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New advanced semiconductor technologies are increasingly adopted in emerg-
ing applications, as they provide high computational capabilities together with
reduced power consumption. Integrated Circuits (ICs) that employ such semi-
conductor technologies require complex and sophisticated manufacturing pro-
cesses and feature advanced transistor designs in a highly dense topology, as
they require to work at high frequencies to provide the aforementioned advan-
tages. These technologies, however, introduce new issues as they present higher
physical defects rates and a reduced lifespan. Some of these defects can also arise
during the device lifetime: in most cases they are related to aging effects and
overheating-related issues, making systems more sensitive to degradation than
older generations with a strong dependence on the adopted workload. Other de-
fects are also generated due to ElectroMagnetic Interference (EMI) or parasitic
effects. As a result, ensuring the correct functioning of circuits manufactured
with newer technologies within safety-critical applications is becoming more and
more crucial, especially when the expected lifetime of the whole electronic sys-
tem is in the order of at least one decade, such as in the automotive sector.
When dealing with the test (both at the end of manufacturing and in field) of
ICs manufactured with the most advanced technologies, it is not possible to keep
on relying on traditional fault models anymore, e.g., the stuck-at fault model.
For this reason, efforts should be made towards adopting more advanced fault
models such as delay faults, i.e., faults affecting the timing behavior of the de-
vice under test (DUT), that allow to detect the eventual presence of these newly
identified issues. When tackling delay faults, it is customary to work with two
fault models, namely transition and path delay faults (TDFs and PDFs, respec-
tively). Such fault models, however, are not as popular and widely adopted as
the stuck-at fault (SAF) model when in field testing is required, and solutions
for dealing with TDFs and PDFs are not as mature, especially when Software-
Based Self-Test (SBST) techniques must be adopted. This PhD thesis aims at
defining and validating SBST solutions for the two aforementioned delay fault
models, allowing an effective in-the-field test that can ensure the reliability of
the device under test for several years.

This manuscript is organized into three parts. The first part is dedicated
to the study and development of solutions to improve the effectiveness of Self-
Test Libraries (STLs) for transition delay faults. Transition delay faults share
similarities with the more mature SAF model, hence why rather than develop-
ing test programs from scratch it is more useful to take already existing SAF
oriented STLs and find ways to improve the achieved TDF fault coverage by
targeting transition delay faults. Two methodologies are presented, one based
on a purely software approach, looking for points in the STLs to insert specific
pieces of code in order to improve the observability of the aforementioned set
of NO faults. The second one, on the other hand, relies on a mixed hardware



and software approach that allows the test engineer to reuse post-silicon debug
hardware that is already present inside any System on Chip to monitor flip-
flops where fault effects propagate and stop inside the DUT. Advantages and
achieved results related to these two approaches are presented and discussed in
details in this manuscript, showing how the transition delay fault coverage can
be increased with a relatively small overhead.

The second part focuses on the more challenging path delay fault model.
Functional SBST solutions for this fault model targeting modern complex CPUs
are not available to this day. In addition to that, no EDA tool currently supports
functional testing for sequential circuits targeting path delay faults, making it
difficult to develop STLs and estimate their effectiveness. For this reason, the
first step consists in devising a framework capable of performing functional fault
simulations for sequential circuits. Thanks to this framework, the effectiveness
of already existing STLs developed for other fault models was studied first,
showing that they cannot be immediately employed when working with PDFs,
followed next by the detailed presentation of techniques for developing STLs
for PDFs. This methodology proves to be highly effective, showing significant
improvements with respect to the state of the art.

The third and final part of this manuscript tackles the important topic of
aging. As circuits age so does their timing behavior, with portions of the cir-
cuit that degrade faster than others depending on the workload, voltage and
operating temperature. The changes that ensue from the aging process are re-
flected, from a timing standpoint, in the evolution of the set of critical paths
found within a DUT. As circuits must operate correctly in the field for several
years, this third part devotes to the refinement, automation and application of
an aging model previously developed at the University of Grenoble-INP in col-
laboration with STMicroelectronics to modern in-order complex CPUs, so that
their path delay faults can be tested through time. An analysis on how paths
evolve in time is provided, together with an estimate of how the test coverage
changes and how to ensure that appropriate fault coverage levels are achieved
throughout the operative lifetime of the DUT.


