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Abstract:  

 

Due to their surface/interface sensitivity, optical harmonic generation techniques have been 

widely used to investigate the properties of thin material layers. In particular, second 

harmonic generation circular dichroism has been shown to be highly sensitive to handedness 

of chiral materials, significantly more so than its linear optical counterpart. Here we show that 

3D chiral structures are not necessary for introducing strong circular dichroism for harmonic 

generations. Specifically, we demonstrate giant circular dichroism (CD) for both second 
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harmonic generation and third harmonic generation on suitably designed ultrathin plasmonic 

metasurfaces. We show that the overwhelming contribution to this nonlinear CD is of achiral 

origin. Therefore our work sheds new light on the origin of the nonlinear CD effect in achiral 

planar materials. Our study also opens up new routes for designing chip-type bio-sensing 

platforms, which may allow for highly sensitive detection of bio- and chemical molecules 

with weak chiroptical response. 

 

Introduction 

In plasmonic nanomaterials, light can excite coherent oscillations of the surface electrons, 

which lead to strongly enlarged electromagnetic near-fields. Such enlargements are useful to 

enhance the light-mater interaction with chiral molecules,[1 -3] leading to vast improvements in 

sensitivity to the chiral purity of pharmaceuticals, agrochemicals, biomolecules, etc. Chiral 

plasmonic nanomaterials in particular have been investigated for their selective interaction 

with circularly polarized light, which can enable, for instance, highly localized control of 

circularly polarized light emission. As we will see though, chirality is not a necessary 

condition for exercising such a control, nor for having a different interaction with the two 

directions of circularly polarized light in general. Such difference in interactionis referred to 

as “optical activity”.  

Optical activity has been successfully employed for probing the symmetry of chemical 

surfaces, biomaterials, and crystals.[4, 5] As the two manifestations of optical activity, optical 

rotatory dispersion and circular dichroism (CD) arise from phase and absorption differences 

between left- and right-circularly polarized light (LCP and RCP,respectively), when they pass 

through the chiral media. Usually, these two effects are very weak in natural materials. In 

comparison to the weak chiral phenomena in linear optical regime, optical activity for higher-

harmonic generation exhibits much higher contrast for the two circular polarizations.[6-8] 

Therefore, second harmonic generation circular dichroism (SHG-CD) has become a powerful 

technique to probe the symmetry of organic and inorganic materials due to its high sensitivity 

to the asymmetry of molecules and physical interfaces.[9-11] In recent years, there has been a 
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growing interest in the investigation of the nonlinear properties of plasmonic nanostructures 

and optical metamaterials, due to the associated strong enhancements of electromagnetic 

fields and to the capability to engineer the structural symmetry of their unit cell.[12-15] In 

particular, nonlinear optical CD of metamaterial and plasmonic nanostructures have been 

demonstrated.[16-21] However, the observed nonlinear optical CD in most experiments arises 

either from the chirality in 3D nanostructures, or from the extrinsic contribution in the case of 

2D structures when the fundamental beam is incident at oblique angles. It should be pointed 

out that even seemingly 2D chiral materials, such as monolayers of chiral thin-film 

nanostructures are intrinsically 3D chiral as recently demonstrated in the linear[22] and in the 

nonlinear optical regimes[20]. In such nanostructures, chirality arises from the presence of a 

substrate on one side of the thin-films and not on the other.  

Here, we demonstrate giant circular dichroism for both second and third harmonic 

generation on ultrathin plasmonic metasurfaces with broken in-plane mirror symmetry. 

Despite the symmetry breaking along surface normal direction due to the presence of 

substrate, this dichroism is primarily of achiral origin. The result is verified by the 

measurements of harmonic generation for circularly polarized fundamental beam at normal 

incidence from both the front (air) and back (substrate) sides. This strong nonlinear CD of 

achiral origin is explained by the effective nonlinear susceptibility coefficients associated with 

the specific C3 and C4 rotational symmetries of Trisceli- and Gammadion-type plasmonic 

nanostructures, which only involve the in-plane tensor elements. As shown schematically in 

Figure 1, the magnitude of the measured nonlinear CD for SHG and for third harmonic 

generation (THG) reaches near the maximum theoretical limit. Additionally, we show that 

upon illumination with left- or right-handed circularly polarized light, the C3 and C4 

rotational symmetric nanostructures can generate cross-polarized SHG and THG waves, 

respectively.  

