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Abstract

Today's Integrated Circuits are made of millions of components, Printed Circuit
Boards (PCBs) today accommodate up to sixteen layers allowing implementation
of a large number of components. This large number of elements and components
need for a clever technique and powerful require for testing. Besides packaging
technologies have recently appeared.

Boundary Scan (BS) technique constitutes a specific logic circuits designed and
inserted in any integrated circuits (IC). Logic circuits should placed in each input
and output pins of the IC, renders it to be testable while the board will
consequently be testable.

This makes us to adopt the IEEE 1149.1 boundary scan standard are implemented
which allows to cope with state of the art packaging and wiring technologies.
This standard matches with boards that contain BS chips and non-BS clusters of
chips.

The thesis aims at finding a global methodology for the test of boards having
partially BS components. Which represent the more difficult case of testing.

A methodology which unifies the test of components and their interconnects. It is
based on a scheduling approach to simultaneously test both BS components and
non-BS logic clusters, as well as interconnects. Short and open faults are also
detected and addressed.

In chapter 1: Describes the basic test concepts and Defines the Boundary Scan
test in details.

In chapter 2: Defines the protocol used in this test and Elabors model for
controlling the test protocol.

In chapter 3: Defines JTAGer software program tool based on BS test application.

In chapter 4: Unifies a global methodology using the above mentioned model and
introduces an experimental setup to perform and validate the
proposed methodology.

In chapter 5: Introduces a new idea for new test kit equipped with the author used

for testing array or matrix of chips up to 24 1/0.



Introduction

Our roadmap in this thesis in chapterl partl starts with the Basic test concepts
based on defining the fault models and controllability / observability issues, in
order to prepare the reader for the elementary procedures leading to automatic test
vector generation. Many of the current test vector generation algorithms can be
traced back to a basic procedure developed in the mid-60s by Paul Roth and
known as the D-algorithm and finally to testability improvement alternatives
made possible by ad hoc and structured test methods.

The increasing complexity of integrated circuits (ICs) made it exceedingly
difficult to develop test programs for the functional test of complex printed circuit
boards (PCBSs), requiring extensive access to internal control and observation
points (functional test equipment relies heavily on access through edge
connectors and therefore became increasingly inefficient in these cases) and the
shrinking effect of using small outline surface mount devices and advanced
mounting technologies almost disabled physical access to internal PCB nodes (in-
circuit test equipment relies on the use of bed-of-nail fixtures to provide direct
contact to internal PCB nodes, but is limited in terms of mechanical precision and
reliability).

The two main reasons in the above mentioned led during the 80s to the
development of the BST (Boundary scan testing) technology and it was approved
as an IEEE standard since February of 1990 , under the title of “A standard
boundary scan architecture and test access port”.

Chapterl part2 start by presenting the reasons that led to the BST technology and
proceed to identify its application domain. The BS architecture and test access
port (TAP) will then be presented with enough details.

Chapter2 partl start by defining the test protocol of BS boards, checking the
integrity of the BS infrastructure itself, followed by two main types of tests:
interconnects and components.

Introducing the fault types and the affected reasons.



Chapter2 part2 start by defining a BS test model which is a formal specification
“language” that allows us to code the necessary test protocol steps. The BS test
model presented in this chapter is the tool that will enable us to specify test
programs for real case studies.

Chpter3 introduces an application called “JTAGer” for interfacing the test
program with the parallel port in the personal computer run in any windows
operating systems like 2K/ME/XP.

Chapter4 shows a practical application of all the concepts described so far, using
as a demonstration vehicle a very simple board with BS.

The complexity of this demonstration board is low for pedagogical reasons, but it
includes the same test cases that are to be found in most real life test situations:
multiple (2) BS chains, non-BS clusters (2) and primary I/O pins. The board will
be described in first place, followed by the analysis of the information required
for test vector generation and, in the last section, by the test program generated
for all steps in the test protocol, assuming the BS test controller model presented
in the previous chapter.

Chapter5 introduces a new idea shows the practical application of all the
concepts described so far, using as a demonstration test kit board to test a non-BS
components.

The complexity of this demonstration board test kit is low for simplify reasons,
this kit for testing up to 24 1/O pins for one chip or multi-chips or matrix of
chips.
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