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Abstract: The pursuit of real-time, full-color, three-dimension (3D), and dynamic display has inspired a rich body of
industrial and academic research. With the introduction of "Metaverse", there is an increasing demand for high-
performance 3D display devices and technologies. Holographic technology is an ideal approach for future naked-
eye 3D display. However, traditional dynamic holographic devices have brought many shortcomings such as small
field of view (FOV) and limited information capacity, which hinder the practical applications. As a new class of light
field modulator, metasurface is expected to achieve remarkable breakthroughs in the field of holographic display
with the advantages of their small pixel size and the emerging ability to manipulate light. This paper gives an
overview of the development of meta-holography from four aspects: the design strategy, the modulation principle,
the methods for realizing dynamic display and the micro-nano fabrication technologies for optical metasurface. We
finally include a brief discussion of the future direction in this field.
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Fig. 1 Design strategies for CGH devices based on metasurface. (a) Brief design strategy of meta-holographic devices;
(b) Design process of holographic devices using metasurface based on geometric phase as an example
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Fig. 2 Static meta-holography. (a) PB phase-modulated 3D on-axis transmission holograms based on gold nanoantennas™; (b) Two
amplitude-modulated holograms of photon sieves with set relation””; (c) Complex amplitude modulation is achieved by adjusting the orientation
angle and geometric parameters of the cell structure, and the holographic images at the wavelengths of 1.65 ym and 0.94 um are reconstructed
respectively“?; (d) THG nonlinear modulated cyan and blue holograms based on C-shaped Si nanoantennas!*”
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Fig. 3 Schematic of meta-holography. (a) Static meta-holography; (b) Multiplexed meta-holography, which means dynamic display can be
realized by controlling the fundamental properties of incident light; (c) Active meta-holography, which means metasurface itself can be
changed in response to optical, electrical, thermal, or chemical stimuli
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spatial frequency distribution®; (b) Dielectric multi-momentum meta-transformer in the visible""”, scale bar: 20 pm; (c) Space channel
multiplexed metasurface, which can realize dynamic holographic video display in a way similar to cinematography'®"; (d) Space channel

multiplexed metasurface, which can realize cinematography-inspired dynamic holographic display and display 2% different frames with
structured laser beam™®”; (e) Space channel selecting metasurface realized by a template”®”; (f) Nonreciprocal meta-holographic device!"™
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Fig. 8 Applications based on muItlpIexed meta-holography. (a) A polarization-multiplexed holographic device for gas sensing by combining
liquid crystal materials and the circular polarization of incident light can be switched under different gas concentrations which leads to

holographic image switching between two images'""”; (b) Code division multiplexed metasurface''™; (c) A vectorial holographic device can
control the phase information of the holographic image plane to hide or display image information under specific input and output conditions!"”
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Table 1 Representative works of single-wavelength static holographic display

TAEHIIE TAERE PK/nm ps] & E =P

AL R 630~1050 Au-MgF,-Au 80%@825 nm [33]

PRI B 532 Cr 47% [39]
SRR B 532 p-Si 40% [26]
AL I B 1210 Au / [52]
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Table 2 Representative works of color holographic display

TAEPLEE TR e Tiae EZ BN
& | B2 S . i3 s / A4 B R (A K645 nm ., 430 nm) [50]
4 13.2%@633 nm. 11.1%@532 nm. 8.9%@465 nm BRI SEE AP A SR [63]
WREM &R 18%@633 nm, 5.2%@532 nm, 3.6%@473 nm; BRI SN AP A SR [64]

#EHE 10.3%@633 nm. 7.8%@532 nm. 6.4%@473 nm; A4 EARF IR A BRI SR EFTENE AR & [75]

- e g ERuRIsEE i pAuR TN
OAMELI — ZHA ! (AS K488 nm, 532 nm. 633 nm) [100]

&3 HEAHE LR FREM T

Table 3 Representative works of dynamic smooth holographic display

TAEHLEE TARR Pk/nm U7 iz 2530k
OAME H EH 633 2" 60 [99]
23 [ 52 HH 633 2" 9523 [102]
s E A #EH 633 FiE - ICRR 60 [110]
- I 532; 635 2; 2" / [142]
S it 633 2" ~19 [143]

R 4 HAhabio s R eg XA T

Table 4 Representative works of other functionalized applications
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s ) .
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. . 800(f&ilE).
A R A % It - - BN
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A2 RN A o
e 633 Mg/Ti/Pd-HSQ-SiO,-Ag LI Z IR [134]
MU 1 B 632.8 Au-PDMS Ik [135]
SRS RS 800; 710, 890 Au-SiO,-Au 1% [138]
FAIE 52 [ E20 633 Rz fRk. 2B [149]

B T RESH SR A SRR
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Meta-holography: from concept to realization

Xu Ke'", Wang Xinger'', Fan Xuhao', Liu Yuncheng', Yu Xuan', Gao Hui"*", Xiong Wei"*"
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Schematic of meta-holography. (a) Static meta-holography; (b) Multiplexed meta-holography, which means dynamic display can be realized by
controlling the fundamental properties of incident light; (c) Active meta-holography, which means metasurface itself can be
changed in response to optical, electrical, thermal, or chemical stimuli

' 4

Overview: As an ideal 3D display technology, holography can reconstruct the wavefront of the whole light wave, and
can provide all the 3D depth cues required by the human eyes, including binocular parallax, motion parallax,
accommodation, occlusion, etc. Due to the limitation of the modulation principle, DMD and most SLM cannot optically
reconstruct the complex amplitude of a wavefield, resulting in partial information loss and complex wavefront
calculation. At the same time, the two devices have a pixel size larger than 6 um, which is much larger than the
wavelength of visible light. The limitation of large pixel size and modulation principle brings many disadvantages, such
as narrow field of view, twin-image, narrow band, and multi-order diffraction, which greatly restrict the development of
CGH. As a new class of light field modulators, metasurface can control the amplitude, phase, polarization and dispersion
of the light simultaneously by optimizing the design and arrangement of the elements. Thanks to the previous
exploration of micro-nano manufacturing technology and materials for metasurface, the size of the unit cell can be
reduced to the order of sub-wavelength. According to the grating equation, the smaller the pixel size is, the larger the
diffraction angle is. Therefore, metasurface can provide a diffraction angle close to 90°. As the loading medium of
holograms, metasurface meets the requirements of holograms for high-precision and complex light field modulation
and has the advantages of high design freedom, high spatial resolution, low noise, broadband and so on, providing a
solution to some problems currently faced by CGH. In this paper, the basic process of designing meta-holography
devices is discussed. Furthermore, the basic concepts and development of static meta-holography are introduced based
on the principles of metasurfaces, including phase modulation, amplitude modulation, complex-amplitude modulation,
and nonlinear modulation. However, such static meta-holography devices cannot change the display patterns after
design and manufacture, which is inconsistent with the rapidly changing real world and requirements of diverse
functions, limiting its applications. Therefore, the two methods of realizing dynamic meta-holography are introduced in
detail. Finally, the micro-nano fabrication technologies for metasurface are discussed. In conclusion, this paper presents
the design, principle, development, and manufacturing implementation of meta-holographic devices in an all-around
way, and puts forward problems and possible solutions for the development of meta-holography at present.

Xu K, Wang X E, Fan X H, et al. Meta-holography: from concept to realization[J]. Opto-Electron Eng, 2022, 49(10):
220183; DOI: 10.12086/0ee.2022.220183
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