Theoretical Analysis 
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 To maintain the rotational symmetry of the overall experimental configuration, we 

limit ourselves to the configuration in which the fundamental wave is incident normally onto 

the surface. Therefore, the relevant effective nonlinear susceptibility tensor elements are those 

with sub-indices consisting only of x and y, assuming a Cartesian coordinate system, where 

the sample is in the x- y plane. Due to the rotational symmetry of both the individual structure 

and the lattice, the effective nonlinear susceptibility tensor can be reduced to just a few 

independent elements.  

 We start with the second-order nonlinear susceptibility tensor for the metasurfaces 

consisting of nanostructures with C3 rotational symmetry. It has been shown that the C3 

rotational symmetry reduces the tensor elements to two independent values:  yyy = -yxx = -xxy 

= -xyx =1, xxx = -xyy = -yyx = -yxy = 2.[23] In contrast, for previously investigated crystal 

surfaces possessing C3v symmetry, such as Si (111) and GaAs (111), both the rotational 

symmetry and mirror symmetry are present and only a single tensor element is nonzero 

depending on whether x or y is aligned with one of the symmetry planes. Thus, for the C3 

structure investigated here, the effective nonlinear polarization can be expressed as,  

   yxyxx EEEEP 10
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For a circularly polarized incident beam, the electric field vector is given by 

2/)ˆˆ(0 yx eieEE 


, where the ‘+’ and ‘-‘ sign correspond to LCP and RCP, respectively. 

Here we use the definition of LCP and RCP as defined from the point of view of the receiver. 

The effective nonlinear polarization can be expressed as, 
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This equation agrees with the selection rule studied previously - circularly polarized light 

cannot produce the SHG with the same polarization as the fundamental light at normal 
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incidence onto a structure with C3 symmetry.[24-28] In addition, Equation 3 shows that the 

intensities of the SHG are generally different for the two circular polarization states. However, 

to obtain a difference in the SHG intensity for the two circular polarization states it is 

necessary that 1 and 2 are different in phase. Note that if 1 and 2have the same phase, a 

coordinate rotation can be employed to reduce the in-plane nonlinear coefficients to a single 

one 2

2

2

1   , i.e. the system becomes the same as for a C3v symmetry. The highest 

contrast between the two circular polarization states can be achieved in the case that 1 and 2 

are equal in amplitude and /2 out of phase. This would lead to a unity SHG-CD, which arises 

from the cancellation of the nonlinear polarization between the contributions from 1 and 2 

for one circular polarization state, but a constructive interference between their contributions 

for the other circular polarization.  The above analysis shows that, for a nanostructured thin 

film with C3 rotational symmetry, nonlinear susceptibility tensor components with z indices 

are not necessary for introducing nonlinear CD for second harmonic generations. This is in 

stark contrast to commonly studied SHG-CD effect in chiral thin films [29].  

        For an incident wave with linear polarization along the horizontal direction (Ex, Ey) = (E0, 

0), we have 
020

2 EPx   and 010

2 EPy   . If an analyzer is placed in transmission with 

orientation angle , the measured SHG intensity is given by 
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By normalizing 1 to unity and setting )exp(2  ia , the above equation can be rewritten in 

a simple sinusoidal form as: 
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Interestingly, based on Equation 3 and the definition of ,  SHG-CD can be derived as, 

   

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Thus, Equations 5 and 6 show that the circular dichroism for SHG can be independently 

obtained by two measurements – the ellipticity of the SHG for a linearly polarized 

fundamental beam, or a direct measurement of the relative difference between the SHG 

signals of the two opposite circularly polarized incident fundamental beams. It shall be shown 

later that both measurements are carried out and show highly consistent results. The SHG 

measurement is also carried out on the C4 sample (see Supporting Information). For the same 

experimental geometry, and whereas both sample arrays break the in-plane mirror symmetry, 

the SHG signal in the C4 case is several orders of magnitude smaller than that in the C4 case 

due to the violation of the selection rule pertaining to the harmonic generation of circularly 

polarized light.[24-28] 

        For THG processes, applying a C4 rotational symmetry reduces the third-order nonlinear 

tensors to four independent elements. Hence, the third-order nonlinear polarization can be 

expressed as: 
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(7) 

        For left- and right-circularly polarized fundamental waves, the nonlinear polarization at 

the TH wavelength is then given by: 

3
1 2 3 4

1
ˆ ˆ[( ) ( )]( )

2
x yP i e ie       .

