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Fig. 1. Extraordinary diffraction effects in structured nanoslits: (a) Scanning electron microscopy (SEM) of the nanoslit

surrounded by periodic grooves [18]; (b) angular transmission-intensity distribution at two selected wavelengths, inset is

schematic diagram of the structure showing the corresponding dependence of the directionality on wavelength and the

beam divergence in the far field 18); (¢) SEM image of a single catenary-shaped nanoslit [191; (d) electric field distribution

of the cross-polarized component for left-handed circular polarization (LCP) incidence 19]; (¢) SEM image of a deformed

catenary aperture [19]; (f) electric field distribution of the cross-polarized component for right-handed circular polarization

(RCP) incidence 9],
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Fig. 2. The short wavelength effect of SPP: (a) Dispersion diagram of the SPP on a thin metallic film (271,
(b) the dependence of the effective refractive index on the slit width for the SPP guided by a metal-insulator-

metal waveguide (28], (c) a SEM image of a typical V-groove cross-section (291, (d) theoretical modeling of the

plasmon coupling, propagation and enhancement in a fabricated tapered groove (291, (e) a tapered section

of a gold film on a sapphire substrate (291,
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electron wave dispersion of a direct-gap semiconductor; the dots represent electrons and holes; (b) photonic

topological insulator based on helical waveguide; (c) energy band of the helix waveguide.
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(b) metasurfaces based on spin-orbit interaction (131,
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Fig. 5. Hyperbolic dispersion: (a), (b) Hyperbolic

metamaterial based on metal-dielectric multilayers;
(c), (d) the equifrequency curves and energy flow di-

rections in hyperbolic and normal materials.
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Fig. 6. Subdiffraction propagation and lithography based on SPP: (a) Schematic of the generation of virtual
probe using SPP [80]; (b) SEM image of the fabricated sample with 22 nm half-pitch (847, (c) image of the

lithography system.
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refraction and reflection, MLRR) ['].

FE MLRR H, #2447 S S5 77 19) () 5Q S AE T 18
LTI NAHALBE L. H AT 3 A =S N AR AL B
JERTT V. Ho— R b TS AR, @ A2 2% 1) b
B A UG o5 B, BOR] A L AR RS A2 )
PR RN BT 51 N SRAL A AE A A i 0050 fly 3 i
I B R B O A R AT S R A BR, T sk
I 360° YA AL AR Ak, A4 RE ) & T 75 e L &0
KT, HAR IR S 55 AR RN
S MINER A T &8 AR S E SPP R K
R, 8 IR T R AR I g oK B % i B HES, R AE
NI B 5 3k Hh 51N AT 3 AR 7 22 [0:6459,900 - g
SPP &5 RCB AR, W 2 A8 AT 5 2R 0 RT3
AL, DRI TR A ) R R N T B =
FINBE FEARAL B 77 iR R T T e A 1 v /LA A
fir [10:2162.91 R [AFEAL R 42 L BAEAL, JL
AR AL R TP T S5 K i T LR AR A RS, 544
BHOE T OC. Bk, A SR TR N T K
JEJE BR] 7= AR AT A AL, S 47 SRR s 3R 7

IFi) (A 425

AR JEE K 2 T PT F T A d~F TE IE
8 (OAM) = A 4% P Bessel o 7™ A 25 55
— RGBT B A F D29295] 0 J6F MLRR (Vi
AT LR B R AR B AR B R, R B
B EMB AR ZM N R BT () N
— L TR A S AR, R BT R Y % 1)
SRS B AL B, 38 I ) - UE A B
1 A SE PR JRASAR AL % . A8 ISR A R e ]
K 1704%, BT (b) 1B 7 (c) 43 5 N s B AR R 3
JRARROR 520 1] 7 () AP T 4K 45 44 1) 35
AR R 58, BT (e) FE T (f) 20 5 8 46 E 6
G R W, FAR R O AT ST AR BR [9°),

MLRRIE A HE B BH G AR R H & .t
an, R ALY T A TR AT IE e, T A%
Gt RGP BTN AES, WS MG E.
ok B ) R TR R R R A (R RR FE AR, 20 AT, PTG
TP RGO B, LI R SR AR RE
Thgg 01001 phAh, 8RR R AR R T S ST,
RIS NS e B AN IR BB R 7 1), AR ORI B bR )
2 SR IR U R [0,

