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Abstract: Breaking through the theoretical resolution limit on the optical mechanism and realizing super-resolution
optical point-spread-function is important in achieving super-resolution focusing and imaging, which have great po-
tential applications in laser processing, super-resolution microscopy, and telescope systems. In recent years, with
the development of optical metasurfaces, it is capable to achieve independent control of the amplitude, phase, and
polarization of the optical fields on the sub-wavelength scale, which in turn provides a more flexible means for the
development of a new type of super-resolution planar super-lens. This article reviews the recent research progress
of super-resolution planar meta-lenses based on the optical metasurfaces and related testing techniques. It also
discusses the problems faced in this field and future research priorities and directions.
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Fig. 1 The schematic diagram of the super-oscillation function. The super-oscillation function, which is constructed by proper
superposition of Nnax harmonics, and the oscillation is much faster than the highest harmonic function at the local area near the center['?
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Fig. 2 All dielectric metasurfaces. (a) TiO, geometrical phase metasurface®!; (b) Si half-wave-plate metasurface®”;

(c) SiNy quarter-wave-plate metasurface (QWPM). The independent manipulation of phase and polarization can be

achieved by using QWPMs with different sizes to cover the phase range of 0~21
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Fig. 3 Multiple-wavelength achromatic super-resolution metalenses and corresponding focusing results. (a) An achromatic

super-resolution metalens based on binary-amplitude modulation'*?; (b) An achromatic super-resolution metalens based on
multiple-phase modulation!*; (c) An achromatic super-resolution metalens based on continuous phase modulation and

dispersion engineering*’; (d) An achromatic super-resolution metalens based on holography'

2, RS BRI I AR BRERR 0] RH 4351k 0.458A
0.4191, 0.4081. 0.43\ il 0.4771, [RIN}, FEB{EE
B, 7E 510 nm~590 nm F11 620 nm~700 nm JLE K, %
5 BA S AT 258 T PR FE g
3.1.2 SEHIHGZES P EEEERE

AR, R RE AR L, T AL
B 2R TR YRR AT A R T s R,

[47]

A ASCBLTEAT SR R AR . SR, 2R
SO0, kB A S (22 M A B B JCTE R AT
IR o BER AR . BHOF LA, 2019 4F, K
R T —FhEE T IR AR IR A RO P 0 S0 T
2P BB B RO, sE i i HR
ST A AL A A GO B, 25 PO A
e, IR CI AR i) (IR 73 AR ) ]SS 2 B

210399-5



StE T2, 2021, 48(12): 210399

https://doi.org/10.12086/0ee.2021.210399

112 116 120 124 128 132
Wavelength/um

5
0
-5

Frequency/THz Frequency/THz N .

(C) N G\Vss s nnaenilale’s /e’ > = =]
270 258 246 234 270 258 246 234 SANBRCOCOUN NN 255 ==
360 5 R — 200 SOSANCOOOO000 U292 =]
4.4 - SOSRCOOOCOO IO 25 @é
350 4 4.2 180 *;\i\t\i‘ﬁt: LJL;@ v o /e o :;

- N LA () @ » =
£ 340 XK ARk ] 2 40 PO 2
_; ¥ % ) = 160 < SOOI OO ==
X = 389 .- S SO OO U752 oo
i:’ 330 N 1= % - 140 '5 gg\\vmu»uu fala’s = =
5 320 l\.N. ‘ < E 3.6 (= ORI RCCE ,"/'r' / ¢ t,\@
8 ~mt ;‘l‘-\. 0 [T 34 o Al120 SOOI D v % = =
L - AN 41 i A-A PSS aia et e el 5 2 o
310 ] ,A—A*A't_‘, DD %> =

-1 3.2 {A-a-a-A i (e) g L
300 2 100 =N e

112 116 120 124 128 132
Wavelength/um

111 "m 113 ‘m 115“m 117 {m 119“m 121 ‘m 123l;m 125 {m 127 “m 129 Im 131 {m

.0 ] =
T z,

-

S ey
Fw

o
O

XAy XAy  xlAy XA XAy XAy XA XAy XA

505-505-505-505-505-505-505-505 505505 505

X1 Ay

%u%%&&i@, (m

m)%@zﬁ%%%@ﬁﬁwﬁm%;m)mﬁ%tiﬁﬁ;

Fig. 4 A continuous broadband achromatic super-resolution metalens based on amplitude modulation and dispersion engineering

HEEN G ERS VRN EEY, (a) TIAMLAEA &I
3B TR E AL A B AL P O R IR A IR EH R R AR HRE;

(e) EHLMH EERSHKETIRLR
9]
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focusing by reducing the amplitude transmittance in the centeral area of a metalens with
hyperbolic phase distribution; (c) The simulation results of the achromatic focusing;

(d) The photos of the metalens; (e) The experimental results of the achromatic super-resolution focusing
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Fig. 7 Vectorial super-resolution meta-lenses based on the independent phase and polarization manipulation.
(a) A vectorial super-resolution meta-lens based on the half-wave-plate and multiple-phase modulation, and its simulation results”;

(b) A vectorial super-resolution meta-lens based on the quarter-wave-plate and multiple-phase modulation, and its simulation results!”*;
(c) A vectorial super-resolution meta-lens based on the half-wave-plate and binary-phase modulation, and its experimental results!®!
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(@)

(a) The direct imaging of focused optical field based on the optical microscope; (b) The diagram of the system layout

Overview: Due to the optical diffraction limitation, conventional optical systems can hardly achieve a resolution less
than 0.51/NA, where A is the wavelength of the light source and NA presents the numerical aperture of the objective.
Breaking through the theoretical resolution limit in the optical mechanism and realizing super-resolution optical
point-spread-function is important in achieving super-resolution focusing and imaging, which have great potential ap-
plications in laser processing, super-resolution microscopy and telescope systems. Many ideas have been provided be-
fore to surpass the theoretical resolution limit, such as stimulated emission depletion (STED), single-molecule localiza-
tion (SML), and structured illumination microscopy (SIM), but most of these will require labeling the samples and thus
causes changes of the molecule behaviors. Negative-index super lens, which has been proposed to reconstruct and cap-
ture evanescent fields, has not yet been applied as a practical imaging technique because of substantial technological
challenges. In recent years, with the development of optical metasurfaces, it is possible to achieve independent control of
the amplitude, phase, and polarization of the optical field on the sub-wavelength scale, which in turn provides a more
flexible means for the development of a new type of super-resolution planar super-lens. Optical super-oscillation, which
has been exploited worldwide recently, is a phenomenon that a band-limited wave to oscillate locally much faster than
the highest Fourier component of the signal. In principle, a super-oscillatory lens could produce a focus of any pre-
scribed size, which can be potentially used in super-resolution microscopy, high-resolution laser manufacturing, and
telescopes. This article reviews the recent research progress of super-resolution planar metalenses based on optical me-
tasurfaces and related testing techniques. We introduce different methods to produce multiple-wavelength achromatic
super-resolution metalenses and corresponding focusing results, as well as the continuous broadband achromatic su-
per-resolution metalenses. Meanwhile, we explain the ways to design vectorial super-resolution meta-lenses, such as by
phase and polarization manipulations and show the corresponding results. A new idea using an optical microscope to
directly image the focused optical field is elaborated and compared with other existing methods. Finally, we present the
typical applications of super-resolution metalenses in some areas such as confocal microscopy, micro/nano fabrication
and nanometic displacement detection. The problems faced in this field and future research priorities and directions are
also discussed in this review paper.
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