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communication networks, and it may find expanded
applications in optical tweezers, high-order quantum
entanglement, high-capacity holographic encryption and
nonlinear optics. In addition, direct reading of OAM
states through photocurrent signals is possible, thus
potentially facilitating the development of next-
generation OAM-based photonic circuits. More effort
and progress can be anticipated for integrated OAM
transceiver modules in the near future.
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Stable and luminescent halide perovskite
fabricated in water
Guangren Na1 and Lijun Zhang 1

Abstract
Lead bromide perovskite nanoparticles are fabricated in the water, which has been recognized previously as a severe
source of damage to halide perovskite materials and devices. The perovskite nanoparticles exhibit a high
photoluminescence quantum yield and excellent material stability.

The past decade has witnessed the dramatic develop-
ment of hybrid lead halide perovskites as promising
semiconductors for applications in high-performance
solar cells, photodetectors, light-emitting diodes, etc1.
While the optoelectronic conversion efficiency of this
family of intensively investigated materials has been per-
sistently improved, there are several challenges standing
in the way of their practical application. Although lead-
derived toxicity is still a concern2–4, poor stability is the
most urgent problem confronting the halide perovskite
research community5,6. The manifestation of the poor
stability includes the visible degradation of materials and
devices exposed to room and high temperatures, illumi-
nation, oxidizing environments, and humidity7–10, which
is rooted in the not strong mixed ionic and covalent
chemical bonding of halide perovskites.
To overcome the instability issue of halide perovskites, a

few strategies have been developed, including A-site
composition engineering, the addition of defect passiva-
tion or ion migration blocking layers, dimensional
reduction to two-dimensional phases or nanoparticles,
grain size engineering or fabrication of single-crystal
materials7–10. Despite the progress to date, obtaining
materials and devices with both an optimal optoelectronic
performance and a long lifetime under working condi-
tions remains challenging.

Among the factors that cause degradation of perovskite
materials and devices, humidity has been recognized as a
severe and irreversible source of damage. To achieve high-
performance optoelectronic devices, the amount of water
involved in the material synthesis and exposed to per-
ovskite active layers in devices has to be strictly con-
trolled. This is, however, not the case in a recent
publication, where Liu et al. fabricated the lead bromide
perovskite nanoparticles that show excellent stability and
high luminescence performance by deliberately introdu-
cing a large amount of water11.
The fabricated methylamino lead bromide perovskite

(MAPbBr3) samples are reaction products of ammonium
ion modified MAPbBr3 and water, and are composed of
MAPbBr3 nanoparticles encapsulated in PbBr(OH)
matrix (Fig. 1). The PbBr(OH) encapsulation improves
the material stability and luminescent behavior for sev-
eral reasons: first, it acts as a blocking layer to prevent
ions (e.g., MA+) from escaping to the air or migrating
among grains; second, it can passivate nonradiative
defects on the perovskite surface (e.g., bromine vacancy
VBr) effectively; third, it will confine electron and hole
states to enhance oscillator strength and intensity of
optical transition; finally, it provides protection by iso-
lating MAPbBr3 from sources of degradation, such as
H2O/O2. Compared with the MAPbBr3 synthesized by
the normal procedure, the fabricated samples exhibit a
significantly enhanced photoluminescence quantum
yield (PLQY) from about 2.5% to 71.54%. Meanwhile the
PLQY of the samples decreases to only ~90% of its initial
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value after one-year storage in aqueous solution. The
samples show good stability under humid, high-tem-
perature, and illumination conditions.
The synthesis approach that involves water is uni-

versal to halide perovskites with different A-site cations.
Moreover, it is facile and may be extended to large-scale
production. This offers a new and feasible strategy to
fabricate highly stable and luminescent halide per-
ovskites and indicates that there are remaining options
to be explored to improve the stability of this family of
materials. Future research may be directed at optimizing
the profile of PbBr(OH) encapsulation layers and the
interface between them and halide perovskites to enable
more efficient charge carrier injection, which may
improve the performance of the materials and devices
further.
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Fig. 1 Schematic of the formation of MAPbBr3 perovskite nanoparticles encapsulated by PbBr(OH) layers from the reaction between
ammonium ion modified MAPbBr3 and water. The four roles of the PbBr(OH) encapsulation layers in improving the material stability and
luminescent behavior are indicated
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On-chip optical vortex-based nanophotonic
detectors
Alina Karabchevsky1

Abstract
An on-chip optical vortex detector based on spin-Hall nanoslits is reported. The detector is sensitive to the spin of the
incoming beam and can simultaneously record the polarization and phase singularity. Although the reported device
relies on fast decaying surface plasmons, it represents an important step forward in the development of optical vortex-
based integrated photonic devices.

The ever-growing demand for compact integration has
given rise to integrated photonic devices on different
material platforms for emerging applications, including
on-chip biosensors, on-chip quantum technologies and,
recently, even on-chip optical vortex-based detectors with
plasmonic materials1–3.
An optical vortex is a beam of light that propagates such

that the phase experiences phenomenological singularity
and the wavefront has a topological structure with topo-
logical charge due to the helicoidal spatial wavefront
around this phase singularity. Such a topological structure
can be found in many disciplines, including optics,
acoustics, and others. To understand the influence of the
singularity, one must explore the phase, polarization, and
amplitude of the incident beam. While exploring these
properties of the special beam, one may discover that both
the polarization and the amplitude vanish and the phase
cannot be determined. These insights were published as
a new concept in wave theory in 1974. In their theoretical
work, Nye and Berry reported on the observation of so-
called dislocations4.
The first on-chip silicon-integrated optical vortex emit-

ter was reported in the journal Science in 20125. Having an
emitter and a detector monolithically integrated on the
same chip would be an essential step forward for on-chip
optical vortex-based photonic devices. In their experi-
mental work, Feng and coworkers developed a novel

on-chip optical detector that allows full characterization of
the polarization and phase singularity based on a plas-
monic spin-Hall nanograting. Their method of detection is
different from that in other state-of-the-art systems6,
because it allows for the detection of singularities simul-
taneously. Interestingly, the detector developed by Feng
and coworkers does not require complicated alignment. It
is based on an asymmetric metallic array, in which the top
and bottom parts of the array have different grating con-
stants. The specific surface topology dictates the angle at
which the excited surface plasmon polariton (SPP) will
propagate. The asymmetry allows differentiation of the
sign of the topological charge (phase), while the spin-Hall
slits are sensitive to the spin of the incoming beam. The
so-called spin-Hall slits are composed of nanoslits oriented
at π/2. This orientation of the nanoslits gives rise to a
chiral response of the detector. If the slits are reversed,
then the inverted chiral response occurs. This special
design allows the authors to distinguish between a left-
circularly polarized (LCP) beam and a right-circularly
polarized (RCP) beam. Simply put, a beam incident on the
detector would excite an SPP that travels at an angle θ to
one of the four quadrants, as shown in Fig. 1. The quad-
rant in which the SPP propagates determines the polar-
ization (RCP/LCP) of the beam and the sign of the
topological charge l. The angle θ dictates the magnitude of
the topological charge.
The great advantage of such devices is their ultracompact

size and extremely simple operation2,3, which make them
easy to integrate with other on-chip components, e.g.,
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