K7 RTBEMOEMDENETEESE () BUREEMYEKBRER, 48R 300 nm 02 (b) 747 “H” R R, iR
10 um [62); (c) WA, 7R 10 um (621 (d) Bm R4 K (s (e), (f) 406 (WK 632.8 nm) 6 A 1)

Fig. 7. Microscope and telescope based on metasurface: (a) SEM image of the metasurface objective, scale bar 300 nm

(62]

)

(b) SEM image of the object “H”, scale bar 10 ym (621, (c) image of the object, scale bar 10 pm (621, (d) photograph of the
metasurface-based telescope [1]; (), (f) focal spots for red light (left, A = 632.8 nm) and white (right) light [,
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Fig. 8. Broadband meta-devices based on dispersion engineering: (a) Schematic of the broadband absorber

based on metasurface dispersion engineering (121,

(b) absorption at normal incidence as a function of fre-

quency, the Salisbury absorption curve is shown as a reference [12]; (c) perspective view of the polarizing

metamirror based on split ring resonators [73]; (d) simulated polarization conversion ratio (PCR) from LCP

to LCP (blue solid line) and measured polarization conversion ratio from z- to y-polarization (red aster-

isk) (73],
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Fig. 9. Refractory-material-based absorbers: (a) The measured absorption of the TiN absorber after annealing at

800 °C for 8 h, as well as the reference measured absorption of TiN before annealing [103]; (b), (c) the SEM images of
the TiN and Au absorbers after annealing [103]; (d) photography and SEM image of the NiCr absorber 1]; (¢) SEM

image of the NiCr surface before and after heating!]; (f) measured absorbance of the NiCr absorber at various

temperatures [1].
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Fig. 10. Subwavelength structured materials initiative: (a) Schematic of the materials initiative proposed

by American National Science and Technology Council; (b) computational methods used for traditional

materials; (c) computational methods for subwavelength structured materials.
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SPECIAL ISSUE—Diffraction limit of electromagnetic waves
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Abstract

As a fundamental property of waves, diffraction plays an important role in many physical problems. However,
diffraction makes waves in free space unable to be focused into an arbitrarily small space, setting a fundamental limit
(the so-called diffraction limit) to applications such as imaging, lithography, optical recording and waveguiding, etc.
Although the diffraction effect can be suppressed by increasing the refractive index of the surrounding medium in which
the electromagnetic and optical waves propagate, such a technology is restricted by the fact that natural medium has
a limited refractive index. In the past decades, surface plasmon polaritons (SPPs) have received special attention,
owing to its ability to break through the diffraction limit by shrinking the effective wavelength in the form of collective
excitation of free electrons. By combining the short wavelength property of SPPs and subwavelength structure in the
two-dimensional space, many exotic optical effects, such as extraordinary light transmission and optical spin Hall effect
have been discovered and utilized to realize functionalities that control the electromagnetic characteristics (amplitudes,
phases, and polarizations etc.) on demand. Based on SPPs and artificial subwavelength structures, a new discipline
called subwavelength electromagnetics emerged in recent years, thus opening a door for the next-generation integrated
and miniaturized electromagnetic and optical devices and systems.

In this paper, we review the theories and methods used to break through the diffraction limit by briefly introducing
the history from the viewpoint of electromagnetic optics. It is shown that by constructing plasmonic metamaterials
and metasurfaces on a subwavelength scale, one can realize the localized phase modulation and broadband dispersion
engineering, which could surpass many limits of traditional theory and lay the basis of high-performance electromagnetic
and optical functional devices. For instance, by constructing gradient phase on the metasurfaces, the traditional laws of
reflection and refraction can be rewritten, while the electromagnetic and geometric shapes could be decoupled, both of
which are essential for realizing the planar and conformal lenses and other functional devices. At the end of this paper,
we discuss the future development trends of subwavelength electromagnetics. Based on the fact that different concepts,
such as plasmonics, metamaterials and photonic crystals, are closely related to each other on a subwavelength scale,
we think, the future advancements and even revolutions in subwavelength electromagnetics may rise from the in-depth
intersection of physical, chemical and even biological areas. Additionally, we envision that the material genome initiative
can be borrowed to promote the information exchange between different engineering and scientific teams and to enable

the fast designing and implementing of subwavelength structured materials.
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