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1. Comparative transmission spectra of the metasurfaces 

In this supplementary information, we provide measured transmission spectra of the 

fabricated gold nanoantenna array with varying nanoantenna lengths, 140 nm, 160 nm, 180 nm 

and 200 nm considering air as the superstrate medium (nair = 1), as shown in Figure S1a. It can 

be seen from the figure that as the length increases from 140 to 200 nm, the LSPR shows a 

significant redshift (from 755 to 1020 nm) with a considerably deeper dip in the transmission 

spectrum. Due to the air superstrate medium which imposed non-symmetric dielectric 

environment the effect of the SLRs is not evident in these measurements1.  

 

Figure S1. Comparative transmission spectra of the metasurfaces. (a) Transmission spectra of 

the gold nanoantenna array with varying lengths considering air as the superstrate medium. (b) 

Experimental transmission with superstrate of PVA-LC (red) and LC (blue). The applied 

voltage was V = 0 V (dashed) and V = 10 V (solid) and the measurements were performed with 

𝑥-polarization for L = 160 nm at oblique incidence of θy = 150 (sample rotation in the yz-plane).  

The effects of an oblique incident on the SLR wavelength have also been examined. Figure 

S1b shows the transmission spectra for PVA-LC (red) and LC (blue) samples for V = 0 V 

(dashed line) and V = 10 V (solid line) at angle of incident θy =150 (sample rotation in the yz-

plane). In this case, the (0, 1)-order RA wavelength shifts toward the LSPR wavelength and 

the SLR deepens as the incidence angle is changed from 0 to 150. Therefore, both samples 

exhibit a similar blue-shift of approximately 190 nm of the SLR wavelength along with a 

significantly stronger resonance (more than 15% increase in SLR dip) as the angle increases 

from 00 to 150. Here, it is mention that the samples were illuminated from bottom substrate side 

and the electric field was applied in the transverse direction of the sample.  
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2. Additional simulation for LSPR and hybrid SLR modes  

In this section, we provide additional FDTD simulation, for arrays with sub-wavelength x 

and y spacing, in case of PVA-LC sample. In the FDTD simulations the used parameters were: 

glass substrate (nsub =1.51), a ≈ 500 nm thick PVA layer (nPVA =1.49) over metasurface, a ≈12 

µm LC layer (nLC = 1.69), the lattice constants dx = dy = 500 nm (for LSPR in Figure S2a), and 

dx = 500 nm and dy = 800 nm (for SLR with RA in Figure S2b), respectively.  The thickness (t) 

of metasurface is 40 nm. The length (L) is varying from L = 130 nm to L = 220 nm, and the 

width (W) of each gold nanorod are set to be W = 60 nm, respectively. We choose the array 

spacing to be in the regime that neither near-field interactions nor coherent scattering (i.e. RAs) 

will alter considerably the particles resonances. As can be seen in Figure S2a, a broad LSPR 

mode is observed near ≈ 860 nm for the shorter rod lengths, and shifts towards 1200 nm for 

the longer rods. Along with that shift we observe broadening of the resonance. This observation 

makes the picture of the RA-LSPR coupling clearer. In Figure S2b, the coupling between the 

LSPR and the RA can be observed by the avoided crossing behavior. Specifically, the LSPR, 

which follows a monotonic increase with the nanorod length, narrows and splits to form the 

hybrid SLR as it approaches the RA (white dashed line).  

 

Figure S2. (a) Simulated x-polarized transmittance for LSPR of PVA-LC sample. Variation in 

the LSPR wavelength with the length of nanorod when lattice constants are dx = 500 nm and 

dy = 500 nm. (b) Simulated results for array of nanorods resonance with RA and formation of 

SLR mode when lattice constants are dx = 500 nm and dy = 800 nm. The vertical white dashed 

lines show the position of the RA. 
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      In order to support interpretation of SLR mode, we provide an additional FDTD simulation 

(see Figure S3) on angle dependent-SLR dispersion varying with θy for PVA-LC and LC 

samples, respectively. In the FDTD simulations, the used parameters were glass substrate (nsub 

=1.51), a ≈ 500 nm thick PVA layer (nPVA =1.49) over metasurface, a ≈12 µm LC layer with a 

symmetric constant refractive index of nLC = 1.52, and lattice constant dy = 800 nm, 

respectively. One can be clearly seen that the observed mode is the SLR mode and the 

simulated angle-dependent SLR dispersion along with RAs (Figure S3), calculated by Eq. (1), 

are in a good agreement with the measured angle-dependent SLR dispersion results (Figure 2 

and 3), specifically, the position of resonance wavelengths along with RAs and the dispersion 

behaviour of observed modes in both samples, respectively. 

 

Figure S3. Simulated angle dependent-SLR dispersion curves along with RAs varying in θy 

for (a) PVA-LC and (b) LC samples considering RIs nsub =1.51, nPVA =1.49 and nLC = 1.52, 

respectively.  

3. Electrically switchable SLRs when sample rotation in the xz-plane (θx) 

    Figure S4a-b show the transmission spectra for PVA-LC and LC samples with varying 

applied voltage from V= 0 to V=10V measured at angle of incidence θx= 250 and θx=400 

(sample rotation in the xz-plane), respectively, for x-polarized incident light. It can be seen 

from figure that the SLR dip is electrically modulated (> 20%) in PVA-LC sample whereas the 

SLR dip is relatively less electrically modulated (< 10%) in LC sample when applied voltage 

changes from V = 0 to V = 10 V, respectively. 
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Figure S4. (a) Measured transmission spectra of PVA-LC sample with applied voltages V = 0, 

to V = 10 V at θx = 250 (sample rotation in the xz-plane) for x-polarized incident light. The SLR 

dip is electrically modulated (> 20%) when applied voltage changes from V = 0 to V = 10 V. 

(b) Measured transmission spectra of LC sample with applied voltages V = 0 to V = 10 V at θx 

= 400 for x-polarized incident light. The SLR dip is relatively less electrically modulated (< 

10%). 

4. Angle-dependent (θx) SLR dispersion 

   Figure S5a-d show the 2D plots of the measured transmission spectra with varying angle θx, 

where θx is the angle of rotation of sample in the xz-plane (inset of Figure S4a), for PVA-LC 

and LC samples at V = 0  V and V = 10 V, respectively. It can be clearly observed that the SLR 

wavelengths in both samples for angle rotation θy in the yz-plane (Figure 3) are more rapidly 

blue-shifted than SLR wavelengths for angle rotation θx in the xz-plane (Figure S5) as angle of 

incidence increases. 
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Figure S5. Representation of the sample orientation with gradual increasing angle (𝜃x) in the 

xz-plane when incident x-polarized light (parallel to the long axis of gold nanoantenna) excites 

SLR along y-direction. Dispersion curves for PVA-LC sample when (a) V = 0 V and (b) V = 

10 V. Dispersion curves for LC sample when (c) V = 0 V and (d) V = 10 V. 
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