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viral inactivation mechanism and investigation will pro-
vide an effective design scheme for developing viral
inactivation tools.
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Fig. 1 The virus inactivation and mutation by electromagnetic waves with different energies. The non-ionizing and ionizing effect caused by
light with different wavelengths (top), and RNA strand broken, uracil dimmer formation and deamination during the interaction between photons
and virus (bottom)
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Trapping photons with optical black hole
You-Ling Chen1, Qi-Tao Cao2 and Yun-Feng Xiao 2,3✉

Abstract
An optical black-hole cavity based on transformation optics enables Q-factor enhancement and strong field
confinement, by eliminating the intrinsic radiation loss of the conventional whispering-gallery modes, holding
potential for applications in energy harvesting and optoelectronics.

Introduction
The interaction between light and matter plays a key role

for both fundamental research and advanced applications.
Whispering-gallery-mode (WGM) cavities, featuring high Q
factors and small mode volumes V, provide a promising
platform for intensively enhancing light-matter interaction,
which lays the foundation for the realms of ultralow
threshold lasers, ultra-sensitive sensing, nonlinear optics and
quantum information processing1,2. In order to further
improve the interaction enhancement, an intuitive way is to
compress the mode volumes, which, however, leads to the
increasing radiation loss, especially for a small cavity whose
geometrical size is comparable to the resonant wavelength.
Generally, the radiation loss is resulted from the light tun-
neling through the curved boundary1,3. Over the past few
years, tremendous efforts have been paid to compensate for
the radiation loss in small WGM cavities for stronger light-
matter interaction4,5, including surface plasmonic resonance
and anisotropic dielectric resonators. Nevertheless, the for-
mer would also introduce extra Ohmic loss from the
metallic material, and the implementation of the latter is
difficult for natural materials.
Transformation optics offers a method to manipulate

the propagation of light rays and the distribution of
electromagnetic fields, enabling light confinement and
elimination of intrinsic radiation loss. In a recent

publication in this issue of eLight, a team of scientists
from Xiamen University in China has proposed and
experimentally demonstrated a high-Q optical black-
hole (OBH) cavity consisted of a gradient-index clad-
ding structure (Fig. 1), of which both the Q-factor
enhancement and tightly confined WGM fields were
obtained in the microwave spectra6.
By extending the concept of black holes into the

optical microcavity, the novel light bending and trap-
ping phenomena by OBHs have been studied, which can
also mimic the cosmology effects predicted by general
relativity7–9. The researchers design a class of OBH
cavities based on the conformal mapping of the planar
dielectric media by re-examine the total internal
reflection effect (TIR) in straight space. The WGM field
is revealed with the OBH cladding, following an
unconventional 1/rα decay rule, in contrast to the tra-
ditional form of the Hankel function in a homogeneous
cavity. Theoretically, it is found that the radiation loss
can be eliminated perfectly in an ideal OBH cavity,
thanks to the infinitely-wide optical potential barrier of
OBH cladding. Experimentally, they demonstrate a
truncated OBH cavity with a Q-factor enhancement of
~8 and improved field confinement in comparison with
a homogeneous cavity. The strategy is further expanded
to cavities with asymmetric shapes, and significant Q
factor enhancement of 2 orders of magnitude is
achieved for a face shaped cavity.
The presented work overcomes the long-lasting fun-

damental incompatibility between the higher Q-factor
and smaller mode volumes in cavities at wavelength scale
with arbitrary boundary shapes. More importantly, the
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technique of designing and customizing the surface field
distribution of cavities via transformation optics sheds
light on a wide range of fundamental research and
potential photonic applications, such as the chaotic
dynamics in deformed cavities10,11, and non-Hermitian
physics in multi-core cavities with gain and loss12,13. The
OBH cavity would be also expected at the optical fre-
quency band, which may rely on the gradient-thickness
waveguide structures9 or gradient-size nanostructures14.
Further efforts will still be required to realize the OBH
cavity in higher dimensions for tailoring the interaction
between light and matter.
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Fig. 1 Schematic illustration of a whispering-gallery mode in an
optical black-hole cavity
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Perovskite photodetector-based single pixel color
camera for artificial vision
Chaohao Chen 1, Ziyuan Li 2,3 and Lan Fu 2✉

Abstract
Narrowband red, green, blue self-filtering perovskite photodetectors and a broadband white photodetector are
incorporated into a single pixel imaging camera to mimic the long-, medium-, and short-wavelength cone cells and
rod cells in human visual system, leading to the demonstration of high-resolution color images in diffuse mode.

In the past decade, there has been a fast development in
single pixel imaging, a powerful technique emerging as a
promising alternative to multipixel image sensors, such as
the silicon focal plane arrays (FPAs) featuring millions of
pixels. By using a single-pixel detector, in combination
with different modulation technologies and sampling
schemes, single-pixel imaging has shown great advan-
tages1,2 in terms of more flexibility in the choice of single
photodetector (PD) devices at wavelengths across the
whole electromagnetic spectrum, higher sensitivity and
faster speed, precise timing resolution, reduced data sto-
rage and data transfer requirements and system costs.
Indeed, since the proposal of the original idea of “Dual
Photography” by ref. 3 in 2005 and the first demonstration
of single-pixel imaging via compressive sampling by ref. 4

in 2008, a variety of single-pixel camera architectures1

have been demonstrated showing great potential for a
wide range of applications. In particular, there are lots of
research interests in developing infrared and THz single-
pixel imagers (where focal plane detector arrays are
unavailable or extremely expensive), and time-resolved
imaging for 3D imaging and LiDAR applications2.

Conventional charge-coupled device (CCD) and
complementary-metal-oxide-semiconductor (CMOS)
image sensors are mature technologies that offer high
resolution, fast imaging, and smart functionalities at
relatively low cost, satisfying many applications in the
visible wavelengths. However, for such point-to-point
imaging technique, bulky optical components including
lenses and bandpass filters are often requested to achieve
color recognition. This, together with the inherent lim-
itations in material properties of silicon, such as fixed
bandgap and poor mechanical properties, making them
less ideal for applications in artificial vision. Recently, in
parallel to their significant progress in the field of pho-
tovoltaics, organic-inorganic halide perovskite materials
and nanostructures have also attracted much interest for
applications in color imaging and bionic visual con-
struction5–7, owing to their large absorption coefficient,
high mobility, low binding energy, and flexibility in
adjusting chemical properties and thus bandgap energy.
However, so far the reported perovskite imaging systems
normally require complex manufacturing procedures and
operation in the monochrome transmission mode under
direct illumination due to low signal responses, making it
challenging to match the performance and functionalities
to the human eyesight. There are still urgent needs to
develop new photodetector materials and structures, as
well as imaging technologies and strategies to achieve
high performance artificial vision systems.
Now, writing in this issue of Light: Science & Applica-

tions, Liu et al. at the Jinan University, China report a new
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