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Abstract

This paper evaluates N-detect scan ATPG patterns for
their impact to test quality through simulation and fallout
from production on a Pentium 4 processor using 90nm
manufacturing technology. An incremental ATPG flow is
used to generate N-detect test patterns. The generated
patterns were applied in production with flows to
determine overlap in fallout to different tests. The
generated N-detect test patterns are then evaluated based
on different metrics. The metrics include signal states,
bridge fault coverage, stuck-at fault coverage and fault
detection profile. The correlation between the different
metrics is studied. Data from production fallout shows the
effectiveness of N-detect tests. Further, the correlation
between fallout data and the different metrics is analyzed.

1. Introduction

The objective of production or manufacturing test is to screen
bad devices to ensure outgoing product quality that meets or
exceeds customer requirements for DPM. As observed in
earlier works [1, 2], high single stuck-at fault coverage alone
may not be sufficient to achieve high quality levels and some
defective chips may still escape the conventional stuck-at test
with high stuck-at fault coverage [1, 2]. Defect based testing
(DBT) and multiple detect testing (N-detect test) have been
proposed to further improve the test quality.

Defect based testing involves enhancing the fault models to
more accurately reflect defect behavior, and generating tests for
such faults. Generation of target faults typically requires layout
information. For example, potential shorts or bridges can be
extracted from layout using weighted critical area analysis [3,
4,5, 6], and tests generated for the bridges using bridging fault
models [7].

In contrast N-detect or multiple detect test sets [8-14] employs
conventional fault models (stuck-at), typically without the use
of layout information to generate patterns by targeting faults
more than one time to increase the probability of catching non-
modeled defects.

Both techniques have shown to improve the defect coverage
of the conventional stuck-at tests. Due to the difficulty of
generating tests for all realistic faults, DBT usually targets the

ITC INTERNATIONAL TEST CONFERENCE
0-7803-8580-2/04 $20.00 Copyright 2004 IEEE

high probability or most likely defects. Further it is restricted to
fault models that mimic the behavior of particular defect
mechanisms (e.g. bridges or shorts). In contrast N-detect is not
selective in targeting defect mechanisms or likelihood of defect
occurrence. This is illustrated in Figure 1.

Figure 1. Defect based test versus N-detect

The original work on N-detect [8] showed the improvement
in defect coverage due to N-detect tests on a test chip. Later
work [9, 10] provided explanations and evidence for the
effectiveness of such tests. Recent work has provided industrial
results [13] to show the impact of N-detect tests on product
quality. The quality of the N-detect test set was evaluated based
on the bridge fault coverage estimation (BCE). It was observed
that varying the neighborhood signal states that are surrounding
a defect would improve the detection of a localized defect [14].
Hence the number of unique neighborhood signal states can be
used as a metric to evaluate the effectiveness of N-detect tests
on defect detection [14].

In an earlier work [15], we had experimentally evaluated the
feasibility of generating N-detect tests through simulation and
production data. In this work, we experimentally evaluate the
effectiveness of N-detect tests on an Intel® Pentium® 4 design.
We review an incremental test generation procedure for N-
detect using both combinational and sequential ATPG engines
presented in [15]. Using a simple definition of N-detection, an
incremental test generation procedure is employed to generate
tests incrementally for faults which have an N-detect value
below a certain threshold. The incremental test generation
allows for a study of the test costs with increasing N. Further, it
allows for easy addition and removal of tests to balance the
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benefits and costs based on real production fallout data. The
generated N-detect tests could be included within the
constraints of test time and tester memory. The production tests
also included bridge ATPG tests generated on layout extracted
bridge. The production test flow was modified to determine
overlap in fallout across tests. To evaluate the quality of the
generated N-detect test patterns through simulation, four
metrics are computed. We extract the neighborhood signals for
each faulty node and count neighborhood signal states [14].
The neighborhood signals could be physical neighborhood in
the circuit layout, or they could be logic neighborhood in the
logic schematic. The extraction of physical neighborhood
signals requires circuit layout information and is very time
consuming for a large design. In this work, we use logic
neighborhood signal state to evaluate the N-detect test. Stuck-at
fault coverage is the second metric used for test quality
evaluation. Bridge fault coverage is the third metric used for N-
detect quality evaluation. We use fault simulation of bridge
faults extracted from the circuit layout based on Weighted
Critical Area (WCA) [3, 4]. For each N-detect test, we perform
bridge fault simulation to get the profile of bridge fault
coverage. The fourth metric for evaluation is N-detect Profile
coverage, which is the generalized for of bridge coverage
estimation (BCE) [13]. The correlation between the different
metrics is studied. The generated N-detect test patterns are
applied to a Pentium 4 design in production test and the fallout
data for N-detect with different values of N is collected. The
fallout demonstrate the value of N-detect patterns. A model was
developed to study the correlation between fallout and different
metrics.

