 at.% A stdA, 525 C 71#exz #8719 o A4

@ In,0;Cr wete] EDS A~d"EdLS 9 103 2u EFAEEA O

T8 FollA Cr &3 22 W9 delM AL dA s

Table 1. EDS results of In,O5:Cr films deposited at substrate

temperatures of 525 T and various Cr content.

Sample Solution Atomic Ratio of Samplesl
CrCL/(CrClL+InCL)(%) O Cr  In  Cr/(Cr+In) ratio(%)
ICO-14 0.63 5824 021 46.74 0.44
ICO-15 0.94 6229 030 3741 0.79
ICO-16 1.25 66.42 038 33.20 1.13
ICO-17 1.56 69.59 043 29.98 1.41
ICO-18 1.88 7164 051 27.86 1.79
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Fig. 10. EDS spectra of In,O4:Cr films prepared with Cr content of

1.88 at. %.
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Fig. 11. Optical absorption spectra of In,O5Cr films deposited at

substrate temperatures of 525 C and various Cr content.
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Fig. 12. Optical band gap of In,0O4Cr films prepared at substrate

temperatures of 525 C and Cr content of 1.83 at.%.
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Fig. 13. Variation of optical band gap of In,O5Cr films deposited at

substrate temperatures of 525 C and various Cr content.
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Fig. 14. Optical transmittance spectra of In,O5Cr films deposited at

substrate temperature of 525 C and various Cr content.
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Fig. 15. Variation of resistivity and carrier density of In,O4Cr films

deposited at substrate temperatures of 525 C and various Cr

content.
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