2011 IEEE European Test Symposium, May 2011

Temperature-Variation-Aware Test Pattern
Optimization

Tomokazu Yoneda**, Makoto Nakao*, Michiko Inoue**, Yasuo Sato™* and Hideo Fujiwara™*

*Nara Institute of Science and Technology, Ikoma-shi, Nara, 630-0192, Japan
"Kyusyu Institute of Technology, lizuka-shi, Fukuoka, 820-8502, Japan
*Japan Science and Technology Agency, CREST, Chiyoda-ku, Tokyo, 102-0075, Japan

Abstract—For accurate failure prediction, it is important to
eliminate the environmental delay variations from the measure
delays for capturing the actual delay shift caused by aging.
This paper presents a novel test pattern optimization method
to reduces spatial and temporal temperature variations during
delay test.

I. INTRODUCTION

In nanometer technologies, the temperature-induced delay
variations during test is as much as that is caused by on-
chip process variations [1]. Temperature difference between
different locations in a circuit can be as high as 40°C to 50°C,
and typical time intervals for temperature changes over time
are very short time of milliseconds. Besides, the execution of
on-line self-test may last for a long time [2]. For example,
the extremely thorough test patterns that specifically target
aging [3] may take several seconds to run. This indicates that,
for accurate failure prediction, we need to embed a lot of
temperature sensors into several locations within a chip to
collect spatially and temporally accurate temperature profile
during test. However, this is not the cost effective solution
since it incurs a lot of overhead. Even if we could accept
the overhead, it requires (1) a lot of data to be stored in
the memory and (2) a complex procedure to eliminate the
temperature induced delay variations from the measured delay
values for failure analysis. Therefore, we need a cost effective
solution to eliminate the spatial and temporal temperature-
induced delay variations for accurate failure prediction.

II. TesT PATTERN OPTIMIZATION

The proposed method consists of the following two steps:
(1) X-filling and (2) test pattern ordering. The proposed
method starts with a test sequence including unspecified bits
(X’s) generated by a commercial ATPG. In Stepl, the thermal-
uniformity-aware X-filling technique [4] is performed so as to
minimize the spatial temperature variance. Step2 determines
an order of the test patterns so that the temporal temperature
variance is minimized while preserving the spatial temperature
variance achieved in the first step. The main idea is to adopt
a sub-sequence-based ordering strategy, not pattern-by-pattern
ordering, and minimize the number of sub-sequences used for
the ordering. The spatial thermal-uniformity achieved in Stepl
is valid only for the current response-pattern pair which are
simultaneously shifted in the original test sequence. Therefore,
the sub-sequence-based ordering itself can preserve the spatial

TABLE I
REDUCTION IN SPATIAL AND TEMPORAL TEMPERATURE VARIANCE BY THE PROPOSED
METHOD.
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(%)  (B) | ) () | (B) (%) | (%) (%)
bI2 [ 175 806 | 946 925 [ 960 940 [ 939 932
bl4 | 73 908 | 734 953 | 704 971 [ 754 966
bI5 | 63 975 | 560 977 | 632 981 | 623 983
bl7 | 34 962 | 867 945 [ 878 961 | 886 95.0
020 | 22 866 | 605 954 | 674 055 [ 683 955
b2l | 46 936 | 690 961 | 712 971 | 662 965
b22 | 31 943 | 747 964 | 772 968 [ 79.6  96.6

thermal-uniformity without any consideration if the length of
sub-sequences is long enough, and focus our efforts on mini-
mizing the temporal temperature variance. This simplification
reduces the computational cost of this step significantly.

III. ExperRIMENTAL Resurrs AND CONCLUSION

Table I shows the relative differences in “spatial temperature
variance AV,”*”, “temporal temperature variance AV;"""” and
“peak temperature AT,,,,” between the proposed method and
the existing X-filling techniques for several ITC 99 benchmark
circuits. The results show that the proposed test pattern opti-
mization method effectively reduces the spatial and temporal
variations. Since the proposed method consists of the thermal-
uniformity-aware X-filling and test pattern ordering for given
test sequences with unspecified bits, it is easily embedded into
the current design flow without any loss of fault coverage.
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