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Fig. 1. Schematics used to realize the wavefront control by the metamaterial: (a) Schematics of the phase

delay; (b) schematics of the wavefront control 24,
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Fig. 2. Some popular applications of metamaterial: (a) An optical vortex created by the metasurface [24]; (b) meta-
[44]

surface of quarter-wave plate [41]; (c) an ultrathin meta surface of invisibility skin cloak for visible light
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Fig. 3. (a) The simulated holographic images created
by an ideal metasurface hologram with smooth phase
and amplitude modulations; (b), (c) the simulated
holographic images created by a metasurface hologram
with different level phase and amplitude modulation;
(d) holographic images obtained experimentally from
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Fig. 5. The different ways to get the full-color metamaterial hologram: (a), (b) Pixel separation [30-81]: (c) polar-
ization control [671; (d) wavelength-multiplexed holographic coding method (821,
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Fig. 6. (a) High efficiency metallic reflective nano-structure hologram (307, (b) high efficiency dielectric metasurface

hologram (841,
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Fig. 7. A variety of dynamically reconfigurable metamaterial holographic elements: (a) The external electric field controls

the electromagnetic properties of optical antennas on graphene (871, (b) tunable wave plate based on active plasmonic

metasurfaces 70]; (

¢) dynamic wavefront regulatory devices working by the reconfigurable metamaterials [91]. (d) tunable

multiband terahertz metamaterials using a reconfigurable electric split-ring resonator array 1931, (e) tunable metamaterial

with split ring in the array altered by changing the metal filling fraction (941,
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Novel materials and devices bring new opportunities for
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Abstract

Three-dimentional (3D) display is one of the effective ways to obtain visual information feeling like actual environ-
ment. Since holographic technique can provide full depth information for human eyes, it is considered to be an ideal
3D display technique. However, it is limited by the features of display elements and devices, such as the time-space
(time and space) bandwidth product, massive data processing speed and low image quality and so on. To improve the
display quality, expand the time-space bandwidth product, improve the performance of the system, and overcome the
limitation, optical elements and devices made from novel materials are introduced, such as metamaterials, metasurfaces
and two-dimensional (2D) materials, and thus bringing new challenges and opportunities to holographic display. Meta-
atom structure whose unit size is much less than wavelength is designed and fabricated specially, and it can realize the
isotropical or anisotropical manipulation of the amplitude and phase of the light wave. By encoding the meta-atom
structures into the hologram, the 2D or 3D images can be achieved. The development of a refreshable metamaterials
and their applications in dynamic holographic display will be one of the most important topics in the future. Though
the 2D or 3D holographic displays based on the elements and devices made from novel materials still have some basic

problems, it is expected that they would bring new impetus and promising perspective for the future display market.

Keywords: holographic display, elements and devices of novel material, metamaterials and metasurfaces
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