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Giant intrinsic chiro-optical activity in planar dielectric
nanostructures

Alexander Y Zhu1,*, Wei Ting Chen1,*, Aun Zaidi1,*, Yao-Wei Huang1,2, Mohammadreza Khorasaninejad1,
Vyshakh Sanjeev1,3, Cheng-Wei Qiu2 and Federico Capasso1

The strong optical chirality arising from certain synthetic metamaterials has important and widespread applications in polariza-

tion optics, stereochemistry and spintronics. However, these intrinsically chiral metamaterials are restricted to a complicated

three-dimensional (3D) geometry, which leads to significant fabrication challenges, particularly at visible wavelengths. Their pla-

nar two-dimensional (2D) counterparts are limited by symmetry considerations to operation at oblique angles (extrinsic chirality)

and possess significantly weaker chiro-optical responses close to normal incidence. Here, we address the challenge of realizing

strong intrinsic chirality from thin, planar dielectric nanostructures. Most notably, we experimentally achieve near-unity circular

dichroism with ~ 90% of the light with the chosen helicity being transmitted at a wavelength of 540 nm. This is the highest

value demonstrated to date for any geometry in the visible spectrum. We interpret this result within the charge-current multipole

expansion framework and show that the excitation of higher-order multipoles is responsible for the giant circular dichroism.

These experimental results enable the realization of high-performance miniaturized chiro-optical components in a scalable man-

ner at optical frequencies.
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INTRODUCTION

An object is said to be chiral if it cannot be superposed with its mirror
image via rotation or translation operations alone. This geometric or
structural chirality is an intrinsic part of the natural world and
manifests itself in numerous forms, ranging from molecules like
amino acids1 to macroscale objects such as quartz crystals2 and even
entire living organisms3. Due to its profound implications for various
disciplines, particularly pharmaceutics4, the study and manipulation of
chiral media has been a highly active field of study in recent years.
In the context of optics, chiral objects interact with circularly

polarized (CP) light in different ways depending on their handedness;
they are said to exhibit optical chirality and are characterized by
circular dichroism and circular birefringence. The latter is also known
as optical activity. However, chiro-optical responses in most naturally
occurring compounds are very small due to the fundamental
mismatch in size scale between molecules and the wavelength of
incident light.
Suitably designed three-dimensional (3D) metamaterials5–8 com-

prising arrays of chiral nanostructures possess chiro-optical responses
several orders of magnitude greater than their naturally occurring
counterparts9–20. Circular dichroism on the order of several tens of
percent, as well as negative refractive indices13–16 due to chirality have

been observed at THz and GHz frequencies. However, complexities
associated with 3D fabrication and a general lack of suitable, low-loss
materials at optical wavelengths have so far limited their application.
The planar counterparts21,22 to these chiral metamaterials, chiral

metasurfaces23–33, overcome these challenges but exhibit chiro-optical
responses that are significantly weaker and become vanishingly small
close to normal incidence. This is due to fundamental symmetry
considerations: in planar structures, there always exists a plane of
reflection symmetry perpendicular to the surface normal which
renders them geometrically achiral. Symmetry-breaking effects due
to the substrate are known to be negligible in terms of their
contribution to the strength of the eventual chiral effect34. As such,
one approach to achieve strong optical chirality is to vary the material
composition such as in quasi-3D multilayered or oligomer
structures23,26. An alternative method that stays true to the planar
geometry is to break the symmetry via external experimental config-
urations, that is, illuminating at oblique incidence and observing the
resultant zeroth-order beam28,29. One can also observe a chiral
response in higher orders of diffracted light from planar chiral
structures at normal incidence30. Although these planar structures
can lead to exotic chiro-optical effects such as circular conversion
dichroism and asymmetric transmission31,32 due to the reversal of
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their handedness when illuminated from opposite sides, it is crucial
to note that they remain fundamentally distinct from the ‘true’
geometric chirality characteristic of 3D objects; following established
nomenclature24, we call the former ‘extrinsic chirality’ and its 3D
counterpart ‘intrinsic chirality’.
In this work, we overcome these inherent limitations associated

