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Chapter 1: Introduction to DSP-Based Testing

In the last few years, digital signal processing (DSP) has
profoundly altered the design and use of automatic test equip-
ment (ATE). One of the most significant changes is that the
ATE computer, instead of simply controlling and monitor-
ing hardware instruments, can now emulate and replace
them.

In this tutorial, test systems that use the computer as a sub-
stitute for instruments are termed DSP-based machines.
Ideally, such systems contain no conventional analog instru-
ments whatsoever. The only electronic circuits are those of
the computer, the peripheral devices, power supplies, and
interface circuits to the device under test (DUT).

It might seem that these machines, which have no analog
test circuits, are aimed at digital testing, but that is not the
case. Only the physical bodies of the analog instruments are
missing, not their functions. The instruments are still there,
in the form of computer models.

Substituting software routines for physical circuits provides
an effective way around many otherwise unavoidable limits
of analog instrumentation: crosstalk, nonlinearity, noise,
drift, aging, improper calibration, filter settling time, ther-
mal effects, and so on. Thus, while DSP can indeed per-
form purely digital test functions, its primary commercial
appeal lies in the improvements it makes in testing complex
analog and mixed-signal (A/D/A) devices. For manufactur-
ing, the fact that emulated circuits operate faster than their
analog counterparts means higher test throughput. For
engineering, the fact that they eliminate many analog errors
means improved repeatability and accuracy. For incoming
inspection, the ability to connect, adjust, and even create
instruments from the keyboard means vastly increased test
flexibility.

How do these machines work? What role does DSP play
in the process? The articles that follow were written specifi-
cally to answer these questions and to show how DSP per-
forms in real test situations.

Overview of Testing

DSP-based test equipment differs substantially from what
is commonly called ATE. To understand this difference, it
helps to review not only the structure of conventional ATE

but also the concepts which underly the general practice of
testing.

The terms, test and measurement, are frequently used inter-
changeably, but they really describe different processes.
Measurement is a process of quantification (i.e., of obtain-
ing a descriptive numerical value for some property or
phenomenon). Although judgment may follow, that is a
separate consideration. A good part of laboratory measure-
ments are aimed only at learning how things behave, not
whether they "pass" or "fail."

Testing, by contrast, is a process of grading and sorting
things, to determine their acceptability for a given applica-
tion. It most often involves the application of a stimulus and
a judgment of the response.

In this tutorial, the objects or "devices," are semiconduc-
tor circuits and subsystems, especially complex analog cir-
cuits and mixed-signal circuits. But the definition extends
to almost anything. If you manufactured coil springs, for
example, you might want to test each one for its deflection
rate; if the stimulus is an applied "reference" force, the
spring should respond by deflecting a certain distance, within
specified limits. If there are different limits for different
grades of springs, they would be sorted into different bins
or boxes accordingly. This concept of "binning" is retained
in ATE software today, but is more likely to direct the out-
put chute of an IC handler.

While measurement is definitely involved in most analog
and mixed-signal (analog-digital) tests, it is not required in
all testing. We can grade devices by comparison, for exam-
ple, without ever determining numerical values. In fact, a
test usually goes much faster if measurement is not required.
Procedures of this type are often called go/no go tests with
physical objects, or pass/fail tests with electrical components.

Digital testing provides an example of real-time, pass/fail
testing. The principle is outlined in Figure 1.1, where a pat-
tern of Is and Os is applied to the DUT. Since a digital cir-
cuit is a deterministic device (having a completely definable
set of input-output states), it can be tested by comparing its
logic output pattern against a precomputed "compare" pat-
tern, cycle-by-cycle. If any bits fail to match, the device fails.
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Figure 1.2 illustrates the traditional approach to
**U " transmission testing, involving two informational "ports."

The stimulus is applied at one port and the response observed
at the other port.*

DSP is of no direct value in this kind of testing because Automation did not change the basic form of Figure 1.2.
there is no "signal" to be processed or analyzed. (DSP A s h n e a r , AT"E e v o v e d d u r m S t h e 1 9 7 0 s ' t hf m i n i c o m "
algorithms can, however, help to prepare the digital drive Pu t e r w a s v i e w e d " ^ a s a c o n t r o l l e r ™d d a t a lo^r <«• '
and compare patterns in advance.) as a means of replacing the human operator). Analog source

and measurement instruments were still present, operating
The real value of DSP in testing, and in this tutorial, is i n m u c h t h e s a m e w a y J u s t a s Jn ^ m a n u a J fixturej ^

in evaluating non-deterministic devices, namely, analog and w a s n o frequency-time synchronization between the left and
mixed signal circuits. As with coil springs, no two analog r i g h t h a l v e s o f t h e fixture? in c o n t r a s t tQ t h e d i g i t a , fixture

