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Short Papers

Multiple Fault Testing Using Minimal Single Fault
Test Set for Fanout-Free Circuits

Wen-Ben Jone and Patrick H. Madden

Abstract—In this paper, we examine the properties of fanout-free cir-
cuits, and develop an algorithm to generate single stuck-at fault test
experiments that also detect all multiple stuck-at faults. These exper-
iments are shown to be minimal in size. Results demonstrate that elab-
orate selection of nonsensitizing test patterns guarantees the detection
of all multiple stuck-at faults using single stuck-at test experiments.
The algorithm is deterministic, and will produce test sets for tree cir-
cuits containing any mixture of AND, OR, NOT, NAND, and NOR gates.
The results can be extensively applied to multiple stuck-at fault detec-
tion for pseudotree circuits such as parity checkers. The time com-
plexity of the algorithm is determined to be O (%), where n is the num-
ber of gates in the circuit.

I. INTRODUCTION

As circuit technology is moving to high densities of integration.
the fault detection problem tends to be more and more difficult.
Shrinking the size of VLSI features, such as line width and line
distance, increases the possible fault types. The conventional sin-
gle stuck-at fault model assumes that only one line in a circuit is
faulty and has a constant logical value zero or one, no matter what
input patterns are applied. The assumption is no longer valid in
VLSI circuits, where a local defect may cause many faults rather
than a single fault. For example, multiple stuck-at faults are quite
common as feature size is reduced and the number of components
on a single chip increased.

Detection of multiple faults' in combinational circuits has been
discussed in many literatures [1]-[10]. The major complexity of
the problem lies in the number of multiple faults that may happen
in a circuit. Given a circuit with N lines, the number of multiple
stuck-at faults is 3% — 1. It is quitc impossible to generate test
patterns for so many faults, especially in VLSI circuits. Hence,
testing of VLSI circuits still utilizes the single stuck-at fault model,
and it is assumed that the test set generated for single stuck-at faults
will detect most of the multiple stuck-at faults. Theoretically, mul-
tiple fault coverage by the single fault test set has been discovered
to be extremely precarious [11]. [12]. For example, when single
fault test set is used, increasing an internal fan-out in the circuit
under test (CUT) will reduce by five-% the coverage of multiple
faults [11]. However, simulation study demonstrates that signifi-
cantly higher multiple stuck-at fault coverage can be achieved by
applying single stuck-at fault test sets than the theoretical predic-
tion [13]. Thus, multiple fault coverage by the single fault test set
is still arguable and remains as an unsolved problem [14].
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"From now on, faults are confined to stuck-at faults.

In [15,] [16]. a restricted type of fanout-free circuit has been
recognized to have complete coverage of multiple faults by every
complete single fault test set. In addition, every complete single
fault test set for any internal fanout-free circuit always covers mul-
tiple faults of sizes two and three in the CUT. In [17], it has been
reported that when one or more of the subtrees in a tree network
consists of only AND or OR gates, all multiple faults can be detected
by the single fault test set generated using the method of [18]. A
procedure was developed to produce a multiple fault test set for
general combinational circuits [21]. This procedure can also be used
to build a multiple fault test set for a fanout-free circuit by simply
generating test vectors for single stuck-at faults at only the primary
inputs. This procedure will be described in Section II.

In this paper, a new method called TGEN (Tree circuit test
GENeration) is developed to generate a set of single stuck-at fault
test patterns which also detects all multiple stuck-at faults on a
fanout-free combinational circuit. The fanout-free circuit is al-
lowed to consist of AND, OR, NAND, NOR, and NOT gates; EXOR gate
is excluded from the mixture because it has internal fan-outs. It
should be emphasized that the test set generated by TGEN is min-
imal. Instead of finding a method such that any single fault test set
generated is capable of detecting all multiple faults, TGEN con-
centrates on generating a single fault test set which can detect all
multiple faults. TGEN has two major phases. The first calculates
the size of a minimal test experiment, and the second generates the
test patterns for a minimal experiment, given the information de-
rived from the first phase.

Principles of the fanout-free test generation used by TGEN are
applicable to other circuit types. In this paper, we extensively ap-
ply these principles to multiple stuck-at fault detection in a pseudo-
tree structure such as a parity checker. We define a pseudotree cir-
cuit as a tree circuit containing internal fan-outs which are re-
stricted in basic cells. Thus, using EXOR as a basic cell makes a
parity tree a psuedotree. Results demonstrate that the single test set
generated by TGEN can completely detect all multiple stuck-at
faults of any parity checkers, and the test length is linear to the
number of input lines. The time complexity of TGEN is N2, where
N is the number of gates in the CUT, so TGEN can efficiently
handle large-scaled tree or pseudotree circuits.

Background on fanout-free circuit fault detection is given in Sec-
tion I1. The test generation method of TGEN is illustrated in Sec-
tion I11. Section IV demonstrates and proves the multiple fault cov-
erage of the single stuck-at fault test set generated by TGEN.
Application of TGEN to muitiple stuck-at fault detection of parity
checkers is included in Section V. Section VI gives concluding
remarks.

II. BACKGROUND

There have been several works discussing the problem of mul-
tiple stuck-at fault testing. Among them are those of Kodandapani
and Seth [17] and Fantauzzi and Marsella [6] which approach fan-
out-free circuits. The fault model examined by Berger and Kohavi
[18] is for single stuck-at faults in fanout-free circuits, and their
test experiments cannot always detect multiple faults, but are min-
imal in size. The output count process of TGEN is similar to that
of Berger and Kohavi [18], which is discussed below, and also to
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