with chiral metasurfaces by using planar dielectric gammadion
nanostructures whose radiation patterns are dominated by exception-
ally strong electric and magnetic higher-order multipole responses in
the visible spectrum. Contrary to conventional wisdom, the chiro-
optical response of these planar structures is characterized by intrinsic
chirality; it manifests strongly at normal incidence and does not
change when the incidence direction is reversed. Numerical simula-
tions show that one can obtain close to unity circular dichroism in
transmission, with more than 95% of incident light of a chosen
helicity being transmitted at ~ 540 nm; experimentally we achieve
~ 80% circular dichroism and circular birefringence exceeding
100 000°/mm (in units of polarization rotation per unit thickness).
These values are comparable to or exceeding 3D geometrically chiral
metamaterials (Figure 1), which is unprecedented for planar struc-
tures. In this comparison, we have used the un-normalized circular
dichroism values given by the raw differential transmittance (i.e.,
transmitted power) to ensure an accurate representation of device
performance.
To date, gammadion structures have been shown to possess circular

dichroism on the order of a few percent26,27,33. Other works involving
planar structures have made use of the interaction between electric
dipole and quadrupolar modes to realize chiro-optical behavior and
high-quality factor modes in the mid-infrared regime35, but its
anisotropic nature results in non-negligible circular polarization
conversion such that the measured output cannot be attributed to a
purely chiral response. In our design, the motif and all its relevant

geometrical parameters are optimized to ensure the absence of circular
polarization conversion and that higher-order multipoles (up to the
magnetic octupole) are dominant. This engineering of the multipoles
results in unprecedented performance values in terms of near-unity
transmission and circular dichroism, particularly in the visible
spectrum, and thus showcases the full potential of planar chiral
nanostructures.

MATERIALS AND METHODS

We first look at the origin of chiro-optical responses in various
metamaterials in greater detail. From an electromagnetic source
perspective, this can be understood by considering the superposition
of radiated electric fields from electric and magnetic multipole
moments generated in a structure upon illumination (Figure 2a–2c).
When these moments are perpendicular to each other and lie on two
orthogonal planes, optical activity in the form of polarization rotation
can only occur at oblique angles, where the radiated fields are non-
parallel. On the other hand, coplanar, orthogonal moments have
parallel electric field components and thus no rotation of the field can
occur. As a result, at least some components of electric and magnetic
moments that are parallel to each other must exist, such that their
resultant electric fields are aligned perpendicularly, leading to polar-
ization rotation and hence optical activity. This intuitive picture is a
generalization (to oblique incidence) of what is known as the
Rosenfeld criterion36 in the relevant literature, which states that the
condition for chiro-optical activity can be written as p·m≠0, where
p and m are the net electric and magnetic dipole moments,
respectively. Conventional methods of achieving strong chiral
responses thus involve the use of either planar nanostructures under
oblique incidence or intrinsically chiral metamaterials (Figure 2a
and 2b). In the former, due to the planar geometry and deeply
subwavelength thickness only tangential currents exist, and the
resultant net magnetic moment (m) therefore always points out of
plane, orthogonal to the in-plane net electric moment (p) (Figure 2a).
Consequently, the required superposition of radiated fields can only
occur off-normal (where the radiation from m is non-zero). This is
true regardless of whether chiral or achiral shapes are used. While in
principle the presence of a substrate should break the symmetry, such
effects are known to be negligible in terms of magnitude34. In contrast,
for 3D chiral structures, the geometry admits both normal and
tangential currents, leading to the generation of in-plane magnetic
moments (m∥) with a non-zero component parallel to the in-plane
electric moment (p∥), resulting in strong chiro-optical behavior at
normal incidence (Figure 2b).
A natural extension to this concept would be to consider the

possibility of in-plane magnetic moments existing in planar chiral
structures. For this to occur, the structures need to possess a finite
thickness on the order of the excitation wavelength in the material
and, in the case of dielectric materials, have sufficiently high refractive
indices to support out-of-plane electric displacement currents that
generate in-plane magnetic moments37 (Figure 2c). Further details on
the physical origins of such modes are provided in Supplementary
Fig. S1 and the accompanying text. In this case, the resultant chiro-
optical response would be characteristic of intrinsic chirality, that is,
it can be observed at normal incidence and does not change when the
direction of incidence is reversed. This is a restatement of the fact that
extrinsically chiral objects (Figure 2a) change their handedness or
sense of twist depending on the observer’s perspective, whereas
intrinsically chiral ones do not (Figure 2b). Although the existence
of these in-plane magnetic moments in high-index dielectrics such as
silicon has been well studied using achiral nanoparticles of various
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Figure 1 Typical chiral metamaterials. Representative examples of chiral
metamaterials of varying designs and their measured performances at their
respective operating frequencies. The performances are characterized by
their circular dichroism (unnormalized, calculated from the differential
transmittance ΔT) and circular birefringence, where applicable. Different
colors correspond to different geometries of the chiral structures, that is,
3D (blue)9,11,12,26 and planar (green)25,29,33. Generally, the former possess
significantly stronger chiro-optical effects due to intrinsic chirality. The
experimental results from this work using planar structures that exhibit
intrinsic chirality are represented by the red triangle.
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geometries to realize highly directional nanoantennas and Huygen’s
metasurfaces38–43, their chiral counterparts have only been super-
ficially explored. We emphasize that these planar structures are
fundamentally distinct from 3D intrinsically chiral objects (such as
the helix) as they still possess a plane of reflection symmetry in the
normal direction, and a traditional symmetry argument44 would
therefore suggest that they cannot exhibit intrinsic chiral behavior
regardless of thickness and refractive index. This neglects the
possibility for vertical, out-of-plane electric displacement currents in
planar geometries due to propagation effects.

