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Foreword JEFTeS

It is with pleasure that I introduce this book to you, for the importance of testability
in future designs cannot be overstressed. Indeed, the most’ techmcally elegant design,
from a functional viewpoint, is absolutely useless if its funtlonalnty cannot be venﬁed
in a high-quality, timely and profitable manner. ¥

Manfred and Gerald, in this translation of their ongmal German language book
have not only covered many of the essential testability guldelmes previously puhlu,hed
in my books, but have also added valuable information on failure types and causes,
logic simulation, and the linking of the design environment to manufacturmg, test
and repair activities via electronic networks.

This book is an excellent text for both the novice in. testablllty deslgn and the electromc
design engineer of any skill or experience level. It is my hope:that circuit designers
in particular will take the information .in this book not only to heart but to their
workstations. For it is the designer who must implement the guidelines contained herein
if new products are to be brought to market more quickly and manufactured more
competitively in an mcreasmgly global marketplace.

Testing electronic circuits in the face of ever increasing complcx:ty is becoming
more and more difficult. The only viable solution to this expensive problem is the
implementation of as many as possible of the techniques described in this book: For
without including the three basic testability attributes — partitioning, control and
visibility — we may find that we have been so clever in designing new products that
we can never verify their performance to a quality level that will allow us proﬁtably
to ship them to customers.

Jon Turino
Campbell, CA
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Basics and Development of Electrical
Measuring and Testing Techniques

1.1 TESTING — AN INTERACTIVE PROCESS BETWEEN HUMANS AND
THEIR ENVIRONMENT

Testing environmental conditions is one of the natural instincts in all higher forms
of life, and it is one of the prerequisites for their survival. Man, the highest form
of life, is equipped with sense organs which enable him to survive in his natural
environment. However, man does not possess the best sensors by any means — many
other creatures have sensors which far exceed human ones in terms of sensitivity,
resolution, bandwidth, robustness, etc.; and the superiority of humans compared to
other creatui .s can hardly be explained by the high quality of their sensors — rather,
it is the combination of sensing and intelligence which gives them the advantage.

During the last century, as in many other areas of technology. an evolutionary
development took place in instrumentation, with instruments emerging in response
to a need for simple sensors for the observation and comprehension of electrical
phenomena. The methods used were refined to the limits of the physically possible
and any extensions of instrumentational ability seemed unlikely in the foreseeable future.
Only since the advent of powerful computers have intelligent sensors been realized
in modern instrumentation.

Intelligent sensors, supported by comput..s. can carry out further complex processing
of data so that it is possible. for example, to increase considerably the overall
measurement accuracy by correlating data from several d' “erent types of sensor.
Correlating data with previously <*ored results or experiences further asserts the
information content of the data (Figures 1.1 and 1.2).

Early sensor technology was limited to passive observation and surv.e\llance of
quantities in the environment. Very early on in that process, however, man was not
content with observation alone; he wanted to influence his environment actively. He
observed that physical and chemical influences stimulate certain characteristics, that
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these characteristics could be changed reproducibly, and that they aliowed man influence
over the nature of his environment.

Placed in its historical context, this procedure represenled a revolunonary develop-
ment. It was an achievement of human intelligence because it encompasses such
capabilities as awareness of information (sensory perception), storage of information
(memory) and drawing of conclusions from this information (inference) (Figure 1.3).

The discussion so far has been restricted to the natural environment of humans.
During his development, man began to modify his surroundings imaginatively - he
assumed the role of a creator, and was eventually able to transform natural materials
by a range of cteative abilities available to him and according 1o his needs and desires.
However, it also became necessary to test these transformed materials, and establish
their suitability for the task. The knowledge obtalmed allowed man (o influence their
characteristics directly for the first time.

To summarize, we can state that man is involved in the testing process:

1. As observer (sensory component).
2. As modifier (stimulus component).
3. As designer (creative component).

Most test procedures involve man in all three activities. Obviously. there is a strong
interaction between the effects of all three functions. Such interaction can happen almost

Stimulus l l

Figure 1.3  Combination of measurement and stimulation signals
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