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ABSTRACT

In today’s industry, efficient and low-cost alternatives to traditional integrated circuit (IC)
technologies are fundamental, since engineers have begun to approach the physical limitations of
integrated circuits with regard to size and device density per area. This project presents the
combination of two novel IC technologies, multilayering and photonic bandgap structures
(PBG’s), to ultimately reduce the size and cost of an IC, while increasing its efficiency and
device density.

The first method involves photonic bandgap structures, which are printed into the
groundplane of an IC. Previous research has shown that this type of PBG structure exhibits
filtering properties, which simply allows one to replace space-consuming filtering devices.

The second method involves the use of multilayering, a design in which components are
stacked upon each other, as opposed to traditional IC design where components are
interconnected side-by-side. This 3-D architecture saves space, increases efficiency, and reduces
weight, all of which are ideal for IC design.

This paper presents the design, fabrication, and test results of co-planar waveguide
structures that were built using photonic bandgap structures and multilayering.

INTRODUCTION

In light of NASA’s new push for unmanned space exploration, the production of smaller,
lighter, and more efficient machines and structures have been paramount. The miniaturization of
microwave and millimeter wave integrated circuits (MMICs) has played a large role in this
process because of its numerous applications in satellite communications. Interplanetary
missions, like the Mars Pathfinder and the more recent Polar Lander, depend on MMICs for
space communication due to low atmospheric attenuation. Due to the numerous applications of
MMICs, a lot of time has been devoted to the creation of smaller and more efficient MMICs to
counteract the problems of power consumption and power loss.

Presently, integrated circuits are built using two-dimensional architectures. This planar
structure of MMICs require that individual components be cascaded next to each other, which
creates a less then optimum circuit because of the limitations of circuit size and integration
density per unit base area. Although the relative size of MMICs have decreased significantly,
these two-dimensional circuits remain inefficient when compared to three-dimensional designs.
When incorporating three-dimensional circuitry, several more components can be stacked on top
of one another, so that more complicated and multipurpose MMICs may be buiit.

Photonic bandgap structures (PBG’s) will also be implemented into the integrated circuit
design to reduce the overall weight and size of the circuit. In circuit design, PBG’s can be
implemented as filters, due to their passive properties. However, the main benefit of PBG’s is







