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Abstract

In this paper we study the use of precomputed fault
dictionaries to diagnose stuck-at and bridging defects
in the UltraSPARCTM-I processor. In constructing
the dictionary we analyze the e�ect of the dictionary
format on parameters such as memory size, compu-
tational e�ort, and diagnostic resolution. The dictio-
nary is built based on modeled stuck-at faults. How-
ever to e�ectively diagnose both stuck-at and bridging
faults, we employ a novel procedure that combines dic-
tionary information with potential bridge defects ex-
tracted from layout. Experiments with failing devices
show excellent correlation of predicted errors with ac-
tual defects.

1 Introduction

Accurate fault diagnosis coupled with failure analy-
sis is an invaluable aid to process improvement. Both
recurring and random defects can be identi�ed to im-
prove yield and decrease DPM (defects per million).
Diagnosing defects in current state-of-the-art designs
proves to be extremely di�cult for a number of rea-
sons. These include reduced observability of the huge
number of integrated devices, varying logic and circuit
design styles, increased clock frequencies, and sophis-
ticated packaging technologies. Diagnosis is further
hindered by imprecise knowledge of the possible de-
fects, as well as ways to accurately model such de-
fects. This becomes all the more relevant in migrating
to smaller features sizes.

Currently there exist a number of di�erent ways to
analyze failing parts. Most of these rely on some form
of physical probing. Using physically invasive tech-
niques such as guided-probe or E-beam testing could
inadvertently damage a device. To e�ectively exploit
physical methods in failure analysis, it is imperative
to provide apriori knowledge of potential faulty loca-
tions on a device. In this regard, an automated diag-
nosis procedure to provide information on fault locales
can prove useful. By analyzing failures observed on a
tester and comparing results with simulated fault dic-
tionaries, feedback can be provided to identify root
causality of failures. The focus of this paper is on de-

veloping a diagnosis procedure for a current leading-
edge design, the UltraSPARC-I processor, based on
static dictionary-based methods.

For a design as complex as a microprocessor, fault
simulation time and memory usage are constraints in
the use of fault dictionaries. In [1], a dynamic di-
agnosis approach is used to reduce the computation
and storage costs associated with fault dictionaries. A
comparison is drawn between the use of pre-computed
dictionaries and the use of dynamic diagnosis in [2].
Their results show that dictionaries are invaluable to
the diagnosis of multiple copies of a circuit. In [3],
di�erent techniques in creating fault dictionaries are
compared based on parameters such as dictionary size,
fault simulation costs and dictionary resolution. In
a similar vein, we compare three dictionary formats
for stuck-at faults in the UltraSPARC-I to illustrate
tradeo�s between dictionary size and diagnostic reso-
lution.

The goal of any diagnosis methodology is to ferret
out \real" defects and failure mechanisms. The issue
of modeling faults to re
ect realistic defects has been
studied extensively [4, 5, 6, 7]. In [5], the use of defect
classes instead of fault models is suggested to more ef-
fectively target the test strategy to defect properties.
In our work such an approach was not pursued due
to the computational complexity, and inherent limita-
tions of our simulation tools. Our intent is to iden-
tify defect locations by employing known fault models
and coupling the diagnosis process with layout infor-
mation.

In [8], a new technique for using stuck-at fault dic-
tionaries for diagnosing bridging faults is described.
No speci�c layout information however is used. In
this paper, we employ a similar technique as in [8] to
extend the diagnostic capability of our stuck-at fault
dictionary and combine this with extracted layout in-
formation. This reduces the briding fault search space
and improves diagnostic e�ciency.

The rest of this paper is organized as follows. To
appreciate certain aspects of the methodology, some
key design and test features in the UltraSPARC-I are
described in Section 2. Detailed descriptions of the



Device Count 5.2 M (3.4 M in logic)
Die size 15.5mm x 15.5mm
Operating Frequency 167 & 200 MHz
Supply Voltage 3.3V
Technology CMOS, 4-layer metal
Gate size (Ldrawn) 0.45um
Package 520 pin plastic BGA

Table 1: Statistics on the UltraSPARC-I processor

fault models, dictionary formats and fault rankings are
provided in Section 3. We conclude with a 
owchart of
the diagnosis, some experimental results, and ongoing
enhancements to the methodology.

