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Abstract
Tungsten oxide is the most interested electrochromic material and it canTbeEsw;']t::hEd3 rgegsZJy
from a transparent state to a blue colored state by an electrochemical process using an external
electric field an a proton source. This research is a study of electrochromic effect of tungsten oxide
thin film prepared by ion-assisted deposition of electron-beam evaporation. The structure of
tungsten oxide films are characterized by an X-ray diffractometer. We found that tungsten oxide
films, as-deposited, has amorphous structure. Then they were annealed at 90 °C and 270 °C for
1 hour respectively, the structure stay the same, as amorphous. When the films were annealed at
temperature 450 °C, a fully crystalline structure was obtained. The tungsten oxide films coated
directly on the glass slide after annealed in the air at 450 °C, consisted of monoclinic, orthorhombic
and hexagonal crystal structure. If the tungsten oxide films were coated on ITO films those were
coated on glass slides and were annealed in the air at 450 °C, consisted of monoclinic and tetragonal
crystal structure. Then the surface morphology of these films were studied by AFM. The films those
were annealed at 300 °C and 450 °C had cracks on the surfaces due to different thermal expansion
coefficients between films and substrates, but at 450 °C the films seemed to heal themselves better

because of higher atomic mobilities.

The films were then tested under cyclic voltammetry to compare redox reaction between amorphous

and crystalline phases. The observations showed that, the ion injected into tungsten oxide films and
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caused their color changed were faster in amorphous films than in crystalline films due to lower
density of amorphous films than the crystalline ones. Moreover, the films were prepared under
varying oxygen flow rate at 0, 20.0, 22.5, 25.0, 27.5, and 30.0 sccm respectively to produce
different oxygen concentrated films, then applied an external voltage of 2 volts for 30 seconds in
0.1M sulfuric acid solution, and measured the transmittance by spectrophotometer, Shimazu model
UV3100, The results of visible transmittance were 40.99, 38.97, 37.02, 62.94, 48.83, and 36.90
percents respectively. According to R.I.D. Tilly[m, the defect of tungsten oxide when it was rich of
oxygen, this effect produced pentagonal column (PC) defect in the structure of tungsten oxide which
increase the vacancies in the structure and allowed higher probability of ion injected into the

vacancies.

The films of tungsten oxide were also studied under varying number of applied pulses of 2 volts
with pulse-width 6 seconds in 7-second period when the films were immersed in 0.1M sulfuric acid.
The films were applied 5, 8, and 14 pulses, and the visible transmittance was measured to decrease
from 76.57 percents to 55.25, 23.28, and 1.97 percents respectively. If the applied voltage to the
tungsten oxide film was long enough until the visible transmittance reduce to 1.97 percents, then left
the film immerse in the electrolyte (0.1M H,SO,) for 9 seconds and measured the visible
transmittance again, it was found that self bleaching process occurred and the visible transmittance
became 7.25 percents due to ion diffusion out of the film. This is in contrast to the tungsten oxide
film of colored state that was left outside electrolyte for 0.5, 1 and 2 hours, the visible transmittance
changed from 3.83 percents to 4.12, 4.32, and 4.32 percents respectively, which is almost

unchanged.





