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Resonant frequencies extraction 

We extract the central resonant frequencies of the collective bar mode and disk mode 

from the simulated transmission spectrum using a Fano model. The fitting method is identical to 

the one used in Ref.1,2. 

To determine the central resonant frequency of the broadband bar mode, we utilize the 

fact that the ‘dark’ disk mode will not be efficiently excited due to destructive interference when 

the gap between the disk and the two adjacent bars are exactly equal1. For convenience, we refer 

to this configuration as ‘symmetric’, and the configuration studied in the main text as 

‘asymmetric’. Figure S1a shows the simulated transmission spectra of the ‘symmetric’ and 
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‘asymmetric’ device, which differ only in the frequency region around the EIT peak but overlap 

well for frequencies away from the EIT peak.  As expected, the transmission for the ‘symmetric’ 

device only exhibits one Fano-like resonance due to the excitation of the ‘bright’ bar mode.  In 

Fig. S1b we fit the transmission for the ‘symmetric’ device to a Fano line shape given by 

𝑇(𝜔) = �𝑎1 + 𝑖𝑎2 + 𝑏
𝜔−𝜔0+𝑖𝛾

�
2
, where 𝑎1,𝑎2 and 𝑏 are real constants, 𝜔0 is the central resonant 

frequency and 𝛾 is the resonance linewidth. The fit is almost perfect and the central resonant 

frequency for the bar mode is determined as 𝜔0,𝑏𝑎𝑟 = 8.127 × 1014 𝑟𝑎𝑑/𝑠, or equivalently, the 

central resonant wavelength 𝜆0,𝑏𝑎𝑟 = 2.318 𝜇𝑚. 

To determine the central resonant frequency of the narrowband disk mode, we perform 

the Fano fitting to the transmission for the ‘asymmetric’ device. As the lineshape for the dark 

mode is much narrower than the bright mode, we use the same single Fano resonance model 

used above. This fit model is approximate since it does not include the fit of the background 

resonance induced by the bright mode; however, it is accurate enough for the extraction of the 

resonant frequency of the dark mode, as shown in Ref.2. The fit is performed over a frequency 

range from 8.105 × 1014 𝑟𝑎𝑑/𝑠 to 8.143 × 1014 𝑟𝑎𝑑/𝑠, and is fairly good in this frequency 

range as shown in Fig. S1c. The central resonant frequency for the disk mode is determined as 

𝜔0,𝑑𝑖𝑠𝑘 = 8.117 × 1014 𝑟𝑎𝑑/𝑠 , corresponding to the central resonant wavelength 𝜆0,𝑑𝑖𝑠𝑘 =

2.321 𝜇𝑚. 
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Figure S1 | Extraction of resonant frequencies. a, Simulated transmission spectra of the metasurface 

for both ‘asymmetric’ and ‘symmetric’ configurations. b, Fit of the bar mode with a Fano-shape 

resonance. c, Fit of the disk mode in the vicinity of the EIT peak in the ‘asymmetric’ configuration. 

 

The role of device damage in the observed saturation behavior 

In the main text, we report a gradual saturation of the high harmonic yield as a function 

of increasing intensity. When the excitation intensity is subsequently decreased, the measured 

harmonic yield is reduced from its initial value, indicating progressive and permanent damage of 

the metasurface.  This contributes to the saturation behavior seen in Fig. 3 of the main text, on 

top of any dynamic field-induced saturation in the harmonic generation process.  

Fig. S2 shows example SEM images various locations on the metasurface without (S2a) 

and after illumination (S2b and S2c). As observed in Fig. S2b, after moderate pump intensity 

~0.1 TW/cm2, only disks in the metasurface are damaged. This is consistent with the FDTD 

simulation result shown in Fig. 1f in the main text that the excitation field is peaked at the center 

of the disk. Each disk in our device exhibit slightly different field enhancement inside, a result of 
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small fluctuation in shape introduced by the imperfection of the nanofabrication process. Disks 

with higher field enhancement are more easily to damage at a lower intensity, forming a random 

distribution of damaged structures as observed in Fig. S2b. As the intensity is increased, more 

structures, including both disks and bars, start to damage as shown in Fig. S2c taken after 

exposure at an intensity of ~0.28 TW/cm2.  

The observed saturation behavior in Fig. 3 in the manuscript can then be understood at 

least in part as follows. At a fixed high excitation intensity, a fraction of the structures that 

appear randomly located at the laser focus will be damaged. As the pump intensity is increased, 

the balance between the total reduced number of undamaged structures and the enhanced 

emission efficiency from individual structures could, in principal, lead to the observed saturation 

in Fig. 3. Since part of the structures are already damaged, the measured HHG yield in Fig. 3 

does not trace back when the pump intensity is decreased after reaching the maximum intensity. 

Figure S2 | SEM images of the metasurface after laser exposure. a, undamaged metasurface. b, SEM 

image of the metasurface after moderate laser excitation ~0.1 TW/cm2. Only a small portion of disks are 



 5 

damaged. The damage pattern in the field of view is randomly distributed. c, SEM image of the damaged 

metasurface after exposed under an intensity of 0.28 TW/cm2.  
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