2 UltraSPARC-I Characteristics

For any complex design, the diagnosis methodology
is linked to factors such as the fabrication and pack-
aging processes, modes of testing and test patterns,
built-in test and debug hardware features, and under-
lying logic and circuit design styles. A detailed look
at the test and debug features of the UltraSPARC-I
processor can be found in [9]. In this section we brie
y
describe the impact of design styles and testability fea-
tures of the processor on the diagnosis methodology.
Some of these features aid e�ective diagnosis, yet oth-
ers place constraints on diagnostic resolution.

2.1 Design & Test Features

The UltraSPARC-I processor is Sun's �rst micro-
processor to implement the 64-bit SPARC V9 archi-
tecture. Some relevant statistics of the UltraSPARC-I
processor, reproduced from [9], are given in Table 1.
The design of a majority of the logic blocks are of dat-
apath and standard-cell styles. For such blocks, both
the circuit implementation and physical layout relied
extensively on automated design tools. In contrast,
embedded memory arrays such as SRAMs, TLBs, and
register �les as well as a number of dynamic logic
megacells were custom designed to optimize on area
and performance. The methodology in this paper does
not address the diagnosis of defects in embedded mem-
ory arrays. The test and diagnosis of arrays is done via
a dedicated test mode built into the architecture of the
processor [9]. The use of four metal layers makes it dif-
�cult to acquire signals at lower metal and poly layers.
Special probe pads were built into the design to pro-
vide observability of key signals with E-beam probing.
The number of such probe pads however was greatly
restricted by the dense routing of power, ground and
clock signals in the upper metal layers.

The UltraSPARC-I design is a near-to-full scan de-
sign with approximately 22,000 state elements work-
ing under a single clock domain [9]. The ability to
scan nearly all 
ip-
ops in the design proves to be an
important asset for diagnosis. In essence this allows
diagnosis to be performed on a combinational circuit,
and greatly simpli�es fault simulation and dictionary

generation. Diagnosis of any faults in the scan chain
are aided by features such as the use of probe pads at
di�erent points along the chain, and the capability to
break the single chain into multiple chains. In addi-
tion, portions of the scan chain can both be initialized
and observed via functional logic and non-scan I/O
ports.

A number of work have described the e�ectiveness
of using IDDQ to diagnose errors [10, 11]. Although
IDDQ-based testing is part of the test 
ow [9], there
exists certain limitations in its use for diagnosis. The
power-ground planes for all logic blocks on the proces-
sor including the embedded arrays are not indepen-
dent. No built-in current sensors were included in any
blocks to monitor their respective IDDQ currents [11].
Fault e�ect propagation to the supply rails in dynamic
logic blocks is hindered by gated clocks. The most se-
vere constraint to IDDQ-based diagnosis is the mag-
nitude of background leakage on a per-transistor basis
and hence cumulatively over all 5.2 million transis-
tors. This leads to quiescent current greater than tens
of microamperes and would require a gross defect to
detect a perceptible change.

As a �rst-order means of identifying defective areas
in a device, functional tests can prove useful. Most of
them are created with the intent of targetting particu-
lar design blocks, and exercising speci�c functionality
in them. However as a means of diagnosing speci�c
defect locations, functional tests were not pursued as
an option. Accurately simulating fault models with
millions of functional test cycles is expensive both in
terms of computation time and memory. Use of func-
tional tests for diagnosis, especially in highly sequen-
tial designs, also leads to corruption of internal states.
The cumulative e�ect of this corruption might inval-
idate useful diagnostic information beyond the �rst
failure seen at the pins [4]. The UltraSPARC-I pro-
cessor has a built-in debug feature that permits the
state of the design to be frozen at any given cycle and
dumped out via the scan chain. This provides a way
to decouple vectors in a functional test sequence to
provide more information during diagnosis.

