
 

Nanostructure design enables pixels to
produce two different colors
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Through precise structural control, A*STAR researchers have encoded a
single pixel with two distinct colors and have used this capability to
generate a three-dimensional stereoscopic image.

Figuring out how to include two types of information in the same area
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was an enticing challenge for Xiao Ming Goh, Joel Yang and their
colleagues at the A*STAR Institute of Materials Research and
Engineering. They knew such a capability could help a range of
applications, including ultrahigh-definition three-dimensional color
displays and state-of-the-art anti-counterfeiting measures. So they set
about designing a nanostructure architecture that could provide more
'bang for the buck'.

Having previously used plasmonic materials to generate color prints at
the optical diffraction limit by carefully varying the nanostructure size
and spacing, Yang thought polarization would be a promising direction
to pursue. "We decided to extend our research to prints that would
exhibit different images depending on the polarization of the incident
light," he explains.

The main challenge to overcome was the mixing of colors between
polarizations, a phenomenon known as cross-talk. Goh and Yang trialed
two aluminum nanostructures as pixel arrays: ellipses and two squares
separated by a very small space (known as coupled nanosquare dimers).

Each pixel arrangement had its own pros and cons. While the ellipses
offered a broader color range and were easier to pattern than the
nanosquare dimers, they also exhibited a slightly higher cross-talk. In
contrast, the coupled nanosquare dimers had a lower cross-talk but
suffered from a very narrow color range.

Because of their lower cross-talk, the coupled nanosquare dimers were
deemed better candidates for encoding two overlaid images on the same
area that could be viewed by using different incident polarizations.

While the coupled nanosquare dimers' color palette could be expanded
by varying the width and spacing between adjacent squares in each
nanosquare dimer, the ellipses were better for demonstrating the wide 
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color range achievable.

Furthermore, the researchers used these pixel arrays to generate a three-
dimensional stereoscopic image. They achieved this by using ellipses as
pixel elements, carefully offsetting the images and choosing background
colors that minimized cross-talk.

"Being able to print two images onto the same area and, further,
generating a three-dimensional stereoscopic image opens up many new
avenues for applications," remarks Goh.

But the possibilities do not end there. Complex nanostructures, including
circularly asymmetric shapes, offer many more options. "By employing
additional circular polarizations, we could encode multiple images ―
that is, not just two, but three or more images in a single area," Goh
explains.

  More information: "Three-dimensional plasmonic stereoscopic prints
in full colour." Nature Communications 5, 5361 (2014). 
dx.doi.org/10.1038/ncomms6361
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