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period increases to π. This results in opposite photo-
voltage signs for RCP and LCP light, enabling efficient
discrimination of circular polarization. Zhang et al.’s
experiments confirmed that their CPL detectors operate
effectively across the visible spectrum, achieving high
DRs: 107 at 405 nm, 20 at 520 nm, and 32 at 638 nm.
Although the proposed concept achieves high DRs, it is not

intended to completely replace conventional CPL detectors
but rather to complement them for different applications.
While the device efficiently determines the direction of CPLs
through the sign of Vph, it does not directly measure signal
intensity. The magnitude of Vph can increase due to either
higher intensity or stronger polarization of the illumination,
making it difficult to distinguish between these factors

without an additional component to sense intensity. Fur-
thermore, minimizing offset voltage will be essential for
reliable operation under low-light conditions. Thus, this
concept is most suitable for applications requiring immediate
determination of CPL direction, such as binary optical
communications, where direction matters more than signal
magnitude or composition.
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Fig. 1 Photothermoelectric effect inducing opposite charge carrier flows under circularly polarized illuminations
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Fig. 2 Ideal photovoltage (Vph) responses of planar and nanostructured photodetectors based on the photothermoelectric effect, ignoring various
signal offsets and side effects
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Discriminating circular polarization of light: Left
or right?
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Abstract
Achiral dielectric nanostructures provide an efficient method for discriminating left- and right-circularly polarized
photons, leveraging the photothermoelectric effect.

Circular polarization occurs when an electromagnetic
wave comprises two orthogonal linear electric field com-
ponents with a π/2 phase shift. This results in an electro-
magnetic field that rotates circularly, creating left-circularly
polarized (LCP) and right-circularly polarized (RCP) light,
as shown in Fig. 11. CPL discrimination has applications in
quantum optics2, chiral molecule analysis3, and remote
sensing4. In quantum encryption, for example, CPL can
encode data in photon polarization states, requiring efficient
CPL detectors for secure photonic applications.
Typical CPL detectors employ external optical filters

that selectively transmit photons of specific polarization.
LCP and RCP detection is achieved by utilizing two
detectors with complementary filters. The polarization
selectivity of these detectors is quantified by the dis-
crimination ratio (DR):

DR ¼ 2 RLCP � RRCPð Þj j
RLCP þ RRCPð Þ ð1Þ

where RLCP and RRCP indicate the photoresponses to LCP
and RCP, respectively. DR increases when RLCP≫ RRCP or
RLCP≪ RRCP, reaching 2 when either LCP or RCP is
perfectly blocked by filters. To realize such a polarization
selectivity, previous studies have investigated various
optical systems based on organic semiconductors5, hybrid
perovskites6, chiral structures7, chiral nanoparticles8, and
topological insulators9, exhibiting high DRs of >1 in the
visible spectrum.

In this context, Zhang et al.’s recent work, published in
Light: Science & Applications, brings an interesting
approach to CPL discrimination10. Zhang et al. demon-
strate that DR can exceed previous limits by designing a
system where RLCP and RRCP have opposing signs. When
RLCP=−RRCP, DR theoretically becomes infinite, pro-
viding unparalleled discrimination efficiency. Their
device, composed of V-grooves and paired stripe elec-
trodes on a Te nanosheet (Fig. 1), generates photovoltage
with reversed polarity for LCP vs RCP illumination.
Zhang et al.’s design relies on achiral dielectric nanos-

tructures, diverging from traditional chiral-based designs.
Although chiral geometries are commonly used in CPL
discrimination, recent findings suggest that even achiral
plasmonic metasurfaces can distinguish LCP from RCP light
by generating different near-field modes11,12. Upon LCP or
RCP illumination, the field localizes on one side of the V-
groove, inducing a temperature gradient and charge carrier
flow through the photothermoelectric effect. Consequently,
a photovoltage with opposite polarity arises for LCP and
RCP light, making the achiral structure ideal for high DR
due to symmetric temperature profiles (RLCP ~−RRCP).
Figure 2 illustrates ideal photovoltage (Vph) responses

under illumination with various quarter-wave plate
(QWP) angles. RCP and LCP light correspond to QWP
angles of N × π and (N+ 0.5) × π, respectively. Linear
electrode arrays without nanostructures produce cosine-
shaped photovoltage responses, with a period of π/2. As
the period matches the angle difference between RCP and
LCP, the circular polarization is not distinguishable, while
the structure can be better suited for detecting linear
polarizations13. On the other hand, with well-designed
achiral nanostructures, such as V-grooves, the response
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period increases to π. This results in opposite photo-
voltage signs for RCP and LCP light, enabling efficient
discrimination of circular polarization. Zhang et al.’s
experiments confirmed that their CPL detectors operate
effectively across the visible spectrum, achieving high
DRs: 107 at 405 nm, 20 at 520 nm, and 32 at 638 nm.
Although the proposed concept achieves high DRs, it is not

intended to completely replace conventional CPL detectors
but rather to complement them for different applications.
While the device efficiently determines the direction of CPLs
through the sign of Vph, it does not directly measure signal
intensity. The magnitude of Vph can increase due to either
higher intensity or stronger polarization of the illumination,
making it difficult to distinguish between these factors

without an additional component to sense intensity. Fur-
thermore, minimizing offset voltage will be essential for
reliable operation under low-light conditions. Thus, this
concept is most suitable for applications requiring immediate
determination of CPL direction, such as binary optical
communications, where direction matters more than signal
magnitude or composition.
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ponents with a π/2 phase shift. This results in an electro-
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CPL detectors for secure photonic applications.
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LCP and RCP detection is achieved by utilizing two
detectors with complementary filters. The polarization
selectivity of these detectors is quantified by the dis-
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where RLCP and RRCP indicate the photoresponses to LCP
and RCP, respectively. DR increases when RLCP≫ RRCP or
RLCP≪ RRCP, reaching 2 when either LCP or RCP is
perfectly blocked by filters. To realize such a polarization
selectivity, previous studies have investigated various
optical systems based on organic semiconductors5, hybrid
perovskites6, chiral structures7, chiral nanoparticles8, and
topological insulators9, exhibiting high DRs of >1 in the
visible spectrum.

