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ABSTRACT: We fabricated two different transparent conducting oxide thin films of ZnO doped with Ga (Ga,O; 0.9 wt%) as well as Al
(AL,O3 2.1 wt%) (GAZO) and ZnO doped only with Al (AL,O3 3 wt%) (AZO). It was investigated how it affects the moisture resistance
of the transparent electrode. In addition, Cu(In,Ga)Se; thin film solar cells with two transparent oxides as front electrodes were
fabricated, and the correlation between humidity resistance of transparent electrodes and device performance of solar cells was
examined. When both transparent electrodes were exposed to high temperature distilled water, they showed a rapid increase in sheet
resistance and a decrease in the fill factor of the solar cell. However, AZO showed a drastic decrease in efficiency at the beginning of
exposure, while GAZO showed that the deterioration of efficiency occurred over a long period of time and that the long term moisture
resistance of GAZO was better.
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Fig. 1. XRD patterns of TCO layers grown test glass (a) 6-26
mode (XRD) (b) 26 mode (GIXRD)
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Fig. 2. SEM images of TCO surface after completing device
fabrication (a) as-deposited AZO, (b) AZO after 240
min, (c) as-deposited GAZO, (d) GAZO after 240 min
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Fig. 3. FF distribution of solar cells with (a) as-deposited AZO,
(b) AZO treated for 240 min, (c) as-deposited GAZO, (d)
GAZO treated for 240 min
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Fig. 4. Electrical properties of TCO laysers depending on exposure
time (a) AZO/glass (b) GAZO/glass
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Fig. 5. Transmittance and reflectance of TCO laysers depending
on exposure time (a)AZO on glass (b) GAZO on glass
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Table 1. Performance variation of the solar cells fabricated with
different TCO depending on exposure time

AZO Voc Jsc FF EFF
asfab | 0.60 36.8 62.2 13.7

30 min | after 0.59 37.0 60.9 13.4
A (%) 0.3 0.4 2.1 2.1

asfab | 0.60 348 65.3 13.6

60 min | after 0.59 35.2 62.4 13.0
A (%) -1.1 1.1 -45 -45

asfab | 060 343 53.4 11.0

120 min | after 0.59 349 60.0 12.4
A (%) 0.8 1.7 12.2 13.2

asfab | 0.60 34.2 64.5 13.2

240 min | after 0.57 34.4 53.7 10.5
A (%) 5.1 0.9 -16.7 -20.3

GAZO Voc Jsc FF EFF
asfab | 0.60 33.9 69.0 14.0

30 min | after 0.60 345 63.1 13.0
A (%) -0.1 1.9 -8.6 7.0

asfab | 0.60 34.9 67.8 14.2

60 min | after 0.60 36.0 59.4 12.8
A (%) 0.1 3.1 -12.4 9.6

asfab | 0.60 343 68.5 14.0

120 min | after 0.60 36.9 62.1 13.7
A (%) 0.2 77 9.3 2.6

asfab | 060 34.2 64.5 13.2

240 min | after 0.59 332 58.0 11.4
A (%) 1.3 2.8 -10.0 13.7
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