                 
(8) 

        Again, this equation agrees with the selection rule for THG.[24-28] Furthermore, Equation 

8 shows that there would exist THG-CD for a C4 plasmonic nanostructure if (3-4) is out of 

phase with (1-2). 
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        The nonlinear optical response of the metasurfaces at the TH wavelength has been 

numerically calculated using a recently developed numerical method,[30] which extends the 

generalized-source method (GSM)[31] to nonlinear optical interactions. This nonlinear GSM 

provides a general computational framework that can be easily adapted to a broad class of 

nonlinear optical interactions, as the system nonlinearity is incorporated in the algorithm via 

nonlinear polarizations acting as sources for the nonlinear optical field. More specifically, the 

nonlinear optical response of the system is obtained in three steps: one determines first the 

optical field at the fundamental wavelengthusing the linear GSM, then one calculates the 

nonlinear polarizations describing the corresponding nonlinear optical processes, and finally 

one adds these polarizations to the linear polarization and use again the linear GSM to 

compute the nonlinear optical fields and other optical coefficients. This computational 

approach ensures that the influence of the electromagnetic environment on the radiative 

characteristics of the nonlinear sources is rigorously taken into account. 

Specifically, the nonlinear optical response of the system at the TH wavelength is 

described by a spatially varying bulk polarization 
3 (3)

0( ) ( ( ) ( )) ( )P r E r E r E r    , which 

depends on the complex field ( )E r and the nonlinear susceptibility (3) of the respective 

material at the location r . In particular, it is assumed that the optical nonlinearity of the 

medium is homogeneous and isotropic, so that the nonlinear third-order susceptibility tensor 

is described by a single quantity, (3) . The numerical values of this susceptibility in the cases 

of Gold[32], PFO[33], and ITO[34] are (3) 20 25.58 10gold m V   , (3) (3)
PFO gold  and 

(3) 20 21.0 10ITO m V   , respectively. The linear material dispersion parameters can be found 

in Refs. 35 and 36. 

In the case of SHG, the convergence of GSM is very slow due to the fact that the 

nonlinear effects come from the interfaces between gold and the surrounding dielectric media 

(air and glass). Instead, we follow the method proposed by O’Brien et al., in which the SHG is 
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calculated by an overlapping integral between the nonlinear polarization at the metal-

dielectric interfaces and the near field distribution of the electric field when the metasurface is 

illuminated by a plane wave at the second harmonic frequency.[37, 38] 

Experiment 

        From symmetry selection rules of harmonic generation, it is known that nanostructures 

with C3 and C4 symmetries can generate circularly polarized SHG and THG signals with 

opposite polarizations as compared to the fundamental wave. The Trisceli- and Gammadion-

type plasmonic nanostructures are fabricated on ITO coated BK7 glass substrates by using 

electron-beam lithography and a lift-off process (see Experimental Section). As shown in 

Figures 2a and 2b, these two types of gold nanostructures with thickness of 30 nm are 

arranged in triangular and square lattices with periods of 400 nm and 500 nm, respectively. 

The Gammadion nanostructures are subsequently covered by a thin layer of an organic 

conjugated polymer (PFO) with high third-order optical nonlinearity to enhance the efficiency 

of THG. Figures 2c and 2d show the measured transmission spectra of the plasmonic 

nanostructures for horizontally polarized incident and transmitted light (HH) by using Fourier 

transform infrared spectrometer. The dips in the transmission spectra correspond to the 

excitation of localized surface plasmon polariton modes of the Trisceli- and Gammadion-type 

plasmonic nanostructures at wavelength of 1165 nm and 1230 nm, respectively, which are 

also confirmed by the numerical simulations.  

        In most of the conventional SHG-CD measurements, oblique incidence of light is usually 

employed to project a strong electric field component of light along the z-direction of the 

sample. This geometry allows access to nonlinear susceptibility tensor components with one 

or several z indices, which can be quite large in some materials.[4, 5] In particular, the so called 

chiral tensor components contain such z indices. Since we seek to minimize the chiral 

contribution to SHG-CD and to emphasize an achiral SHG-CD instead, here, we use a 

femtosecond laser beam under normal incidence to the sample surface to interact with the 
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nanostructures. Moreover, we used a low numerical aperture objective (NA=0.1 to minimize 

the projection of a polarization component along the propagation direction. The signals of 

harmonic generation are then collected in the transmission direction. To characterize the 

frequency dependent nonlinear optical activity, the wavelength of illuminating laser is tuned 

between o =1100 nm and 1400 nm and the circularly polarized SHG and THG signals are 

recorded with a spectrometer (Figures 3a and 3d). We found that SHG and THG signals from 

the plasmonic nanostructures have opposite polarization states as compared to that of the 

illuminating laser. However, we also measured extremely low SHG and THG with the same 

polarization state as that of the illuminating laser although they are theoretically forbidden in 

the dipole approximation but can be observed due to the imperfections of nanofabrication.[20, 

