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Enhancement of Hydrophobicity by a Heat Treatment of Zinc Aluminate
Thin Film Deposited on Glass Substrate
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Abstract: An 80 nm thick zinc aluminate thin film was deposited on a glass substrate via radio-frequency (rf) magnetron

sputtering and heat treated to analyze changes in the wetting angles due to a surface modification. The thin films were

modified from hydrophilic to hydrophobic by a simple thermal treatment. The surface modification from a heat treatment

increased the wetting angles up to 111°, which was explained by the relationship with the excess surface area. The

wetting angles of the annealed thin films decreased with increasing exposure time under ambient conditions, which was

attributed to the oxygen vacancies in the films that were introduced during deposition. The annealed thin films were

treated by ionized oxygen via oxygen plasma. After the oxygen plasma treatment, the decreased wetting angles were

maintained at ~95° for 11 days.
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(a)
E
pm
(b) Element Weight% Atomic%
AlK 0.86 0.72
InL 0.46 0.16
SiK 6732 54.53
OK 31.36 44.59
Totals 100

Fig. 1. (a) AFM image of thin films deposited on trench structure
for thickness measurement by AFM and (b) composition of thin

films measured via energy-dispersive spectroscopy (EDS).
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Fig. 2. (a) Transmittance vs. wavelength of as-deposited ZnAl,Oq4
thin films and (b) transmittance of thin films annealed at different
temperatures.
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Fig. 3. (a) Variations in wetting angle as a function of annealing
temperature. Insets showed the shapes of wetting angles with increasing
annealing temperature and (b) variations in excess surface area as a
function of annealing temperature. Insets revealed AFM 3D images
of samples annealed at 25 (no anneal), 200, and 300°C.
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Fig. 4. (a) Projected surface shapes with different roughness, (b)

high surface roughness, and (c) different wetting angle shapes
on different surface roughness.
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Fig. 5. AFM surface image of thin films annealed at (a) 200
and (b) 300°C. Insets revealed particle size distribution of the
thin films annealed at 200 and 300°C, respectively.
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Fig. 6. (a) Variations in wetting angle of the thin films annealed
under dry air and oxygen atmosphere with increasing exposure time
and (b) the split XPS spectra using XPS Ols levels in annealed
thin films under dry air.
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Fig. 7. Schematic diagram of the thin films with oxygen vacancy
(left), equipment of oxygen plasma treatment at 150°C (center),
and fully filled oxygen vacancy by oxygen treatment (right).
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Fig. 8. Variations in wetting angle measured as a function of exposure
time under ambient conditions using samples treated via oxygen plasma
and (b) the split XPS spectra of the XPS Ols levels using oxygen

plasma treated thin films.
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