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Characteristics of an electrochromic ECD (electro-chromic device) film in
applications for smart windows with a 4-layer structure, a thickness of 0.5 mm
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Abstract Using electrochromic devices (ECD), smart window films that can change the colors from tinted state into
transparent state by applying an external voltage were manufactured. Polyethylene terephthalate (PET) film was used as a
substrate instead of conventional glass, and ECD modules having a total thickness of about 50 um were manufactured by
sequentially introducing an ITO/Ag/ITO electrode layer, a WO3/TIC2 organic discoloration layer, and a Nafion fluorine
electrolyte layer. Through a series of sputtering, bar coating, and thermal compression processes, a large scale smart
window with a horizontal and vertical length of more than 80 mm was manufactured. When DC 3.5V was applied, the
transmittance decreased from 54 % to 24 % and moreover the color change could be confirmed even with the naked eye.
Reversible color change capability at low external voltage implies that external sunlight can be selectively blocked which is
effective in terms of energy saving.
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Fig. 1. A competitive schematic views of the conventional and suggested ECD module structures.

Table 1

Characteristics and structures of conventional and ECD technologies in this study

Conventional ECD ECD developed in this study
Substrate Glass PET
Transparent electrode TCO Sputtering (Resistance: ~30 ()/square) TCO/Ag/TCO Sputtering (Resistance: ~10 (¥/square)
Driving voltage DC3~5V DC3~5V

Electrochromic layer
Ion storage layer
Electrolyte layer
Transparent electrode

WO, Sputtering
NiO Sputtering
Liquid electrolyte

TCO Sputtering (Resistance: ~30 {)/square)

WO, Sputtering

NiO Sputtering

Polymer electrolyte

TCO/Ag/TCO Sputtering (Resistance: ~10 {)/square)
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Fig. 2. Preparation procedures of flexible ECD modules: (a) formation of electrode layer by sputtering, (b) formation of electrochro-
mic and electrolyte layer by bar coating, (c) lamination process by hot press, (d) manufactured ECD modules.
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Fig. 3. SEM micrographs of multilayered ECD modules consisting of ITO/Ag/ITO electrode, WO,/TIC, electrochromic, Nafion
polymer electrolyte layers.
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Fig. 4. EDS spectra and composition elements of 4-layered film showing weight and atomic ratio.
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Fig. 5. Transmittance (%) of (a) PET film coated with ITO/Ag/ITO electrode and (b) multilayered ECD modules under DC 3.5 V.

Fig. 6. Pictures of ECS film showing the color change from tinted state to transparent state under DC 3.5 V.
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