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process. After precise control of nanoimprinting tech-
nology, polymer materials will be more accessible to
produce large-scale flat optical elements. Realizing large-
scale flat lenses needs both fabrication and designing
toolbox. Solving analytical formulas and numerical
approximation optimization can achieve the design phase
of achromatic flat lenses. The analytical solution gives
more intuitive results and strictly required conditions,
while the numerical optimization can provide optimal
solutions under complex conditions but with less preci-
sion. These designing methods can improve imaging
quality in many aspects besides flat lens designing, such as
complementary metal–oxide–semiconductor (CMOS)
pixel mapping and unitary design. Subsequent develop-
ments and applications are expected in various environ-
ments apart from on the ground, such as in the sky24 and
under the water25. Artificial intelligence information can
be integrated into the design and meta-optics applica-
tions26 as well. The perspective is not limited by intelli-
gent designs and novel meta-devices but physics.
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Novel developments in computational
spectropolarimeter
En-Lin Hsiang1 and Shin-Tson Wu 1✉

Abstract
Compared to conventional bulky spectropolarimeters, computational spectropolarimeters which reconstruct light-field
information such as polarization and spectrum in a compact form factor, are critical equipment enabling new
applications. The key component of a computational spectropolarimeter is a tunable light-field modulator, in which
liquid crystal-based device is a promising candidate. By varying the applied voltage, the tunable liquid crystal
metasurface can modulate the phase and spectral information of the incident light, and after a few trials, this
important information can be decoded mathematically. Such a novel approach paves the foundation for developing
compact and low-cost spectropolarimetric imaging devices with widespread applications in biomedical imaging,
remote sensing, and optical communications.

In contrast to photodetectors which can only measure
light intensity, spectropolarimeter is able to measure light-
field properties such as spectrum and polarization. As a
result, spectropolarimetry is a fundamental device enabling
new applications. For example, by revealing the polarization
and spectrum of light passing through a target material, one
can characterize the material’s composition, refractive index,
and birefringence. In addition, polarimetry is also widely
used in astronomy, remote sensing, radar and so on1,2.
Overall speaking, spectropolarimeters are useful instruments
in physics, astronomy, chemistry, and biology. Traditional
spectropolarimetry spatially separates a light beam with
different polarization by a polarizing beam splitter and dif-
ferent wavelength by a grating3. Afterward, a spatially 2D
photodetector is used to measure the light intensity. The
intensity on each position of the photodetector corresponds
to a different polarization state or wavelength. Therefore, the
polarization state and spectrum of light can be restructured
by summarizing the spatial intensity distribution from the
2D photodetector. Because a 2D detector array is required
for measuring the polarization and spectrum at a single
spatial location, its use for spectropolarimetric imaging is

deterred. Meanwhile, the polarization and spectrum of a
light beam can also be obtained by the sequential method, in
which the polarization and wavelength filters are sequen-
tially applied to measure the light intensity with different
polarization and wavelength components4. Although the
above-mentioned spectropolarimeters have been widely
used, the sophisticated optical system and bulky form factor
limit their application to some miniaturized platforms.
Recently, a computational spectropolarimeter has been

proposed, whose working principle is illustrated in Fig. 1a5.
During this design process, the incident light with
unknown optical field properties is modulated (encoded)
by a tunable metasurface and then received by a photo-
diode. In each trial, the tunable metasurface provides a
different phase and different spectral reflectance to encode
the incident light. Then, with multiple trials, the polar-
ization and spectrum of the incident light can be decoded
by computational reconstruction. In 2018, Jung et al.6

developed a mid-infrared polarimetry device using a
graphene-integrated anisotropic metasurface. Although
the accuracy of polarization measurements is degraded by
the depolarization effects of sample defects, a measure-
ment rate up to tens of MHz can be achieved, which is
about 100× faster than that of conventional mechanical
rotation of polarizer/retarder modulators.
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Liquid crystal materials with anisotropic optical properties
have been widely used in displays and optical devices to
modulate the amplitude and phase of light7,8. In this work, Ni
et al.5 demonstrated a method to modulate the wavelength
and polarization information of light using an electrically
tunable liquid crystal-embedded silicon metasurface as
shown in Fig. 1b, which is tailored to support multi-guided
mode resonance. By applying a series of different voltages,
the liquid crystal metasurface encodes the incoming light,
which is then recorded by a single-pixel photodetector.
Afterward, the polarization and spectrum of the incident
light can be reconstructed by computational reconstruction
algorithms. To accurately reconstruct the polarization and
spectrum of light, it takes about 20–30 iterations. Con-
sidering the response time of liquid crystal devices, which is
usually several milliseconds, the total measurement time
amounts to tens of milliseconds, corresponding to ~100Hz
frame rate. The total measurement time can be reduced by
choosing a fast-switching liquid crystal and advanced
reconstruction algorithms. Furthermore, in practice, the
orientation of liquid crystal directors may not be so uniform
as illustrated in the simulation model. The anchoring energy,
liquid crystal material properties, and applied electric field all
affect the alignment uniformity under different driving
conditions. For example, the liquid crystal directors nearby
the alignment layer with strong anchoring energy will be
more difficult to be reoriented by the applied electric field9.
This uneven liquid crystal alignment adds noise to the tai-
lored reflectance spectrum and phase modulation during the
encoding process. Therefore, further optimization of liquid

