
Preface

High-speed interconnects are essentially wires that form the media for transmis-
sion of analog and digital signals in electronic circuits and systems. Along with
devices, these interconnects form a dense and complex fabric that is responsible
for performance of integrated circuits, boards and packages. Signal integrity in
high-speed interconnects is one of the most important design aspects for achieving
high performance and throughput. For most of the early IC era, designers and
practicing engineers focused on device improvement alone. While computational
capability of devices is important, overall system performance will hit a plateau
level if the performance of interconnects is not improved. With increased clock
speeds and reduced aspect ratios, interconnects became the most crucial design
bottleneck. This led to unprecedented thrust on the design and analysis of inter-
connects, both in the semiconductor industry as well in academia. Over the years it
has become a major research theme in the ITRS predictions as well as several
industrial and academic journals and conferences.

This book will provide a detailed analysis of issues related to high-speed
interconnects from the perspective of modeling approaches and measurement
techniques. In that we restrict ourselves to electrical chip-chip interconnects.
Particular focus is laid on the unified approach (variational method combined with
the transverse transmission line technique) to develop efficient compact models for
planar interconnects. This book will give a qualitative summary of the various
reported modeling techniques and approaches and will help researchers and
graduate students with deeper insights into interconnect models in particular and
interconnect in general. Time domain and frequency domain measurement tech-
niques and simulation methodology are also explained in this book.

The book is organized into four chapters. Chapter 1 discusses the evolution of
interconnects as a research theme from a historical perspective. From the sim-
plistic lumped RC regime to more complex transmission line models, interconnect
modeling has truly come of age. The importance of high-speed effects and its
relevance to signal integrity is covered in this chapter. A brief historical outlook on
interconnects starting from the early RC era is provided. Brief overviews of the
technological evolution of interconnect technology and its influence on modeling
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approaches is presented. However, for well-informed readers, having a glance at
this introductory chapter should be sufficient. Chapter 2 explains the basics of
compact model development for interconnects. We qualitatively summarize some
of the most widely used analytical approaches toward analyzing transmission line
interconnects. The chapter also presents the unified approach which is essentially a
combination of variational analysis and transverse transmission line technique.
The merit of this approach and its applicability is clearly explained to the readers.
Application of the unified approach to develop compact physical models for high-
speed interconnects is explained in Chap. 3. Models for parasitic extraction,
computation of line impedance and time domain analysis of high-speed inter-
connects are explained. While the discussion is limited to a few useful interconnect
structures it is felt that readers should be able to apply the technique to a wide
variety of interconnect geometries. In Chap. 4, we discuss measurement tech-
niques, wherein time domain and frequency domain measurement techniques are
presented. Simulation methodology and numerical modeling approach for inter-
connects are also presented briefly.

This book will serve as a platform for the basic understanding of compact
interconnect models using the unified approach. It also clearly explains mea-
surement techniques and simulation methodologies for chip-chip interconnects to
researchers and graduate students alike. As a note, this book is not a text book but
will rather best fit as a reference book for students who are initiated to the area of
interconnect modeling and measurements.
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