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While this work primarily focuses on polarization
multiplexing, the measurements still rely on multiple
macroscopic optics. Cascading multiple metasurfaces
could potentially reduce the overall volume of the optical
system5,6. Finally, the metasurfaces in this work are

determined via a conventional, intuition-driven design
process that may be limited when exploiting multiple
degrees of freedom and multiple polarization channels.
Recently, reported inverse design methods7,8, where
optimization algorithms help realize a specified func-
tionality, could potentially circumvent such challenges.
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Fig. 1 Schematic of the Metasurface. The metasurface fabricated
using metasurfaces exploiting Malus’ law can provide different images
in the near and far fields.

Majumdar and Colburn Light: Science & Applications ����������(2020)�9:134� Page 2 of 2 Xie Light: Science & Applications ����������(2020)�9:155� Official journal of the CIOMP 2047-7538
https://doi.org/10.1038/s41377-020-00394-5 www.nature.com/lsa

NEWS & V I EWS Open Ac ce s s

Light-emitting diodes: brighter NIR-emitting
phosphor making light sources smarter
Rong-Jun Xie 1

Abstract
A brighter near-infrared (NIR) phosphor is achieved by inhibiting the oxidation of Cr3+ and reducing the surface
defects of phosphor particles, enabling the realization of smarter and more sensitive light sources for night vision.

Near-infrared (NIR) spectroscopy is an emerging and
powerful technology for studying organic matter, such as
food and biological tissues. It can be used to quickly and
nondestructively detect organic components by taking
advantage of the characteristic absorption signals of C–H,
O–H, and N–H in the spectral range of 700–1100 nm1,2.
This technology plays key roles in quality monitoring for
foods and medicines, bioimaging, and night vision. Very
recently, small NIR light sources have been proposed to
be applied in smart phones to enable the fast and con-
venient detection of the freshness and safety of food such
as meat, fruits, and vegetables3. Among traditional light
sources such as tungsten filament lamps and halogen
lamps, only light-emitting diodes (LEDs) are suitable for
use in smart NIR devices because of their solid-state and
compact nature. However, NIR-LED chips usually emit
quite a narrow band of NIR light, which hinders their
sensitivity and breadth of application4. To overcome this
disadvantage, an alternative solution is to combine
broadband NIR phosphor(s) with a blue LED chip,
yielding a device known as an NIR-phosphor-converted
(pc) LED. Therefore, the search for and development of
highly efficient NIR phosphors that can be excited by blue
light represent an important challenge5.
The transition metal Cr3+ is an ideal NIR emitter, and

several Cr3+-activated NIR phosphors have been devel-

oped for smart LEDs1,5–9. Among these, garnet-type
phosphors have been intensively investigated due to their
unique capability of luminescence regulation5–9. How-
ever, the overall performance of the garnet NIR phos-
phors reported so far is still not satisfactory for particle
applications. For example, for monitoring and detection,
NIR phosphors should efficiently emit light in an appro-
priate spectral range to guarantee good sensitivity (i.e., a
high conversion efficiency) and show low-temperature
sensitivity in their luminescence to ensure device relia-
bility (i.e., low thermal quenching). Several strategies,
including energy transfer and cationic substitution, have
been proposed that can greatly enhance the conversion
efficiency or enable the manipulation of spectral position
as well as bandwidth, thereby permitting the realization of
NIR-LEDs with high radiant power6–8. However, when
there is no need to modify the emission position of a
phosphor, these methods are not the first choice. Liu and
colleagues have developed a facile way to significantly
improve the quantum efficiency and thermal stability of
Cr3+-doped silicate garnet Ca3Sc2Si3O12 (CSSG:Cr3+)
while maintaining its spectral shape and position10.
Differing from previous approaches, the authors make it

