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Preface

The conventional two-dimensional integrated circuit (2D IC) packaging
technique has almost reached its maximum profitable limit and is no longer
useful for future IC integration. With the advancement in technology, the
density of dies keeps increasing, and, therefore, the number of input/output
(I/O) pins increases exponentially according to Rent’s rule, and the inter-
connect length also increases to communicate between the dies. Therefore,
due to the limited number of I/O pins and longer interconnects between
dies, 2D IC integration offers lower bandwidth and thus degrades system
performance. Recent advances in semiconductor technology offer vertical
interconnect access (via) that extends through silicon, known as through sili-
con via (TSV). Compared to the conventional wire bond, TSVs offer higher
bandwidth and density with low latency, and power dissipation, thereby
enabling higher integration density and superior system performance. The
use of TSVs is the only way to overcome the difficulties of 2D packaging
issues while extending the momentum of Moore’s law for future very-large-
scale integration (VLSI) technology by using the advanced packaging chips
named as three-dimensional (3D) chips.

Development of a reliable 3D integrated system is largely dependent
on the choice of filler materials used in TSVs. Although several research-
ers demonstrated that copper (Cu) is a suitable filler material, but recently
graphene-based nano-interconnects have rapidly gained interest to
replace Cu. Graphene-based nano-interconnects can exhibit unique elec-
trical, thermal, mechanical, and chemical properties. The sp? bonding in
graphene is stronger than the sp3 bonding in diamonds. The higher current-
carrying capability, long ballistic transport length, higher thermal conduc-
tivity, and mechanical strength are responsible for their exciting prospects in
the area of advanced packaging techniques.

This book provides a comprehensive review of theory behind TSVs,
covering the most recent advancements in materials, models, and design.
Furthermore, depending on the geometry and physical configurations, dif-
ferent electrical equivalent models for Cu-, carbon nanotube (CNT)-, and
graphene nanoribbon (GNR)-based TSVs are presented. Based on the electri-
cal equivalent models, the performance comparison among the Cu-, CNT-,
and GNR-based TSVs is also discussed. The organization of the book is as
follows: Chapter 1 introduces the current research scenario in 3D technology
and packaging techniques. Chapter 2 discusses the structure, properties, fab-
rication techniques, and different filler materials of TSVs. Chapter 3 presents
the scalable electrical equivalent model of Cu-based TSVs. Additionally, a
novel approach is discussed to extract the parasitic parameters of Cu-based
TSVs. Chapter 4 provides a brief review of CNTs and the performance

xi
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comparison of Cu- and CNT-based TSVs. Chapters 5 and 6 discuss the mixed
CNT bundled TSVs and GNR-based TSVs, respectively, along with the per-
formance comparison of Cu- and CNT-based TSVs. Chapter 7 is dedicated
to TSV liner materials and their impact on performance. Finally, Chapter 8
introduces the modeling of TSVs using the finite-difference time-domain
technique.

Brajesh Kumar Kaushik
Vobulapuram Ramesh Kumar
Manoj Kumar Majumder
Arsalan Alam
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