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Introduction

Mask design techniques have developed at an enormous rate. As circuit speeds
increase, the mask designer is expected to quickly, efficiently, and accurately
translate a schematic into layout, make informed choices based on knowledge
of increasingly complex tools, and understand how circuit function can affect
layout decisions. Mask design has evolved into a highly valued profession.

Are your skills as sharp as they could be? Are you highly valued?

IC Mask Design. Essential Layout Techniques provides step-by-step detailed
guidance on every aspect of the mask design process, including techniques
you will use on a daily basis.

This book is written for mask designers and circuit designers alike. A circuit
designer who understands layout techniques can help improve circuit function
and reduce design times. The mask designer who understands the roles of
communication, teamwork, and knowledge of circuit function as they apply to
integrated circuit layout can help produce an integrated circuit with superior
performance. A good mask designer is crucial to the development of superior
integrated circuits.

IC Mask Design covers matching, noise issues, high frequency layout con-
cerns, analog and digital layout, Bipolar RFIC layout techniques, and much
more. Two Case Studies included with this book provide insight into the mask
design process, demonstrating essential techniques in action. All material is
presented in an enjoyable light style, easily readable, with emphasis on practi-
cal application.

We hope this book is horizon-expanding for you. We hope you learn to ques-
tion, to be creative, to think, to innovate, and to become a critical team player

xilk



xiv | INTRODUCTION

in designing successful products at your site. Above all, we hope you love your
job.

Keep your sense of humor. Enjoy the book.

Christopher Saint
Judy Saint
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Open Letter to
Circuit Designers

As a designer, every choice and decision you make within your circuit directly
impacts the final piece of silicon that gets built. Circuit design goes beyond the
simulator. The physical attributes of your designs can determine whether the
circuit thrives or fails. Mask design issues are now, more than ever, part of the
circuit design process. Your design is not complete until the circuit is in silicon.

The responsibility of getting your design onto silicon is yours. The responsi-
bility of understanding how your design impacts layout options is yours. The
responsibility of communicating circuit requirements to a mask designer is
yours. To do all this you must know your mask designers' job as well as they
do, if not better.

How can you effectively achieve this difficult part of your job?

First, you need to completely understand your circuit, both electrically and
physically. Understanding what your circuit needs to achieve electrically will
enable you to make informed decisions about what device sizes to use and
what layout techniques to employ. Every time you place a device or an inter-
connect in your schematic you should be thinking, "What will this look like
physically?" You should live, breathe, and think mask design. Every waking
thought should be how your circuit will be physically implemented.

Second, you need to understand your manufacturing process intimately—how
every component in the process is built and used. If you understand your
process, you can make intelligent choices that are based upon documented
behaviors instead of wild guesses. Know your manuals. Check your equa-
tions. Bother to look them up.

Above all, make sure that your mask designers get all the information they
need to do their job cffectively. A trap many circuit designers fall into is that
they seem to consider a schematic capture tool as merely an electronic front
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xvili | OPEN LETTER TO CIRCUIT DESIGNERS

end to their simulation software. Instead, the schematic database should be
considered as the primary source of documentation for a chip design. The fol-
lowing schematic practices can greatly improve any project and reduce rework:

B Annotate current values and paths
B Add layout notes to your schematic
B Place the circuit name onto the schematic

@ Keep an effective revision history on the schematic (particularly dates
and times)

® Make schematics readable when printed out

This list of practices will not only make your schematics more usable for a
mask designer, but also for any subsequent circuit designers who may wish to
reuse your innovative, world-shattering concepts.

A small warning: Be careful to choose your mask design techniques wisely. It
is easy to overburden your mask designer unnecessarily. For example, if your
circuit requires that two resistors match each other to within 5%, then why
bother specifying the use of a complex layout technique to produce a match of
better than 1%? The increased matching you achieve does not make your cir-
cuit any better, but does require extra effort during the mask design phase.
Circuit designers who blindly require a mask designer to apply every layout
technique in the book (e.g., this one) on their components are potentially cost-
ing their company money due to the increased design cycle times.

Know what needs to be communicated to your mask designer. Know how your
mask designer can help you. A mask designer is a valuable resource and has
probably had extensive exposure to many different circuit design and layout
techniques during his or her career. Use that resource. Work as a team.
Communicate. Listen. Suggest. Explain. Annotate. Calculate. Learn. Did I say
communicate? Especially communicate.

Good layout means successful circuits. If you follow these simple concepts
and ideals you will become a cut above the rest. Use this book to build your
skills and learn the language of mask design. Today's competetive marketplace
demands it.
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