2.2 Fault Equivalence

The degree of accuracy to which modeled stuck-at
faults can be distinguished by any diagnosis method-
ology is limited by functional equivalence [12]. The
partition of all possible faults into distinct sets of func-
tionally equivalent classes de�nes the maximal fault
resolution. This is an intrinsic aspect of the design
being diagnosed. Analysis of the logic blocks in the
UltraSPARC-I processor shows that the size of func-
tionally equivalent classes partially correlates with the
underlying circuit design style. In particular, class
sizes were found to be greater in complex custom logic
blocks. As an example, consider the ATPG circuit
model shown in Fig 1 for a portion of a custom logic
block in the processor. Stuck-at faults (either 1 or 0)



Figure 1: Fault Equivalence Class - Example
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Figure 2: Distribution of Fault Equivalence Classes

at all nets marked \x" are equivalent, leading to a to-
tal of 32 equivalent faults. The main contributor to
the size of this class is the 18-bit wide NOR gate de-
signed in dynamic logic with a single precharge path
and multiple evaluation stacks. The equivalent faults
in the portion of logic shown in Fig. 1 are distributed
in an area of approximately 125�45�m2.

The structurally equivalent classes for all detectable
stuck-at faults are derived within the Sunrise ATPG
tool [13]. These classes are obtained based on struc-
tural topology and gate functionality, and hence only
represent lower bounds on the true equivalent class
sizes. The distribution of class sizes greater than 10
is shown in Fig 2 for detectable stuck-at faults in the
processor. In general the existence of fault class sizes
greater than 40 were found to be mainly present in
custom-designed blocks, as opposed to blocks where
synthesis or structured datapaths were employed. In
subsequent discussion, the use of the term fault is syn-
onymous with its fault equivalence class.

3 Diagnosis Methodology

A fault dictionary stores information about errors
that a circuit's modeled faults are expected to cause
at one or more outputs for each test pattern. It is gen-
erated through fault simulation either with or without
fault dropping. Defects are located in actual devices
by comparing errors observed on a faulty chip to those

pre-computed in the dictionary. Based on this com-
parison, a ranking of the likely modeled faults that
could explain the behavior of the faulty part is gen-
erated. Further analysis in diagnosing the failure will
use the ranking along with physically invasive meth-
ods to con�rm the existence of the defect.

In using pre-computed fault dictionaries as part of
the diagnosis, three main aspects were evaluated and
analyzed. These are (a) the interaction between de-
fects and modeled faults used in dictionary generation,
(b) the amount of information stored in the dictionary,
and (c) the comparison function used in generating
the ranking of \most" likely faults. We discuss each
of these factors in the following subsections.

3.1 Defects and Modeled Faults

The fault model used to predict defect behavior
is an integral aspect of any diagnosis methodology.
Fault models provide a way to abstract the behav-
ior of defects, and are essential in providing quantita-
tive measures during test generation, fault simulation
and dictionary generation. However fault models are
only useful if linked to real physical defects. The most
ubiquitous fault model is the stuck-at fault, which is
the primary fault model used in this work. Defects
that cause stuck-at behavior in CMOS designs include
bridging shorts to VDD/VSS, certain forms of gate ox-
ide shorts [10], open defects at transistor gate inputs,
and certain open defects that clamp nodes to a supply
voltage [5].

The more common defect mode in CMOS designs
is the bridging defect caused by unintended shorts be-
tween two or more circuit nodes. The bridging defect
captures failure mechanisms such as gate oxide shorts,
transistor punch-throughs, leaky PN junctions, and
physical bridge shorts caused by particles and pattern-
ing defects. The most important factor in both the
detection and diagnosis of such defects is the bridge
defect resistance. Experience from previous studies
suggests that detection of bridges with voltage tests re-
quires a lower bridge resistance as compared to IDDQ
tests [5]. Our diagnosis methodology attempts to use
stuck-at fault voltage tests to diagnose potentially low
resistance bridge defects.

