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Broadband achromatic metasurface holography

Li Ruichen'’, Zou Yijun'’, Chen Tianhang®, Zheng Bin"", Cai Tong™

! College of Information Science & Electronic Engineering, Zhejiang University, Hangzhou, Zhejiang 310027, China;
®Chinese Aeronautical Establishment, Beijing 100029, China;
* Air Force Engineering University, Xi’an, Shaanxi 710100, China

Abstract: Aiming at the problems of narrow working frequency band and low near field imaging efficiency in
metasurface holographic imaging technology, this paper proposed the principle and model of optimization of
achromatic broadband metasurface hologram imaging. A deep learning network model based on the depth image
prior (DIP) is proposed for single-target passive metasurface hologram design, and achromatic broadband
metasurface hologram imaging is achieved. Numerical simulation and experimental results have proved that the
designed holographic imaging device can achieve good achromatic imaging effect in the 9 GHz~11 GHz frequency
band, and has great potential application in the field of holographic imaging and broadband functional device
design.

Keywords: holographic imaging; metasurface; achromatic
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Fig. 2 A broadband dispersion metasurface holographic imaging network model based on the depth image priors (DIP)
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Table 1 Structural parameters and reflected phases of different elements
_ ) ) ) ) ABLI()
HILH S JF LA EEal (%) TR EEBI°) SMIRFAR rmm PERAEAT (r-d)/mm
9 GHz 10 GHz 11 GHz
1 82 45 3.6 1.6 5.32 -60.68 112.63
2 73 45 3.6 1.6 5.79 -49.91 101.65
3 64 45 3.6 1.6 16.82 -39.63 91.43
4 157 -45 4.16 2.16 25.56 -28.75 83.46
5 157 -45 4.02 2.02 35.41 -19.46 74.09
6 157 -45 3.88 1.88 45.82 -10.04 64.85
7 157 -45 3.74 1.74 57.70 0.42 54.89
8 157 -45 3.6 1.6 70.00 11.04 45.12
9 151 -45 3.6 1.6 77.51 19.07 36.65
10 145 -45 3.6 1.6 87.76 29.59 25.60
11 138 -45 3.6 1.6 98.48 40.51 14.18
12 131 -45 3.6 1.6 107.35 49.66 4.56
13 125 -45 3.6 1.6 116.53 59.03 5.10
14 118 -45 3.6 1.6 127.03 69.80 16.11
15 112 -45 3.6 1.6 136.64 79.79 26.31
16 104 -45 3.6 1.6 147.56 91.23 38.08
17 98 -45 3.6 1.6 154.69 98.74 45.95
18 90 -45 3.6 1.6 164.79 109.25 56.89
19 82 -45 3.6 1.6 174.90 119.50 67.52
20 73 -45 3.6 1.6 174.08 130.20 78.45
21 64 -45 3.6 1.6 163.15 140.39 88.57
22 157 45 4.16 2.16 154.45 151.21 96.47
23 157 45 4.02 2.02 144.55 160.58 105.95
24 157 45 3.88 1.88 135.05 169.00 114.11
25 157 45 3.74 1.74 122.31 179.61 125.10
26 157 45 3.6 1.6 110.35 169.25 134.58
27 151 45 3.6 1.6 101.29 159.76 144.55
28 145 45 3.6 1.6 92.15 150.35 154.44
29 138 45 3.6 1.6 81.42 139.42 165.89
30 131 45 3.6 1.6 71.08 128.84 176.88
31 125 45 3.6 1.6 62.21 119.76 173.76
32 118 45 3.6 1.6 53.21 110.40 164.06
33 112 45 3.6 1.6 43.55 100.34 153.77
34 104 45 3.6 1.6 32.53 88.80 141.89
35 98 45 3.6 1.6 24.53 80.41 133.19
36 90 45 3.6 1.6 15.17 70.73 123.09
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Broadband achromatic metasurface holography

Li Ruichen', Zou Yijun', Chen Tianhang”, Zheng Bin", Cai Tong™
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A broadband dispersion metasurface holographic imaging network model based on depth image priors (DIP)

Overview: Computational holography digitizes the whole holographic process by computer, which greatly improves
the accuracy and flexibility of imaging. It can realize the display of real or virtual objects without the limitation of the
light source, which significantly expands the application field of holography. Metasurface is a two-dimensional planar
form of metamaterial, which further increases the degree of freedom by introducing the concept of “macroscopic order”
based on the use of structural parameters to control electromagnetic waves, and has the advantages of low material loss
and simple processing. Due to its excellent modulation properties, the matesurface is well suitable as a wavefront
encoding material for computing holograms, and the combination of metasurface and holographic imaging technology
has become one of the current research hotspots in nanotechnology and electromagnetics. However, there are still
problems such as low near-field imaging efficiency and narrow frequency band in the metasurface holographic imaging
to restrict the practicalization of the metasurface holographic imaging. Aiming at the above problems, a design method
of an achromatic broadband metasurface holographic imaging device based on Depth Image Prior (DIP) is proposed in
this paper. Firstly, the phase feature vector of the central operating frequency is generated by the convolutional neural
networks. Based on the structural dispersion of the actual metasurface elements, the phase feature vector in the working
frequency band is also generated. Finally, the frequency band reconstruction image is generated by Rayley-Sommerfeld.
The holographic phase map is obtained by the output of the deep convolutional neural network. High-quality
reconstructed images can be generated after 20,000 iterations. The reflection cross-polarization unit is used as an
example to verify the theoretical algorithm model in this paper. The holographic phase diagram of the network output
was discretized at intervals of 10°, and MATLAB and CST co-simulation were used for rapid modeling. Numerical
simulation results prove that the designed holographic imaging device can achieve a good achromatic imaging effect in
the 9 GHz~11 GHz frequency band. The near-field measured results of bare object and cloak with a wideband frequency
signal (8 GHz ~ 12 GHz) via Vector Network Analyzer (VNA) at 9 GHz, 9.5 GHz, 10 GHz, 10.5 GHz, and 11 GHz by
plane wave illumination. The difference between experimental results and numerical simulation results is mainly caused
by experimental errors and PCB machining errors. In general, relatively clear imaging can be observed in the design
bandwidth range of 9 GHz~11 GHz. It has great potential applications in the field of holographic imaging and
broadband functional device design.

Li R C, Zou Y J, Chen T H, et al. Broadband achromatic metasurface holography[J]. Opto-Electron Eng, 2023, 50(8):
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