Opto-Electronic Engineering Art|C|e

% ¢ x 4

2020 5, 547%, £ 1088

DOI: 10.12086/0ee.2020.200237

ETreita R Fn JLAT AR AL E]
JZH I H B EBIBR

WA L2, M &2, HUE L, K R, DRk eS8,
WAE L2, L, TREF LV, FARV

Vep ERREBEC R BRBFZT T AN TG F R A B R S
PO BAER 610209

2 ERE R RAOCHAERE, U 1000495

3 [N R SR E B 1 B R GBI EBE, dbat 100071

HE: RERARADERGANRT EARRKEABENGTFRAFESF, QRTEEFRFOIEFTE, BFHRUL
A FHERBEARTHR, KGR T —FAL AR 4 XA ES, FIT 400 nm ~ 650 nm BKEA W EER
B, TRCEAANLFOLYFHRLERENH 29%. EH EAAEA KT, SI4FHE 0 = B4 (TIO)A
FAELEM, BT LKA RAF T RBE LT = £ e mAdiirm . BB AT T JUTARAS Ao t% 4 AR 45 AE 45669 &3
PAIEAA], TR K TR F R AT A IR A AR R AT LA B ATARAL, TR T FEFRIEE S AR RO 49 AR I e
BTG A G B RAE DR T EAAL I AL AL F AR IR R .

KR RS TR HEE;, BF

FESES: TH74 NHERERD: A

SIAME: ® A4E, #E&, FUE, 5. A THmA I UTRIZ R A4ze) 7l & 28 F45[J]. b 242, 2020, 47(10):
200237

Achromatic metalens based on coordinative
modulation of propagation phase and
geometric phase

Shen Yijial2, Xie Xin12, Pu Mingbo!2, Zhang Feil, Ma Xiaoliang!23, Guo Yinghuil?,

Li Xiong!2, Wang Changtao!?2, Luo Xiangang!2*

!State Key Laboratory of Optical Technologies on Nano-Fabrication and Micro-Engineering, Institute of Optics and Electronics,
Chinese Academy of Sciences, Chengdu, Sichuan 610209, China;

2School of Optoelectronics, Chinese Academy of Sciences, Beijing 100049, China;
*National Institute of Defense Technology Innovation, Academy of Military Sciences PLA China, Beijing 100071, China

Abstract: Metalens is considered as one of the most promising planar optical devices composed of the metasurface,
but it is usually difficult to realize full-color imaging and display due to the narrow working bandwidth and large
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chromatic aberration. In this paper, a phase-controlled transmissive metalens is designed to realize the broadband

achromatic focusing within 400 nm~650 nm, and the average focusing efficiency is about 29% at the focal plane

within the bandwidth range. The titanium dioxide (TiO) dielectric nanopillar with low loss and high refractive index as

a truncated waveguide can control the propagation phase in the visible. At the same time, we analyze the dispersion

modulation mechanism which merges the geometric and propagation phases, and the particle swarm optimization

(PSO) algorithm is used to optimize the phase response database, and accomplish the phase matching between the

ideal and actual wavefronts. The proposed broadband achromatic devices may broaden the applications of metalens

in micro-imaging, computer vision, and machine vision.
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Fig. 1 Abroadband achromatic metalens. (a) The focal length will always remain unchanged while the incident wavelength
varies from 400 nm to 650 nm, and the incident beam will converge into a white focus; (b) The phase profile for a

broadband achromatic metalens at arbitrary wavelength of A€ (Amin, 4max), and the right illustration shows the
required phase for different wavelengths at different positions
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Fig. 2 The simulation results of unit-cell. (a) The unit cell of a broadband achromatic metalens in the visible light region;

(b) Conversion efficiency (dotted line) and phase profile with varying slope (solid line) for different structure parameter
combination (: 71 nm, w: 125 nm. [: 162 nm, w: 105 nm, [: 176 nm, w: 125 nm); (c) Under different incident wavelengths,

the normalized magnetic energy distribution is obtained when the structure parameter is /=105 nm and w=80 nm.
The black line indicates the boundary of the TiO, structure
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(c) Focusing efficiency and FWHM as the changes of incident wavelengths obtained from the broadband achromatic metalens
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A broadband achromatic metalens in visible

Overview: As a two-dimension artificial electromagnetic material, metasurface provides the means to accurately con-
trol the wavefront by flexibly adjusting the phase, amplitude, and polarization of electromagnetic waves at will. At
present, many applications based on metasurface have been proved, such as beam generator, optical holographic imag-
ing, virtual shaping, and so on. As a plane lens, the metasurface can also generate a hyperbolic phase profile to obtain a
focused beam with a higher diffraction efficiency. Traditional refractive lenses achieve phase accumulation by changing
the thickness of optical materials, which is usually curved. In contrast, the metalens can realize phase modulation of
electromagnetic waves in a plane manner. However, it is usually difficult to realize full-color imaging and display due to
the narrow working bandwidth and large chromatic aberration which are caused by the intrinsic properties of the ma-
terial. In this paper, a phase-controlled transmissive metalens is designed, to realize the broadband achromatic focusing
within 400 nm~650 nm, and the average focusing efficiency is about 29% at the focal plane within the bandwidth range.
The metalens is composed of titanium dioxide (TiO,) dielectric nanopillars arranged periodically on a silicon dioxide
(Si0,, n=1.45) substrate. The nanopillar possesses low loss and high refractive index which can be treated as a truncated
waveguide to control the propagation phase in the visible. At the same time, we analyze the dispersion modulation me-
chanism which merges the geometric and propagation phases, and the particle swarm optimization (PSO) algorithm is
used to optimize the phase response database, and accomplish the phase matching between the ideal focusing and the
actual wavefronts and realize the designed function. The proposed broadband achromatic planar optical device has a
simple structure design of unit cell, therefore we can introduce more types of resonance units to realize the achromatic
focusing function with a larger bandwidth.
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