We use a common motif, the gammadion, as our planar chiral
nanostructures (Figure 3a and 3b). Periodic arrays are fabricated using
electron beam lithography and atomic layer deposition of titanium
oxide, a relatively high-index dielectric lossless in the visible
spectrum45. Intuitively, their chiral behavior arises from the orthogo-
nal arrangement of arms with respect to each other and the resulting
linear polarization conversion (Figures 2c and 3a); excitation with, for
example, x-polarized light results in an induced displacement current
and radiated electric fields along the y axis due to the geometry of the
structure. Note that the choice of these structures with fourfold (C4)
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Figure 2 Origins of optical chirality. (a–c) Schematic illustrations of the operating principle of a representative a planar extrinsic (pseudo) chiral metasurface,
b 3D intrinsic metamaterial and c optically thick planar structure with intrinsic chirality under their respective illumination conditions (red arrows). The insets
show magnified views of the structures overlaid with the relative orientations of electric (p, green arrow) and magnetic (m, blue arrow) multipole moments
generated under such illumination. These moments are drawn as simple vector arrows for ease of illustration. In a, due to geometrical constraints, the net
electric and magnetic moments are always orthogonal. In b and c, the chiral structures can support in-plane magnetic moments (m∥) that have a non-zero
component along the direction of the in-plane electric moment (p∥).
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Figure 3 Design and simulation of gammadion nanostructures. (a, Left) Schematic of the optical response of the planar intrinsic chiral device comprising of
TiO2 gammadions overlaid on a TiO2 thin film on a glass substrate. It transmits normally incident RCP light (red helix) in the zeroth order while diffracting
LCP light (blue helix) into the first order. (a, Right) The design parameters are w=74 nm, l1=370 nm, l2=220 nm, hs=340 nm and hwg=300 nm. The
unit cell size Λ is 500 nm. (b) Tilted-view scanning electron micrograph of the fabricated structures. Scale bar: 500 nm. (c, d) y− z cut-plane showing the
simulated in-plane magnetic field Hx (color plot) and the associated current distribution Jz+Jy (black arrows) in the gammadion structures under c LCP and d

RCP incidence. The rectangular outline from z=0.17 μm to z=−0.17 μm represents the gammadion structure, with subsequent layers below being the TiO2
waveguide and substrate respectively. The difference in the number of antinodes of Hx within the structure illustrates its chiral behavior due to different
multipoles when illuminated with different circular polarization states.
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symmetry ensures the absence of linear birefringence, that is, the
amplitude transmission coefficients are related by txx= tyy, tyx=− txy,
such that circular polarization conversion into both right
circularly polarized (RCP) and left circularly polarized (LCP)
(txx− tyy± i(txy+tyx), respectively) is zero. The latter quantity is distinct
from but can be often misconstrued as circular dichroism. Addition-
ally, we note that at normal incidence for C4 symmetric structures,
reciprocity ensures that there is no dichroism in reflection27, and as a
result, diffraction (into higher orders) must exist in order for
dichroism to be observed in transmission. In the design of our
nanostructure array, the periodicity Λ (Figure 3a and 3b) was chosen
to be 500 nm, such that the targeted free space wavelength (540 nm) is
between the periodicity and effective wavelength in the substrate.
The performance of our structure under RCP and LCP light at

normal incidence is schematically illustrated in Figure 3a; RCP light
transmits in the zeroth order, whereas LCP light is completely
diffracted into the first order (here 46°). The angle at which this
occurs can be controlled by adjusting the periodicity. Here, we have
included a waveguide layer of thickness 300 nm to further increase the

