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Abstract

This paper describes the defect coverage evaluation
of memory testing algorithms. Realistic CMOS defects
were extracted from a 2 x 2 SRAM layout using an IFA
tool, and circuit simulations were performed to measure
the defect coverages of the eleven memory testing algo-
rithms.

1 INTRODUCTION

The rapid development in memory technology de-
mands new memory testing algorithms not only reduc-
ing the memory testing cost but also enhancing the
defect detection capability, and therefore, the quality
of the product. Abadir et al.[l] and van de Goor[2]
introduced various ad-hoc memory testing algorithms.
These ad-hoc algorithms, also referred to traditional al-
gorithms, are designed to detect stuck-at faults. Other
memory testing algorithms including March test are
also proposed [2][3].

Although many memory testing algorithms claimed
better fault detection capabilities compared to other
testing algorithms, the real defect coverages of the
memory testing algorithms are not clearly and accu-
rately reflected by the functional fault coverage. Veen-
stra et al.[4] evaluated the fault coverage performances
of various functional memory testing algorithms. Van
de Goor[5] investigated the effectiveness of the March
tests over the previous testing algorithms in terms of
the fault coverage. Riedel et al.[6] measured functional
fault coverages of several memory testing algorithms
by generating and evaluating test patterns for a 3 x 3
memory array. All of the previous studies measuring
the effectiveness of the memory testing algorithms used
the functional fault coverage as the measure for test
effectiveness. The functional fault coverage has some
advantages in the sense that the functional fault mod-
els are developed to map the physical defects to make
them easier to handle and understand. However, the
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Fig 1. defect coverage of 2 x 2 SRAM array

functional fault coverage measure may not accurately
reflect the effectiveness of the test with regard to the
actual number of defects being detected. Furthermore,
some of the defects in memory cells are difficult to be
mapped to the set of functional faults.

In this paper, we propose a new approach to eval-
uate the coverage performance of the memory testing
algorithms based on their physical defect coverages.

2 DEFECT COVERAGE

A 2 x 2 SRAM array layout designed using scalable
0.5um CMOS process was used for analyzing possible
defects in a SRAM array. An IFA tool[7] was used to
extract the spot defects from the layout. The IFA is
a procedure that determines the failures that can oc-
cur in a circuit due to the presence of a spot defect|8)].
Figure 2 shows the number of possible defects and the
defect probabilities versus the number of nodes to be
considered for possible bridging. The number of defects
increases exponentially with the increasing number of
nodes involved in a bridge or a break. However the de-
fect probabilities of multiple-node-defects are insignif-
icantly low with the increase in the number of nodes
involved in a bridge or a break(See Figure 2). In Figure
1, DP represents the defect probability with respect to
the number of nodes, and CDP represents the cumula-
tive defect probability. We limited the number of node
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Fig 2. memory defect coverage result

upto five in order to lighten the simulation burden,
while maintaining a high defect coverage(about 95%).

3 RESULT & DISCUSSION

Figure 2 summarizes the defect coverage evaluation
results. The defect coverage results take the weighted
defect probability into consideration, because each de-
fect has its own probability reported by the IFA tool.
Consequently, the defect coverage of a memory testing
algorithm will be different to that of the other algo-
rithm, even though the number of undetected defects
is the same as the other. Figure 3 compares the de-
fect coverage results with previously published func-
tional fault coverage results[4][5] in a bar graph. In
this graph, DC denotes the defect coverage and FC
denotes the functional fault coverage.

We compared our results with previously published
functional fault coverage results[4][5]. It is interest-
ing that the two coverage metrics showed noticeable
differences, especially for those algorithms commonly
believed to have inferior coverages. The previous func-
tional fault coverage results shows that the newer tests,
including MATS and March tests, are much more ef-
fective than the older tests(ad-hoc or traditional test).
However, our results showed that the effectivenesses of
the newer tests and the older tests are about the same
as far as the defect coverage is concerned.

4 CONCLUSION

The main goal of a test algorithm is screening bad
parts by detecting physical defects. The functional
fault models have been developed in order to handle
the physical defects more easily, because the number
of possible physical defects are enormously large in a
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large scale integration. However, the lack of defect
coverage evaluation of the memory testing algorithms
may result ineffective memory test strategy selection.
We propose a new evaluation approach to measure the
performance of the memory testing algorithms based
on their physical defect coverage metrics. The defect
coverage measures of eleven popular memory testing
algorithms are evaluated using HSpice circuit simula-
tion. The experimental result shows that the defect
coverages of the eleven memory testing algorithms are
not much different regardless of their complexities. As
a conclusion, any known memory testing algorithm in-
cluding primitive Zero-One test can provide an ade-
quate defect coverage. However, it is also verified that
the newer algorithms, such as March tests, have im-
proved defect coverages than that of the ad-hoc tests.
In order to increase the resolution of the defect cov-
erage evaluation, a bigger size array is recommended.
However, increasing the array size may cause very long
circuit simulations due to the large number of possible
defects.
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