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Table 1 Energy comparison of faulty sequence and normal one for 3 subbands filtering of 11 hard-faults
o i ?‘ﬁil ?‘il ¥%;L2 ?iZ %%f ?%:43
Gl ) GE#) G GE#) Gl ) GE#)
1 1&2 J % 189. 0435 1. 6726 X 10* 6. 3844 530. 8373 0. 6864 72.4927
2 2&3 4 % 110. 6361 2.0208 X 10* 2.5191 630. 5736 0. 3750 86. 3125
3 3&4 4 1% 72.4051 1. 7690 X 10* 2.2736 539. 7249 0.3171 74.9743
4 284 J5 1% 400. 8603 1. 9516 X 10* 7. 7754 614. 1388 0. 8192 83. 5777
5 5&6 Ji 160. 2939 2.1030 X 10* 2.3154 650. 4952 0. 1459 87. 7700
6 A&6 JH % 4.3945 X102 1. 5853 X 10* 4. 7894 500. 2917 0.6128 68. 6753
7 Ry JT % 0. 0032 4.3155%10° 0.0021 139. 1157 1.1818xX10°* 18. 6809
8 R, 7% 4.3532%X10° 2.1030x10* 28. 2213 650. 4952 1.7277 87.7700
9 R, JT % 125. 0118 1. 2321 X 10* 8. 8731 382. 3276 1. 0785 49. 9315
10 R JFi% 89. 8821 1. 8731 X 10* 2.3560 588. 1291 0.2774 80. 2981
11 R7 ¥ % 359. 2819 1. 6756 X 10* 9. 7594 531. 3516 1. 0840 72.5219
£ 2 ZHEHORAIEE T & T 80T 50 1 AE 8 L (Era/ Etree)
Table 2 Energy ratio of subband filtering sequence for parametric fault and normal circuit
¥%ﬂl@ R +1.0kQ R: - 1.0kQ R, +0.1kQ R, —0.1kQ Re +1.0kQ R7;—1.0kQ C, +2nF Ci — 2nF
71 FaF 0. 8127 1. 1853 1. 2105 0. 8214 0.9624 0. 9463 0. 9209 1.1773
%2 FF 0.9025 1. 2491 1. 2354 0. 8626 1. 0412 1. 0274 0. 9466 1. 1673
%3 iy 1. 0252 1. 3598 1. 2866 0.9170 1. 2282 1.1195 1. 0630 1. 4867
#4 1A 1. 0499 1. 3588 1. 2672 0.9411 1. 1596 1. 0946 0. 8975 1. 4450
#5 FF 0. 7867 1. 2131 1.1610 0.8112 0. 8499 0. 9661 0. 8007 1.1181
%6 FF 0. 7554 1. 2656 1. 2056 0. 8234 0.9089 0.9884 0. 6925 1. 0626
#7 Fr 0. 8771 1. 2905 1. 3091 0. 8217 1. 0516 0. 9805 0. 8920 1. 1589
#8 fiF 0.9915 1. 3915 1. 5205 0. 8767 1. 1673 1. 0483 1. 2698 1.3672
F 3 W B BT AR 543 T
Table 3 Correlation analysis of parametric fault
¥%Mi5¢' R, +1.0kQ R, —-1.0kQ R. +0.1kQ R, —0.1kQ Re +1.0kQ R7;—1.0kQ C, +2nF Ci — 2nF
%1 0. 3038 0. 3105 0. 5242 0. 7900 0. 7053 0. 5057 0. 6306 0. 8065
#2 A 0. 0663 0.0101 0. 0967 0.1418 0. 2909 0. 1288 0. 0969 0. 2081
#3 FF 0. 0591 0. 0454 0.1513 0.0191 0. 0757 0. 1259 0. 0383 0. 0393
#4 FHF 0.0813 0. 0001 0. 0464 0. 0453 0. 0072 0. 1925 0. 0053 0. 0449
%5 iy 0. 0925 0. 0300 0. 0942 0. 0058 0.1088 0.1210 0. 0554 0. 0344
£6 Fif 0.0523 0.1298 0. 0849 0. 1587 0.1767 0. 2061 0. 1295 0.1695
77 1 0.1129 0. 0034 0. 0257 0.1591 0. 0213 0. 0367 0. 0684 0. 0901
%8 FF 0.0705 0. 0998 0. 0939 0. 0427 0. 0601 0. 0583 0. 0389 0. 0585
FIB A Ry SRR R AR BRI 2 — A BERAEm AT
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Fig.6 Correlation of faulty and fault-free sequences
after the 1st subband’s filtering
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Table 4 Diagnosis results of hard-faults by correlation analysis

