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Abstract: Due to the intrinsic constraints of metalenses’ achromatic bandwidth, lens size, and numerical
aperture, it’s hard to create a high-performance large scale broadband achromatic metalens. Discrete multi-
wavelength achromatic metalenses can exceed multiple of these restrictions of these parameters, which
means they could perform more suitably. Here, we introduce a phase-dispersion space, by which we prove
that multiwavelength achromatic metalenses are theoretically more efficient than broadband achromatic
metalenses. The efficiency of dualwavelength achromatic metalenses is 4 times that of broadband achromatic
metalenses when calculated by simulation. We also analyze the relationship between efficiency and the fre-
quency interval of multiwavelength achromatic metalens, and conclude that efficiency will decrease first and

then increase as the frequency interval increases.
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Fig. 1 Diagram for analyzation. (a) The phase distribution at frequency w;and w,; (b) phase-dispersion space; (c) difference in

multiwavelength metalens and broadband metalens when it comes to phase processing; (d) phase-dispersion space after

mod 2.
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Fig. 2 Schematic of meta-unit and it’s phase-dispersion distribution. (a) Schematic of meta-unit. Height /=1 pm, periodic

=350 nm; (b) phase-dispersion provided by the meta-unit
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Fig.3 The light fields and focus efficiencies of the designed samples. (a) Light field of multiwavelength metalens at

the wavelengths 450 nm and 650 nm along the propagation axis. Scale bar, 500 nm; (b) light field of broadband

achromatic metalens at six wavelengths along the propagation axis. Scale bar, 1 um; (c) the focus efficiency of multi-

wavelength metalens and broadband achromatic metalens at the designed wavelengths; (d) the distribution of focus ef-

ficiency with respect to the number of designed wavelength
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Fig. 4 The phase-dispersion provided by meta-unit and required for achromatic performance. (a) The phase-dispersion

provided by meta-unit at different frequencies; (b) the phase-dispersion required for achromatic performance at differ-

ent frequencies. Diagrams in the same column has the same frequencies
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Fig. 5 The distributions of the phase-dispersion error and focus efficiency with respect to frequency interval. (a) The phase-

dispersion error of dual-wavelength achromatic metalens. (b) The average focus efficiency of dual-wavelength

achromatic metalens. (c) The phase-dispersion error of three-wavelength achromatic metalens.
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