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PREFACE

The challenge of testing electronic systems has grown rapidly over the last
decade. This is due to the complexity of designing easily testable circuits. As the
technology feature size decreases and designers keep increasing chip size, test-
ing encounters difficult challenges. Along with this evolution in electronic sys-
tems, there is an evolution in design automation tools. Practically every phase of
the design process is presently automated, including high-level synthesis. Ear-
lier testability used to be considered only at the gate level. However, the com-
plexity of present circuits and the advent of systems on a chip (SOCs) makes
it mandatory to start considering testing early in the design process. All these
factors pose many challenges to the design and test engineers. These challenges
include, but are not limited to, development of more accurate failure modeling,
examining testability on a higher level of design representation, and embedding
more effective test constructs prior or during synthesis. Another major chal-
lenge to VLSI testing is the large volume of testing data that has to go through
the IC.

The rapid change in technology and the growing need for efficient solutions
to the problems encountered in design and test are still not matched with an
increase in the number of qualified engineers to handle these tasks. Many prac-
ticing engineers are involved in testing and design for test, but they rarely have
the opportunity to study the field in a systematic fashion. All their learning is
mainly on the job. Although learning by doing is an acceptable mode of acquir-
ing knowledge, it is much more productive if before being immersed in testing,
these engineers are knowledgeable of its foundation. It is for these engineers
that the book is mainly written. The major features of this book include:
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• Relevant discussion throughout the book of where the test is situated in
the design process

• Detailed discussion of issues related to scan path and ordering of scan chain
registers

• Self-test methodologies for random logic and memories

• Test methodologies for RAM-based FPGAs

• Chapter on testing a system on chip

To have a good foundation in testing, one must understand five basic disciplines:
(1) physical defects and their manifestation on the circuit level, (2) test pattern
generation for detecting faults, (3) the relationship of testing to the design cycle,
(4) design for test practice, and (5) testing the manufactured chip.

The first four disciplines are detailed in the book. The approach followed is
not theoretical. The intent here is to sacrifice theoretical elegance in favor of a
phenomenological understanding of the topic. For example, it is possible to use
solely a mathematical basis to explain the D-algorithm for test pattern genera-
tion. However, a flowchart explanation of the algorithm is sufficient and more
appropriate for its implementation in software tools. This pragmatic approach
does not exclude giving the readers the opportunity to explore the theoretical
foundation in depth. For this, the book includes a bibliography of specialized
testing books, a list of magazines and archival journals, and a list of Web sites.

The book is organized into five main parts. Part I consists of four chapters.
It is the road map for the book. From the onset it relates design and testing
for obtaining reliable electronic products. Chapter 1 is an introduction to the
objectives of the book in which we distinguish design verification from testing.
Whereas design verification checks the compliance of the design to specifica-
tions, the intent of testing is to show that the design implementation on silicon
is error-free. In this chapter we also briefly describe the preparation needed to
test the final product and the processes and tools used in this preparation: test
pattern generation and design to facilitate testability of the product.

Before detailing the topics presented in Chapter 1, it is important to know
the causes of product failures. In Chapter 2 we provide a thorough description
of the possible defects encountered in electronic products and explain the need
for mapping these defects to faults on the structural and behavioral levels of the
design. Most of the failures of an electronic product are due to manufacturing
defects, but they may also be due to noise induced by operation of the product.
Since the overwhelming majority of VLSI systems utilize CMOS, the emphasis
will be on MOS technology.

Preparation for testing the product starts from its inception as a design idea.
It is thus very important to learn how the design is represented at different
stages of its life cycle. Toward this end, we present in Chapter 3 a taxonomy
of design that is used to explain the various activities of the design cycle in
Chapter 4. The automated design processes are known as synthesis and follow
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algorithms that operate primarily on graphs. The knowledge gained in this part
has a twofold benefit. First, it will facilitate the understanding of the following
parts of the book. Second, it will mold a mind-set on why design and test can
no longer be independent topics.