The option of considering every possible bridging
fault in the processor is computationally prohibitive.
To prune the size of the fault universe, only bridge
defects identi�ed from the layout are considered. Pairs
of nodes are individually extracted from all four metal
layers of the processor. An extraction 
ow outputs all
signal pairs in the same layer that have edges within
2�m of each other. These signal pairs are directly
mapped to their respective nodes at the switch level
of the circuit hierarchy. Note that extracting on a per-
layer basis discounts possible inter-layer bridge defects
which have a lower probability of occurrence.

Our fault simulator works at the logic gate hierar-
chy, and was not equipped to simulate bridging faults
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Figure 3: Mapping Layout-Based Bridge Defects

at this level of the design. It was thus essential to de-
vise a technique to (a) map the extracted bridge de-
fects at the switch level to corresponding faults at the
gate level, and (b) employ stuck-at fault simulation
to generate a dictionary for bridging defects. To ad-
dress the �rst of the above, a heuristic procedure was
developed to browse the switch-level design hierarchy
and map nodes involved in a bridge to corresponding
nodes at the gate-level. Nodes that have a one-to-
one correspondence with gate inputs/outputs are eas-
ily mapped. The di�culty arises when dealing with
intra-node bridges within a gate. As an example, con-
sider the 2-input NOR gate shown in Figure 3. Bridge
defects 3 and 2 are mapped into a bridge between in-
put B and output C, and a stuck-at-0 at input A,
respectively. However, since one of the nodes involved
in bridge defect 1 has no mapping to a gate-level node,
the bridge defect is neglected. Bridge defect coverage
is lost in this fashion for certain complex gates as well
as for some switch-level macros such as transmission
gates.

To provide an idea of the loss in bridge coverage,
the following percentage of bridges were obtained in
analyzing metal layer 4. A unique sort of the ex-
tracted bridges reduced the number to 50%. The ex-
traction 
ow outputs multiple instances of a particu-
lar bridge if the two nets remain adjacent for lengths
greater than 3�m. The large number of such multiple
bridge instances re
ects the extensive power/ground
routing in metal layer 4. Removal of bridges that
could not be mapped to gate-level nodes further re-
duced the bridge defect percentage to 48.9%. Finally
bridges to VDD/VSS, that potentially manifest as
stuck-at faults, are removed leading to 26.5% of gate-
level bridge defects. Similar percentages for metal
layer 3 were evaluated to be 20% on the unique sort;
19.63% after mapping to gate-level nodes; and 16.73%
after removal of shorts to VDD/VSS.

Having generated a realistic bridging fault universe
at the logic gate level, the next step was to provide a
way to diagnose these bridging faults using the cho-
sen set of ATPG patterns. One option would have
been to fault simulate each bridge to build a corre-
sponding dictionary for bridging faults. Since our fault

simulation tools were not equipped to simulate bridg-
ing faults, we adopted a technique that uses informa-
tion from a stuck-at fault dictionary. The information
stored in a stuck-at fault dictionary can be used to ac-
curately diagnose bridging defects. As outlined in [8],
the basic principle used is that any pattern detecting
a bridging fault must also detect a stuck-at fault on
one of the shorted nodes.

3.2 Dictionary Format

The degree of information stored in a dictionary
is a tradeo� between computation time, storage and
diagnostic resolution. To study these tradeo�s for de-
tectable stuck-at faults in the UltraSPARC-I proces-
sor, three di�erent dictionary formats are analyzed.
Any such comparison is in
uenced by the set of test
patterns used in creating the dictionaries. Di�erent
sets of test patterns will yield varying results. We use
a single test set to highlight relative measures of the
tradeo�s for three dictionary formats. The chosen set
of ATPG patterns were the ones used as part of the
production test 
ow for the processor.