21] For the SHG measurements, both the L-R and R-L spectra increase with wavelength up to 

1160 nm. However, the R-L intensity drops abruptly with further increasing wavelength 

above 1160 nm, while the L-R intensity keeps further increasing and peaks around 1220 nm. 

As a result, there exists a large difference between the SHG intensities for the two circularly 

polarized incident beams for wavelength above 1160 nm. Particularly, at around 1280 nm 

wavelength, the SHG for the illumination with RCP light (R-L) drops almost to zero while 

that for the illumination with LCP light (L-R) is very strong, leading to near unity value of 

0.98 for SHG-CD at this wavelength.   

        Our measurements nicely confirm numerical simulations of the SHG and THG signals 

from such structures, which also predict large differences between the two polarized signals 

(Figures 3b and 3e). The measured nonlinear spectra of the SHG intensity show similar 

features as those of calculated SHG spectra, with similar peak locations of the SHG for both 

R-L and L-R, and similar dip locations for R-L. The slight discrepancy between the 

experiment and the simulation might be due to both the deviation of the fabricated sample 

from the ideal design, and the limited precision of the simulation of the nonlinear signals due 

to their extreme sensitivity to the local field distribution.  
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  In an ideal achiral configuration of free standing C3 nanostructures without the 

presence of substrate, it is expected that when the sample is flipped between the front and 

backside, SHG spectra are swapped between the two circular polarizations, i.e. 

)2()2(  b

RL

f

LR II    and )2()2(  b

LR

f

RL II   , where ‘f’ and ‘b’ correspond to front- and 

back- illumination of the fundamental wave, respectively. This is because flipping the sample 

leads to a change of sign for either 1 or 2 (depending on flipping the sample by rotating 

along x or y axis), but not both, and consequently results in reversal of the CD effect based on 

Eqn. (3). However, in the realistic case, the nanostructures are supported by a substrate which 

breaks the symmetry along z direction. To investigate into the role of the symmetry breaking 

in the z direction due to the presence of substrate on SHG-CD, we perform an additional SHG 

measurement on C3 sample, now flipped such that the fundamental beam is incident from the 

substrate side, with the spectra shown in Fig. 3(c). As can be seen from the figure, flipping the 

sample leads to exchange of the SHG spectra between the two circularly polarized 

fundamental waves. This observation serves as a direct evidence that the observed SHG-CD is 

mainly due to the in-plane symmetry breaking alone, which is of achiral nature.         

For the C4 sample, the THG spectra also show pronounced difference between the two 

circular polarization states over a broad frequency range between 1200 nm and 1400 nm 

(Figure 3d). While the THG spectrum for the L-R configuration exhibits a peak around 1280 

nm wavelength, the R-L spectrum is almost featureless over the entire frequency range. The 

THG intensity of the R-L configuration is approximately one order of magnitude greater than 

that of the L-R configuration at 1280 nm. Again, the simulation of the THG signals exhibits 

similar features to those of the experimental results. However, the relative differences 

between the THG of the two circular polarizations are not as large as the measured values.  

        Based on the measured spectral results for both SHG and THG, we calculated the 

nonlinear CDs by (ILCP-IRCP)/(ILCP+IRCP) (Figures 4a and 4c). The SHG-CD varies from 
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negative to positive values, crossing zero around 1150 nm and reaching near-unity value of 

0.98 at 1280 nm. On the other hand, the THG-CD reaches its maximum value of 0.79 at 1280 

nm. We note that this is the first observation of THG-CD on planar chiral plasmonic 

structures. Furthermore, the maximum value of the measured nonlinear SHG-CD is much 

higher than that of the linear CD effect observed previously from the Gammadion-type 

plasmonic nanostructures.[22] We also found very similar trends of the nonlinear CDs from the 

simulated SHG and THG signals (Figures 4b and 4d ), where the simulated maximum values 

of the SHD-CD and the THG-CD are 0.775 at 1260 nm and 0.435 at 1301 nm, respectively. 

