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Abstract: ZnO thin films have wide application areas due to its versatile properties as transparent conductors,

wide-bandgap n-type semiconductors, gas sensor materials, and etc. We have performed a systematic investigation

on ultraviolet-assisted CVD (chemical vapor deposition) method. Ultraviolet irradiation during the deposition of ZnO

causes chemical reduction on the growing surface; which results in the reduction of the deposition rate, increase in

the surface roughness, and decrease of the electrical resistivity. These effects produce larger characteristic variation

with various deposition conditions in terms of surface morphology and optical/electrical properties compared to

normal CVD deposited ZnO thin films. This versatile controllability of ultraviolet-assisted CVD can provide a larger

processing options in the fabrication of nano-structured materials and flexible device applications.
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[K: Scherrer constant (0.9), L: Grain Size,
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Fig. 1. Schematic diagram of chemical vapor deposition reactor
used for the experiment. The UV (ultraviolet) lamp has two
radiation wavelengths of 184.9 nm and 253.7 nm, which is
placed on the UV-transparent quartz window.

Table 1. Experimental parameters used in this work.

Used conditions
25/25 (mole ratio : 3.24/1)
30/20 (mole ratio : 4.85/1)
40/10 (mole ratio : 12.9/1)

Experimental parameters

H,O/DEZ ratio (sccm/sccm)

45

Deposition time (min) 60
75

130

Substrate temperature (C) 150
170

Substrate ITO / glass

Deposition pressure (Torr) 34
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Fig. 2. Comparison of deposition rates with and without UV
irradiation during the ZnO deposition process. Glass substrates
are uesd, and the substrate temperature is fixed at 150°C.
Symbol shape represents H,O/DEZ mole ratio.
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Fig. 3. Variation of the rate with substrate
temperature. ITO glass substrates are used, and H,O/DEZ mole
ratio is fixed at 3.24/1.
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Fig. 4. Comparison of the rms roughnesses with and

without UV irradiation during the ZnO deposition process. ITO
glass substrates are used, and the substrate temperature is fixed
at 130°C. Symbol shape represents H,O/DEZ mole ratio and
deposition time.
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Fig. 5. Comparison of the grain sizes with and without UV
ITO glass
substrates are used, and the substrate temperature is fixed at
130°C.  Symbol H,O/DEZ mole
deposition time.
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Fig. 6. Surface morphology probed by atomic force microscopy
(scan area: 20 pmx20 pm). (a) Without UV irradiation, (b)

UV irradiation during the ZnO deposition process.
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Fig. 7. Comparison of the optical transmittance with and
without UV irradiation during the ZnO deposition process.
(red: with UV irradiation, black: without UV irradiation). Inset
shows the method to extract optical bandgap from the
transmittance edge. A, represents the wavelength corresponds to

the optical bandgap.
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Fig. 8. Comparison of the optical bandgap with and without
UV irradiation during the ZnO deposition process. ITO glass
substrates are used, the H;O/DEZ mole ratio is fixed at 3.24/1,
and the substrate temperature is fixed at 130°C. Symbol color
represents deposition time.
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Fig. 9 Comparison of the resistivity with and without UV
irradiation during the ZnO deposition process. Glass substrates
are used, and the substrate temperature is fixed at 130°C.

Symbol shape represents H;O/DEZ mole ratio.
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