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FUNCTIONAL TEST

Complete a test

project even while

the product is

being developed?

It’s possible if

you follow the

generic approach

outlined here.
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Generate or Obtain
Test Specifications

Determine Process
Requirements

Define Tester
Resources Required

Design Tester-to-Product
Interface (fixture)

Write and Debug
Tests

Verify Test
Coverage

Determine Test
Repeatability

O ften, there is a temptation to start
writing test  code before there are
adequate test and process specifications,

leading some to ask, “Why do we not have time to do it right,
but we have time to do it over?” While there is a legitimate
need to complete test projects quickly, a more accurate and
less costly way to achieve the same goal is to start writing the
test and process specifications early—even while the product
is being developed.

In  An Introduction to Mixed-Signal IC Test and Measure-
ment, Mark Burns and Gordon Roberts cautioned, “If a test
plan is not clearly documented before coding begins, then the
test engineer lacks the necessary overview of the test program
that allows the tests to fit together efficiently.”

Christine Turskey, author of Test System Design, also noted,
“A vague or ambiguous test description will result in [the test
developers] taking longer to deliver a solution as they clarify
your requirements, or delivering a solution which is not quite
what you require.”

The process of writing a functional test program can be
streamlined by adopting a standardized approach to the plan-
ning. This approach involves identifying the requirements,
building consensus, and reducing risk by getting advance
approvals. Getting everyone on the same page greatly reduces
the variation in the process.

One generic approach includes seven key process steps that
have been thoroughly tested and can be readily applied to any
application (Figure 1). Two of the most critical steps are the
test-specification and the test-process description.
The test specification, the central document around
which the entire functional test is written, outlines
how the actual product is to be tested. The process
description describes the interface from the tester to the
outside world—the operator, the handling equipment, and
the information systems.

Methodizing
Functional Test Programs

by Rick Wagner, Digalog Systems

Figure 1. Seven Key Process Steps
for Application Software Development
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Access offers many helpful fea-
tures. The cut-and-paste capability
reduces time and chance of error.
Unique index labels automatically
are verified, and password-protected
access can be established. Field
validation prevents you from omit-
ting information and allows the
designer to set information require-
ments. Lookup tables offer consis-
tency in data entry by limiting the
choices.

Once data is entered, you can
extract it for use in the test program
via an assortment of subroutines
available for the Microsoft Win-
dows environment. Other develop-
ment environments such as Visual C
or LabWindows/CVI are just as
easy to implement. Most signifi-
cantly, the programmer does not
distribute the source code to facili-
tate limit adjustments on the pro-
duction floor. The operator or tech-
nician can adjust the limits within
the database, virtually guaranteeing
test-source code integrity because it
does not reside on every machine.

To capture specifications, Build-
ing a Successful Board Test Strategy
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Figure 2. Test Specification Record

Continued on page 22

The process description

can be greatly simplified

by the proper choice

of the test-

development language.

Test Specification
As a minimum, the test specifica-

tion contains the high and low test
limits as well as an index number
that identifies the test. However,
much more information typically is
required, as shown by the following
fields. (Also see the testinfo.mdb
database at www.digalogsys.com/
mdftp.html.) Figure 2 represents a
completed test-specification record.
• Index—a unique test label used
throughout the documentation. Tests
related either by board
function or logical se-
quence should be placed
within the same major
group via a major.minor
notation scheme that al-
lows for the insertion/
deletion of tests without
major renumbering, such
as 100.10 Power On Volt-
age Check, 100.20 Power
On Current Check, 100.30
High Product Voltage Current Check,
and 100.40 Low Product Voltage
Current Check.
• Identification String—a maximum
of 32 characters for use in data report-
ing, such as short test descriptions.
• Test Description—description of the
UUT parameter being measured. This
consists of the name of the signal, the
connector, and the pin. The measure-
ment technique such as trigger volt-
age settings, rising edge, falling edge,
and measurement resolution also
should be included. Avoid specifying
values covered by the high and low
limit fields because the limits would
need to be updated in more than one
location. Using generic instrument
names makes it easier to reapply the
test specification.

For example, verify the specified
voltage from P1.20 (Vcc) to P1.10
(Gnd) using a voltmeter with a resolu-
tion of at least 0.010 V. Place a posi-
tive lead to P1.20 and a negative lead
to P1.10.
• Conditions—the state of the UUT
when the test is being conducted, in-
cluding the numeric spec values as
well as additional conditions needed
to hold a state or prevent an undes-
ired side effect, such as open inputs

causing oscillation. Conditions can
be selected from a lookup table with
preset information or added inde-
pendently.
• Test Units—test value units.
• Failure Action—action the pro-
gram should take if a particular test
fails; for example, abort, continue,
or move to some other point in the
program.
• Coverage—the sections of the prod-
uct that are covered; helpful with
engineering reviews and diagnostics

of failed product.
• Application—
identification of
specific testing
environments such
as temperature; for
example, where
elevated tempera-
tures have differ-
ent l imits that
must be noted.

One tool that
automates this process is a Microsoft
Access™ database, which allows
records to be added easily. Its stan-
dard format also makes changes easier
to track.
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by Stephen F. Scheiber and Test
System Design recommend examin-
ing the schematics and block dia-
grams and placing inputs and out-
puts on a matrix. This gives the test
developer an idea of the complexity
of the task at hand.

