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Engineering the nonlinear optical properties of media is a crucial process in nonlinear optics. 
The most well-known technique for spatially engineering the nonlinear properties is quasi-
phase matching for second-order processes like SHG. The quasi-phase matching leads to 
efficient frequency conversion compared to a homogeneous nonlinear medium by providing 
the extra momentum to compensate the phase mismatch between the fundamental and 
harmonic waves. The so-called ‘poling’ is the most widely employed technique for achieving 
quasi-phase matching. By periodically reversing the crystalline orientation of ferroelectric 

materials, the sign of the 𝜒(2) nonlinear susceptibility can be spatially modulated along the 
propagation direction. However, such a poling only leads to a binary state for the nonlinear 
material polarization, which is equivalent to a discrete phase change of π of the nonlinear 
polarization. 
Here we will demonstrate a novel nonlinear metamaterial with homogeneous linear optical 
properties but continuously controllable phase of the local effective nonlinear polarizability. 
The controllable nonlinearity phase results from the phase accumulation due to the 
polarization change along the polarization path on the Poincare-Sphere (Pancharatnam-Berry 
phase) and depends therefore only on the spatial geometry of the metasurface. In contrast to 
the quasi-phase matching the continuous phase engineering of the effective nonlinear 
polarizability enables complete control of the propagation of harmonic generation signals, and 
therefore, it seamlessly combines the generation and manipulation of the harmonic waves for 
highly compact nonlinear nanophotonic devices. We will demonstrate the concept of phase 
engineering for the manipulation of the SHG and THG from plasmonic metasurfaces made of 
subwavelength-size gold nanostructures. 

 
Fig. 1: Nonlinear metasurface hologram in the SHG signal for circularly polarized light. 
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