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Dual-functional metasurfaces enabling high-
efficiency holography and triple-color printing

GA, UNITED STATES, August 5, 2026
/EINPresswire.com/ -- Researchers
from POSTECH have developed an all-
dielectric single-layer metasurface that
enables triple-color printing under
white light and high-efficiency
holography under coherent light. By
engineering three distinct meta-atoms,
the device achieves independent
control of phase and spectral
response, going beyond conventional
single-functional metasurfaces. The
approach provides a compact route
toward integrating multiple optical
functions within a single ultrathin
device. This multifunctional platform
enhances the potential of metasurface-
based technologies for optical security,
anti-counterfeiting, and information
storage.

Metasurfaces are ultrathin optical
devices composed of nanoscale
structures that can precisely control
how light behaves. By tailoring these
structures, researchers have
demonstrated flat optical components
capable of replacing bulky lenses,
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Figure 1 | Design and optical performance of the
dual-functional metasurface.
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Figure 2 | Experimental demonstration of dual-

functional metasurface.

filters, and holographic elements. Among their many applications, two particularly promising
ones are holography, which reconstructs images by controlling the spatial phase of light, and
structural color printing, in which the spectral response of metasurfaces is engineered to
generate high-resolution color displays. Meta-holograms based solely on phase modulation
typically lack control over spectral responses, resulting in non-distinct visual appearance under
typical lighting conditions. In contrast, most color-printing metasurfaces, which rely on
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engineered spectral responses, do not encode the spatial phase information required for
holographic image reconstruction. Although several studies have attempted to integrate color
printing and holography into a single metasurface, such dual-functional designs often exhibit
limited hologram efficiency, which continues to hinder practical implementation.

In a new paper published in Light: Advanced Manufacturing, a team of researchers led by Prof.
Junsuk Rho from POSTECH (Pohang University of Science and Technology), Korea, report a dual-
functional metasurface that achieves improved holographic efficiency while enabling structural
color printing. The team designed a single-layer dielectric metasurface capable of displaying
three distinct reflective colors under white light while simultaneously reconstructing broadband
holographic images under coherent light. This approach opens new possibilities for compact
multifunctional metasurfaces in optical security and information-encoding applications.

To achieve independent control of color and holography within a single device, the researchers
employed anisotropic nanostructures operated under circularly polarized illumination. This
configuration enables Pancharatnam Berry (PB) phase modulation, allowing the optical phase to
be controlled through the orientation of the meta-atom without affecting its spectral response.
As a result, the phase used for holography and the spectral response responsible for color
printing can be controlled independently. The reflective color is determined by the size of the
nanostructures, whereas the holographic phase is defined by their in-plane orientation, ensuring
minimal interference between the two functions. To expand the accessible color range, the
metasurface incorporates both single and double nanorod designs, providing greater flexibility
in engineering distinct spectral responses.

Numerical simulations show that the optimized meta-atoms achieve conversion efficiencies of
up to 90 percent at a target wavelength of 640 nanometers. Experiments confirm that the
fabricated metasurfaces display vivid structural colors under white light corresponding to the
three meta-atom designs and reconstruct holographic images with high efficiency under
coherent light. Importantly, the holographic performance remains robust across a broad range
of visible wavelengths, demonstrating broadband operation.

To further highlight the multifunctional capability of the platform, the researchers fabricated
metasurfaces that integrate all three meta-atom types into a single device. These metasurfaces
display multicolor printed patterns while encoding different holographic images, such as logos
or text, which are revealed only under coherent illumination. This independent control of color
and holography enables multiple layers of optical information to be encoded within a single
metasurface, offering a compact platform for applications such as anti-counterfeiting labels,
secure authentication, encrypted optical data storage, and multifunctional display technologies.
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