easier to control the trivalent state of Cr, as well as the
crystallinity and morphology of the phosphor particles, by
firing the sample in a CO reducing atmosphere to prevent
the oxidation of Cr3+ and using an appropriate additive to
obtain defect-free phosphors. As a result, the prepared
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CSSG:Cr3+ exhibits an internal quantum efficiency of up
to 92.3% and maintains its luminescence efficiency of
97.4%, even at 150 °C. When this CSSG:Cr3+ is combined
with a high-power 460 nm blue chip, the resulting pc-
NIR-LED exhibits a world-record radiant power of
109.9 mW at a driving current of 520mA, making this
excellent pc-NIR-LED suitable for use in night vision
applications.
As Cr3+ is an important and commonly used activator

for NIR phosphors, regulating the luminescence of Cr3+

and making practical use of it remain critical challenges to
address. The strategy proposed by Liu et al. offers
impactful insights for the preparation of highly efficient
Cr3+-doped NIR phosphors and high-sensitivity smart
NIR-LEDs.
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Hydrodynamical self-interference of a scattered
polariton quanta
Jiahui Huang 1, Wei Liu 1 and Chee Wei Wong1

Abstract
Researchers have observed the free-propagation of a single microcavity polariton directly and its self-interference
when scattering upon a defect. These experimental observations of quantum hydrodynamics in the single polariton
limit test the wave-particle duality and aid in the development of polariton-based photonic circuits in quantum
information processing.

Quantum information processing requires the robust
generation and manipulation of single and few quanta in a
scalable platform with long coherence and exceptional
quantum state preparation and measurement. In the
domain of a photonic qubit, control of a single photon is
canonically based on multiplexed linear optical elements
or nonlinear electro-optic circuits1–6. Microcavity exci-
ton-polaritons, especially those in the mesoscopic solid-
state platform and consistently examined7–12, have unique
potential in this domain, including strong exciton and
photon coupling resulting in the formation of vacuum
Rabi polaritons. To date, the quantum fluid dynamics of a
single polariton have rarely been examined.
Reporting in Light: Science & Applications, Suárez-

Forero et al.13 realized the conversion of single photons
from a semiconductor quantum dot into propagating
microcavity polaritons and subsequently witnessed the
unique self-interference of single polaritons when scat-
tered across a structural defect. The textbook model of a
cavity-quantum emitter system is characterized by the
exciton–photon coupling or Rabi interaction rate g, the
quantum emitter decay rate γ (in both spontaneous
emission and dephasing), and the cavity decay rate κ. The
strong coupling regime, where g � γ; κ and with greater
than unity cooperativity, experiences the strong Rabi
interaction of well-confined photons with charged car-
riers, leading to the formation of a cavity polariton, as

shown in Fig. 1a. The hybridized half-exciton half-photon
bosonic state features vacuum Rabi splitting (2ℏg) in its
momentum-energy dispersion diagram, resulting in the
anti-crossing of the well-known upper and lower polar-
iton branches. By mapping the polariton dispersion and
meticulously optimizing the external quantum dot size
and single-photon injection angle, Suárez-Forero et al.
managed to couple the single excitonic emission from the
quantum dot, verified by second-order correlation mea-
surements, near the lower polariton branch into the
cavity-quantum well system, consequently generating
single polaritons. The polariton population was estimated
by counting the photons emitted from the cavity and the
polariton lifetime estimated by fitting the observed energy
dispersion map. The researchers further observed a real-
space propagation up to 400 μm of single polaritons inside
the cavity owing to the in-plane momentum acquired
during the excitation process. The fact that the observed
propagation is absent when the quantum dot exciton is
tuned such that it is off-resonant with the polariton dis-
persion further fortifies the authors’ hypothesis13.
To fully capture the quantum hydrodynamical behavior

of a polariton during its propagation from the single-
photon injection region to the defect scattering region,
Suárez-Forero et al. etched the substrate of the cavity-
quantum well to realize an optimal single polariton pro-
pagation map via transmission measurements. The single-
photon emission rate from the quantum dot was also
enhanced by embedding the quantum dot into a low-
quality-factor distributed Bragg reflector cavity and
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