The applicable stimulus for inputs
and limits should be entered. Outputs
should be categorized by type, digital
or analog, and by the loading required
under normal operating conditions.
An Excel spreadsheet is a good tool
for organizing this data.

Once output and input types are
entered, the developer can segment
the tests into functional blocks. Typi-
cally, the UUT must be set to a state
in which some of the inputs not being
tested are set to a known condition
for a certain block of tests to prevent
unknown events from interfering.

Similarly, some outputs may need
to be set to known values for the de-
vice to operate properly. Once these
conditions are met, the testing of

the functional block proceeds. Some-
times it is necessary to test a group
of outputs such as an address or
data bus, but a specific evaluation
of data requires a single test specifi-
cation. For that reason, test specifi-
cations need a unique number to
identify them.

As developers write the test specifi-
cation for each output, they can specify
the setup condition in the database as
well as high limits, low limits, and
expected reading. Entering an ex-
pected reading can be of great use
off-line if any instrument drivers
can be disabled; that is, the program
can be run without errors being
returned from the drivers.

Evaluation subroutines then can
be programmed to use the expected
data instead of the data passed from
the program. Entering values to
cause failures also will allow the
developer to examine that program
flow. A flag can be used to abort
when a critical test has failed so

testing does not continue. Other
program enhancements could include
a field for directing program flow or
indicating an alternate printout for
analog vs. digital tests.

A key purpose for the test specifica-
tion is to communicate to other de-
partments what is being tested and
how. The following guidelines help
facilitate the communications:
• Use terms that are as generic as pos-
sible.
• Use generic standards such as
voltmeter instead of amplitude mea-
surement system (or other tester
resource name).
• Specify the resolution and preci-
sion of the measuring instrument
and stimulus being used.
• Use only standard units such as
volts, amps, or ohms.
• Use appropriate nomenclature; for
example, tester resource may not
mean anything to someone from the
quality department.

It’s important to note test resolu-
tion, or you will not be able to deter-
mine if tester resources will be suffi-
cient. If tester resources have not been
defined, this value will help specify
them. Test System Design cautioned:
“Accuracy, in conjunction with the
degree of complexity of your test re-
quirements, will always be a cost driver
for any test system.” Overspecifying
test resolution also will present a prob-
lem in quality reviews.

The test specification also serves to
get the design-engineering, quality-
engineering, and production depart-
ments to approve the specification be-
fore writing one line of code. Being
able to conduct inquiries and generate
reports further improves communica-
tions among the team members.

Having the engineering and quality
departments review and ultimately ap-
prove the test specification greatly
reduces the chance of rewriting test
code. There can be product changes
at any time, but having the test spec
in a standardized form makes it
easy for anyone to update.

Production engineering benefits by
understanding how the test will be per-
formed. Things like test time can be
better estimated by adding a field
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and summing all the records. Production engineering, in
particular, further benefits from a second, standardized
document that defines the process requirements.

Process Requirements
A process-requirements document describes the envi-

ronment required for the test program and tester.
Significant time and effort must be put into this
document or the impact on the test program can be
devastating. The same environment often is maintained,
allowing the document to be reused and potentially
become a standard. If no company or site standard
exists, simple things like the format of pass-and-fail
print slips may need to be detailed.

The most significant component is the test executive.
It is the code that forms the structural framework for
individual test code. It is the program that calls or
directs all these separate functions or subroutines. The
test executive also interfaces with external entities such
as operators, device handlers, printers, information sys-
tems, and bar-code readers.

This section of code may be purchased or developed
internally. Prewritten test executives for various program
development languages are readily available. Either way,
failure to clearly define requirements in advance almost
guarantees rewriting or heavily modifying the executive
code, which can be a huge and expensive undertaking.

Continued on page 24 CIRCLE 30

CIRCLE 44



24 •  EE •  March 2002 www.evaluat ionengineering.com

Many companies standardize the test-executive pro-
gram because its development is so time-intensive—
standardizing things such as failure tickets, information
system communications, and the user interface, which
reduces training time for operators.

The user interface encompasses several key aspects
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that must be evaluated before coding starts: a log-in
feature; on-screen and printed information in languages
other than English; pre-test, mid-test, and post-test
operator instructions; and special graphics such as an
adjustment screen or oscilloscope window. Other items to
specify in the process description include safety and

ergonomics, methods of starting the
test, test abort conditions, data re-
porting, the test language, and auxil-
iary equipment interfaces.

Equipment external to the tester
can easily be forgotten, potentially
resulting in unexpected code changes.
Test stations often use handling equip-
ment to position the UUT and con-
nect it to the tester, which requires
code for communications to the han-
dlers.

The process description can be
greatly simplified by the proper choice
of the test-development language. Of
the many different test-development
languages to choose from, the best
one is the one that production engi-
neering, design engineering, and quality
engineering agree to use. Having the
entire engineering staff supporting
the same language in advance of
writing the test program—and docu-
menting that—may save rewriting later.

Conclusion
While your particular test scenario

may involve other factors, this check-
list has been applied to many test
applications industry-wide and repre-
sents the fundamental issues that must
be addressed. Thorough planning in
advance of writing any code, espe-
cially with respect to the test specifi-
cation and process description, will
help organize the test developer. Gain-
ing consensus of other departments
on the contents of these documents
will further minimize risks.
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