circular dichroism in the zeroth-order transmission, analogous to the
design of guided or leaky mode resonance structures46. Essentially,
at resonance, part of the incident wave of the chosen helicity (RCP) is
coupled into the guided mode, which then slowly leaks from the
waveguide and interferes with the applied wave to produce a sharp
filtering response. For the other helicity (LCP) due to chirality of the
gammadion structure, the effective index of the mode is different, and
thus, light does not couple efficiently into the waveguide. As a result,
the structure exhibits a background response typical of the multi-
layered geometry. The same is true for other wavelengths away from
the resonance. Further details, including the optimization of perfor-
mance with and without the waveguide layer, can be found in
Supplementary Fig. S2− S4. However, we emphasize that the structure
is not reliant upon this waveguide layer in order to exhibit its chiro-
optical behavior; the origin of this response can be traced back to the
electromagnetic modes (multipoles) excited purely within the struc-
ture. It is readily apparent from Supplementary Fig. S4 that field
profiles similar to Figure 3 exist within the structure, even without the
waveguide layer. The latter exists only to improve overall transmission
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efficiency and circular dichroism by modulating the transmission
envelope.
A closer analysis of these modes excited in the gammadion reveals

the presence of higher-order multipole moments. Using finite-
difference time-domain simulations (Lumerical Inc.), we computed
the in-plane component of the magnetic fields (here Hx) and the
vector sum of corresponding generating currents (Jz and Jy) for both
incident circular polarization states across a vertical cut through the
middle of the structure (y–z plane) at 540 nm (Figure 3c and 3d). For
the RCP case, Hx exhibits three antinodes opposite in sign within the
structure, indicative of an octupole dominated response (Figure 3d).
In contrast, under LCP illumination at the same wavelength, fewer
antinodes of opposite sign are observed (Figure 3c), characteristic of a
mixture of lower-order multipole (quadrupolar) moments. This is a
direct result of the chirality of the structure, which leads to
significantly different current distributions and far-field radiation
patterns for the two circular polarization states. As mentioned in the
previous section, these field distributions remain the same even
without the underlying TiO2 waveguide layer, indicating that the
chirality arises from the planar structures themselves. It is important
to note that the use of higher-order multipoles is essential to achieve a
strong chiro-optical response due to the diffraction requirement for
chirality in this configuration. Although engineering only the dipolar
response is sufficient for achiral, subwavelength devices such as
Huygen’s metasurfaces operating in the zeroth order, manipulation
of the radiation into large angles is necessary here. One should
therefore make use of several higher-order multipoles, whose primary
radiation directions are off-normal.
To study the contributions of each multipole in more detail, we

performed multipolar decomposition using the charge-current expan-
sion framework to represent the origin of electromagnetic radiation in
the structure by point-like multipole sources47,48. We considered three
families of multipole excitation: electric, magnetic, and toroidal and
performed the expansion up to the electric/magnetic octupole and
toroidal quadrupole. Toroidal excitations can be treated explicitly
within such a charge-current expansion framework, distinct from the

usual far-field expansion using vector spherical harmonics that are
comprised only of electric and magnetic coefficients. They comprise
a family of elementary electromagnetic sources distinct from their
electric and magnetic counterparts, that is, they are associated with
radial current density of the form r·J, in contrast to charge and
azimuthal current density (r × J), which correspond to electric and
magnetic multipole moments, respectively47–49. These toroidal
moments have drawn significant attention recently by being respon-
sible for exotic phenomena such as non-radiating anapoles50 and have
spurred research into novel devices ranging from toroidal lasers to
sensors49.
Intensities of the zeroth-order radiated electric field |Ex|2 for a single

gammadion structure (in the presence of its neighbors) for various
multipoles are shown in Figure 4a and 4b. Here, the excitation light
source was CP and normally incident. Only the two strongest
contributions as well as traditional electric and magnetic dipolar
responses are shown for clarity. A complete set of multipole responses
is provided in Supplementary Fig. S5. We observe strong dichroism in
the zeroth-order electric field at ~ 540 nm, where the higher-order
multipole radiation peaks for RCP but exhibits a strong dip for LCP.
As expected from the field distribution shown in Figure 3d, the
magnetic octupole plays a large role in the chiro-optical response
under RCP illumination. However, it is revealed that the dominant
factor is actually the toroidal quadrupole (Figure 4b). This affirms the
importance of considering toroidal moments as an independent
source of radiation (rather than subsumed under the electric multi-
pole)12. It is also interesting to note that the electric and magnetic
dipole contributions in this case are very much weaker than their
higher-order counterparts; they are almost negligible for both input
polarizations, which affirms chirality as a concept beyond the usual
dipolar approximation30,36. This provides further evidence of the
importance of generating and tailoring higher-order multipole
responses in the design of metamaterials and metasurfaces in general.
We emphasize that these strong high-order multipolar contribu-

tions are only possible due to the geometry of the structure; the
thickness (on the order of the incident wavelength) supports in-plane

a E11 M11 M31 T21

z
y

x

z
y x

z
y

x

z
y

x

ky

kx

Max

⏐
E

x ⏐
(a.u.)

