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Abstract: In this paper the authors present a genetic algorithm (GA) based approach to find the minimal set of Test vectors
to find all the possible stuck at faults and delay faults in a digital circuit. A genetic algorithm has been used which search
for minimum number of vector set with high detection capability from a large solution space. The possible number of
interconnections and hence the number of faults is having an approximately exponential relationship with the number of
primary inputs and circuit nodes. All the faults which have been originated because of process defects or circuit delays
which may either lead to permanent connection of circuit nodes to power supply rails or can cause the output to be slowly
rising or falling. Such faults must be identified before the chip is fully packaged to prevent the malfunctioning of a system.

Keywords: Genetic algorithm, Automatic Test pattern generator, Universal Reference Table, Fault Coverage, Combinational
circuit.

1. INTRODUCTION

Digital circuits are made of logic gates. As the complexity
of the circuit increases so is the number of logic gates which
increases the number of circuit’s nodes proportionately. The
fault identification method adopted to verify the possible
fault occurrences have to be rigorously tested for their
reliability [6,11]. A Fault Model is used to replicate the
behavior of the physical fault in a software form. When a
line is stuck it is called a fault. The fault model is used in
digital circuits for post manufacturing testing, not design
testing [14]. A stuck-at fault implies that an input or output
line of a logic gate is permanently stuck at logic value 1 or
0 (stuck-at-1 or stuck-at-0) [4, 5]. Delay faults just like stuck
at faults are also introduced during the manufacturing stage
of an Integrated circuit and can create the timing or delay
problems at the output nodes. To detect such faults the faulty
node must have a transition in logic values and the same
transition must be propagated to the output node. A fault is
untraceable if no sequence of input vectors produces a fault
effect at any primary output of the circuit under test.
Otherwise, the fault is detectable [4,11]. A pattern set with
100% stuck-at fault coverage consists of tests to detect every
possible stuck-at fault in a circuit. 100% stuck-at fault
coverage does not necessarily guarantee high quality, since
faults of many other kinds – such as bridging faults, opens
faults, and transition (delay) faults – often occur [9,10]. Even
though random pattern generation is simple, it is not easy to
generate a test for a hard-to-detect fault, since it does not

take into account any information about the circuit to be
tested [1,7,8].

1.1 Genetic Algorithms Overview

Genetic algorithms feature populations of individuals that
evolve with the use of the principles of selection, variation
and inheritance [3]. One of the ways to implement this idea
in computer programs is to represent individuals as strings
of binary digits. Each individual is assigned a numerical
evaluation of its merit by a fitness function. The fitness
function determines how each gene of an individual will be
interpreted and, thus, what specific problem the population
will evolve to solve. Once all individuals in the population
have been evaluated, their fitness values are used for
selection [5, 12, 13].

2. PROBLEM FORMULATION

Figure 1 shown below gives an approximation about stuck
at faults and their identification method. Input pattern A = 0,
B = 1 detects the presence of stuck at fault at A.

Figure 1: AND Gate with Stuck at 1 Fault at A.

3. GENETIC IMPLEMENTATION

A test circuit (Fig. 2) has been shown below to outline the
procedure adopted to implement the algorithm. We try to
determine minimum number of test vectors in minimum
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Two delay faults have been shown:
(1) Slow to fall at node F which is detected if input

pairs are “0001” & “1101”
(2) Slow to rise at node E which is detected if input

pairs are “1101” & “1100”
First the fault free circuit response is to be evaluated which
will act as a reference for distinguishing the faulty free
behavior from the faulty ones [13]. Implementation is
achieved by following the algorithmic steps of Population
Initialization, Population selection, Crossover, Mating.

3.1 Population Initialization

The initialization of chromosomes for the delay fault model
is similar, as the test patterns are directly represented as
chromosomes, however, each test consist of a pair of test
patterns, it was therefore necessary to generate chromosome
- pairs to directly represent the potential delay test pattern
pairs [2].

3.2 Parent Selection

This step is performed to favor the survival of the fittest
rule. Basically it is a selection procedure to have a
probabilistic based selection of chromosome with higher
fitness value which further depends on their fault detection
capability [1,2]. Once the states of the circuit nodes have
been set by the first chromosome the values are stored in
the Universal Reference Table (URT) [11. From a population
of individuals, GA demands selection of those individuals
for reproduction, which are better than others in detecting
faults [4, 9].

3.3 Cross-over and Mutation

The next step performed is to have a generation of new
members of the future generations the technique adopted is
called as crossover which can explore the combinations of
the current mating pool [13].

Test Circuit II: The total number of stuck at faults
(stuck at 0 and stuck at 1) is 28 and the total number of
delay faults (slow to rise and slow to fall) is 12.

Test Circuit III: The total number of input
combinations is 16 but the number of possible stuck at faults
increases to 30 due to the 15 possible circuit nodes, which
can be stuck at 0 or stuck at 1 respectively. The total number
of delay faults both slow to rise and slow to fall in this case
is 20.

4. RESULTS AND DISCUSSION

Three test circuits have been used to prove the procedure
used for identifying the faults and to show the results
obtained. The GAs performance is illustrated with the four
input circuit shown in figure 4.
Test Circuit First (TCI)

The GAs performance is illustrated with the four input
circuit shown in figure 4(a).

number of iterations from the solution space using GA so
that all faults are detected. The procedure adopted to detect
the delay faults i.e. slow to rise and slow to fall consist of a
pair of test vectors [4,12,15]. This test vector set along with
detecting the delay faults also detects stuck at faults at the
faulty nodes.

Figure 2: TestCircuit-1 Four Primary Inputs and One Primary
Output.

Figure 3: (a) Test Circuit-II, Five Primary Inputs and One Primary
Output.
(b) Test Circuit-III, Four Primary Inputs and One
Primary Output

(b)

(a)

(a)
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Test Circuit Second (TCII)

The total numbers of stuck at faults detected are 28 and delay
fault number is 12. The results for Test circuit II are shown
in figure 4 (b)

Test Circuit Third (TCIII)

In this case the possible number of stuck at faults is 30 and
delay faults have increased to 20. The results for Test circuit
II are shown in fig. 5.

Figure 4: (a) Generation Counter Vs Remaining Faults TCI
(b) Generation Counter Vs Remaining Faults II

(b)
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Figure 5: Generation Counter Vs Remaining Faults III

5. CONCLUSION

In this paper a test generation scheme has been presented to
detect the presence of stuck at and delay fault identification
in digital circuits. The dynamic referencing has been
employed with the help of a reference table which updates
according to the information of test vectors selected during
each run of the GA. The approach can be extended to detect
faults in bigger circuits by employing a library or encoding
of the logic blocks which have been earlier examined for
fault possibilities, this helps in saving of time by not
searching for fault occurrences in which results are just alike
what they need to be. By using this scheme the test vectors
which have detected delay faults are also employed to detect
the undetected stuck faults also.


