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Preface

Since the invention of integrated digital circuits, which heralded the beginning
of the information age, their fabrication capabilities underwent rapid progress.
Considering their transistor density doubled every few years since the 1960s,
the physical limits of miniaturization will soon be reached. Consequently, novel
paradigms are needed to enable computation-intensive future-oriented technologies
such as artificial intelligence, autonomous driving, and immersive virtual reality.

Field-coupled nanocomputing (FCN) is a class of post-CMOS emerging inte-
grated circuit technologies that includes contestants with enhancements in terms of
energy dissipation and feature size. Certain implementations indicate the possibility
to realize molecular-sized elementary devices with ultra-low energy dissipation or
clock frequencies in the terahertz range.

Despite their promising characteristics, sophisticated automatic design methods
are yet to be established. Due to the peculiarity and specificity of the FCN
technologies’ design constraints, conventional physical design algorithms cannot be
applied. In other words, design automation for an entire class of highly promising
nanotechnologies that could potentially enable a future of powerful and green
computational devices is still in its infancy.

This book considers the main tasks in the area of design automation for FCN
technologies that must be proficiently understood to enable large-scale composition
of elementary building blocks to obtain correct systems from given function
specifications. To this end, a holistic design flow is presented that covers

» Exact and scalable placement and routing

* One-pass logic synthesis

* Novel clocking mechanisms for data synchronization
» Formal verification for obtained circuit layouts

Additionally, theoretical groundwork is presented that lays the foundation for any
algorithmic consideration in the future. Furthermore, an open-source and publicly
available FCN design framework called fiction, which contains implementations of
all discussed techniques, is presented.
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viii Preface

The presented approaches address obstacles that have existed since the concep-
tualization of the FCN paradigm and could not be resolved since then. Thereby,
this book substantially advances the state of the art in design automation for FCN
technologies.
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