The three dictionary organizations are the com-
plete, vector-based and frequency-based formats. These
three formats are illustrated in Fig. 4 for a hypotheti-
cal circuit of three outputs and four faults (equivalence
classes) being tested with two patterns. The complete
dictionary can be viewed as a matrix of F rows and
V�O columns, where F denotes the number of faults,
V denotes the number of test patterns, and O denotes
the number of primary/scan outputs. As shown in
Fig. 4(a), a bit in the matrix identi�es whether the
fault is detected at a particular output for the given
pattern. Note that generation of a complete dictionary
requires fault simulation with no fault dropping.

The vector-based dictionary adopts a more gross
resolution in only specifying whether a given pattern
detects a fault at one or more outputs. It can be
viewed as a matrix of F rows and V columns. Finally
the frequency-based dictionary is a one-dimensional
matrix in which each fault is associated with a fre-
quency count. This count denotes the number of times
the fault is detected at one or more outputs for all
patterns. From Fig. 4, one can compare the level of
information stored under each format. To provide a
quanti�able measure of diagnostic resolution for the
three formats, we make use of the following de�ni-
tions.

A diagnostic class represents a set of faults that a
particular dictionary cannot distinguish. The number
and size of diagnostic classes for a particular dictio-
nary depends on the test set used in generating the
dictionary. Diagnostic power for a limit K is de�ned
as the fraction of all faults that lie in diagnostic classes
of size K or less. The diagnostic expectation is de�ned
as the simple average of diagnostic class sizes over all
faults; this correlates to the average size of a fault list
produced by a diagnosis when all faults are equally
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vector-based (c) frequency-based

Dictionary Dictionary Diagnostic Maximal
Format Size (MB) Expectation Class Size
Complete 638.8 1.95 233
Vector 96.7 21.11 1444

Frequency 7.9 4194.63 16817

Table 2: Comparing diferent Dictionary Formats

likely [3].

In Table 2, we compare the three dictionary formats
based on dictionary size, diagnostic expectation, and
maximal size of a diagnostic class in each format. A
more e�ective comparison can be drawn from Fig. 5 in
which the diagnostic power is plotted against the size
of diagnostic classes. Both the complete and vector-
based dictionaries achieve 80% diagnostic power for
class sizes less than 5, with the former approaching
100% within a size of 20. The frequency-based dictio-
nary clearly provides the least diagnostic resolution.
Note the six-fold increase in the size of the complete
dictionary as compared to the vector-based one.

In spite of its larger memory requirements, the com-
plete dictionary was used in our methodology as op-
posed to the vector-based one. The advantages in do-
ing so are two-fold; in addition to providing higher
stuck-at diagnostic resolution, retaining as much in-
formation in the dictionary is important to its dual
use in diagnosing bridging faults. Comparisons with a
dictionary built on drop-on-k fault simulation strate-
gies are currently being investigated.

With the complete dictionary for stuck-at faults,
a secondary dictionary based on the bridging fault
universe is generated. In this dictionary a composite
signature is associated with each bridging fault. The
composite signature is the union of the signatures of
the four stuck-at faults associated with the bridge. In
the example of Fig. 4, if we assume that the four faults
are the respective stuck-at-1 and 0 of the two nodes
in a bridge, the composite signature is given by a row
of all 1's in the bridge fault dictionary. In the absence
of oscillations, the use of composite signatures does
guarantee that if a bridging defect is the failure mode,
at least one of the nodes involved in the bridge will be
identi�ed in the diagnosis [8].

0

20

40

60

80

100

0 20 40 60 80 100

D
ia

gn
os

tic
 P

ow
er

Size of Diagnostic Class

’complete’
’vector-based’

’frequency-based’

Figure 5: Comparing Dictionary Formats

3.3 Ranking the Faults

In the case where the response of a faulty circuit
cannot be solely explained by a single modeled stuck-
at or bridging fault, a technique is required to rank
the possible faults in order of decreasing likelihood.
An additional requirement in our methodology is to
synergize diagnostic information from both the stuck-
at and bridging fault dictionaries. All stuck-at and
bridging faults in their respective dictionaries are as-
sumed to be of equal likelihood.

