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Abstract: The use of additive manufacturing technologies (AMTs), in the form of 2D printing technologies, has
gradually grown in prominence in academia and gained industrial adoption for the fabrication of radio-
frequency (RF) electronics, for applications in low cost devices and wearables. Nevertheless, these efforts have
almost exclusively consisted in adapting standard RF designs for operation on flexible and/or 3D-printed planar
substrates: the 2.5D (stacks of 2D planes) paradigm that pervades classical RF design and fabrication has not
been shifted. The goal of the presented research is to introduce the use of the additional degree of freedom
provided by 3D printing technologies for the manufacturing of full-3D RF elements and circuits that cannot be
fabricated with traditional technologies. Two novel 3D metamaterial printed RF structures, uniquely enabled by
the singular properties of AMTs, are described. These printed structures not only constitute the first examples
of functional full-3D multi-material RF designs, but are also demonstrated to provide orders-of-magnitude
performance improvements compared to their 2D counterparts. This work may thereby set the foundation for
the emergence of an entirely new class of 3D-printing-enabled RF components and systems. Next topic includes
exploration of soliton and rogue-like wave solutions in the transmission line analogue of a nonlinear left-handed
metamaterial. Both bright and dark solitons persist in a suitable parametric regime and rogue wave type of
behavior was observed. W-band transmission line based metamaterial using an InP HBT device fabrication
process has been demonstrated. The design uses complementary split ring resonators. Measured data shows
good agreement with simulations and exhibits negative effective epsilon (ENG) around 95 GHz.
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