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Introduction

Metamaterials and metasurfaces have attracted much attention
due to their powerful ability to control electromagnetic (EM)
waves. In this paper, we review the recent developments in the
field of EM metamaterials, starting from their exotic physics to
their applications in novel information systems.



Content

. We show the fundamental understanding of traditional
metamaterials based on the effective medium theory and related
applications, such as invisibility cloaks and meta-lenses.

. We review the two-dimensional versions of metamaterials, i.e.,
metasurfaces, for controlling spatial waves and surface waves,
and thereafter present their typical designs.

. We briefly introduce spoof surface plasmon polaritons and their
applications in microwave frequencies.

. We emphatically present the concepts of digital coding
metamaterials, programmable metamaterials, and information
metamaterials. By extending the principles of information science
to metamaterial designs, several functional devices and
information systems are presented, which enable digital and
EM-wave manipulations simultaneously.



Analog metamaterials
effective medium metamaterials

Metamaterials are actually composed of subwavelength-scale
meta-particles arranged periodically or quasi-periodically, which
can be described by continuous effective medium parameters
(effective permittivity € and effective permeability u).

]
=1

(c) - ‘ Retreval

- a -
(a) (b)

04 —— Ratrieval ¢
8 Retrieval i~ 215 Retreval
b & 9 Theory & = Theory '
2 61 Theory «* © | Theory u*
£ 1 e ——— 2 19 |
R S— E |
o - @ [
a 2] \/ a s J ‘
g o ~ T 2 1
w24 8 o ) - —]
< ] ] \ /
14 | LS -5 \u
64 v
& 9 1w 1 12 8 9 10 11 12
Frequency (GHz) Frequency (GHz)
a 3
- - 1 T p —— Retioval ' )
(d) (e) 60 Retieval ¢ (f Rmm‘ﬂ"
50- Retrieval ¢ > leval u
¢ 2 Theory ¢ £ 7 Theory f\
m - > 40 i Theory «* .E Theory 4')
E 304 E 14 —
— ‘
S ) ] i
Qa ; o g = B
g 104 = g
8 o] —= — et Z
T oy 5
x -104 @
20 v y y 2 . . e .
= b ol 9 10 1" 12 13 14 15 9 10 11 12 13 14 15

Frequency (GHz) Frequency (GHz)



Analog metamaterials
effective medium metamaterials (Cont’d)
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Analog metamaterials
metasurfaces

2D case of
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Analog metamaterials
metasurfaces (Cont’d)

Highly localized EM waves
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Information metamaterials
coding and digital metamaterials

EM properties are described by digital states

Far-field and near-field performances rely on the coding patterns



Information metamaterials
coding and digital metamaterials (Cont’d)

Convolution operations Addition theorem



Information metamaterials
coding and digital metamaterials (Cont’d)

Anisotropic design Dual-band design

Applications
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Information metamaterials
programmable metamaterials

Real-time EM manipulations
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Information metamaterials
information system

Imaging system Communication system Radar system

Amplitude codes of
multichannels
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Conclusions

. For effective medium metamaterials: integrated, miniaturized,
and low-cost applications in engineering.

. For metasurfaces: multi-coefficient and multi-functional
designs.

. For spoof SPPs: on-chip SPP devices and SPP-based
information systems.

. For information metamaterials: improving combination with
information science, more advanced intelligent metamaterials,
and software-driven metamaterials.
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