Section 2 presents the N-detect test generation flow and the
techniques to optimize test cost. Section 3 describes production
test flow. Section 4 describes the metrics to evaluate the N-
detect test content. Experimental results are provided in Section
5. Section 6 concludes the paper and discusses future work.

2. Test Generation Methodology

2.1 Overview of N-detect Test Generation

Conventional one-detect test is used as a baseline for N-
detect test generation. Non-drop fault simulation is
performed to determine the natural N-detect profiles of the
tests as shown in Figure 2. Faults with N-detect coverage
lower than a threshold (N) are targeted for incremental N-
detect test generation. The threshold is set to 10 in this
work since it is expected that there would be diminishing
return beyond this point. Further, it was estimated that test
application (data volume and test time) and test generation
constraints would prevent the generation and inclusion of
the patterns beyond this threshold. A simple definition of
N-detect where only pattern difference counted towards
number of detections is used in the N-detect test
generation process.
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Tests for the targeted faults are generated in an
incremental manner as shown in Figure 3. Faults with N

equal one are
A

#Faults

#detection

Figure 2. Natural N-detect Profiles

moved to two-detects. The new profile which is shifted
right is computed and faults with N equal two are targeted,
and this procedure is continued till all faults are targeted.
The incremental test generation allows for a study of the
test costs with increasing N. Further, it allows for easy
addition and removal of tests to balance the benefits and
costs based on real production fallout data.
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Figure 3. Incremental Test Generation Methodology

The baseline one-detect tests used a combination of
combinational and sequential ATPG. The faults detected
by combinational ATPG and the incremental faults
detected by sequential ATPG are determined. Only these
faults are targeted by the incremental N-detect test
generation methodology to preserve the baseline stuck-at
coverage. The combinational test patterns and the
sequential test patterns are combined together as the final
patterns for N=2 to 10.

2.2 ATPG Flow

The ATPG flows were primarily optimized for reducing
pattern count since this directly impacts test application
cost (pattern depth and test time). ATPG test generation
time was a secondary consideration. In sequential ATPG
flow, full fault simulation without fault dropping was very



time-consuming and was optimized. In the following
procedures F; and P, refer to the full fault list and the
baseline one-detect test set. F; and P; (i = 2 to N) are the
faults targeted incrementally and the corresponding test
patterns.

2.2.1 Combinational ATPG Flow

1. Target the full fault list F; and generate the
baseline ATPG pattern P;.
2. Write out the detected fault list — Fp.
3. Fori=2toN
e Fault simulate Fp, on {P; U ...U Py}
e  Write out the faults that were detected
less than or equal to (i-1) times — F;.
e Target F; and generate pattern P;.

In combinational ATPG flow, we first generate 1-detect
test pattern P, by targeting all the faults in full fault list F;.
This 1-detect test pattern P; is used as the baseline for N-
detect test pattern generation.

