
24        OPTICS & PHOTONICS NEWS  MAY 2021

Pulses

then
Beyond Materials 
An obscure paper theorizing negative-index materials was resurrected 30 years later 
as researchers began to engineer materials to manipulate electromagnetic waves.

1967: Going negative 
All known, natural materials have 
a positive index of refraction, 
which indicates how much light 
bends when it enters a substance. 
But what if, asked Russian physi-
cist Victor Veselago in a 1967 
paper, there were negative-index 
materials? Then a material could 
make light behave in all kinds of 
counterintuitive ways. Veselago’s 
paper was purely theoretical, but 
30 years later, such materials 
were realized with the invention 
of metamaterials. 

2006: A microwave “invisibility cloak”
In 2000, U.S. physicist David R. Smith demonstrated a 
negative-index material at microwave frequencies, later 
unearthing Veselago’s 1967 paper. He then teamed up 
with Pendry and developed the theory of transformation 
optics (also pioneered by Ulf Leonhardt), which described 
how metamaterials could manipulate light. In 2006, 
the team demonstrated an invisibility cloak of sorts—
bending microwaves around an object. The proof of 
concept spurred a flurry of research into how to scale 
microwave metamaterial designs to optical frequencies.  

1999: Demonstrating metamaterials
Metamaterials are engineered to have properties that 
are not found in nature; the key to these properties is 
within the material’s microstructure—which must be 
finer than the electromagnetic wavelengths concerned—
rather than their chemistry. British physicist Sir John 
Pendry designed such materials with negative electrical 
permittivity and negative magnetic permeability using 
loops of wire and split-ring resonators in the 1990s. This 
demonstration of artificial magnetism, the key ingredient 
of the negative-index response, launched the field.

A split-ring structure negative-index material, as theorized by Veselago.
Courtesy of D.R. Smith
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now
Scratching the Metasurface
Metamaterials and their single-layer counterparts, metasurfaces, can manipulate 
the phase, amplitude and polarization of light, which opens up a host of applications.

2018: Quantum metasurfaces
Metasurfaces are extending their reach to quantum 
technology. Researchers in Australia and Taiwan have 
fabricated a tiny, transparent metasurface camera 
lens capable of imaging several quantum particles of 
light simultaneously. The tiny silicon film, which is 100 
times thinner than a human hair, reportedly shows 
the feasibility of metadevices for the manipulation and 
measurement of quantum states.

2020: Reconfigurable  
flat optics
One branch of metamaterials research 
is so-called “flat optics,” where meta-
surfaces with arrays of tiny quartz 
pillars diffract and mold light like  a 
glass lens. One such metalens was 
recently combined with liquid crystals 
to make the device reconfigurable. The 
U.S.-Korean-Italian team dynamically 
controlled the optical response of the 
metalens by infiltrating it with external-
stimuli-responsive liquid crystals. 

2018: Controlling sound
Metatmaterials can manipulate more than light. Using 3D 
printing and a clever evolutionary computer optimization 
program, a U.S.–Finland team fabricated a metamaterial 
device that precisely controlled both the transmission 
and reflection of sound waves. In experiments, the 
device redirected sound waves at a sharp angle with 
96% efficiency. The team believes this idea could be 
transferred toward aquatic applications like sonar. 

MORE TO COME: On the scene for only two decades, metamaterials are infiltrating many exciting applications. In the 
future, the still-emerging area of active, tunable metasurfaces will continue to grow—especially as researchers gain 
more control over their optical properties and as these currently lab-based devices gain practical ground in industry.
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For a list of references and further resources, go online: www.osa-opn.org/then-now/metamaterials.
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