The input to the diagnosis procedure consists of
the failing patterns with the respective scan/primary
output bits at which mismatches are detected. Let �
denote the total number of failing output bits over all
patterns. Let us �rst consider the diagnosis procedure
with the stuck-at fault dictionary. The stuck-at fault
dictionary is stored as a set of �les, where each �le cor-
responds to an ATPG test pattern. Within a �le, each
output bit is associated with a set of stuck-at faults de-
tected at that output. Initially all faults are assigned
an intersection count of zero. For a given input to the
procedure, only those �les corresponding to the fail-
ing patterns are accessed. The intersection count of a
fault is incremented each time it is associated with a
mismatching output bit in any of these accessed �les.
The output of the procedure is a ranking of faults in
decreasing intersection counts. This ranking scheme is
based on the partial intersection technique presented
in [14]. Note that this scheme only uses failing out-
put bits and does not utilize any information on the
passing patterns. The intersection count of the fault
ranked highest is thus upper bounded by �.

The bridging fault dictionary is stored as a sin-
gle �le of \bridging" faults where each fault is as-
sociated with a set of (pattern, bit) pairs. The set
of (pattern, bit) pairs represent the composite signa-
ture derived from the four stuck-at faults associated
with the bridge. The intersection count of a bridg-
ing fault corresponds to the number of (pattern, bit)
pairs in the intersection of its set with the input failing
patterns/bits. The intersection count of any bridg-
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ing fault is also upper bounded by �. Similar to the
stuck-at fault case, the bridging faults are ranked in
decreasing intersection counts.

The highest ranked faults in both the stuck-at and
bridging lists are ideal candidates for failure analysis.
Manual inspection of both lists however is required
to decide on which locations to inspect. Let � and 

represent the intersection counts of the highest ranked
stuck-at and bridging fault(s), respectively. If either �
or 
 is equal to �, the corresponding fault(s) is most
likely the potential defect. In this case, the size of
the list for failure analysis is equal to the number of
faults with count �. For cases when both � and 
 are
less than �, the fault rankings need to be analyzed to
derive an appropriate list for failure analysis. This is
empirically done based on the intersection counts of
the top ranking faults, as well as the composition of
the stuck-at faults in the top ranking bridging faults.
For example, if the intersection count of the top ranked
bridging fault is solely due to one of its four stuck-at
faults, � will be greater than or equal to 
. In such
cases the top ranking stuck-at faults will mainly be
used in failure analysis.

4 Experimental Results

The 
owchart for the complete fault diagnosis
methodology is shown in Figure 6. All single stuck-at
faults, collapsed at the gate netlist level, are enumer-
ated by the faultlist generator. Each single stuck-at
fault is represented by a unique fault ID number in
the database. The bridging fault universe consists of
all pairs of adjacent layout nets as outlined in Sec-
tion 3.1. Each bridging fault is represented by a set of
four fault IDs corresponding to the four stuck-at faults

on the bridged nets.
To create both dictionaries, test patterns are de-

terministically generated for the stuck-at fault model
using the Sunrise ATPG [13]. Failing patterns from
devices tested either with automatic test equipment
(ATE), or at JTAG-based workstation environments
are used in the diagnosis. The diagnosis program is di-
rected by means of a con�guration �le which contains
information about the design netlist, fault dictionary,
test patterns and a list of options invoked during the
analysis.

4.1 Validation and Use on Failing Parts

To validate the methodology, defects were induced
in a number of functional UltraSPARC-I parts. These
defects were introduced via focussed ion beam milling
(FIBs) and consisted of shorts to VDD/VSS, intercon-
nect bridges as well as \blind" defects. For the blind
defects, the diagnosis procedure had no apriori knowl-
edge of the location and nature of the induced defect.
Both feedback as well as non-feedback bridges were
introduced. Table 3 shows results for seven parts.

