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Abstract: Near-zero-index (NZI) media have emerged as a significant research direction in artificial electromag-
netic (EM) media in recent years due to their unique physical properties in EM wave manipulation. Unlike traditional mate-
rials, NZI media can exhibit features such as infinitely stretched wavelength, infinite phase velocity, and unchanged propa-
gation phase under conditions where the permittivity or permeability approaches zero. This leads to a spatiotemporal decou-
pling characteristic described as “temporal oscillation, spatial stillness”. These properties provide new physical pathways to
overcome the bottlenecks of conventional devices in terms of size, bandwidth, and shape constraints. This article systemati-
cally reviews the physical fundamentals, implementation mechanisms, and typical NZI metamaterials. Starting from the
physical mechanisms, this article introduces their wavelength stretching, supercoupling effects, and ideal power flow charac-
teristics. Subsequently, the implementation methods of NZI media are summarized, and the rapidly developing theory of
“photonic doping” is further introduced. This theory involves introducing heterogeneous doping elements into NZI media to

achieve fine-tuning of the effective permeability, thereby constructing NZI metamaterials at subwavelength scales. This
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method offers advantages such as tunable parameters, geometry independence, and ease of integration, making it an impor-
tant engineering approach for NZI media.In terms of applications, this article summarizes the typical functions and perfor-
mance advantages of NZI metamaterials from three perspectives: absorption, transmission, and radiation. In absorption, le-
veraging the field enhancement effects, impedance matching mechanisms, and perfect coherent absorption in NZI media en-
ables ultra-high sensitivity sensing, efficient thermal radiation control, and ultra-thin absorbing surfaces. In transmission, uti-
lizing the supercoupling effects, impedance control capabilities, and dispersion engineering of NZI media enables functional
devices such as reflectionless energy transmission of arbitrary shapes, high-efficiency bendable interconnects, multiport
power distribution, and multichannel frequency division multiplexing. In radiation, exploiting the geometry independence
and zero-phase-shift characteristics of NZI media enables wavefront shaping, directional radiation, and reconfigurable radia-
tion patterns, facilitating the construction of shape-independent, highly integrated tunable antenna devices.Currently, NZI
metamaterials still face critical challenges such as limited bandwidth, significant losses, and poor process compatibility. Fu-
ture development directions include: developing broadband, low-loss material systems to achieve synergistic optimization
of structures and modes; promoting interdisciplinary integration across mechanical, thermal, quantum, and other physical
fields; and realizing deep integration with chip and optical platforms.

Key words: near-zero-index medium; near-zero-index metamaterials; photonic doping; impedance matching; trans-
mission line; antenna
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