2.2.2 Sequential ATPG flow

1. Target the faults F; that are not detected by the
combinational ATPG to generate the baseline ATPG
patterns P;.

2. Perform non-dropping fault simulation on F; using
pattern Py to get the fault list {F, to Fy}, where F, is
1-detect fault list, F5 is the 2-detect fault list, and so
on.

3. Fori=2toN
{

e Target F; and generate pattern P;.
e  Fault simulate the fault list {F; U F;;} on {P; U
...UP;}

e  Drop the faults on i+1 detect.

e  Move the undetected faults Fy g to Fiiq
e  Move the detected faults Fy to F;i»

e Increment i.

}

4. Save the pattern set {P, to Py}.

The sequential ATPG flow is more complex and different
from the combinational ATPG flow in that it optimizes the
fault simulation time in addition to test generation as well.
To improve the richness of test patterns, we randomize the
order of the faults to be targeted by the ATPG engine and
randomize the decision ordering during ATPG. From our
experiments [15], randomization of the target fault order
and ATPG justification order works very well and
different test patterns are generated when a fault is targeted
multiple times.

3. Production Test Flow and Data Collection

Production data collection flow has been implemented as
shown in Fig. 4. N-Detect content was organized in two
segments, Primary Suite containing pattern from N=2 to
N=6 and Extended Suite containing patterns from N=7 to
N=10. As shown in the figure, units through this flow
were first screened with baseline stuck-at patterns, then
bridge test content and finally with N-detect test content.
All units were screened with Primary Suite with only a
sample being screened with the Extended Suite. Every unit
failing N-detect content was screened with slow speed
functional test and then score-boarded to determine all
failing patterns to which the unit failed. The passing units
were then passed on to at-speed functional tests.

4. Evaluation of Test Content

Excitation and propagation conditions of defects are
unknown. We can potentially increase the probability of
detecting arbitrary defects by generating diverse patterns
in a deterministic way that excite different conditions.
Pattern richness is necessary for good test content. For
both combinational and sequential N-detect test generation
flow, the faults targeted at each iteration (n) are different
and also the orders of common faults in two iterations are
not same. The fault ordering and randomization of
decision ordering during ATPG justification are utilized to
generate diverse N-detect test patterns. The following
metrics are evaluated to determine both the goodness of
the N-detect test patterns and to correlate the observed
fallout.

4.1 Neighborhood State

We use neighboring nodes [14] at the fault site to evaluate
the diversity of N-detect test content. If different states of
neighboring nodes are explored during different detections
of a fault, then the probability to excite different types of
defect at the fault site increases. The extraction of physical
neighborhood [14] of signals from layout is complex and
time consuming. In this paper, we use the neighborhood
signals extracted at the logic level.

When a fault is detected it satisfies certain necessary
excitation and propagation conditions. Due to these the
values at these nodes are not checked during simulation to
determine the unique neighborhood states. Only values at
the unspecified nodes are checked to find unique
neighborhood state. The number of unspecified
neighboring nodes is also used to estimate an upper bound
of the reachable states.
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Figure 4. Production Data Collection Flow

The neighborhood of radius 7 of node # is defined as the
set of nodes that reside within a logic level distance of
from n. The neighboring nodes are called variables.
From

the set of variables, we define the variables of interest as
the smallest set of variables that determines the values of
other variables. We check the values of the variables of
interest during simulation. For example, Figure 5 shows
the neighboring nodes of a stuck-at zero fault at node £.
The nodes {c,d,ef,j,m} are the variables of node & within
the distance of radius 1 whereas the nodes
{a,b,g hef,cdjm} are the variables within the radius of
2. From these variables we obtain the variables of
interest that are within radius of 1 and 2. The set {c,d,e,f}
is the variables of interest for radius 1 and the set
{a,b,g,h,c,d} is the variables of interest for radius 2. We
remove {j,m! since their values are completely
determined by the values of {c,d} and k. Similarly, we
remove {e,f} whose values are completely determined by
{a,b,gh}.

