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Fig. 1. Examples of absorbing or directional scattering
cloaking methods: The unique appearance of U.S. Air Force
F117A stealth fighter enables it to be effectively cloaked

under the single-based station radar system.
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Fig. 2. Examples of absorption cloaking. (a) A mid-infrared absorption cloaking sheet’?. Most of the reflected wave will be ab-

sorbed without entering any detector. (b) Effect of infrared cloaking/illusion on thermal images/*..
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Fig. 3. “A perfect cloak” . The electromagnetic wave still
propagates in the original direction after passing through
the designed anisotropic cloaking sphere.
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Fig. 4. The working principle and effect of “self-cloaked material”*: (a) Effective parameters of the solid slab composed of closely

arranged corrugated wires with different layer thickness; (b) steady-state electric field distribution under an oblique plane-wave in-

cidence at 10 GHz upon such self-cloaked material.
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Fig. 6. Photo of cloak based on transformation optics/6!.
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Fig. 7. Invisibility cloak designed by homogeneous transformation opticsl®: (a) The original virtual space of the transform; the red

line represents a selected ray; (b) real space after transformation; the red line represents the transformed ray; (c) layered system for

modeling the one-directional cloak.
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Fig. 8. A TM wave visible light invisibility cloak composed
of calcite under natural light designed by homogeneous

transformation optics/6®.
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Fig. 9. Schematics of a nature light cloak for large objects when the phase consistency is ignored™: (a), (b) Dynamic monitoring of

a fish swimming through the aquatic ray cloak; (c), (d) experimental observation of a cat in the terrestrial ray cloak.
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Fig. 10. Carpet invisibility cloak: (a) The design of carpet invisibility cloak(™, through the compression of virtual space, the blue re-

gion of right sub-figure is transformed to the blue region in the left sub-figure, thus concealing the green objects existing in the real

space in figure (a); (b) experimentally realized carpet invisibility cloak and I-shaped unit structure by Liu et all™.

Lee &5 71 38 2o 4 i fE 94 K B8 19 4%, 26 B REZS /K
K2 Gabrielli 55 751 38 o 45 il fENOK e 1) 2% B,
SCELT IR LTSN B U B A 2011 4R, £ E
VUL K2 Zhou &5 M ] F 4 B 3 B 242 9 3D $7
ENE AR BIVESZIL T 0.3—0.6 THz [ EE R Fa B A
TE R WOGHBOT I, 2011 4F, #lFE R /R &4 e BT
2B Fischer 55 B0 | F 3L F 32 3 & ST B AE 9 3
FWHEHA, ¥ T MR ITA 2545/ T 2 524
I, SEBLT RERS TAEAE AT WOCIREL T 1 — 2 i ik
MR B AR [FAE, SEE NN K2 s R L i
Gharghi % B 38 33 76 Z AL REDE 5 1 20 AS [F] AR
ORI A E N % P DIV 2 € i A
BT AT LA B ) B e B A

TR AR 28 380 ol FH 1) 45 10 TR S H50% — Rl (UL,
MBS FarAT, LR B S — R HiE 2.
TR 1 B B B A X B B R L B — B
2 AT AR, X = 408 X B S5 M A7 e AR R
ARGINT. e AL SEEMA A2 Capasso
DRGIZE B3 T 2011 4F 9 42, Bkl — 4
Ak, ol LS EILF DR - metasurface (W4
PRI ISR A, R R T A R
FR Al R AR S L S SO BT 4 / R

FEHE, BT AN TGS BT A% O B 2
PR, R — AR /N T AR, BAT RS
WL TR A L B TR SRR S AE SEBR I FH A 5
SN AT SRR N R A R BRI, ARk
—ANEBRE . BT LREE, OfA
KRS ARV R T L fifk. E 11(a) i,
2013 4, 220 K24 Zhang % B $E 0 T X
15 S O B R B AR 0y AT e 36 AN
K BHTTT 208 Estakhri £ Alul®) )57 FH 40 K R
S AE R 2% RN 2 K A B BT T R B e
2015 4F, 28 B K20 sa 1) 0 e i Ni & B0 152
HT e SRS A9 K KL, WK 11(b) B
AN, SEELT R DR B B B . P PR 4N B
1N K2 Orazbayev 88— N INE iR 48 32 1
SERRTE bR 2% 87 2 oK i B s B Bt T RS
e, nE 11(c) B, £ 2016 4F, £EARILKE
Cheng 45 B9 £ 1 T 532 nm [ AT WG BE A b EE
KL, F4EAR TR K2 Tao 55 PO EEH T 564
Bt i wg M BE SN B B A8 F. WV K% Yang
S DU B T —Fh 0 2% 1T Fe B A EEIE, BRAT LA
YEHFHLRE B LIS, 38T VR 75 0% KIS
Y7, B, AT ] C4 X PRI IR I,

154104-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 154104

(a) Incident wavefront

D) fgc;ed wavefro

Dielectric substrate Metal sheet Ground plane

c)

(d)

Bl (a) HEE R B RCR B SRR 5 () T LG5 B B B AR 80 () i JH BT i 4 45 445 H0 7 ARl 2 AR 222 oK A B b e i 1y

ERERAE B8 () 108 PR I 9 9IR B 52 R S 4 A i 5% T B A 19

Fig. 11. (a) A schematic of carpet cloak®; (b) schematic view of a visible spectrum invisibility cloak®; (c) cloaking devices de-

signed at terahertz and millimeter wave frequencies by applying ring resonators to metasurfaces®; (d) a full-polarization carpet

cloak by applying closed-loop resonators!??.
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Fig. 12. (a) Cloaking by designing a “complementary media” ¥7; (b) remote cloaking based on multi-folded transformation optics!1%l.
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Fig. 13. Experimental realization of active cloaking: (a) Active invisibility cloak at microwave frequency!"'; (b) active direct

current field invisibility cloak!!'; (c) active heat conduction field invisibility cloak!!2.
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Fig. 14. Examples of imitation cloaking methods: (a) The protective color of a frog (Rana dalmatina) makes it difficult to be distin-

guished from the grasslands environment; (b) the scattering wave of soldiers in ghillie suit is almost the same as that of grasslands

background, which is difficult to be spotted by enemy observers.
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Fig. 15. Tunable invisibility cloak: (a) Temperature tunable one-dimensional transformation optics invisibility cloak!'*; (b) carpet

cloaking/illusion device based on tunable metasurfacel*; (c) the time-domain digital-coding metasurface which is able to create the

analogue of Doppler shift, or velocity illusion/"*!; (d) deep learning-enabled self-adaptive microwave cloak!!*.
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Progress of novel electromagnetic cloaking research’
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Abstract

With the development of science and technology, the invisibility has gradually moved from a simple and
plain visual deception trick to a precise and systematic modern technology system. By designing appropriate
electromagnetic parameters, the novel electromagnetic wave cloaking technology is able to control the
propagation and scattering of electromagnetic wave, thereby reducing the detectability of the cloaked object.
The electromagnetic parameters of these novel cloaking devices can be realized by using the artificially designed
nanostructures, or by combining the medium that already exists in nature. In this review, according to a
detailed introduction of the research progress of novel electromagnetic wave cloaking, we discuss the difficulties

and challenges in this field, and give an outlook on the future development.
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