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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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modulators and lasers, to form photonic integrated circuits,
enabling large-scale integrated photonic applications.
The next milestone to achieve in optical vortex-based

integrated photonic devices is to demonstrate the operation

by eliminating the inevitable ohmic losses of plasmonic
materials and exploring other surface waves such as Bloch
waves, which in turn can propagate on lossless dielectric
materials. One can expect significant advances in integrated
photonics in the coming years in the direction of novel
optical vortex-based on-chip devices.
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Fig. 1 Artistic impression of the on-chip optical vortex detector
that records the phase and polarization singularities. Two orbital
angular momentum beams with opposite polarization states and
different topological charges illuminate the on-chip metasurface.
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Nonlinear interferometers with correlated photons:
toward spectroscopy and imaging with quantum
light
Konstantin E. Dorfman 1

Abstract
A nonlinear optical interferometer based on crystal superlattices has been demonstrated for the first time in a cascade
of up to five crystals. The enhanced sensitivity due to quantum interference and correlations makes it a promising tool
for sensing, imaging, and spectroscopy.

The idea of detecting low concentrations of atoms and
molecules down to a few tens of particles per million is a
fascinating task. The infrared (IR)-based optical sensors
required to detect small changes in molecular internal
motion, which constitute fingerprints for the sensing and
identification of the chemical constituents, are not widely
available due to limitations on the optical materials in the
IR region1. Interferometric methods based on nonlinear
optical processes that are based on nonlinear crystals2, gas
cells3, fiberized networks4, and nonlinear waveguides5

may solve these limitations in part. Typically, these
methods rely on the ability to detect small changes in the
interference pattern, such as a shift in the fringes or
change in the fringe visibility.
One of the possible solutions based on crystal super-

lattices was proposed by Klyshko6. A setup with N non-
linear elements separated by linear gaps provides a higher
spectral resolution when the number of crystals is
increased. Each crystal constitutes a parametric process,
where one higher energy (pump) photon generates a pair
comprising a lower-energy signal and an idler photon that
have quantum correlations. While the theoretical idea
guides the experimental demonstration, it poses the fol-

lowing challenges that have to be addressed. First, the
quantum correlations between the signal and idler pho-
tons have to be preserved across multiple nonlinear ele-
ments. Furthermore, the increased number of nonlinear
wave mixing processes requires a higher degree of align-
ment and stability, which is difficult to achieve.
In a recent publication7, Paterova and Krivitsky

demonstrated experimentally for the first time an efficient
nonlinear interferometer based on a superlattice consist-
ing of a sequence of nonlinear crystals (Fig. 1a) pumped
by a single coherent laser. The robust and stable align-
ment resulted in a well-controlled interference pattern in
the frequency-angular spectrum with high visibility for
five crystals compared with the case of two crystals
(Fig. 1b). A proof-of-concept gas sensing experiment
showed enhanced sensitivity. Compared with previous
reports, the novel system presents several advances. First,
the previous works typically addressed two nonlinear
elements, while the new setup demonstrates the use of up
to five nonlinear elements and is not limited to this
number. Second, the novel setup allows flexibility in the
realization of alternative crystal configurations by
enabling the sizes of the crystals and gaps between them
to be adjusted, suggesting novel ways to carry out quan-
tum state engineering. Third, the novel setup can be
extended to other optical platforms, such as integrated
photonic circuits and fiber platforms. Finally, the setup

© The Author(s) 2020
OpenAccess This article is licensedunder aCreativeCommonsAttribution 4.0 International License,whichpermits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if

changesweremade. The images or other third partymaterial in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to thematerial. If
material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

Correspondence: Konstantin E. Dorfman (dorfmank@lps.ecnu.edu.cn)
1State Key Laboratory of Precision Spectroscopy, East China Normal University,
Shanghai 200241, China

12
34

56
78

90
()
:,;

12
34

56
78

90
()
:,;

1
2
3
4
5
6
7
8
9
0
()
:,;

12
34

56
78

90
()
:,;




