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ABSTRACT

We reported Ag deposition-based electrochromic cell
(ECD) which showed reversible color change from
transparent to chromatic color, black and silver-mirror in a
single device. This coloration is based on the absorption
by localized surface plasmon resonance (LSPR)
enhanced by the silver nano deposit. In this paper, we
review a relationship between optical properties,
deposition process and morphology of silver nanopatrticles
toward color reflective display.

1 Introduction

Electrochromism (EC) is defined as reversible color
change caused by electrochemical redox reactions. ECD
has various advantages comparable to conventional
displays, such as high visibility under sun light, a memory
effect, and color variation. Electrochromic display has
been attracting significant interest for strong candidate in
information displays such as electronic paper (E-paper).

We have reported silver (Ag) deposition-based EC
device achieving three optical states—transparent, silver
mirror and black—in a single device." Its underlying mech-
anism was based on the -electrodeposition of Ag
nanoparticles on transparent electrodes, a flat indium thin

oxide (ITO) electrode or an ITO particle modified electrode.

The EC material, gel electrolyte containing Ag* ion, was
sandwiched by the two electrodes. The device’s default
state was transparent, whereas, applying a negative
voltage to the electrode causes the electrodeposition of Ag
on its surface.

Although progress for multi-chromatic representation in
full-color EC displays has been expected,?* control of the
multi-chromatic state using inorganic EC devices has been
reported but a few. Among our study on metal deposition-
based EC device, we recently found multiple coloring
phenomena based on electrochemically size-controlled Ag
nanoparticles.>® This mechanism can be explained by a
change in optical state based on their localized surface
plasmon resonance (LSPR) of the Ag nano deposit. The
LSPR band is known to change its absorption wavelength
depending on the size and shape of the nanoparticles.”®
Therefore, dramatic changes in color are achieved by
manipulating these bands.

In order to obtain multiple colors by shifting the LSPR
band, in the study the “voltage-step method” was applied
using an Ag deposition-based EC device. In this method,
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two different voltages are applied successively (Fig. 1):
the first voltage V4 is applied for a very short time t1 to
initiate the Ag nucleation, and the subsequent second
voltage V2 is applied for a time f. to promote growth of
the Ag nuclei. Because V2 is more positive than the
nucleation voltage, further nucleation is no longer
possible during t.%19 Therefore, growth of the Ag
nanoparticles and the resultant color of the device can
be controlled by changing t..
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Fig.1 Schematic representation of voltage step
method.
In this paper, we review a relationship between optical
properties, deposition process condition and morphology
of silver nano deposits toward color reflective display.

2 Experiment

2.1 Materials

All chemicals such as AgNOs, CuClz, Dimethyl
sulfoxide (DMSO), LiBr and Poly(vinyl butyral) (PVB)
was used without further purification. The ITO electrode
(10 Q/sq.) was used after adequate washing.

2.2 ECD Fabrication

The gel electrolyte for the ECD was prepared by
dissolving adequate amount of AgNOs, LiBr, CuCl2 and
PVP into DMSO. The ECD was fabricated by
sandwiching PVB-based gel electrolyte between the flat
and rough surface ITO electrodes, maintaining the inter-
electrode distance of 500 pm with a Teflon spacer. The
device area was 1 cm x 1 cm.

3 Results and Discussion
The ECD enabled selective three optical states of
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clear transparent, silver-mirror and black color by applying
constant voltage. For example, by applying 2.5 V for 20
s to facilitate Ag deposition on the flat ITO electrode, the
device represented a mirror state that reflectance between
500-700 nm is ca. 70%. (Fig.1 bottom left). On the other
hand, Ag deposition on the rough ITO surface side gave a
black state (Fig. 1 bottom right) due to the quenching of
the incident light caused by multiple scattering and
absorption.
(a) (b)

\

Fig.2 Photographs of Ag deposition-based EC cell
from side view (a), transparent (b) silver-mirror
state (c) and black state (d).

Next, we applied voltage-step method to realize
chromatic color by using only Ag deposition. By optimizing
the Ag ion concentration, driving voltage and deposition
condition, vivid and bright colors of cyan and magenta (Fig.
3 top). This improvement was due to the generation of fine
Ag nanoparticles and the prevention of the connection of
Ag particles.

Further, by decreasing Vi voltage for lower Ag ion
concentration device, spherical Ag nano deposits were
successfully obtained, and the device showed yellow and
green colors (Fig. 3 bottom). By comparing the LSPR
behavior of the device with that of Ag nanoparticles
dispersed in solution and using FDTD calculations, the
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Fig. 3 Absorption spectra and photographs (insets) of
cyan, magenta, yellow, and green states of the
EC device.
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mechanism of the vyellow and green colors was
investigated in detail. As a result, it was indicated that the
yellow coloration with an absorption band in the 400-500
nm region was caused by LSPR absorption of isolated
spherical Ag nanoparticles.

4 Conclusions

it was revealed that the coexistence of isolated spherical
particles and aggregations of Ag nanoparticles induced
two types of LSPR bands, leading to a good green color.
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