We use implication to identify the necessary excitation
and propagation conditions of fault detection. Since this
fault is located at a fan-out stem, we cannot identify any
propagation condition.

We use backward implication to determine the excitation
condition. The variables {g,A} obtain specific values of
1 due to backward implication. Among variables of
radius 1, ¢ and d remain unspecified and are the free
variables. We examine the values of the free variables
{c,d} during simulation when the fault at node £ is
detected. For radius 2, {a,b,c,d} are the free variables
that remain unspecified. The upper bound of reachable
states is computed as 2%, where R is the number of free
variables. Therefore, for radius 1, the upper bound of
reachable states is 4 and for radius 2, the upper bound of
reachable states is 16. These are loose upper bounds
since relations between variables are not considered for
removing unreachable states. For example, state (0,0) at
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(c,d) is unreachable when the fault at £ is detected, as it
blocks both the propagation paths from the fault site.

To keep track of the unique states explored when a fault
is detected multiple times, we check the values of the
state variables during simulation. Each time when a fault
is detected, we first check if the current state is
previously explored. We store the current state only if it
is different from the previous neighborhood states.

Figure 5. Neighborhood State Space

During n-detect test generation, we target faults that are
detected less than 10 times by the baseline ATPG
patterns. We determine the state profile of these faults
using the baseline ATPG. Then we compute the state
profile for the n-detect test patterns and compare it with
the baseline ATPG profile.

4.2 Stuck-at Fault Coverage

We also evaluate stuck-at fault coverage of baseline
ATPG patterns, bridge test patterns, and N-detect test
patterns and overlap between them. For bridge test
pattern, additional stuck-at may be obtained due to an
alternate ATPG engine. For N-detect test patterns,
additional stuck-at coverage may be obtained due to
accidental detections.



4.3 Bridge Fault Coverage
N-detect test sets are generated based on the stuck-at

fault model. The quality of N-detect test sets can be
evaluated by its fault coverage for other non-targeted

Pre-knee Post-knee

P
\

Knee

Cumulative WCA

Bridge faults

Figure 6. Selection of Bridge Faults

fault models. For example, bridge fault coverage has
been used to evaluate the test quality of stuck-at test
patterns. It is important to note that N-detect patterns are
not defect mechanism specific, and results from a non-
targeted fault model are used only to gauge effectiveness
of patterns in detecting arbitrary defects and unknown
defect mechanism.

In this paper, we use simulation results of bridges
extracted from layout to evaluate the richness of n-detect
test patterns since they were performed to generate
bridge ATPG patterns. We evaluate test quality of the n-
detect patterns by performing simulation on bridges
extracted from the circuit layouts. Bridges are obtained
from layout using weighted critical area (WCA) [3, 4]
using extraction tools [5, 6]. Bridge selection was
performed by plotting cumulative WCA values against
bridge faults [7]. Figure 6 shows the typical profile of
cumulative WCA values. The knee in the graph is
referred to as the saturation point. The bridges that are to
the left of the knee are high probability bridges and the
ones to the right are low probability bridges.
Experiments were performed on both the high
probability and the low probability bridges. The bridge
simulation results are presented in section 5.

4.4 N-Profile Coverage

Fault detection profile was used in earlier works
[9,10,13] to measure the quality of a test set and to
evaluate defect coverage. Bridge coverage estimate
(BCE) was introduced in earlier work [13] to measure

the quality of N-detect test set. In this work, we use a
generalized BCE metric or N-profile coverage for
evaluating test quality. For a given test set, the N-profile
coverage is calculated as follows:

N —profile = Zn:%(l - Wi)

L

Where f; is the number of stuck-at faults that are detected
i times by the test set, F is the set of target faults, n is the
maximum number of detections for any fault and w
(0<w<1) is the weight. For, BCE the value of w is 0.5.
Similarly, the stuck-at fault coverage is calculated from
the N-profile coverage with w=0.