In the table the �rst two columns show the induced
fault and the metal layer on which it was introduced.
For the case of the two blind defects, the metal lay-
ers were identi�ed as a result of the diagnosis. The
CPU times and memory usage for both the stuck-at
and bridging fault diagnosis are shown. Note that the
memory utilization for the bridging diagnosis is inde-
pendent of the failure mode of the device. The com-
posite signatures of all bridging faults are compared
with the input failing patterns/bits, unlike the stuck-
at fault dictionary where only the required �les are
accessed. The �; � and 
 columns are based on the
terminology in Section 3.3. The size of list shows the
number of faults that would be sent to failure analysis
based on evaluating the rankings.

The size of the list only refers to fault equivalence
classes; the faults within each equivalence class are
stored in our database and provided to failure analy-
sis. For the case of part 2, note the large size of the
list. The diagnosis identi�ed both a stuck-at-0 and a
stuck-at-1 on a particular net, and the bridging fault
universe had seven other nets that were adjacent to
this net. In every other case, the size of the list pro-
duced was less than 4. Both the blind defects were
bridging faults since 
 was greater than �. In all cases
the induced defect was among the faults provided by
the diagnosis.

In Table 4 we show results on four failing parts ob-
tained from our vendor. The format is similar to that
in Table 3. The observed defects in all four parts were
due to particles in di�erent metal layers. All of them
were uncovered by exclusively looking at the locations
provided by the diagnosis procedure. Current work is
ongoing to evaluate the diagnosis procedure for other
failure modes.



No Induced Metal Count Time (sec) Memory (KB) Size of
Fault Layer � � 
 SF BF SF BF List

1 Stuck-at-1 M4 204 204 204 299 1354 9 43000 2
2 Bridging M4 354 305 354 533 1905 9 43000 7
3 Stuck-at-0 M3 123 122 123 332 1115 12 43000 3
4 Bridging M3 116 116 116 39 1052 4 43000 3
5 Bridging M2 45 45 45 77 780 5 43000 2
6 Blind M3 77 30 77 103 912 5 43000 1
7 Blind M3 18 10 18 26 698 3 43000 2

Table 3: Validation Results on FIBed UltraSPARC-I Devices

No Count Time (sec) Memory (KB) Observed Size of
� � 
 SF BF SF BF Defect List

1 37 37 0 104 767 12 43000 Small metal particle 1
2 6 5 3 48 645 4 43000 Small loop particle 3
3 469 291 17 492 2338 13 43000 Small metal particle 3
4 425 100 122 715 2213 20 43000 Small metal particle 5

Table 4: Diagnosis Results on Failing UltraSPARC-I Devices

5 Conclusion

The diagnosis methodology has been e�ective as
an aid to failure analysis, and is currently being de-
ployed on other processors. Using both the stuck-at
and bridging dictionaries enhances diagnosis when tar-
getting realistic defects on devices. The use of full scan
was an invaluable asset in the e�cient generation and
use of a complete dictionary with high diagnostic res-
olution.

A number of features are currently being evaluated
to enhance the methodology. One aspect alluded to
in Section 3 is the e�ect of di�erent test sets. The
test set used in our work was an optimized set of pat-
terns targetted to detecting stuck-at faults. The use
of random test sets, uncompacted stuck-at tests, and
bridging fault test patterns needs to be investigated.
In addition ways to employ functional test sequences
in diagnosis are being evaluated. The methodology
outlined in this paper follows a cause-e�ect based anal-
ysis [12]. Some e�ect-cause analysis to prune the list
of potential faults will further increase diagnostic e�-
ciency. This could be in the form of circuit cone analy-
sis and/or generation of diagnostic patterns targetting
speci�c defects.
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