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Reduction of Test Data Volume and Test Application Time
with Multiple Scan Tree Design

KouEr MIYASE,’ SE1JI KAJIHARA!" and SUDHARKAR M. REDDY#!

In this paper, we propose a method to design a multiple scan tree so as to reduce test data
volume and test application time for muitiple scan designs and a procedure to obtain a test
set for the multiple scan tree. We first describe how to cvaluate test data volumce and test
application time for scan tree designs in order to facilitate their evaluation. Then we extend a
scan tree for single scan input to the onc for multiple scan inputs. Next we design a multiple
scan tree with the limitation of the number of scan outputs, and show a procedure to obtain
a test set for the multiple scan tree. Experimental results for ISCAS-89 benchmark circuits
show the proposed method reduces 76% of test data volume and test application time com-
pared to conventional multiple scan design. The scan tree construction enlarges the number
of scan ontputs required. However, even if we limit the number of scan cutputs, the method
still reduces 62% of test data volurae and test application time.
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Table 1  Experimental results without the limitation of scan outputs.

4y | 4PL | |#s-in|mscl | max H T Ratio | Total | #s-out | time
conv, mstree T

s13207 | 235 31 669] 8 &4 3] 157920 24440 0.85] 31725 82| 19.85
16| 42 7| 157920 26320 0.83) 33605 126] 19.85
321 21 4] 157920 30080 0.81) 37365 213| 19.85
64| 1l 2| 165440 30080|  0.82] 37365 371 19.85
128 6 1] 180430 300801 0.83| 37365 669] 19.85
515850 971 14| 597 8| 75 251 58200 15400] 0.67] 20758 35 30.12
16| 38 13{ 58976 20176] 0.66] 21534 571 30.12
32| 19 7] 58976 21728 0.63| 23086 102] 30.12
64| 10 4| 62080 24832 0.60[26190] 192] 30.12
128 5 2] 62080 24832 0.60] 26190 333] 30.12
535932 12 35[1728 8] 216 3] 20736 288] 0.99] 708 618] 32.44
16] 108 2| 20736 384 0.98| 804| 1037] 32.44
32 54 1| 20736 384 098] 804] 1728) 32.44
64| 27 1| 20736 768 0.95] 1188{ 1728] 32.44
128 14 21504 1536]- 093} 1956 1728| 32.44
s38417 87| 28] 1636 8| 205 69| 142680 48024 0.66] 50460 67] 100.38
16| 103 35| 143376 48720 0.66f 51156 86| 100.38
321 s2 18| 144768 50112  0.65} 52548 128 100.38
64 26 9| 144768 50112 Q.65 52548 217} 100.38
128] 13 5| 144768 55680 0.62| 58116 383] 100.38
s38584 | 114 12| 1452 8] 182 45] 165984 410401 0.75[ 42408 39[113.42
6] 91 23| 165984 41952 0.75| 43320 70] 113.42
32| 46 12} 167808 43776 0.741 45144 133] 113.42
641 23 6| 167808 43776 0.74{ 45144 2571 113.42
128] 12 3| 175104 43776 0.75| 45144 504} 113.42

Average| 0.76,
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Table 2 Comparison with previous works.

FTCS'99™ | DACOI? | VIS02™ JTCOMDY| TC0d Proposed
s13207 28808 25344 56635 30880 83160 33605
515850 29328 22784 23474 26000 52264 21534
2;;3?3 2288 7218 10788 N/A N/A 804
a7 ;;336 89856 65163 93466 825552 51156
136 38796 63612 77812 172224 43320
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‘Table 3 Comparison with the method of 5).

Hs-in 1TC04” | Proposed
513207 16 33160 33605
32 41580 37365
64 27729 37365
128 15140 37365
15850 6 32264 21534
32 37529 23086
64 24168 26190
128 12220 26190
38417 16] 825352 51156
32 550377 52548
64| 275196 52548
128] 172144 58116
538584 16] 172724 43320
32 86116 45144
64 57417 45144
128 29964 45144
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Table 4 Experimental results of the proposed method.

v |Hsein| Bs-out | msel | limired T ot Ratio | Total time

max | conv.  mstree T oo
535932 12 13 16 216 109 20736 10464 0.50 10884 32.39
32 55| 20736 5230 0.75 5700 3238
64 28] 20736 2638 0.87 3108 312.48
16 32 108 551 20736 10560 0.49 10980 3239
64 28] 20736 5376 0.74 5796 3238
128 141 20736 2688 Q.87 3108 32.48
32 64 54 28] 20736 10752 0.48 11172 3239
128 14] 20736 5376 0.74 5796 32.38
256 7] 20736 2688 0.87 3108 32,48
538417 87 8 16 205 117 142680 81432 0.43 83868 £0.52
32 841 142680 58464 0.59 60900 £0.50
64 75] 142680 52200 0.63 54636 100.31
16 32 103 59 143376 32128 0.43 84564 80.52
64 42| 143376 58464 0.59 60900 80.50
128 38| 143376 52896 0.63 55332 100.31
32 64 52 30| 144768 83520 0.42 85956 80.52
128 21| 144768 58464 0.60 60900 80.50
256 19] 144768 52896 0.63 55332 100.31
538584 114 g 16 182 101] 165984 92112 0.45 93480 113.60
32 62| 165984 56544 0.66 57912 46.31
64 48| 165984 43776 0,74 45144 143.39
16 32 91 51| 165984 93024 0.44 94392 113.60
64 31| 165984 56544 0.66 57912 46.31
128 241 165984 43776 0.74 45144 113.39
32 64 46 26| 167808 94848 0.43 96216 113.60
128 16| 167808 58368 0.65 59736 46.31
256 12| 167808 43776 0.74 45144 113.39

Average 0.62 :
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