These values are somewhat lower than their respective measured values.  

        Above we showed that the nonlinear CD has to be related to the nonlinear susceptibility 

tensor elements. In order to retrieve the effective susceptibilities of the SHG from the Trisceli-

type nanostructures, the SHG intensity as function of the rotational angle of the analyzer is 

measured for four different wavelength: 1160 nm, 1180 nm, 1220 nm and 1280 nm, for a 

fixed linear polarization of the illuminating light along the vertical direction. As illustrated in 

Figure 5, the SHG intensities show a sinusoidal dependence on the analyzer angle. At the 

shortest wavelength of 1160 nm, the minimum value is close to zero, indicating that the SHG 

signal is linearly polarized at this wavelength. With the increase of wavelength, the minimum 

value rises, indicating the increase of the SHG ellipticity. This is consistent with the 

observation of vanishing SHG-CD at 1150 nm and its increase up to 1280 nm, as shown in 

Figure 4. By using Equations 1 and 2, we can fit the curves and retrieve the values of 2  

with 1  being normalized to 1. This normalization of 1  is well justified since we are only 

interested in the structural effect but not the absolute nonlinear signal strength, and 

consequently only the ratio between 2  and 1  is of relevance. From this retrieval we obtain 

for 2 : -4.5+0.8i,  -2+0.6i,  -0.9+0.8i and -0.13+0.68i for the fundamental waves at 

wavelength of 1160 nm, 1180 nm, 1220 nm and 1280 nm, respectively. Based on Equation 3 
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and the fitted values of 1 and 2 , we numerically calculate the SHG-CD (red squares in 

Figure 4a), which agree very well with the directly measured SHG-CD. Thus, with two 

independent measurements, we confirm the presence of near-unity SHG-CD at wavelength of 

1280 nm for planar chiral nanostructures. 

Conclusions 

 In summary, we demonstrate near unity nonlinear circular dichroism for both second 

and third harmonic generations with suitably designed ultrathin Trisceli- and Gammadion-

type plasmonic nanostructures with three- and four-fold rotational symmetry. These two kinds 

of nanostructures allow a symmetry controlled generation of circularly polarized SHG and 

THG, respectively. Both giant SHG-CD and THG-CD are experimentally observed for the 

planar plasmonic nanostructures with negligible linear optical activity. Importantly, the 

observed SHG-CD is identified to have an achiral origin. It is expected that the plasmonic 

nanostructures with rotational symmetry provide a powerful platform for enhancing and 

probing the weak opticalactivityof bio- and chemical materials that are attached onto the 

metasurface. The simple fabrication of two dimensional plasmonic structures and wider 

applicability of SHG and THG techniques also enable more freedoms in designing chip-type 

nonlinear optoelectronic devices.  

 

Experimental Section 

Sample Fabrication: The plasmonicnanostructures were fabricated using e-beam lithography 

method. Firstly, the 150 nm thick PMMA layer was spin-coated onto the ITO (~ 15 nm) 

coated BK-7 glass substrate. A two-dimensional Trisceli and Gammadion patterns were 

exposed by e-beam lithography process. Then the 30 nm thick gold film was deposited on the 

patterned PMMA layer by using thermal evaporation. After removing the residue resist using 

acetone solvent, the two-dimensional gold nanostructures with C3 and C4 rotational 

symmetries are formed. The total area size of the plasmonic device is ~ 0.01 mm2 and 0.25 
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mm2 for the Trisceli- and Gammadion-type devices, respectively. The Gammadion-type 

nanostructures is spin-coated by a 100-nm -thick organic thin film from the PFO solution 

dissolved in toluene with a concentration of 12 mg/ml. 

Nonlinear Optical Experiment: Spectrally tuneable femtosecond laser pulses (1.1 µm -1.4 µm) 

from an optical parametric oscillator system are focus onto the gold nanostructures from air to 

glass substrate direction with a spot size of ~ 80 µm in diameter. The pulse duration is around 

200 fs and averaged power is around 30 mW. After filtering the pumping laser by using short-

pass colour filters, both the SHG and THG signals are collected by microscope objective lens 

(20x/NA 0.45) and detected by a grating spectrometer, which is equipped with a cooled Si-

CCD as the detector.  