<
SAF =20

In this paper, we use N-profile coverage as the fourth
metric to evaluate the quality of a test set and to correlate
with observed fallout. For N-detect test sets, we may not
expect the stuck-at fault coverage to increase. However,
we do expect to see the detection profile coverage to
increase with the increasing value of N. The simulation
results for N-profile coverage data for different test
patterns and the correlation with fallout are presented in
Section 5.3.

5. Experimental Results

The experiments were conducted on functional blocks of
a processor with the number of detections N set to 10.

5.1 N-Detect Tests Profile

The N-detect profiles for the baseline ATPG tests for
functional blocks A, B and C are shown in Figure 7. The
profile distribution is also shown is Figure 7. From our
experimental results, about 16%-30% of the faults have
N-detect values less than 10. These constitute the target
faults.

The pattern count trend for the functional blocks is
demonstrated in Table 1. The pattern count increased on
an average by a factor of 3.3x for N=6 and 6.3x for
N=10, when compared to the baseline ATPG pattern
count. For functional block G the pattern count increase
is higher than the rest of the functional blocks. The
pattern count increased on an average by a factor of 1.7x
for N=6 and 3.1x for N=10 for the rest of the functional
blocks.
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Fig. 7 N-Detect fault profiles

Figure 8 illustrates the pattern count trend that was
observed for the functional blocks assuming N=10. The
baseline ATPG is represented by N=1. The graphs show
a linear trend with increasing N. Although the pattern
count trend is linear to sub-linear, test cost consideration
(pattern depth and test time) would have prevented
application of all patterns up to 10. The N-detect patterns
up to N=6 were included in production due to given test
time and tester volume limitation.

5.2 Production fallout

Production fallout results were collected for all
functional blocks. A population of 216,865 units failed
baseline stuck-at tests, bridge tests or N-detect tests was
selected for analysis. Among these, 61847 units escaped
the functional test. The incremental fallout of bridge
pattern over stuck-at and N-detect over bridge is shown
in Figure 9. Since the N-detect patterns are applied last
after the baseline stuck-at ATPG patterns and the bridge
test patterns, the fallout to the N-detect patterns is unique
fallout. The bridge tests have fallout of 2.0% over basic
stuck-at ATPG and N-detect tests have unique fallout of
3.8% over both the basic stuck-at ATPG and the bridge
tests. Further, the bridge and N-detect content catch
about 1.3% units of the functional fails that was unique
over stuck-at ATPG. The overlap between bridge and N-
detect is not known. However, the N-detect catches at
least 0.5% that was initially unique to functional test.
This demonstrates the potential of N-detect tests to both
improve the quality of stuck-at ATPG tests as well as
reduce the requirements for functional tests.

The distribution of fallouts for functional blocks D, E
and G are shown in Figure 10. For, functional block D,
8.2% units failed unique to N-detect over stuck-at ATPG
and bridge tests. The fallout of N-detect tests for
functional blocks G and E are 1.5% and 0.3%
respectively.
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Table 1. Pattern Count Trend

Gate Baseline
CKT | Count ATPG # N=6 | N=10 | Factor
A 163508 400 455 | 819 2.1x
B 473008 1103 1624 | 3168 2.8x
C 781170 2310 1434 | 2868 1.2x
D 803689 2241 7273 | 13472 | 6.0x
E 971683 1102 948 | 1488 1.4x
F 950273 544 1483 | 2808 5.2x
G 1049701 | 660 8608 | 16922 | 25.6x
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Figure 8. Pattern Count Trend

For functional block D, a total of 17661 units failed the
baseline ATPG tests, Bridge tests or N-detect tests. 1446
units (~8.2%) escaped the stuck-at ATPG tests and
bridge tests but failed the N-detect tests. The individual
and cumulative distributions of the 1446 failing units to
different N-detect tests are shown in Figure 11. For
functional block E, a total of 12699 units failed the
baseline ATPG, Bridge tests or N-detect tests. Among
them, 35 units (~0.3%) escaped both stuck-at ATPG test
and bridge test but failed the N-detect tests. The
individual and cumulative distributions of the 35 failing
units are shown in Figure 12.