In this context, Zhang et al.’s recent work, published in
Light: Science & Applications, brings an interesting
approach to CPL discrimination10. Zhang et al. demon-
strate that DR can exceed previous limits by designing a
system where RLCP and RRCP have opposing signs. When
RLCP=−RRCP, DR theoretically becomes infinite, pro-
viding unparalleled discrimination efficiency. Their
device, composed of V-grooves and paired stripe elec-
trodes on a Te nanosheet (Fig. 1), generates photovoltage
with reversed polarity for LCP vs RCP illumination.
Zhang et al.’s design relies on achiral dielectric nanos-

tructures, diverging from traditional chiral-based designs.
Although chiral geometries are commonly used in CPL
discrimination, recent findings suggest that even achiral
plasmonic metasurfaces can distinguish LCP from RCP light
by generating different near-field modes11,12. Upon LCP or
RCP illumination, the field localizes on one side of the V-
groove, inducing a temperature gradient and charge carrier
flow through the photothermoelectric effect. Consequently,
a photovoltage with opposite polarity arises for LCP and
RCP light, making the achiral structure ideal for high DR
due to symmetric temperature profiles (RLCP ~−RRCP).
Figure 2 illustrates ideal photovoltage (Vph) responses

under illumination with various quarter-wave plate
(QWP) angles. RCP and LCP light correspond to QWP
angles of N × π and (N+ 0.5) × π, respectively. Linear
electrode arrays without nanostructures produce cosine-
shaped photovoltage responses, with a period of π/2. As
the period matches the angle difference between RCP and
LCP, the circular polarization is not distinguishable, while
the structure can be better suited for detecting linear
polarizations13. On the other hand, with well-designed
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Beyond visible: giant bulk photovoltaic effect for
broadband neuromodulation
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Abstract
The giant bulk photovoltaic effect in tellurene nanomaterials has been harnessed to enable broadband infrared
neuromodulation, expanding the potential for safe, non-invasive neural stimulation and highlighting the importance
of material innovation in advancing infrared photonic applications.

Efficient conversion of light into electricity is crucial
across a wide range of fields, from imaging and biological
sensing to clean energy and free-space communication.
The bulk photovoltaic effect (BPVE) has recently attracted
attention for its remarkable ability to surpass the tradi-
tional efficiency limits of conventional solar cells, known
as the Shockley-Queisser limit1. Unlike typical solar cells,
which rely on p-n junctions to generate electricity, BPVE
operates in materials without a center of symmetry (non-
centrosymmetric materials)2, producing a photocurrent
directly from light exposure without the need for a p-n
junction. This unique mechanism offers exciting potential
for more efficient light-to-electricity conversion in
cutting-edge applications.
In the late 20th century, scientists began focusing on

identifying materials suitable for the BPVE and under-
standing its underlying mechanisms, as illustrated in Fig.
1. Early studies revealed that certain materials, such as
ferroelectrics like BaTiO3 and LiNbO3, along with specific
organic compounds, showed promising BPVE properties3.
These initial discoveries laid the groundwork for opti-
mizing these materials to improve their performance. As
material science advanced, researchers discovered new
BPVE-active materials, including organic semiconductors
and two-dimensional materials4,5, which greatly expanded
BPVE applications by achieving impressive efficiencies in
the ultraviolet (UV) and visible (VIS) light ranges6.

Currently, however, BPVE responses are generally limited
to a narrow range of wavelengths due to interband optical
transitions in conventional semiconductors and hetero-
structures. While some phenomena (e.g., Berry curvature and
scattering in semimetals) could potentially support BPVE
generation in the infrared range, achieving photoelectric
conversion with polarized single-wavelength light remains
challenging7. This effect, related to the circular photogalvanic
effect, highlights the need for further research into materials
that can achieve a broadband BPVE response, especially in
the infrared range, where detection remains challenging but
holds immense potential for applications.
Recently, a collaborative research team led by Professor

Weida Hu from the Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, achieved a major break-
through in extending BPVE into the MIR range8. Building
on their prior work with low-dimensional tellurene (Te)
nanomaterials9,10, the team synthesized Te nanomaterials
using chemical vapor deposition, resulting in devices that
exhibit a wide-ranging BPVE response—from UV to MIR
wavelengths, covering ~0.39 to 3.8 µm. Using scanning
photocurrent mapping, the researchers evaluated the
infrared response of these materials, finding it to be con-
sistently robust across the VIS to infrared spectrum and
primarily localized within the channel itself. Remarkably,
the Te materials demonstrated a high photocurrent density
of ~70 A cm−2 under infrared light, greatly surpassing the
performance of other known BPVE materials.
Exploring potential applications, the team tested Te

nanomaterials for broadband optical neuromodulation.
When co-cultured with primary cortical neurons, the Te
nanoflakes successfully triggered action potentials (electrical
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