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Fig. 1. (a) Schematic of SRRs array, the period of the z
axis and y axis is az and ay, respectively, the incident
light is perpendicular to the structure, and the electric field
is along the z axis; (b) the unmit cell of SRRs, where
{=200nm, w=80nm, d =100nm, A =30nm.
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Fig. 2. The transmission spectrum of two different periods
along the =z axis, ap =1200nm (black line) and
az =400 nm (red line). The insert shows the distribution

of magnetic field and current in 2~y section at the position
of Dipl.
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Fig. 3. (a) Linear transmission spectrum and (b) the positions of two dips in transmission spectrum change with the period along

the z axis, ay =400 nm, a, = 1200—1550 nm (interval 50 nm); (c) linear transmission spectrum and (d) the positions of two dips

in transmission spectrum change with the period along the y axis, a; = 400 nm, ay = 1200—1500 nm (50 nm interval).
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Fig. 4. Calculated total (left) and z (middle) component and y (right) component of electric field amplitude distribution in z-z

cross-section at A = 1900 nm for (a)az = 1300 nm, ay = 400 nmand in y-z cross-section at A = 1900 nm for (b)a, = 1300 nm,
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Abstract

In this paper, we theoretically study the condition for the strong coupling between magnetic resonance
mode of the two-dimensional periodically arranged gold split-ring resonators and the diffraction mode of the
periodic array and its influence on the second harmonic generation efficiency. By controlling the size of the
period of the array structure in the araxis and y-axis, the diffraction mode is excited near the magnetic
resonance provided by the gold split-ring resonator, solely in one of the directions. In both cases, the diffraction
mode and the magnetic resonance coincide in the linear resonance spectrum, but by analyzing the electric field
distribution at the position of the diffraction mode, it can be found that when a, is much larger than a,, the
electric field direction of the diffraction mode is perpendicular to the polarization direction of the incident light,
and no strong coupling occurs. Therefore, the dilution effect is dominant, and the second harmonic intensity
gradually decreases with the increase of the period. When a, is much larger thana,, the electric field direction
of the diffraction mode is the same as the polarization direction of the incident light. At this time, the
diffraction mode and the magnetic resonance mode are strongly coupled. As the period increases, the second
harmonic intensity first increases and then decreases. The increase is due to the dominant mode coupling and
the decrease is due to the dominant dilution effect. When the number density of split-ring resonators is reduced
to about 1/4 of the original one, the second harmonic intensity can be increased by more than twice. From this,
we find that the strong coupling between diffraction mode and magnetic resonance can occur when the electric
field direction of the diffraction mode is consistent with the polarization direction of incident light, thus
generating the surface lattice resonance to achieve near-field enhancement. In short, the rectangular periodic
structure is used to distinguish the field enhancement effects in different directions, and the second harmonic
enhancement can still be achieved when the number density of split-ring resonators is reduced, which relaxes
the requirements for processing technology. This research provides a new possible way to improve the second
harmonic generation efficiency based on metal metasurfaces.
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