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An Algorithm of Test Pattern Assignment of Circuit BIST Based on Gray Code
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D (School of Information Engineering » Zhengzhou University . Zhengzhou 450001)
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Abstract  An algorithm is presented to reduce the power dissipation during test application for
combinational circuits tested using built in self-test (BIST). The test sequence is generated by
logic XOR operation between Group Gray code sequence and its canonical seeds to ensure that it is
a single input change (SIC) sequence. According to the primary input weights of circuit, this al-
gorithm properly assigns the Test Pattern Generator (TPG) outputs to the circuit based on the
character of Gray code. The algorithm has been used for Modified Booth Multiplier(MBM). As
compared to the conventional BIST scheme, the achieved reduction of power dissipation is from
35.6% to 43.7% depending on the size of the MBM. Testing results on the ISCAS’85 bench-
mark circuit show that the algorithm can achieve low power consumption and higher fault cover-
age while using less test patterns, and the power consumption is reduced by 59.3% ~97.3%
compared with LFSR at very small area overhead. Experimental results indicate that the proposed
algorithm is very effective and applicable for low power BIST of embedded cores of systems on

chip.

Keywords power dissipation; built in self-test (BIST); weight; test pattern; Gray code
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Background

The ever increasing complexity of integrated circuits
highly complicates the testing process. BIST offers a promis-
ing solution to this problem. Pseudo-random patterns are
often adopted because they are easily generated in a cost-
effective way by employing linear feedback shift registers
(LFSR). However, due to the existence of random pattern
resistant faults (RPRF), unacceptable test lengths are always
needed to achieve satisfactory fault coverage. Besides, the
correlation between consecutive patterns generated by LFSR
is low, which leads to excess power consumption.

Many techniques have been put forward to address the
problem of excessive test length. Control and observation
points are inserted in the circuit under test (CUT) to detect
RPRF. The technique of weighted pseudo-random pattern
generation approach is proposed, which is based on weighted
pseudorandom testing and uses a novel approach for com-
pressing and storing the weight sets. Markov sources have
been shown to be efficient pseudorandom pattern generators
in scan BIST. Many techniques have also been reported to re-
duce test power consumption. A low-transition TPG is pro-
posed, where power is reduced by diminishing the transitions
between consecutive patterns and adjacent bits. A TPG

called bit-swapping LFSR, which reduces transitions occur-

ring at the scan-chain input. Techniques to reorder scan cells

to reduce test power have been proposed. The technique
called first level supply gating (FLS) to virtually eliminate
power dissipation in combinational logic by masking signal
transitions at the logic inputs during scan shifting. However,
these techniques don’t combine the low power and test length
for combinational circuits testing, and the penalty of these
techniques is great area and routing overhead.

This paper proposes a novel algorithm to reduce the
power dissipation during test application for combinational
circuits, which can reduce test length and power consumption
while keeping high fault coverage. The test sequence is gen-
erated by logic XOR operation between Group Gray code se-
quence and its canonical seeds to ensure that it is a single in-
put change (SIC) sequence. According to the primary input
weights of circuit, this algorithm properly assigns the Test
Pattern Generator (TPG) outputs to the circuit based on the
character of gray code. Testing results show that the algo-
rithm can achieve low power consumption and higher fault
coverage while using less test patterns. Experimental results
indicate that the proposed algorithm is very effective and ap-
plicable for low power BIST of embedded cores of systems on
chip.
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