crystal devices is required. Despite the above-mentioned
issues, this new spectropolarimeter which can measure the
polarization and spectrum of light simultaneously with high
fidelity paves the foundation for developing compact and
low-cost spectropolarimeters. More importantly, as Fig. 1c
depicts, a major advantage of this approach is that the liquid
crystal metasurface does not change the wavefront of the
incident light. Thus, by combining with a detector array,
spectropolarimetric imaging can be realized, which could
have significant implications for biomedical imaging, remote
sensing, and optical communications.
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Fig. 1 Computational spectropolarimetry with a tunable liquid crystal metasurface. a Illustration of computational spectropolarimeter’s working
principle. b Schematic of electrically tunable liquid crystal-embedded silicon metasurface. c Experimental setup for the spectropolarimetric measurements
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Impinge Weyl advantages on light
Xiaomu Wang 1✉ and Dong Sun 2

Abstract
Weyl semimetals are emerging topological materials with intriguing physical properties. Now this exotic matter may
lead to novel photonic and optoelectronic applications.

Weyl semimetal refers to semimetal whose quasiparticle
excitation is Weyl fermion1. In the context of solid-state
physics, the elementary Dirac equation for massless fer-
mion describes four bands touch at a point. Interestingly, a
massless fermion can also obtain a definite ‘handedness’ by
breaking the Dirac equation to two-component halves,
resulting in two band-degenerate Weyl nodes with either
left-handed or right-handed chirality (see Fig. 1a)2. The
unique band dispersion makes Weyl semimetal as an
emerging platform hosting tremendous exotic physical
properties3. And the Weyl semimetals have been theore-
tically known for a long time and seen a great growth of
experimental interests in recent years. Especially, the dis-
covery of new Weyl materials and novel Weyl physics
arouse from two two-band degenerate Weyl points have
been clearly demonstrated in materials that break either
inversion or time-reversal symmetry. Notably, an equally
important step forward is to develop schemes for achiev-
ing quantum control of the Weyl quasiparticle excitations
by optical methods. Vice versa, Weyl semimetals also
provide new opportunities to impinge interesting Weyl
physics on novel manipulation of light through unique
interaction between light andWeyl Fermions. Now writing
in eLight, Shanhui Fan group reviewed the basic concepts
and optical responses of Weyl semimetals, and survey their
applications in optics and thermal photonics4.
The chiral Weyl points have a topological meaning: each

Weyl point can be assigned a topological number, directly

related to the Chern numbers. This chirality leads to a
marvelous phenomenon called chiral anomaly. Namely,
when Weyl fermions purely with a single chiral coupled to
electromagnetism, the conservation of charge can be bro-
ken5. There are always multiple Weyl points (so that the
total charge cancels) but they may occur at different
energies, resulting the semimetal is more conductive with
an increasing magnetic field. This violation of the con-
servation of chiral charge leads to an axial charge current.
In the Review, the authors discuss details of electro-
magnetic response in the presence of chiral anomaly. Key
physics such as optical nonreciprocity are clearly analyzed.
The substantial studies in fundamental physics paved a way
toward novel applications. For example, chiral plasmons,
unidirectional waveguide and non-magneto Faraday effect
like those observed in twist bilayer graphene6 are proposed.
In a Weyl semimetal, Weyl nodes of opposite chirality

are separated in momentum space and are connected only
through the crystal boundary by an exotic non-closed
surface state, known as the Fermi arcs. Experimentally,
this Fermi arc surface states play as a crucial signature in
the discovery of Weyl semimetal. It was the detection of
these Fermi arcs in photoemission that gave solid evi-
dence that the Weyl semimetal had indeed been rea-
lized7,8. The existence of Fermi arcs as surface states can
also significantly alter the photo-response by modifying
the boundary conditions of Maxwell equations. Intriguing
photonic states such as Fermi arc plasmons are predicted
in this Review. Remarkably, these optical responses would
in turns enable improved observation of the Fermi arc
surface states by means other than photoemission.
Emerging Weyl semimetals are also of particular scien-

tific and technical importance for nonlinear optics,
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