5 il T 1 T 2 T 3 T 4 T 5 Tl 6 T 7 T 8
1 1&2 % % 0. 0813 0. 0403 —=0.0227 —=0.0999 —0.0468 —-0.0317 —-0.0706 —0.0014
2 2&3 % % 0. 3512 —0.0863 0.0324 —0.0880 0.0731 0. 0515 —0.0246 —0.0381
3 3&4 Ji i 0. 0725 0. 0796 0. 0266 0. 0566 —0.0048 —0.0830 0. 0036 —0.0184
4 284 55 i 0.0720 —0.0992 0. 0099 —0.0493 —=0.0007 0. 0565 0. 0377 —0.0542
5 5&6 JH -0.1113 —0.1083 0. 0095 -0.0111 —0.0688 —0. 0845 —0.0010 0.1334
6 4&6 %5 % —0.0129 —0.0130 —0.0248 0. 0209 0. 0419 —0.0025 —-0.0128 0.1522
7 Ry JF % 0. 0484 —0.0545 0. 0636 0.0184 —-0.1010 0. 0527 0. 0433 —0.0229
8 R, JT % 0. 0036 0.1151 —0.0503 —=0.0377 —0.0662 —=0.0753 —0.0432 —0.0336
9 Ry JF % 0. 0902 0. 0544 0. 1209 —0.0132 0.0018 0. 0459 0. 0258 —0.1468
10 Re JT % 0.0709 0. 0383 —0.0092 0.0374 —0.0321 0. 0358 0.0193 0. 0254
11 R7 i 0.0761 —0.0020 0. 0903 0.1263 0. 0598 —-0.0028 —-0.0192 0. 0435
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Table 5 Results of comparing approach presented with ones in Ref.[7]
b kL7105 AT
Antonini /. 25/ % Tl Haar /N 5t/ % Tl /N % T K/ % Sl

1 7.3 —48 LP5 121 -41 LP5 901 4 71329 8
2 5.9 - 34 HP2 289 -34 HP5 185 1 3965 7
3 8.0 - 43 LP5 122 —-41 LP5 1105 6 27678 7
4 23.6 165 HP2 159 20 HP1 908 2 142757 5
5 147.0 943 LP5 1076 422 LP5 650 8 99900 7
6 282.8 1913 LP5 2093 916 LP5 1624 8 39900 6
7 0.2 -99 LP5 6.1 -99 HP3 890 5 5335 4
8 7.0 55 HP1 826 12 HP4 769 2 27678 1
9 8.1 —42 LP5 132 - 36 LP5 581 8 55456 5
10 2.6 -71 HP2 70.7 - 66 HP5 1310 1 10770 3
11 20. 4 130 HP2 258 25 LP5 779 4 49900 2
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A Correlation Analysis Approach Based Fault Diagnosis
of Analog VLSI Circuits”

Xie Yongle'

(School of Automation Engineering , University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: Aimed at improving test accuracy of analog VLSI circuits,an approach based on digital signal processing (DSP) is
presented. Sub-band filtering to test response signals is achieved with a filter bank implemented by Cosine modulation. Energy
computing and correlation analysis follow sequences acquired from sub-band filtering. Consequently,digital signature extrac-
tion to analog response signal is executed. Experiments to 19 faults in an international Benchmark circuit show that energy
computation of a sub-band sequence is applicable for diagnosing hard faults,and correlation analysis has high effectiveness for
both hard faults and soft faults. It is also shown that the fault resolution of the approach presented in this paper is much high-
er than the one reported in Ref. [7].
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