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Abstract 

The combination of plasmonic nanostructures and 

electrochromic materials for dynamic color generation 

has been of interest in recent year due to the possibility 

to make reflective displays (electronic paper) in full 

color with extremely low power consumption compared 

to emissive displays. We show a comparison between 

an inorganic electrochromic material, tungsten trioxide 

(WO3), and an organic one, PProDOT-Me2, for the 

purpose of electrical modulation of the resonantly 

reflected light from plasmonic nanostructures. The 

comparison focuses on achievable contrast, switching 

speed, coloration memory and power consumption.  

1. Introduction 

Plasmonic metasurfaces with conjugated polymers have 

been used to generate dynamic color control in 

reflection mode [1][2]. The metasurfaces consist of 

three solid films made by evaporation: 150 nm silver 

film, for high reflection, an alumina spacer layer which 

tunes the reflective color (via Fabry-Pérot interference) 

and a 20 nm gold film where short-range ordered 150 

nm nanoholes are prepared by colloidal lithography. 

These structures can generate vibrant red, green and 

blue colors which may be used as pixels in a reflective 

display. To switch the colors on and off, conjugated 

polymers with tunable optical absorption have been 

used [1]. However, there is room for improvements 

regarding the contrast, the switching speed, the 

coloration stability and power consumption.  

Among materials which have electrochromic properties, 

we chose to compare the best inorganic and organic 

ones for full transparent/black switching across the 

visible. The first is WO3, an inorganic electrochromic 

material that has been used in smart windows 

applications for many years [3]. It shows high contrast 

over the whole visible spectrum up to >50% [4] and 

long lifetime [5]. The second is PProDOT-Me2, reported 

to show highest contrast among all polymers (close to 

78%) [6] and fast switching speed [7]. 

 

2. Results and discussion 

Fig.1 shows a schematic of the structure used for the 

comparison. Bleached and colored state correspond to a 

voltage of 1 V and -1 V respectively vs Ag/AgCl. A Pt 

wire is used as counter electrode. WO3 is switched using 

1 M LiClO4 /Propylene Carbonate as electrolyte while 

PProDOT-Me2 using 0.1 M Tetrabutylammonium 

perchlorate/ Acetonitrile. 

 

Figure 1: Schematic of the 3 electrodes setup.  

In Fig.2, transmission spectra of 285 nm WO3, 

approximately 200 nm PProDOT-Me2 and the bare gold 

substrate before deposition (sputtering of WO3 and 

electropolymerization of PProDOT-Me2) are reported. 

WO3 shows a contrast of 22% in the red region (660 

nm), 32% in the green region (520 nm) and 25% in the 

blue region (490 nm). PProDOT-Me2 shows a contrast 

of 7% in the red region, 15% in the green region and 

11% in the blue region. Although the contrast does not 

seem to reach values comparable with, for example, 

black and white paper (around 50%) [8], both are 

reported to have potential to reach higher contrast [3][6] 

and data is here presented for transmission mode. 

Results will improve after optimization of the 

electrochemical polymerization of PProDOT-Me2 and 

thickness of the films. The ideal thickness is around 200 

nm for PProDOT-Me2 and 300 nm for WO3 in 

transmission, which are a good compromise between 

high contrast and transparent bleached state. In 
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reflection, they will differ by approximately a factor of 

2 as the light passes through the film twice. 

The switching speed of PProDOT-Me2 is on the order of 

hundreds of ms, while for WO3 in the order of a few 

seconds which is acceptable for devices displaying 

stationary images. 

Coloration memory of WO3 and PProDOT-Me2 is on the 

order of a few minutes. It is defined as the time required 

for the contrast to drop by 10% while no voltage is 

applied. The maximum contrast can then be restored 

with a short voltage pulse. 

The power consumption per switch is, on average, 4 

mJ/cm2 per full switch for PProDOT-Me2 and 30 mJ/ 

cm2 per full switch for WO3. 

 

 

Figure 2: Transmission in colored and bleached 

state of 285 nm WO3 and PProDOT-Me2. The 

dotted line is the transmission of the gold 

substrate before deposition of the films.   

3. Conclusion 

Both WO3 and PProDOT-Me2 show promising results. 

The contrast of 285 nm thick WO3 reaches a maximum 

value of 32%, and of 18% for 200 nm thick PProDOT-

Me2. For the optimal thicknesses of WO3 (300 nm) and 

PProDOT-Me2 (200 nm) the contrast should reach 

values >50%. 

The switching speed of WO3 is on the order of a few 

seconds, while the switching speed of PProDOT-Me2 is 

on the order of a few hundreds of ms. Both switching 

speed are suitable for displaying stationary images. 

The coloration memory of both WO3 and PProDOT-Me2 

is on the order of a few minutes and the full contrast can 

be restored with a short voltage pulse. 

The power consumption for full switch is 30 mJ/ cm2 for 

WO3 and 4 mJ/cm2 for PProDOT-Me2. More accurate 

evaluation of the power consumption will consider the 

short voltage pulse needed to restore the full contrast. 
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