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Achromatic monolayer metalens with elongated field of view

in a continuous waveband
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Abstract: Metalenses are subject to off-axis aberrations and material dispersion, which fundamentally limit
their ability to achieve both wide field-of-view (FOV) and broad operational bandwidth in imaging detection
systems. In this paper, an achromatic monolayer metalens with an elongated FOV in a continuous waveband
is constructed using an elaborately designed metasurface. By leveraging a quadratic phase profile for large-
field-of-view (FOV) detection, the metasurface unit structure transmission phase is subsequently optimized
via particle swarm optimization (PSO) to achieve continuous band dispersion tuning. This approach con-

sequently enables expanded operational bandwidth under wide-FOV conditions. For a monolayer metalens
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with a numerical aperture of 0.351, an achromatic focusing field covering a £20° FOV is obtained within the

continuous waveband from 0.55 um to 0.65 um. The maximum focal length deviation along the optical axis

is 3.2 um (~0.08 f;), and the incident angle detection deviation <X 1.34°. The proposed method can realize an

achromatic monolayer metalens with an elongated FOV within a continuous waveband, which will have po-

tential applications in lightweight and integrated optical imaging systems.

Key words: metalens; achromatic; large field of view
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Fig. 1 Schematic diagram of (a) the large FOV achromatic

metalens and (b) the quadratic phase principle
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Tab.1 The corresponding structure parameters of the radial unit cells for metalens

[ivAS 1 2 3 4 5 6 7 8 9
L/mm 116.3 175.1 197.9 253.4 119.5 113 139.1 201.2 243.6
W/mm 100 253.4 243.6 253.4 126.1 224 191.4 103.2 100
10 11 12 13 14 15 16 17 18 19
168.5 152.2 181.6 2142 237.1 207.7 256.7 260 152.2 250.2
260 122.8 113 103.2 103.2 142.4 122.8 132.6 168.5 184.8
[ivAY 20 21 22 23 24 25 26 27 28
L/mm 260 155.5 162 168.5 1522 126.1 201.2 211 224
W/mm 188.1 260 253.4 250.2 1293 256.7 233.8 2273 220.8
29 30 31 32 33 34 35 36 37 38
230.6 224 253.4 237.1 243.6 253.4 243.6 246.9 246.9 246.9
2175 246.9 201.2 243.6 243.6 224 256.7 253.4 253.4 253.4
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Fig. 6 (a) Electrical intensity distributions of the focused

light field in the xy-plane at the focal length f, =
40 pm for each of the optimized wavelengths under
normal light incidence. The upper parts show the
electrical intensity distributions on the focal plane at
the different wavelengths, and the lower parts show
the corresponding normalized intensity distribu-
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ciency as a function of wavelength within the work-
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tion limit, and the blue dashed line represents the fo-
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20, T 7O xz V1B HL 5y
A 11, A0 TE] 7(a)CR P WA TR b)) s o
MEARIEAN R T WAL 77 1 2 Bl oot o
FEOEE, BRI T A SEbrfilf . T LA 35
Preeif 5 AR AR £=40 pm R A W20, FEJR
SENALZ I AR AR (57 5 AL €222 — RLAH
P ATAFAE 22 o 1 7(0) R IR UL T R TR i



%6

L A2 BORAN 700 2 B0 P AL SR T 4 1273

T TAEB B 0.55 pum~0.65 um PN, 44> K 52
PRAERE Y oA, R BRSOk . B AT DL
Y, S BR A RN BEARL AR A A R R 254 3.2 um
(~0.08f5) [AIET LA z & - U9 — 1k HL 3758 B2 ) —2F
Xof 7 PN I A2 i I B A Sk SR O R IR, 18] 7(b)
HA R B T S R B K T R O IR
AT LTS 3, S B fE B R E AR AR I A i 22 R 7E AR TR
30 FBL P, PR A LA AR AT AR 07 5 EARLT €522 AR
PR FE 22, SBUEE IS, (HE R TR
K, AT AR LR R 2= 0 52 m

wiza0a

L L | L | L L L | 0
055 0.56 0.57 0.58 059 0.60 0.61 0.62 063 0.64 0.65
Wavelength/um

K7 () HARKIEAS Y, xz FEDES R E iR S
Kl 22 xz PHres i, FEals2
Tz R B A U — Al B 3 A PR TR ) PR XU
SR T IR (b) TARREBN, #t &R
B SEPr AEFEFARRBE P AR D . i R
FoR PRI, 20O AR SRR, RO H R
N TAR P BEN A RO R TR
Fig. 7 (a) Electrical intensity distributions in the xz plane
under normal incidence conditions for each optim-
ized wavelength. The upper parts show the electric-
al intensity distributions in the xz plane. The lower
parts show the normalized electrical intensity distri-
butions along the z-axis, and the black double ar-
rows in the figures indicate the focal depths at the
different wavelengths. (b) Actual focal length and
depth of focus (DOF) as functions of the
wavelength. The blue dots indicate the actual focal
length values, the red dashed line indicates the fo-
cal length f;=40 pm, and the black square dots indic-
ate the DOF values
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ted angle of incidence characteristics calculated
based on the offset of the focal spot at the different

wavelengths
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