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Fig. 1. (a) Schematic diagram illustrating the forma-
tion of a super-resolution hot-spot by light diffracted
from the hole or grating array; (b) the comparison be-

tween the super-oscillation function with the highest

fourier harmonic component (461,

2014 4E, 3 hn P H 57 K 2 i) Huang %5 7
Michael Berry #i& (Al < B 42 H 1 A Wy — A
M RE RGN RELER T BRI =A%
fF: 1) B  RGUE N RIAR S A, AN AR R
TEHI SRR DT, 2) 7R R AT LI — & X2 N, B
FEAETRE R 95 I SR T 1% H AR i b 0 R KA
B AE r &; 3) R EA T r < r TEHIZ A,

Hrpr NREEDPLR, vy &I R BRI
oy AP BRI S — AN IR A 0 AL
B PO ORIEIX = AN, AT — D e R iR
7 IR FIHE (0.38A/NA), Bl — AR ER
Ui FLEAT AR PR, X BB E e BB SR
PR, P 2 fros. 62 R AR AR RST IRk Bt U 407 55
A2 B MBI 3 A R 20 e = 84y, Herb s T B AT 5
PR BR 2T R 7 A DX sl 8 R DA SI 30068 1 5 1 PR A
Wi, B R AN T IR A (0.380/NA) B
XA 2R AR IERBIRG ISR, ZAE kR
i) Rayleigh AT 55 MR B (0.61\/ N A) B A&, Hi&E &
SR B A

rs = 0.38\/NA

Spot size (X)

Numerical aperture

2 IR HME BN IR R I R A
BRI AI T T4 3 R A HE AR AR 3 = A X (34
Fig. 2. The definition of the super-oscillation criterion.
The Rayleigh (black) and superoscillation (white) cri-
terions, divide the focusing spot into three parts: sub-
resolved (orange), super-resolution (cyan) and super-
oscillation (dark blue) [34],
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Fig. 3. Sub-diffraction limit focusing effect in far-field by a quasi-crystalline nanohole array: (a) SEM image of the quasi-

crystalline array of holes; (b) field map at a height A = 5 pm above the array; (c) zoom-in view of the hotspot indicated in

(b); (d) line profiles of the hotspot along the parallel (blue dots) and perpendicular (red dots) directions to the polarization

of the incident light; (e) imaging process of the quasi-crystalline nanohole array; (f) schematic diagram of imaging system

by the quasi-crystalline nanohole array; (g) the motion of the hot-spot corresponding to the light source moving along the

Y direction [47:48],
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Fig. 4. Sub-wavelength imaging with a super-oscillatory lens: (a) SEM image of the SOL; (b) field distribution at

the focal plane; (c) experimental recorded focal spot in immersion oil; (d) SEM image of a nanohole sample; (e) the

unresolved image by a conventional microscope; (f) the SOL image with more details for the nanoholes sample [35],
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Fig. 5. Quantum super-oscillation effect: (a) Single photon regime of the double slit interference experiment; (b) single

photon regime of the Quantum super-oscillation effect; (¢) SEM image of the one dimensional super-oscillatory lens [
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Fig. 7. Sketch of shaping sub-wavelength needle with
supercritical lens induced by azimuthally polarized

beam with vortical phase [36]
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Fig. 8. (a) Schematic diagram of SCL microscopy; (b) SEM image of nanoscale Big Dipper; (c) imaging result by

SCL microscopy which shows that the 65 nm space can be clearly distinguished; (d) SEM image of a fabricated

large-scale non-periodic pattern; (e) imaging results of the large scale non-periodic sample by SCL microscopy (311,
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Fig. 9. Mapping the horizontal details of a 3D object: (a) Sketch of a 3D fishnet wedge composed of an

etched array of rectangular holes; (b) top-view SEM image of the fishnet wedge; (c)—(e) the imaging results

of this wedge by transmission mode microscopy (T-mode), laser scanning confocal microscopy (LSCM), and