DUTs will respond identically. In contrast to digital testing, Q^ p j g u r e \ \
however, error is permissible as long as it stays within speci-
fied limits. In most electrical tests, such error cannot be *Commercial testing also involves so-called parametric testing, in
properly analyzed until the whole output waveform or which the stimulus and response are at a single port. In parametric
sequence is processed as an entity, and this is where DSP testing, the measured property is usually a simple one like leakage
is most valuable. current, output impedance, or capacitance.
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Figure 1.2: Traditional concept of analog transmission testing
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Emulation versus Automation

DSP systems represent a distinct departure from the
preceding concept of ATE. In fact, it is probably incorrect
to refer to a DSP test system as "automated'* test equipment.

Automation generally implies a process in which equip-
ment is modified or otherwise adapted to operation by an
electrical or mechanical controller instead of a human. Gener-
ally, this modification does not alter the basic principle by
which the equipment performs its end task. A numerically
controlled lathe, for example, removes metal by the same
fundamental cutting process as a manually controlled metal
lathe.

This concept of automation is the underlying concept of
classical linear ATE. The idea is to provide hardware
"resources"—the collective name for various instrumenta-
tion modules—that electrically function in much the same
way as the circuits of good bench instruments. Rather than
being operated by hand and eye, however, these resources
are switched, adjusted, and monitored by minicomputer far
faster than by human hand and eye. Figure 1.3 illustrates
the resource concept.

Invisible Instruments

In DSP-based testing, by contrast, the computer does not
automate the resources; it replaces them. This is an impor-

tant distinction, because it is easy to conclude from the name
alone that a DSP test system is simply a conventional sys-
tem with added DSP software.

Another mistaken impression is that a DSP machine evalu-
ates the test device by new and different parameters or that
it deals with statistical properties rather than electrical ones.
In early trials of DSP testing, this was partly true and, in
fact, may have delayed acceptance of the principle.

Ultimately, however, the success or failure of any new
test scheme depends on how well it correlates with accepted
standards. Thus, while a DSP system can indeed provide
statistical analysis, this ability is intended to supplement, not
replace, the task of measuring familiar electrical parameters.
A good DSP tester should be able to emulate (electrically
imitate) a wide range of existing instruments and to exer-
cise the DUT with accepted types of signals.

To do this, a DSP tester needs a computer programmed
to simulate the functions of conventional ATE resources.
There must also be special interface circuits that enable the
computer to communicate with the DUT. For both speed and
convenience, the simulation should not be done by high-level
routines but should be built into the computer's software
operating system. These transparent routines are the DSP
machine's equivalent of hardware resources and serve as
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Figure 1.4: Concept of waveform synthesizer

modular instruments from which a variety of fixtures can tor is expressed in integers and is transferred as a single entity
be assembled under keyboard control. (a vector transfer) to the local memory of a waveform

synthesizer (Figure 1.4). This pattern is fed to a digital-to-
analog converter (DAC), usually in a continuous loop. If a

Numerical Vectors transient waveform is desired, the loop is terminated.

Instead of actually measuring voltages or currents, DSP The DAC output is "de-glitched" (a type of "hold" fiinc-
instruments in reality process numerical vectors. These are tion) to remove transition imperfections, then passed through
strings of informationally related numbers that represent sam- a reconstruction filter to obtain continuous, band-limited
pled waveforms, spectra, filter responses, or any function waveforms. In tests that call for stepwise waveforms, the
for which a curve could be drawn. A DSP-based system is filter is bypassed.
one that allows you to label create, transfer, and analyze The process is reversed at the DUT output. The analog
numerical vectors as simply as you would manipulate single response waveform is converted into numerical (vector) form
variables in a hand calculator, by a waveform digitizer, and sent to the DSP "instruments"

To create a stimulus signal in such a system, the test for analysis (Figure 1.5).
engineer defines the stimulus and (with the computer's help) The procedure just described assumes that the DUT is an
converts this description to a vector; that is, to a string of all-analog device. For devices that produce digital output
data points that traces out the desired waveshape. The vec- responses (e.g., A/D converters (ADCs)), the output pat-
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Figure 1.5: Concept or waveform digitizer
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