Part II comprises three chapters. Although much effort at present is put to
use formal verification techniques in CAD tools, simulation is still the main
vehicle for design verification. It plays an indispensable role in product design
and testing. In addition, fault simulation helps in assessing the quality of the
test pattern generated to test the products. In Chapter 5 we show how fault
simulation evolved to facilitate the verification of today’s very dense and large
circuits.

In Chapter 6 we address what is known as deterministic test pattern gener-
ation. In general, test pattern generation relied on fault detection by measuring
the voltage signal at the circuit outputs. Today, in addition to voltage measure-
ment, current measurement is also used. This approach, which is known as
IDDQ testing, is possible only for CMOS circuits that constitute most present-
day electronic circuits. In Chapter 7 we present current testing, which is very
effective at uncovering many defects that voltage testing cannot detect. A new
paradigm of defect detection is becoming very relevant and is utilized in addi-
tion to traditional fault detection. Moreover, current testing facilitates defect
diagnosis.

In Part III we utilize the knowledge presented in the preceding seven chap-
ters and pave the way to designs that facilitate testing. This part of the book
consists of four chapters. In Chapter 8 we outline common sense approaches to
DFT. As simple as they are, these ad hoc techniques can be very powerful. For
example, a divide-and-conquer approach may make quite a difference in testing
a product. The next three chapters cover structured techniques. In Chapter 9 we
describe a way that helps reduce the complexity of mainly synchronous sequen-
tial circuits. Scan-path design is very widely used and is becoming a standard
feature in electronic circuits. It has also been practiced on asynchronous cir-
cuits. Chapter 10 is on boundary-scan design, a technique initially thought to
be used for printed circuit boards, which, however, is also becoming very useful
for integrated circuits. This DFT technique follows IEEE Standard 1149.1 and
is used for debugging and diagnosis. Chapter 11 is the last chapter in this part.
Built-in self-test (BIST) technique is effectively applied to random logic. It is
also used for memory testing, microprocessors, and FPGAs. After its principles
are explained, its use in conjunction with scan design for random logic is also
described.

In Part IV, which comprises two chapters, we investigate how testing is per-
formed or applied to the ubiquitous RAMs, FPGAs, and microprocessors. Each
of the three structures presented makes use of a functional fault model, since
the use of structural fault models would make their testing untraceable. Testing
based on the functional model also detects failures on the associated circuitry:
decoding logic and the attached registers.
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In Chapter 12 we investigate RAMs that have regular structures but are very
dense and cause a whole set of problems in their testing. These problems are
compounded when the RAM is embedded in logic chip or in a SOC. In Chapter
13 we address another two commonly used circuits. FPGAs come in different
varieties, but the main interest here is in RAM-based ones. They also have regu-
lar array structures and are much less dense than RAMs. Their regular structure
is exploited to make them C-testable. Microprocessors are some of the most
used designs, but their testability is not explored sufficiently. Few models are
used for testing microprocessors. Most embedded testability constructs, such as
scan path and BIST, are widely used in microprocessor testing.

Part V is a synthesis of all the main topics covered in earlier chapters. As
we advocated there, the design cycle should incorporate test preparation and
design for testability constructs and be thought of as the design for a testabil-
ity cycle. The two-pass approach that first completes the design then adds on
these constructs and usually yields a lower-than-desirable circuit performance.
Instead, a one-pass approach that includes the testability issues from the onset
of the design cycle results in a circuit that is optimized for area, performance,
and testability. In Chapter 14 we illustrate how constraints are placed on the
synthesis process to achieve this one-pass approach. All knowledge acquired
so far is utilized in Chapter 15. However, now additional problems are encoun-
tered, which are caused by embedding a variety of pre-designed blocks on the
same IC. The volume of testing data increases but the throughput is still low.
Testing SOCs is presenting a challenge to the testing community.

The presentation in the book combines the long teaching experience of one
of the authors and the intensive industrial experience of the other author. In
selecting and presenting the topics, we strove for a balance between the edu-
cational merits and the practical reality of testing.
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