Preface

The compact models of semiconductor devices are the bridges between
design and manufacturing in the integrated circuit industry. As such,
compact models play an important and unique role in the IC technology,
which brings gigantic benefits to the world economy and the quality of
human life.

The compact models are as old as the computer simulation of
integrated circuits with models such as MOS Level 1 and Gummel-Poon
bipolar junction transistor models dating back to the 1970’s. In the
1990’s, the advent of the foundry-fabless partition in the IC industry
changed compact modeling in several ways. First, the compact models
were suddenly under the limelight because they became the bridge
between IC chip foundries and hundreds of design companies that use
these foundries. Second, the need for very accurate compact models was
heightened because the models would now serve as the “contract” on
transistor behaviors between the foundries and their many customers.
Third, the compact models became much more complex than MOS Level
1 and Gummel-Poon BJT for deep-submicron and nanometer process
technologies and, as a result, many major IC companies sought to reduce
the high cost of developing their own compact models by joining force to
seek, select, and support standard compact models under the banner of
Compact Model Council. The first international standard compact model
was BSIM (Berkeley Short-channel IGFET Model).

The authors have been honored and privileged to develop and support
the BSIM4 model for the IC industry worldwide. Following its
predecessor BSIM3v3, the industry’s first standard, BSIM4 has served
nearly all IC design and manufacturing companies from the 130-
nanometer technology node down to the 20-nanometer node as of the

Xi



xii BSIM4 AND MOSFET MODELING FOR IC SIMULATION
By Weidong Liu and Chenming Hu

date of this book publishing. Over the years, BSIM4 has contributed to
the development of IC products worth untold billions of dollars. During
that time, we communicated with innumerable BSIM4 users around the
globe. Often the same discussion topics would be brought up in those
communications. Thus, we set out to write this book to provide the
insights and comprehensive descriptions of BSIM4 and address those
topics.

Another aim of this book is to share the knowledge and experiences
we have gained from developing the BSIM models so as to further the art
of compact modeling for emerging IC technologies.

Behind this book are many unsung heros, counted in hundreds. It is
impossible for us to name them all. We would like to thank them
collectively. But we particularly would like to give special thanks to the
following.

We would like to acknowledge our fellow BSIM4 development team
members at the University of California at Berkeley for their invaluable
contributions to BSIM4 and to our knowledge. They are Xiaodong Jin,
Kanyu M. Cao, Xuemei (Jane) Xi, Wenwei (Morgan) Yang, Chung-
Hsun Lin, Mohan Dunga, Darsen Lu, Pin Su, Jin He, Tanvir Morshed,
Jeff J. Ou, Mansun Chan, and Ali M. Niknejad.

We acknowledge the discussions, testing, and improvements on
BSIM4 from Keith Green, Josef Watts, Judy An, William Liu, Britt
Brooks, Min-Chie Jeng, Sally Liu, Yu-Tai Chia, Bing Sheu, Ke-Wei Su,
Chung-Kai Lin, T. L. Tsai, C. S. Yeh, J. K. Chen, Jin-Shyong Jan, Annie
Kuo, Peiming Lei, Daniel Wan, Waisum Wong, Richard Williams,
Lawrence Wagner, Yoo-Mi Lee, Calvin Bittner, Peter Lee, Wenliang
Zhang, Takahiro lizuka, Paul Humphries, Geoffrey Coram, Jean-Paul
Morin, Andre Juge, Peter Klein, Ali Icel, Jung-Suk Goo, Changhong Dai,
Shiuh-Wuu Lee, Anwen Liu, Susan Wu, Eugene Chen, Jeff Watt, Liping
Li, Tom Mahatdejkul, Sam Lo, Akira Ito, Ben Gu, Jushan Xie, Ahmed
Ramadan, Rick Poore, James Ma, Jonathan Sanders, John O'Donovan,
and other BSIM users.

The authors especially would like to acknowledge the colleagues at
the Analog Mixed-Signal group, Synopsys, Inc., for their invaluable
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support and encouragement given to this book writing and their
contributions to making BSIM4 a successful compact model for the IC
industry over the past decade.

Special thanks are due to the editing and publishing staff at WSPC.
They are Professor Chih-Tang Sah, Ms. Yubing Zhai, Gregory Lee,
Jason Lim, Rajesh Babu, Yolande Koh, and Quek Yeow Hwa for their
year-long relentless efforts in numerous rounds of rigorous expert
review, editing and proofreading of the manuscript. The tremendous
attention by Professor Sah to every detail significantly improved the
quality of this book.
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