From Figures 11 and 12 we can see that generally with
the increasing value of N, the number of unique
detections decreases, the only exception is PS5 for the
functional block E. However, up to N=6, the N-detect
tests are still effective to catch 206 unique defective units



for functional block D and there is no sign of saturation
of defect detection at this point. For functional block E,
we observe trend of saturation at N=6.
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Figure 10: First Fail Fallout Results
5.3 Simulation Study and Correlation

In this section, we present the simulation results of
different metrics and study their correlation with the
production fallout.

5.3.1 Neighborhood State for N-Detect Test

We use the cumulative number of unique neighborhood
states to evaluate the effectiveness of N-detect test
patterns. In this study, we only consider the faults that
are initially targeted by N-detect test generation, i.e. the
faults that are detected by the baseline ATPG tests but
have detection numbers less than N, where N is 10 in
this experiment. Figure 13 shows the cumulative number
of unique states of randomly sampled 20,000 target
faults for N-detect tests for functional block D. With the
increasing value of N, the cumulative number of unique
states increases. As seen in Figure 13, the cumulative
state profile increases almost linearly with the increasing
N and it is not showing saturation up to N=10.

In comparison with baseline ATPG test patterns, we also
put the total number of unique states of baseline ATPG
test patterns (P1) in Figure 13. It can be seen that from

Pl to P10, the cumulative number of unique
neighborhood signal states increases more than 3.9 times
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Figure 11: Failing Units Detected by N-detect Tests
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Figure 12: Failing Units Detected by N-detect Tests
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Figure 13. Cumulative State profiles —Circuit D

for functional block D. The same trend was observed for
all the other functional blocks of the processor. This
shows the effectiveness of N-detect test patterns in
improving the unique number of neighborhood signal
state. These unique neighborhood states potentially
excite some defects that are not excited by baseline
ATPG test patterns and lead the improved quality in the
production test. It indicates the improved quality of N-
detect test patterns over baseline ATPG tests. However,
the cumulative state profile cannot be used to predict
fallout since every state is not important for detecting
defects.
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5.3.2 Stuck-at fault Coverage Results

The stuck-at fault coverage results of baseline stuck-at
tests, bridge tests and N-detects tests and their overlaps are
shown in Figure 14 for three functional blocks. For
functional block D, both bridge and N-detect tests have
additional stuck at coverage of 5%. For functional block G,
bridge tests have 1% additional coverage. Functional block
E does not have additional stuck-at coverage for N-detect
or bridge tests. In general most N-detect patterns had no
incremental stuck-at coverage excerpt for circuit D.

N-Detect — — =

Circuit D

Circuit G

Circuit E

Figure 14. Stuck-at Coverage Results

5.3.3 Bridge Fault Simulation Results

We simulate bridges extracted from layout to evaluate
the N-detect test patterns. Both high and low probability
bridges are considered for simulation. We randomly
selected 200,000 low probability bridges for each
functional block. The number of high probability bridges
for each circuit is roughly the same as the low
probability bridges. In the paper, we use the bridge
content that was already existed from [7]. The simulated
bridges were node dominant bridges.

Figures 15 and 16 illustrate the incremental detection
profiles for functional block D for high and low
probability bridges respectively.

Although the stuck-at coverage remains the same, the
bridge coverage increases with increasing N. The
cumulative coverage also shows the incremental test
quality provided with increasing N. From these figures,
it can be seen that the bridge fault coverage starts to
saturate with increasing value of N as expected. All
graphs show saturation in incremental bridge detection
beyond N=6. The same trend was observed for all the
other functional blocks of the processor.

