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Abstract: The characteristics of indium tin oxide (ITO) thin film deposited on polyethersulfone (PES) film by low tem-
perature E beam has been studied for the flexible photovoltaic devices. It was found that the substrate temperature in the
deposition process affected the crystallization behavior of ITO during the post low temperature annealing process. Higher
substrate temperature resulted in the increase of crystallinity of annealed ITO. Consequently, the lowering of sheet resis-
tivity and better transmittance were obtained. Crystallization of ITO during the annealing process was facilitated by using
oxygen gas in the deposition process and resulted in the enhancement on sheet resistivity and transmittance of ITO. The
surface roughness of PES film prohibited the crystallization of ITO during the annealing process and it caused the
increase of sheet resistivity and the decrease of transmittance of ITO.
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Figure 1. X-ray diffraction patterns of deposited ITO thin films on
PES substrate without oxygen; (a) ITO thin film before annealing; (b)

ITO thin films after annealing at 180 °C for 60 min; (c) ITO thin film
after annealing at 200 °C for 60 min.
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Figure 2. AFM photographs of deposited ITO thin films before and
after annealing at 180 °C; (a) substrate temperature at 25 °C without
oxygen; (b) substrate temperature at 150 °C without oxygen; (c) sub-
strate temperature at 150 °C with oxygen.
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Figure 3. X-ray diffraction patterns of deposited ITO thin films on

PES substrates with oxygen; (a) ITO thin film before annealing; (b)
ITO thin film after annealing at 180 °C for 60 min.
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Figure 4. Effect of E beam deposition parameters on the crystallinity
of ITO after annealing for 60 min; (a) without oxygen; (b) with oxygen.
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Figure 5. Transmittance of annealed ITO as a function of crystallin-
ity; (a) without oxygen; (b) with oxygen.
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Figure 6. Sheet resistivity of annealed ITO as a function of crystal-
linity; (a) without oxygen; (b) with oxygen.
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