0

b dc

Figure 5 Far-field angular radiation patterns (|Ex|2). (a–d, Top) 3D far-field angular radiation patterns and (a–d, bottom) their 2D projections for the a electric
dipole (E11), (b) magnetic dipole (M11), (c) magnetic octupole (M31) and (d) toroidal quadrupole (T21), respectively. For clarity, only the forward radiation
direction (z≤0 half-space) is shown. The subscripts denote the corresponding spherical harmonic, Ylm, used to calculate the electric field. Here, the m=+1
harmonic is chosen as it is the dominant contribution to radiation along the z-direction, corresponding to zeroth-order transmission from the structure. Each
point on the 2D projections obeys kx2+ky2+kz2= k02 (k0=2π/λ is the wavevector), which defines the radiation direction, and the magnitude is given by the
color bar. The black lines demarcate where kz=0, that is, the radiation only occurs in the x–y plane.

Giant chirality in planar nanostructures
AY Zhu et al

5

Light: Science & Applicationsdoi:10.1038/lsa.2017.158

http://dx.doi.org/10.1038/lsa.2017.158


magnetic moments necessary for generating magnetic and toroidal
responses, whereas the proximity of the individual ‘arms’ in the
gammadion enables interactions between the induced charges and
currents, thereby giving rise to higher-order multipoles. This provides
an intuitive picture for how the overall strength of the multipoles
present in the system can be tuned by varying both the length of the
individual arms and the thickness, that is, by changing the aspect ratio.
This is analogous to the tuning of magnetic and electric dipoles shown
earlier in Supplementary Fig. S1. Here, in Figure 4c and 4d, by varying
the height for a fixed length and width of the gammadion (370 and
74 nm, respectively), we show that a similar relationship between
aspect ratio and multipole strength holds true. Note that in order to
achieve large chiro-optical responses, the phases of the multipoles
must also be considered such that their radiation interferes construc-
tively (destructively) under RCP (LCP) illumination; hence, the
optimal thickness was chosen to be 340 nm instead of the lower
values that appear to have larger multipole strength but smaller overall
zeroth-order transmittance. This fact is verified in Supplementary
Fig. S6, where the overlap between the dominant multipole radiation
and simulated net zeroth-order transmittance as well as a color plot of
the circular dichroism are shown.

Figure 5 illustrates the 3D and projected 2D angular radiation
patterns (|Ex|) of both conventional dipoles and dominant multipoles
that contribute to zeroth-order radiation in the structure. Here, they
are expressed in the spherical harmonic basis (instead of Cartesian),
following the approach used in Ref. 47 and are classified by their
source (electric (E), magnetic (M) and toroidal (T)) as well as a pair of
indices lm specifying the order and degree of the spherical harmonic
being considered. Note that dipole, quadrupole and octupole modes
correspond to l= 1, 2 and 3, respectively, and their associated m values
range from − l to l. Since only m=± 1 harmonics have non-vanishing
contributions to the zeroth order and the radiation patterns from
m=+1 and − 1 are identical, in Figure 5 we show only the case for
m=+1. Additionally, in the 3D figures, only the forward scattered
(transmitted) radiation corresponding to the z≤ 0 half-space is
illustrated for clarity. The 2D projections are analogous to what
would be seen upon capturing the 3D radiation patterns with a
microscope objective and imaging its back focal plane. The axes
correspond to the normalized wavenumbers (kx/k0 and ky/k0) such
that every point on the image satisfies kx

2+ky
2+kz

2= k0
2. This defines

the direction of radiation, and the colormap specifies its magnitude.
From these plots, one sees that it is the difference in intensities of the
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M31 and T21 modes that lead to the large circular dichroism in the
zeroth-order radiation under RCP (LCP) illumination of the structure.

