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Abstract Tungsten oxide(WOs) films with uniform surface morphology are fabricated using a spin-coating method for
applications of electrochromic(EC) devices. To improve the EC performances of the WO; films, we control the heating rate
of the annealing process to 10, 5, and 1 °C/min. Compared to the other samples, the WO; films fabricated at a heating rate
of 5 °C/min shows superior EC performances for transmittance modulation(49.5 %), response speeds(8.3 s in a colored state
and 11.2 s in a bleached state), and coloration efficiency(37.3 cm?/C). This performance improvement is mainly related to
formation of a uniform surface morphology with increased particle size without any cracks by an optimized annealing heating
rate, which improves the electrical conductivity and electrochemical activity of the WO; films. Thus, the WOj; films with a
uniform surface morphology prepared by the optimized annealing heating rate can be used as a potential candidate for
performance improvement of the EC devices.

Key words electrochromic performance, annealing heating rate, tungsten oxide, film structure, spin-coating.
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Fig. 1. (a-c) Top-view and (d-f) cross-view FESEM images obtained from WO;-10, WO;-5, and WOs-1, respectively.
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Fig. 2. AFM images of WO;-10, WO;-5, and WO;-1.
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Fig. 3. (a) XRD curve of WO;-10, WO3-5, and WOs-1 and (b) XPS spectra obtained from W 4f of WO;-5.
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Fig. 4. Electrical conductivity of WO;-10, WO;-5, and WOs-1.
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Fig. 5. (a) CV curve of the samples measured using a three-electrode system in the potential range of —0.7 to 1.0 V at scan rate of 20
mV/s, (b) in situ optical transmittances at 633 nm traced in the potential of —0.7 (colored state) and 1.0 V (bleached state) for 60 s, and

(c) variation of OD at 633 nm vs. the intercalated charge density.

Table 1. Summary of the EC performances for all samples.

Transmittance

Response speed (s)

Samples modulation (%) Colored state Bleached state CE (em’/C)
WOs-10 39.2 18.7 14.3 27.7
WOs-5 49.5 8.3 11.2 37.3
WO;-1 45.1 8.7 18.5 30.8
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