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[bookmark: _GoBack]The group of zincblende III-V semiconductors have recently been presented as promising materials for second harmonic generation (SHG) at the nanoscale. However, major obstacles to push the technology towards practical applications are the limited control over directionality of the SH emission and especially zero forward/backward radiation.1-3 This issue is commonly referred to as off-diagonal emission in the literature. Here we present a novel approach in which the crystal axis is rotated by nanoantennas fabricated from a (111)-cut wafer.1 For our (111)-antennas, the tetrahedral bonding leads to one of the bonds pointing upwards and the three other bonds spreading out in a projected 120° angle, leading to a three-fold symmetry. Figure 1a demonstrates the experimentally measured SHG from several antennas dimeters (with height of 400 nm) for an excitation wavelength of 1550nm. As can be seen, the conversion efficiency is nearly equal for the different polarizations for nanoantennas, interestingly. The three diameter ranges that exhibit peaks are due to various mode decompositions that can be found in Ref. [1]. The most intriguing feature of the nanoantennas is the capability to vary the radiation SH patterns at constant multipole character. Figure 1b displays the SHG radiated from a nanoantenna of r = 320nm. Top panel displays the projection, i.e the back-focal plane (BFP) image, in forward-direction of SHG emission. The area inside the black circles corresponds to the lightcone visible through the collecting objective and therefore to the experimental BFP images displayed in the middle panel. When the polarization of the pump is rotated, the radiation patterns clearly varies. Figure 1b, bottom panel, displays the multipole expansion of the nonlinear currents for this nanoantenna. Excitedly, it is exactly the same for all three, and indeed any, pump polarization. This feature is not only intriguing from a scientific point of view but also offers possible applications of polarization dependent beam steering at constant efficiency.[image: ]
Figure 1. (a) Experimentally measured SHG efficiencies for cylindrical nanoantennas of varying radii and polarizations. (b) SHG from a (111)-GaAs nanoantenna with h=400nm and r=320nm for pump polarizations of φ = 0°, φ = 30° and φ = 60°, where top panel and middle panel show simulated and experimentally measured back focal plane images in forward direction, respectively. The black circles in top panel show the angular range collected in experiments. Bottom panel shows the multipole expansion of the nonlinear currents.
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