5.3.4 Metrics and Fallout Correlation
We studied the relation of incremental fallout (A fallout)

with incremental stuck-at (A stuck-at) and incremental
N-Profile (A N-Profile). We will use figure 17 to derive
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the relation of incremental composite coverage (A
composite -coverage) with A Stuck-at and A N-Profile.

106000

105600 e e

105200 /7///”//.('
104800 /
104400

é

Pt P2 P3 P4 P5 P6 P77 P8 P9 P10

Faults Detected

104000

Figure 15. High Probability Bridge Simulation
Results — Circuit D
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Figure 16. Low Probability Bridge Simulation Results
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Figure 17. Relation between A Fallout and A composite
Coverage

The points in figure 17 show values of A stuck-at versus
A fallout. Initially, stuck-at fault coverage quickly
increases with application of additional tests, after that
A stuck-at slowly increases and reaches saturation. In the
plot, up to point P, A stuck-at estimates the A fallout.
Once P point is reached, the A Stuck-at can no longer
estimate the A fallout. Beyond point P, the A N-profile
gives better estimate of the A fallout. Therefore, we can
represent A composite-coverage using a linear
combination of A stuck-at and A N-profile.



A Composite-coverage = b1*A Stuck-at +
b2*A N-Profile  --- (1)

Since for ideal case, A composite-coverage will match A
fallout, using the least square approximation on equation
(2) we can obtain the values of coefficients bl and b2.

A Fallout = b1*A Stuck-at + b2*A N-Profile --- (2)

Figure 18 shows the plot of fallout and stuck-at fault
coverage of bridge tests and N-Detect tests (P2 to P6) for
functional block G. The values are normalized with
respect to 1. The graph shows that stuck-at alone gives
poor correlation with fallout.
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Figure 18. Fallout and Stuck-at profiles—Circuit G

Figure 19 shows the correlation between fallout and
composite-coverage for functional block G. The graph
shows that a combination of incremental stuck-at and
incremental N-profile, i.e., composite-coverage gives
good correlation with the fallout.
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Figure 19. Correlation between Fallout and
Composite-coverage —Circuit G

Figure 20 shows the fallout and composite-coverage
profiles for functional block D. We observe an additional
10% increase in stuck-at coverage for bridge tests and N-
detect tests over baseline ATPG for functional block D.
Figure 21 shows good correlation between fallout and
composite-coverage metric for functional block D.

Figure 22 shows the fallout and composite-coverage
profiles for functional block E. For functional block E,
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there is no additional stuck-at coverage, therefore, b1=0.
Figure 23 shows correlation between fallout and
composite-coverage metric for functional block E. These
results show that a combination of incremental stuck-at
and incremental N-profile, composite-coverage explains
the fallout.

6. Conclusions and Future Work

In this paper, we have evaluated the test quality of N-
detect scan ATPG patterns. An incremental method is
used for test generation. The generated pattern was
included in production. High volume data from
production fallout on an Intel Pentium 4 processor shows
that N-detect tests (up to N value of 6) have unique
fallout (~3.8%) over both basic stuck-at tests, bridge
tests and functional test. This clearly demonstrates the
value of this test strategy. Further, the bridge and N-
detect content catch about (1.3%) of the functional fails
that was unique over the basic stuck-at tests. This
indicates the potential for the content to reduce the
requirements for functional test.

The effectiveness of the N-detect test sets is evaluated
with different metrics. State metric uses the number of
unique states in neighborhood signals surrounding the
faulty line. The increase in the number of unique
neighborhood states shows the improved test quality of
the n-detect patterns. For bridge fault coverage, we
observe saturation after N=6. This does not imply the
saturation of defect detection by N-detect tests. Non
saturation in fallout indicates catching of defects other
than bridges by N-detect tests. Combination of stuck-at
coverage metric and N-profile metric is used to explain
the fallout. Based on this, a model for composite
coverage is developed which shows good correlation
with the production fallout. This will also help ATPG
tools to select the best metric to generate high quality N-
detect test patterns.
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