SCL microscopy 311,
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Fig. 10. (a) Schematic diagram of the fabrication process for binary phase photonic devices in a phase-change film; (b) binary

phase super-oscillatory lens; (c) focal spot of the binary super-oscillatory lens at A = 730 nm; (d) cross-section line profile

of the focal spot [62],
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Fig. 11. (a) Schematic diagram of the super-resolution telescope system based on the super-oscillatory lens; (b),

(c) experimental demonstration of the resolving capability of telescope system: SEM of the imaging sample (bl),

(c1); the diffraction-limited imaging results (b2), (c2); the super-resolved imaging results by the super-resolution

telescope (b3), (c3); the line profiles of the intensity distribution of the imaging results [39],
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Fig. 12. Reduced GO lens and its 3D subwavelength focusing effect: (a) Conceptual shown of the design and fabrication process

of GO lens; (b) schematic shown of the amplitude and phase modulation effect; (c) topographic profile of the GO lens; (d) light

modulation process by the GO lens; (e), (f) theoretical and experimental intensity distribution of the subwavelength focal spot (631,
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Fig. 13. Apochromatic amplitude mask SOL: (a) Schematic diagram of the focusing effect by apochromatic SOL;

(b) SEM image of the fabricated apochromatic SOL; (c), (d) simulated and experimental diffraction patterns in z-z

plane; (e) experimental recorded intensity pattern at the focal plane for blue, green, red and white light 164],
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Fig. 14. (a) Schematic of the TiO2 nanofin metalens; (b) simulated conversion efficiency as a function of
wavelength; (c) optical image of the metalens (d) SEM micrograph of the fabricated metalens (271,

Metasurface
(a)

Sample A Sample B ' Sample C

' [
[ [
[ [
¥ [
[ '
' v
¥ [

FWHM=1.32pm FWHM=1.1pm FWHM=0.88um *

FWHM=1.32um : FWHM=1.056um

FWHM=1.1pm

FWHM=1.364um : FWHM=1.1um
30 60 30 60
Propagation distance /pm Propagation distance /pm Propagation distance /pm

15 (a) <) 55 B 7 VA R0 T R IR 3 8 0 S Wl BT S Wi PR SR B 7m 2 ;. (b) S BRAD e A 21 10 =R AN IR e i 1T
THTSE B AEAS K NS BOR T (0 SR AR R 174

Fig. 15. (a) Schematic of ultra-broadband sub-diffraction focusing with super-oscillatory plasmonic metasurface;

(b) experimental recorded focusing effect for sample A, B, C at different wavelength, respectively [74],
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Abstract

Due to the fundamental laws of wave optics, the spatial resolution of traditional optical microscopy is limited by the
Rayleigh criterion. Enormous efforts have been made in the past decades to break through the diffraction limit barrier
and in depth understand the dynamic processes and static properties. A growing array of super-resolution techniques
by distinct approaches have been invented, which can be assigned to two categories: near-field and far-field super-
resolution techniques. The near-field techniques, including near-field scanning optical microscopy, superlens, hyperlens,
etc., could break through the diffraction limit and realize super-resolution imaging by collecting and modulating the
evanescent wave. However, near-field technique suffers a limitation of very short working distances because of the
confined propagation distance of evanescent wave, and certainly produces a mechanical damage to the specimen. The
super-resolution fluorescence microscopy methods, such as STED, STORM, PALM, etc., could successfully surpass the
diffractive limit in far field by selectively activating or deactivating fluorophores rooted in the nonlinear response to
excitation light. But those techniques heavily rely on the properties of the fluorophores, and the labelling process makes
them only suitable for narrow class samples. Developing a novel approach which could break through the diffraction
limit in far field without any near-field operation or labelling processes is of significance for not only scientific research
but also industrial production. Recently, the planar metalenses emerge as a promising approach, owing to the theoretical
innovation, flexible design, and merits of high efficiency, integratable and so forth. In this review, the most recent
progress of planar metalenses is briefly summarized in the aspects of sub-diffractive limit focusing and super-resolution
imaging. In addition, the challenge to transforming this academic concept into practical applications, and the future

development in the field of planar metalenses are also discussed briefly.
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