 

Supporting Information 
Supporting Information is available from the Wiley Online Library or from the author. 
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Figure 1. Schematic of nonlinear optical dichroism from Trisceli- and Gammadion- type 

plasmonic nanostructures with three- (C3) and four-fold(C4) rotational symmetries. (a) 

and (c) illustrate the nonlinear circular dichroism for illumination with LCP and RCP 

polarizations on such structures which will lead to SHG and THG with opposite polarizations 

but only for the RCP illumination. (b) Trisceli-type nanostructures with near unity SHG-CD 

would generate left-handed elliptically polarized SHG light when illuminated by linear 

polarized light. 
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Figure 2. Geometry parameters and transmission properties of the plasmonic 

nanostructures. (a) and (b) Schematic view of single Trisceli- and Gammadion- type 

plasmonic nanostructures and scanning electron microscopy images of the fabricated periodic 

pattern (scale bar: 500 nm). The 30–nm-thick gold structures are arranged in triangular and 

square lattices with periods of 400 nm and 500 nm, respectively. The geometry parameters of 

the gold nanostructures are w = 60 nm, r = 110 nm, g = 100 nm, h = 410 nm and s = 175 

nm.(c)and (d) Measured (‘Exp’)linear transmission spectra of the Trisceli- and PFO coated 

Gammadion- type nanostructures for linearly (horizontally) polarized light, exhibiting 

localized plasmon resonance at wavelength of 1165 nm and 1230 nm, respectively, which 

agree well with the calculated (‘Calc’) transmission spectra.  
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Figure 3. Polarization dependent SHG and THG spectra of the Trisceli- and 

Gammadion- type plasmonic nanostructures. Measured SHG and THG spectra with same 

(LCP-LCP and RCP-RCP) and opposite circular polarizations (LCP-RCP and RCP-LCP) as 

that of the illuminating light. Note, in the figure we used the abbreviation of L for LCP and R 

for RCP, respectively. (a, b) Measured (a) and numerically simulated (b) SHG spectra for 

fundamental wave normally incident from Trisceli-type nanostructure direction to substrate 

direction (front illumination). It is found that SHG for R-L and L-R measurements exhibit 

significant difference when fundamental wavelength is greater than 1160 nm, whereas L-L is 

close to R-R. (c) Measured SHG spectra for light incident from the substrate side (back 

illumination), which are very close to the results of front illumination but swapped between 

R-L and L-R. (d, e) Measured (d) and simulated (e) THG spectra under front illumination 

show pronounced difference between R-L and L-R for fundamental wavelength with a 

bandwidth of around 150 nm.  
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Figure 4. SHG-CD and THG-CD from the Trisceli- and Gammadion- type plasmonic 

nanostructures. (a) and (c) Measured (Exp) wavelength dependent SHG-CD and THG-CD. 

The values for the squares in (a) are obtained from the calculation(Calc) of SHG-CD based on 

the experimentally determined values of the effective nonlinear susceptibilities. Both SHG-

CD and THG-CD have a broadband response for fundamental wavelength between 1200 nm 

and 1350 nm. The SHG-CD experiences a sign change at wavelength of ~ 1150 nm, which is 

close to the theoretical prediction of 1200 nm.(b) and (d) Corresponding  numerically 

simulated (Simulation) nonlinear CD spectra for the structures. Both of the calculated SHG 

and THG spectra show similar trend as the measured ones. While the peak of SHG-CD is 

close to the measured value, the calculated THG has a much higher deviation from our 

experimental data, which can be attributed to the imperfections of nanofabrication.  
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Figure 5. Intensity of the SHG signal as function of the rotation angle of the analyzer for 

Trisceli-type plasmonic nanostructures. The results are obtained for linearly vertically 

polarized (V-polarization as shown in Figure 2) illumination at wavelengths of 1160 nm, 1180 

nm, 1220 nm and 1280 nm, respectively. The square and triangular symbols represent the 

measured (Exp) and calculated (Calc) results. By fitting the measured results, we then 

experimentally determine the second-order effective susceptibilities of SHG from the Trisceli-

type nanostructures.  
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The table of contents: We show that 3D chirality is not necessary for introducing strong 

circular dichroism for harmonic generations. Specifically, we demonstrate near-unity circular 

dichroism for both second harmonic generation and third harmonic generations on suitably 

designed ultrathin plasmonicmetasurfaces with only 2D planar chirality. Our study opens up 

new routes for designing chip-type bio-sensing platform, which may allow for highly 

sensitive detection of bio- and chemical molecules with weak chirality.  
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