RESULTS AND DISCUSSION

We experimentally characterized the chiro-optical properties of our
planar nanostructures using a home-built microscopy setup. The light
source is a supercontinuum laser, and the detectors used in turn are a
commercial spectrometer and polarimeter. Figure 6a and 6b illus-
trates the measured and simulated zeroth-order transmittance for both
RCP and LCP light across the visible spectrum (450–700 nm). Note
that these values are normalized to the transmitted light through an
unpatterned glass substrate (with the TiO2 layer) to remove contribu-
tions from reflection due to the substrate as well as interference effects
caused by the TiO2 thin film. The unnormalized circular dichroism
spectrum given by the raw differential transmittance (ΔT) is shown in
Figure 6c. We observe that ~ 87% of RCP light is transmitted in the
zeroth order, with a difference in transmittance (i.e., circular dichro-
ism) of almost 80% at a wavelength of 540 nm. Incident LCP light is
almost completely diffracted into the first order (here 46°) by design as
dichroism in reflection is forbidden by the C4 symmetry and there is
no absorption. These values agree well with the simulations; a slight
discrepancy of o10% is likely due to structural imperfections during
fabrication, which mainly arise from proximity effects during electron
beam lithography and deviations in the resist thickness. These could
lead to resultant band broadening and lower efficiencies. It should also
be noted that even in the simulations, residual reflection (~5%)
remains after accounting for substrate effects: this occurs since the
structures used in the current scheme lack the sufficient degrees of
freedom to be impedance matched to free space after optimizing for
chiro-optical behavior. In principle, this can be overcome with the use
of more complicated structures using multiple coupled resonances. In
addition, some of the spectral features are below the resolution of the
spectrometer (~1.5 to 2 nm), such as those at 560 and 610 nm in
Figure 6a and 6b, resulting in them being truncated and thus being
different from the simulated results. As is characteristic of an
intrinsically chiral response, besides exhibiting strong chiral behavior
at normal incidence, the handedness of the structure is also invariant
to the propagation direction of light (see Supplementary Fig. S7)—
when the sample is reversed, the results are identical (to within
experimental noise), as shown in Figure 6a and 6b.
The circular birefringence was measured by performing polari-

metric measurements with linearly polarized input; the azimuthal
angle of the (generally elliptical) output polarization state corresponds
to the polarization rotation due to circular birefringence. Figure 6d
shows the resultant rotation as a function of wavelength (also known
as the optical rotary dispersion). Note that due to the minimum
bandwidth achievable for the supercontinuum laser (~5 nm) and the
lack of spectroscopic capabilities in the polarimeter, sharp features in
the spectrum cannot be resolved. However, by overlaying simulated
results with experimental data, we observe close agreement overall.
Furthermore, a peak polarization rotation of ~ 60° for a combined
structure and waveguide thickness of ~ 600 nm is achieved
(~100 000°/mm, in units of degrees of rotation per unit length). To
put this result in perspective, the polarization rotation of most
naturally occurring chiral media is on the order of degrees per mm;
to the best of our knowledge, this is also significantly larger than state-
of-the-art chiral metasurfaces, including those operating at oblique
incidence (Figure 1).

CONCLUSIONS

Recent advances in the field of metamaterials have led to further
reductions in device size, complexity and fabrication costs in the form
of metasurfaces. This has in turn enabled a wide variety of planar
optical devices such as lenses51,52, holograms53 and q-plates54 as well
as digital or programmable metmaterials55–57 that center on the
principles of phase and amplitude modulation. For true polarization
control at the level of a single nanostructure, chiral structures are
indispensable. Although there has been much seminal work done in
this area by the community, much of it has centered on either
extrinsic or lossy plasmonic devices or demonstrated only at GHz/THz
frequencies, where the size scales make it possible to engineer various
3D, complex structures. Crucially, there is a lack of compelling
demonstrations of high-performance planar chiral devices at optical
wavelengths. Moreover, certain subtleties regarding the underlying
distinction between planar and 3D intrinsic chirality have yet to be
made explicit. Here, we have demonstrated planar chiral nanostruc-
tures with intrinsic chirality by using the propagation effect and
measure close to unity circular dichroism (80%) and giant polarization
rotation (100 000°/mm) at normal incidence for the visible spectrum.
This was achieved by tailoring the higher-order multipole response,
which plays a significant role in off-normal scattering compared to the
usual dipolar approximation used to characterize chiral phenomena.
We expect that this could pave the way for the widespread adoption of
planar chiral nanostructures in numerous applications ranging from
polarization optics to telecommunications, given their single step
lithographic nature and easily scalable fabrication process.
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