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Abstract. Second harmonic generation (SHG) is forbidden for centrosymmetric materials such metals. Yet, 

symmetry can be broken by introducing plasmonic nano-structures which lead to enhancement of the 

electromagnetic field at both the fundamental and the SH frequencies. Using non-linear microscopy, we 

experimentally demonstrate enhanced SHG from isosceles triangular cavities (~215 nm side length, 200 nm 

base) milled in thin aluminum film. Upon strong interaction between the cavities, they behave as a single unit 

and response in a coherent manner, i.e. SHG is observed from the coupled system. The hybridization between 

the cavities is not only dependent on the distance between them, but their spatial arrangement is found to be 

a crucial parameter. That is, the SHG efficiency can be enhanced upon different arrangement of the same 

cavities, holding the same distance between them. We characterize those cavities also by 

cathodoluminescence and show that the structure support plasmonic modes both at the fundamental and the 

SH frequencies. 

During the last two decades, plasmonic nano-structures 

have been synthesized and fabricated showing fascinating 

linear and nonlinear optical properties. Those structures 

provide a powerful tool for controlling light properties at 

the sub-wavelength scale.[1,2] As is shown here, these 

optical properties are govern not only by their geometrical 

properties, but also by their spatial arrangement onto the 

surface, given the same symmetry of the whole structure. 

Recently, aluminum has been recognized for expanding 

plasmonic based devices into the UV range, due to its high 

bulk plasmons energy of about 15 eV, and relative low 

work function value.[3] Yet, fabrication of smooth Al 

surfaces is consider to be difficult, due to high surface 

mobility of aluminum atoms, leading to large grains size, 

and thus imperfections in the fabrication process.[4] We 

have shown recently that upon strong interaction between 

cavities milled in thin aluminum film, the EM field 

delocalizes around the cavities, giving rise enhance 

nonlinear response.[5] Extending our previous study, we 

show herein how the nonlinear responses is dramatically 

varied by changing the spatial arrangement of the cavities, 

yet keeping their symmetry and their relative distance.[6] 

Thus, by clever design of the nanocavities, the system can 

gain fascinating optical properties in terms of 

confinement of the electromagnetic (EM) field and 

enhanced second harmonic generation (SHG).  

We focus on triangular cavities milled in thin aluminum 

film (200 nm). They are all have the same geometrical 

parameters, as is indicated in fig.1a. we have previously 

showed that those triangular cavities have quite high 

nonlinear responses, and that the EM field of those 

cavities is concentrated on the triangular side-lengths. In 

addition, those plasmonic modes, can propagate and 

coupled onto the surface, forming enhanced and localized 

SHG field, emanating from the flat surface. 

 

Fig.1: SHG responses from nano cavities milled in thin 

aluminum film. (a) SEM images of a butterfly-like structure 

(left), an ‘inverse’ structure (right), and an individual triangular 

cavity (down). All cavities have the same geometrical 

parameters, see marks on images. The center-to-center distance 

is 400 nm. (b) SHG cross-section responses of the structures 

shown in (a). (c) an example of SHG scanning of the inverse 

butterfly structure, the cross-section taken along the dashed 

yellow line. (d) comparison of the SHG responses of the three 

different cases, the responses are normalized to the area of the 

SHG spot, and are calculated per μm2.  
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SHG measurements have been done in reflection mode, 

where the sample was illuminated by a tunable 

Ti:Sapphire laser (100 fs, 80 MHz, Mai-Tai HP, Spectra-

Physics), at 940 nm through an 0.5 NA objective, and 

laser power, p, of 8 mW.  

All samples are covered by about 150 nm of polyvinyl 

alcohol (PVA), for having approximately the same 

refractive indices at both sided of the measured sample. 

For comparison between the different structures, the SHG 

responses are normalized to the illumination area of the 

laser (1 micron). 

Fig.1a shows scanning electron microscopy (SEM) 

images of the coupled structures which were studied, all 

are composed of the same sub-unit, triangular cavity 

(Fig.1a, down). The highest response (red line, see inset) 

observed for the butterfly-like structure. Surprising the 

‘inverse’ structure (green line) shows lower response, yet 

higher compared to individual triangular cavities (blue 

line). We shall note, that both studied structures (Fig.1a 

left and right) are centrosymmetric, yet, show enhanced 

SHG despite their inversion symmetry. In addition, 

Comparison of the nonlinear responses of Fig.1a left, with 

that of individual cavity reveals enhancement of more 

than order of magnitude, meaning that indeed the four 

cavities are coupled and behave as a unified single unit. 

On the other hand, the SHG scanning from the inverse 

structure (Fig.1c), yields a lower nonlinear response, 

although it is composed from the same sub-unit and has 

the same symmetry and distances. Thus, in that case, the 

in coherent process, hyper Rayleigh scattering is observed 

rather than a coherent SHG.  

 

Fig2: (a) SHG scanning from two quadrupolar structures 

composed of 8 triangular cavities. (b) Comparison of the 

nonlinear responses between the two quadrupolar structures, the 

responses are normalized to the area of the SHG spot, and are 

calculated per μm2. 

Our study is extended to 8 cavities in a similar symmetry, 

as is shown in fig. 2. Herein we observe, that the distance 

between the cavities is also an important parameter for the 

nonlinear responses.  

Table 1. summarized the nonlinear responses of all the 

studied structures. Although the coupled structures have 

centrosymmetric symmetry, their nonlinear responses is 

quite high, revealing a new mechanism for SHG as is 

described in ref. 7. For the complete calculation, see ref.5. 

Table 1: 

Structure SHG counts 

(CPS) 

Conversion 

efficiency 

 

 N

Δ𝑡 
 ηSHG=

<PSHG>

<PFW>
 

Fig. 1a left 58500 3.1×10-12 

Fig. 1a right 32400 1.7×10-12 

Individual 

cavity 

6850 3.6×10-13 

Fig. 2a 63277 3. 4x10-12 

Fig. 2b 43308 2.3x10-12 

Al surface 770 4.1×10-14 
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