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Course: Digital IC design:

Optimizing Speed and Energy a Circuit Level View
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This course handles the circuit level, also known as physical layer, aspects of digital integrated circuit design.
The common thread through the course is the optimization of the circuit performance versus energy
consumption trade off. The course will start by reviewing the performance and energy properties of digital
elementary cells: logic gates and memory elements. These will be hooked together so that timing and
pipelining aspects can be studied. An excursion to maximum performance is made by having a look at

dynamic logic. From then on larger building blocks, e.g. adders but also SRAM memory will be studied. The
last part will focus on low energy design while maintaining performance at the required level.
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Managers of design teams of digital and mixed-signal design, and their designers.

Advanced undergraduate or graduate students who wish to develop a solid knowledge of digital IC design. A
basic understanding of digital circuits is assumed.
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1.Introduction, required models and the inverter

This class will give a short overview of the whole course first and why the circuit level is still important in these
days of EDA tools and automated design. Next the required transistor and interconnect models will be shortly
reviewed. These models are then applied to analyze the performance and energy properties of the mother of
all digital circuits: the invertor. This results in the logical effort approximation.
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2.Static CMOS circuits and scaling

This class handles CMOS circuit design. It starts with the design of buffers to maintain speed performance.

Then the influence of scaling on energy performance will be explained. Next more complex gates and
sequential elements (latches and registers) are quickly introduced.
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3.Timing, pipelining and dynamic logic

This class hooks up combinational logic with sequential elements to form data path pipelines and finite state

machines. Timing and metastability will be addressed. The second topic of this class is dynamic logic: a
pathway to high speed performance but also a big challenge in terms of robustness and signal integrity.
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4.Data path operator design

This class will discuss the design of efficient data path operators. The discussion will focus on adders

as these are the starting points for all arithmetic. A short excursion will be made to other blocks, e.g.
multipliers
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5.Static memory

This class addresses static RAM design. It will give an as-the-bird-flies overview of the specific properties of
SRAM and some of the issues in SRAM design. It is not meant as a course for SRAM designers. It is an

introduction to SRAM for digital circuit designers that enables them to understand the specific role SRAM plays
in the energy versus performance design trade off.
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6.Energy optimization: VDD, VT and sizing

This class discusses the energy versus performance trade off from the designers point of view. How should |
handle my design variables to come to the optimal point for a given design problem, is the central question.
Beware that there is no one size fits all solution. It takes designer’s skill and intelligence.
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7.Energy optimization: low leakage design

This class is about a first problem brought about by advanced CMOS scaling: leakage. Techniques to reduce
leakage will put on the map and compared.
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8.Energy optimization: dynamic frequency voltage scaling and dealing with variability

In this last class the real nightmare of advanced CMOS scaling is revealed: technological variability. It
will be shown where variability comes from and why it is a fundamental problem. Dynamic frequency
and voltage scaling will be explained in general and focused on the variability issue. The course will
end with a very short outlook on the future of digital IC design: more (than) Moore?
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Wim Dehaene was born in Nijmegen, The Netherlands, in 1967. He received the M. Sc. degree in electrical
and mechanical engineering in 1991 from the Katholieke Universiteit Leuven, Belgium. In November 1996 he
received the Ph. D degree also at the Katholieke Universiteit Leuven.

In November 1996 Wim Dehaene joined Alcatel Microelectronics, Belgium. There he was a senior project
leader for the feasibility, design and development of mixed mode Systems on Chip. The application domains
were telephony, xDSL and high speed wireless LAN. In July 2002 Wim Dehaene joined the staff of the MICAS
division of the Katholieke Universiteit Leuven where he is now a full professor and head of the division. His
research domain is circuit level design of digital circuits. The current focus is on ultra low power signal
processing and memories in advanced CMOS technologies. Part of this research is performed in cooperation
with IMEC, Belgium, where he is also a part time principal scientist.

Wim Dehaene is teaching several classes on electrical engineering and digital circuit and system design. He is
also very interested in the didactics of engineering. As such he is guiding several projects aiming to bring
engineering to youngsters in secondary education and he is a teacher in the teacher education program of the
KULeuven.

Wim Dehaene is a senior member of the IEEE. Until 2014 he was a member of the technical program
committee of ISSCC. In 2015 and 2016 he was the ISSCC short course organizer. Wim Dehaene is a member
of the technical program committee of ESSCIRC and will be the technical program chair for ESSCIRC 2017 in
Leuven, Belgium.




