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Copper (Cu) is used as an interconnection material in the semiconductor industry for years 
owing to its best balance of conductivity and performance. However, it is running out of steam 
as it is approaching its limits with respect to electrical performance and reliability. Graphene 
is a non-metal material, but it can help to improve electromigration (EM) performance of 
Cu because of its excellent properties. Combining graphene with Cu for very large-scale 
integration (VLSI) interconnects can be a viable solution. The incorporation of graphene into 
Cu allows the present Cu fabrication back-end process to remain unaltered, except for the small 
step of “inserting” graphene into Cu. Therefore, it has a great potential to revolutionize the VLSI 
integrated circuit (VLSI-IC) industry and appeal for further advancement of the semiconductor 
industry. This book is a compilation of comprehensive studies done on the properties 
of graphene and its synthesis methods suitable for applications of VLSI interconnects. It 
introduces the development of a new method to synthesize graphene, wherein it discusses 
the method to grow not only graphene over Cu but also allows the reader to know how to 
optimize graphene growth, using statistical design of experiments (DoE), on Cu interconnects 
in order to obtain good-quality and reliable interconnects. It provides a basic understanding 
of graphene–Cu interaction mechanism and evaluates the electrical and EM performance of 
graphenated Cu interconnects.
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The current state of modern semiconductor industry is a result of 
tremendous amount of research and technological advancements, 
spanning over five decades. During this time, the world has witnessed 
the evolution of modern portable devices and experienced advanced 
electronic technology in our lives, which is exciting, but the best is 
yet to come. One of the most important, basic, and tangible entities 
of the electronic technology is integrated circuits (ICs) whose 
functions depend fundamentally on two main parts: semiconductor 
devices and interconnects between devices to form circuits. Due to 
the high density of devices and aggressive downscaling, very large-
scale integration (VLSI) is the norm today.
 VLSI interconnects are essential since billions of transistors 
in an IC are interconnected to form a working circuit specific to 
achieve certain functions. With the advent of IC technology, the line 
width of VLSI interconnects is shrinking and hence their reliability 
is deteriorating significantly. Thus, reliability of an interconnect 
is an important determining factor for IC reliability. One of the 
major reliability concerns in IC chip level interconnection is 
electromigration (EM).
 Copper (Cu) has remained a prime choice for an interconnection 
material in the semiconductor industry for years owing to its best 
balance of conductivity and performance. However, Cu interconnects 
are running out of steam as indicated by the International Technology 
Roadmap for Semiconductors (ITRS). Several alternatives have 
been suggested for Cu replacement by the ITRS, but complete 
replacement of Cu is not trivial due to many considerations. There 
have been proposals for using carbon nanotubes, 2D materials such 
as graphene, etc. as alternatives, but these proposals presented 
difficult challenges to be answered. Scalability, manufacturability, 
and ability to be integrated in current semiconductor process are 
some of the major challenges.
 Owing to the excellent properties of graphene, including electrical 
and thermal conductivities, high current density tolerance, and high 
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electromigration reliability on graphene interconnects, graphene is 
likely to be the most suitable candidate for future interconnections.
 The purpose of this book is to investigate methods and techniques 
to fabricate “graphen(e)”ated copper (Gr-Cu) for applications of 
VLSI interconnects, which maintains the sanity of copper while 
employs the advantages of graphene. This book is a compilation 
of comprehensive studies of the properties of graphene and 
graphene synthesis methods for VLSI interconnects applications. 
The development of a new method to synthesize graphene and 
investigation of the synthesis mechanism, evaluation of electrical 
and electromigration performance of graphenated Cu interconnects, 
identification of key growth process parameters using statistical 
approach, and a new graphene-based electroless deposition method 
for copper and other metals have been covered.
 This book proposes methods to fabricate graphenated 
interconnect systems, which have a great potential to revolutionize 
the VLSI-IC industry and appeal for further advancement of the 
semiconductor industry.
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