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This paper discusses the development of a board level
manufacturing test for a surface mount board imple-
mented with boundary scan. The board examined is a
composite of several actual products. Methods for ef-
fectively developing a boundary scan test are examined
along with some of the advantages of approaching the de-
velopment in unique ways. Additionally, the criteria for
using these methods are developed. Results for test de-
velopment time and the resulting test coverage show that
with two weeks of test development using boundary scan
it is possible to increase the rate of solder opens detec-
tion from 80% to 99% for a large ball-grid-array module.
c© 2000 John Wiley & Sons, Inc.

1. Introduction

The electronic circuit card manufacturing environment
has changed substantially in the past several years. At the
chip level, fabrication and packaging technologies are creat-
ing increasingly dense integrated circuits. In addition, emerg-
ing technologies and assembly processes for electronic cir-
cuit cards are producing boards with greater solder joint den-
sities. These influences challenge the current methods of
mechanical interfacing for board test resulting in longer test
development time or reduced test quality. These influences
challenge the current methods of mechanical interfacing for
board test resulting in longer test development time or re-
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duced test quality. These influences challenge the current
methods of mechanical interfacing for board test resulting in
longer test development time or reduced test quality.

This is subsection

Increasing density will eventually make traditional me-
chanical accessibility unachievable, requiring new test strate-
gies. Complex components requiring many thousands of test
patterns may exceed the resources available to adequately test
them as part of an assembled board. With these aspects of
board manufacturing in mind, a test strategy is developed to
illustrate the problems and the approaches needed to solve
them.

Sample reference line: the first section, 1, and the first
subsubsection, 1.0.1, and then 2. Here are caption references;
2, and 1, 4. A reference to line 2, is here, labelled in the
algorithm. Here are citations from the reference section:[1]
and [8].

1.0.1. This is subsubsection The test strategy focuses
on a fictional composite of several actual boards. In order
to preserve confidentiality for the individual products and to
provide a concise example for the points to be made,

This is subsubsection The test strategy focuses on a fic-
tional composite of several actual boards. In order to preserve
confidentiality for the individual products and to provide a
concise example for the points to be made, such a compos-
ite board is appropriate. The composite board is a hybrid
surface mount and pin-through-hole (PTH) board with com-
ponents on both sides and contains approximately 1500 nets
and twenty components. One large pin-grid-array module
with 400 pins and one large ball-grid-array surface mount
module with 625 pins together account for over half of the
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FIG. 1. Derivation trees of the simple attachment example

FIG. 2. Top figure caption.

total nets. The other components are buffers and miscella-
neous logic; PTH connectors provide access to some of the
board busses.

The traditional manufacturing test strategy for such a
board consists of a manufacturing verification test followed
by a functional verification test. The manufacturing verifi-
cation test insures that all components have been assembled
and soldered onto the board correctly. Defects such as sol-
der shorts, incorrect components, and other manufacturing
defects are detected here. The functional verification test
confirms that the assembled board functions correctly. Thus,
the following test strategy reflects the manufacturing verifi-
cation test.

The manufacturing verification test insures that all com-
ponents have been assembled and soldered onto the board
correctly. Defects such as solder shorts, incorrect compo-
nents, and other manufacturing defects are detected here. The
functional verification test confirms that the assembled board

FIG. 3. This is another figure that will fit into a single column. Here is a
second sentence.

functions correctly. Thus, the following test strategy reflects
the manufacturing verification test.

First footnote here, which is really an endnote.1

2. Test Strategy

The traditional approach2 Since the goal is to detect all
assembly related defects the tester needs access to all signal
nets on the board. A “bed-of-nails” test fixture typically
provides this access by interfacing with one side of the board
and thus requires that all signal nets are accessible from one
side. Tests may then be performed for shorts between nets,
incorrect or missing components, etc. This is an uncaptioned
table in text.

TABLE 1. Summary of the experimental results.

Parameters Averaged Results Comparisons

n S∗
MAX t1 r1 m1 t2 r2 m2 tlb t1/t2 r1/r2 m1/m2 t1/tlb

10 1 4 .0007 4 4 .0020 4 4 1.000 .333 1.000 1.000
10 5 50 .0008 8 50 .0020 12 49 .999 .417 .698 1.020

100 20 2840975 .0423 95 2871117 .1083 521 — .990 .390 .182 —

These terms are used in the table above:
n : number of embeddings.2SMAX − 1: maximal size of embeddings.

t1(t2) : test time (in time steps) required by our scheme (scheme in [6]).
tlb : estimated lower bound test time (in time steps).

m1(m2) : number of nodes generated by our scheme (scheme in [6]).
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