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Preface

CAD tools from Cadence Design Systems, Inc. and Synopsys, Inc. It is intended

as a supplement to a more theoretical textbook such as CMOS VLSI Design: A
Circuits and Systems Perspective by Weste and Harris (Addison Wesley) [1] or Digital
Integrated Circuits: A design Perspective by Rabaey, Chandrakasan, and Nikolic (Prentice
Hall) [2] to give just two examples.

THIS BOOK covers the practical aspects of digital VLSI chip design using commercial

One thing that makes a practical chip-building component of a digital VLSI course
possible is the use of powerful commercial CAD tools for integrated circuit design. The
use of different tools in different parts of the design process to make a complete chip is
known as a “tool flow.” In a commercial design environment, the design team will very
likely choose “best in class” tools for each step in the design process. That is, after careful
evaluation the best available tool will be used for each step even if it means buying tools
from many different vendors. In a university environment our CAD tool budget is usually
more constrained, as is our ability to spend time interfacing tools from different vendors.

The VLSI CAD flow described in this book uses tools from two vendors: Cadence
Design Systems, Inc. and Synopsys Inc. These tools are extremely good at keeping track
of the myriad details required to make a working chip, but they have a notoriously steep
learning curve. Over the years I've developed detailed tutorial examples for each of the
tools in the design flow. Other instructors around the world are doing the same thing,
which seems like needless duplication of effort. I thought that perhaps a book that collects
these tutorials in one place, and connects them into a cohesive flow that represents the
entire chip design process, would be useful to other designers, students, and instructors.
This book is not meant to replace a VLSI design textbook, but to augment it.

This book can also serve as a reference for chip designers who use these tools in their
own design flow. T find that I refer to it quite often myself as I get to various points in a
chip project. There are indeed many details to remember.



Another saying | like
is: “When you've
finished 90% of your
chip, you only have
90% left to go!”

PREFACE

A Digital VLSI Course

This book came about from years of teaching a Digital VLSI course at the University of
Utah. I have strong feelings about the curriculum of this course. In particular, even though
it is the first course related to digital integrated circuit design that many students take, I
believe that they should have the experience of designing a complete chip project to the
point where it can be fabricated. The semester proceeds as follows:

e First, we study transistor theory for a solid foundation.

e We then learn how to use CMOS transistors to build Boolean gates and logic func-
tions.

e Next we study how the transistors are fabricated, and how to draw the layouts that
define the fabrication layers.

e Students then form teams and develop their own small CMOS cell library consisting
of 10-20 cells, ranging from inverters to D-type flip-flops.

e These cells are then characterized for functionality and timing so that they can be
used with synthesis tools. They are also abstracted for use in place and route tools.

e Finally, student teams develop a project using Verilog as a front-end. They use syn-
thesis and place and route tools with their own cells as the target library to implement
a complete chip, ready for fabrication.

e As an option, teams can choose to fabricate their chips. This is generously supported
by the MOSIS Educational Program [3]. Student chips are fabricated and returned
for testing in the following semester.

This “soup to nuts” approach makes for an action-packed semester. I believe that all
students benefit from developing their projects to the point where they could be fabricated,
even if they don’t choose that option in the end. The exercise of making their chip “fab
ready” adds a realistic element to the project that really brings home how many details
must be attended to in a successful project. I like to tell my students that VLSI design (at
some level) isn’t really hard, but it is very time consuming. They usually believe me by the
end of the semester.

For the students who decide to send their designs for fabrication, there are additional
educational benefits of testing their chips when they are returned. For many students the
process of testing their chip is frustrating at first as they convert their simulation test vec-
tors for use on the tester, but it is ultimately satisfying as they verify that their chip is
working. Many of those students go on to build small systems around their chips to further
demonstrate their function. For other students the testing process demonstrates in a very
real way the challenges of designing good tests for simulation, and how assumptions that
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are made during simulation can fool you into thinking that things are working. In the end,
they usually figure out that the chip is doing exactly what the simulation said it would, but
that the behavior is perhaps not exactly what they planned it to be.

Supplemental Information

This book describes a number of data files, scripts, and other bits of information used in
various parts of the design flow. These files, other information about the tools, and color
versions of all the figures in the book, are available on the book’s Web site,
http://www.pearsonhighered.com/brunvand.

In addition, the Web site has an instructor’s section that includes the full UofU Digital cell
library used in this book. I've put that library in a separate section so that instructors can
choose to either let their students use that predesigned cell library, or have them create their
own without seeing the details of an existing library.

Acknowledgements
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Note that decreasing
the feature size of
devices by a factor of
100 corresponds
roughly to a factor of
10,000 increase in
the number of
devices that can be
placed in the same
area.
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