Bricked subwavelength structures: a flexible metamaterial topology
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Abstract—Subwavelength gratings (SWG) are periodic structures that synthesize lithography tailorable metamaterials with desired permittivity, dispersion, and anisotropy, enabling the design of a myriad of high-performance devices. Here we present our latest SWG geometrical topology which not only provide more control over the synthesized material but also alleviate the required fabrication resolution to fabricate SWG structures.
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[bookmark: _Hlk66802375]Subwavelength grating (SWG) metamaterials are periodic structures arranged with a periodicity shorter than the wavelength of the propagating light. Under that condition, SWG structures behave as anisotropic homogeneous structures, providing to the designers with the capability to implement a wide range of equivalent metamaterials with controllable permittivity, dispersion, and anisotropy [1]. The engineering of such optical properties has promoted a new paradigm in the field of silicon photonics, designing the optimum metamaterial for each device [2,3]. In this talk we present our latest topology to engineer the metamaterial properties: Bricked subwavelength grating structures [4].
In conventional SWG-based designs, the synthesized metamaterial is defined by the material refractive indices n1 and n2 of the periodic structure, the arranging period Λ, and the amount of each material per period, known as duty cycle DC=a/ Λ, where a is the length of the material n1 in a period [See Fig. 1(a)]. Under the anisotropic homogenization theory, this structure is defined by a permittivity tensor ε=diag[εxx, εyy, εzz], which depends on the aforementioned geometrical parameters [5]. Although the optimization of the implemented metamaterial is possible only by tuning the period and duty cycle, advanced features can be achieved by augmenting the control over the tensor components. Recently proposed bricked SWG structures [See Fig. 1(b)] provide a direct control over some of the tensor components of the synthesized metamaterial. This new topology is obtained by periodically partitioning a conventional SWG structure along the transversal direction and alternately shifting the resulting blocks. In this talk we overview the foundations of such bricked SWG metamaterials, focusing on what they offer to the designer, including the engineering of the refractive index, dispersion, and anisotropy. Moreover, we discuss how bricked SWG structures are a potential solution to facilitate the mass production of SWG-based devices as they allow longer period compared with conventional SWG.
By exploiting the properties of bricked SWG structures we have designed two 2x2 Multimode Interferometers [See Fig. 1(c)] with a simulated 1-dB bandwidth of 400 nm, experimentally demonstrated over a 140 nm bandwidth [See Fig.1(d)]. These designs not only show the control over the metamaterial properties enabled by bricked SWG structures but also the augmentation on the pixel size dimensions required to fabricate the structures, from a fabrication resolution of 95 nm using a conventional SWG metamaterial up to 150 nm by using a bricked SWG metamaterial.
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Figure 1. (a),(b) Schematic representation of a conventional SWG structure (a) and a bricked SWG structure (b). (c) Scanning electron microscope (SEM) image of a bricked SWG waveguide. (d) Measured performance of  a 2x2 multimode interferometer based on a bricked SWG metamaterial.
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