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FOREWORD

The functional complexity resulting from the exponentially increasing num-
ber of transistors per chip severely stresses the capabilities of existing test meth-
odologies. Also, the sustained push toward smaller and smaller technology sizes
has reached a point where device quality has moved to the forefront of concerns
for next-generation designs. Silicon failure mechanisms, such as extreme process
variation, increased transistor infant mortality and manufacturing defects, are a
growing challenge that threatens the yield and product quality. All these challen-
ges must be addressed in a cost-effective manner-as historical data in the past 30
years have clearly indicated that the test cost has not scaled as well as the manu-
facturing cost for VLSI chips. This is the reason why the ITRS roadmap has
warned that unless fundamental changes to test are made, it may cost more in the
future to test a chip than to manufacture it.

The Joint Research Laboratory for Advanced Test Technology at Institute of
Computing Technology of Chinese Academy of Science has been a key player in
research of next-generation test technologies and has been producing excellent re-
search results on the subjects of test data compression, low power testing, and
test integration. These topics are among the most active test R&D subjects in the
past decade, and thus the publication of this book is very timely. While some of
their specific research results have been published as PhD theses as well as tech-
nical papers in various conferences and journals, this book gives a comprehensive
and thorough treatment of these subjects in a unified and coherent fashion, which
includes clear motivations and definitions of problems addressed, unbiased sur-
veys of state-of-the-art solutions, and in-depth descriptions and comparisons of
their new research results. As a result, this book will appeal not just to test re-
searchers but also to researchers and practitioners in a broader electronic design
and semiconductor industry, as well as academic institutions.

As design sizes have grown larger and semiconductor manufacturing proces-
ses have scaled down to extremely small feature sizes, the amount of test data
needed to thoroughly test a chip is growing rapidly. To alleviate this potentially

road-blocking issue to further technology scaling, test data compression became



. i e Ry 48 A e BRI AR

an active research topic in the past decade. State-of-the-art compression schemes
can achieve 10X to 100X reduction in both tester cycles and data volume which
not only significantly reduces the test cost, but also alleviates the limitations im-
posed by the restricted bandwidth between the tester and the chip IOs. This
might sound incredible, considering that Moore’s law has been predicting only
about 2X reduction every 12 to 18 months. However, mahy of the bits in test
vectors are don’t-care bits, and not every bit in the output responses needs to be
observed in every test clock cycle. Test data volume is no longer viewed as
a road-blocker, thanks to the advances in test compression architectures, algo-
rithms, and tools developed in the recent past. Due to this progress, commercial-
ly available solutions to this problem have successfully established a beachhead
among designers. For this reason the coverage of this topic in this book is partic-
ularly timely. Chapters 2 and 3 have done an admirable job of reviewing the prob-
lems and describing the underlying technologies that are used to solve them.

Generally, a system chip consumes more power in the test mode than in the
functional mode. This increased power usage is caused by several reasons which
include the high switching activities of internal nodes during testing, the practice
of parallel testing for test time reduction, and the lower-than-normal cycle-to-cy-
cle correlations of patterns used for testing. This extra power consumption could
potentially damage a defect-free chip during testing and thus cause unnecessary
yield loss on the production line and ultimately reduces manufacturers’ gross mar-
gins., Even if the chip is not permanently damaged, testing devices exceeding
their power specification would likely degrade the devices’ lifetime reliability.
The best way to avoid such test power problems is to incorporate power-aware
testing techniques in the DFT, ATPG and test compression processes. One
strength of this book is the breadth of coverage of the low power testing problem
in Chapters 4 to 7 which includes fast power estimation, test power minimization
for both dynamic and static power consumption, and test compression and test
power co-optimization,

Design and deployment of efficient and cost-effective test access for internal
cores is one of the key elements for testing highly complex, heterogeneous sys-
tem chips. Test access mechanisms (TAMs) and test wrappers are now common-
ly used in modern SOC test access architecture. TAMs deliver pre-computed tests
to cores within the chip, while test wrappers convert the tests into patterns that

are directly applicable to the cores. There is enormous flexibility, as well as com-
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plexity, in the design of TAM architectures, the optimization of core wrappers,
and the test scheduling. The overall goal of test integration is to minimize the
testing time, the area costs, and the power consumption during testing. The au-
thors have done a superb job in Chapters 8 and 9 which cover the existing solu-
tions to these problems as well as the results of their ideas on interleaved test
scheduling and test flow optimization,

Another unique aspect of this book is the case study on the high-performance
general purpose microprocessors Godson-2E and Godson-2F. Various DFT tech-
nologies have been applied and thoroughly analyzed in this case study which of-
fers great insight to the benefits, as well as tradeoffs, of DFT.

This book is timely and suitable for either test professionals seeking to bet-
ter understand the mechanics of test data compression, low power testing, and
test integration, or for researchers who wish to investigate well-motivated test

research problems outlined in each chapter of the book .

Kwang-Ting (Tim) Cheng(GY63E)
Univ. of California, Santa Barbara
December 1, 2009
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