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Scan-FF Reordering Method for
Reducing LSI Test Application Time Considering Wire Length in
Test Response Test Vector Overlapping Testing

TADAO KYOTANI, & TSUYOSHI SHINOGI,# HIROYUKI YAMADA,.c¢
MASAKAZU TOKAIRIN, 009 TERUMINE HAYASHI,
HIROHARU KAWANAKAt and SHINJI T'SURUOKA*

Researches for reducing the manufacturing testing cost of full-scanned LSI circuits are ac-
tively carried out. A method to reduce the test application time needed in full-scan testing
without any additional LSI hardware cost has been proposed. The basic idea is utilizing a
part of the current test response on the scan chain as a part of the next test vector so as
to reduce the shift amount. However, their method relies on scan chain FF reordering. The
unrestricted reordering is not always applicable owing to the area overhead of stitching wires
for connecting flip-flops to form the scan chain. In this paper, we propose a method of re-
stricted scan chain FF reordering for reducing the scan shift amount further under constraint
of the wiring length of the scan chain. In each of the three largest ISCAS’89 circuits, the
total wiring length of the scan chain obtained by the restricted reordering gets an order of
magnitude shorter than by the unrestricted reordering, while the difference of the scan shift
amounts by these two reordering methods is very small.
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Fig.1 Full-scan test architecture.
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Fig.2 Test Response Test Vector Overlapping.
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Fig.3 Test vectors and faulty responses.
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Fig.4 Fault detection table.
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Fig.5 Graph chart oriented scan chain partitioning method.
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#bestsubchains = 0;
#subchains_lower = 1;
#subchains_upper = #scanChainFFs;

while ( #subchains_lower = #subchains_upper ){
#sub_chains = ( #subchains_lower + #subchains_upper ) / 2;

Sy EH#sub_chains T, 77 7RICE S A X v T = — 5 E]
/% 3.2(a)fffi #/

E7 vy 7N ) —F 4 RIS K HFFOIF OEZ &
/% 3.2(b)fii */

if (KFEARR = HIRRRERE {
#bestsubchains = #sub_chains;
#subchains_lower = #sub_chains + 1;

¥
else {
#subchains_upper = #sub_chains — 1;

}

}
if ( #bestsubchains == 0 ) print (“NO RESULT”);

07 000000000000 FFOOOOOODOODOO
Fig.7 Flow of scan-FF reordering by binary search

algorithm.
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Table 1 Test vector set.

curcuits | #TV | #don't-care [%]
85378 99 74.8
$9234 110 73.6
$13207 233 93.5
315850 97 82.8
335932 14 47.5
338417 100 82.3
338584 115 83.7
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Table 2 Experimental results.
FEf~H 2 72 L CTHE) B 7AFP A A Tk
circuit Lf L R [%] Wi o L R [%] W W/WTE T [sec]
s5378 17,999 10,139 43.7 15,164 1.0 5,980 66.8 90,302 5.96 281
59234 25,418 16,034 36.9 17,238 0.2 10,615 58.2 120,752 7.00 859
513207 156,779 61,765 60.6 29,064 0.5 28,986 81.5| 295,149 10.16 12,113
515850 58,603 | 33,615 02.6| 28874 02| 24,694 57.9| 294,480 10.20 6,176
535932 25,934 22,067 14.9 46,225 0.4 20,433 21.2| 1,095,020 23.69 1,014
$38417 | 165,336 126,464 235 45962 05| 91,408 44.7] 938,897 2043 31,827
s38584 168,547 103,854 38.4 42,649 0.8 77,834 53.8 895,654 21.00 30,452
Ave. 37.2 54.9
FRERIF T COFFRIE X Fik
I - W/WE=1.5 A9 : W/WE = 2.0
circuit #SC L R [%] W W/WF T [sec] #SC L R [%] W W/WE T [sec]
55378 5 6,822 62.1| 21,353 141 307 1 6,380 64.6| 28364 1.87 324
59234 9 12,814 49.6 23,504 1.36 934 32 10,973 56.8 33,674 1.95 924
513207 25 31,964 79.6 42,946 1.48 13,285 64 31,860 79.7 57,720 1.99 13,389
515850 13 26,879 54.1 42,686 1.48 6,403 39 25,152 57.1 56,542 1.96 6,473
$35932 4 22,283 14.1 64,558 1.40 1,151 11 21,790 16.0 91,490 1.98 1,103
s38417 4] 103,315 37.5 64,359 1.40 34,590 11 93,992 43.2 86,275 1.88 36,804
$38584 3| 87,456 48.1] 60,690 1.42| 36358 10| 80,669 52.1| 82,348 1.93 | 34,485
Ave. 49.3 52.8
03 0J00Doo0o0ooooooooooo
Table 3 Comparison of vertical division with horizontal division.
Fitsh S oy EE (FREEE) R % ) BIE
circuit Lf Wf L R [%] A W/WF L R [%] A W/WF
85378 17,999 | 15,164 6,358 64.7| 28,802 1.90 6,344 64.8| 38,874 2.56
59234 25,418 17,238 11,181 56.0| 26,476 1.54 11,263 557 41,944 2.43
s13207 | 156,779 29,064 | 34,213 782 39,440 1.36 35,153 77.6| 70,967 2.44
515850 58,603 28,874 | 25,536 56.4| 43,544 1.51 25,071 572 64,594 2.24
$35932 25,934 | 46,225 20,346 21.5 89,555 1.94] 22752 12.3] 117,461 2.54
s38417 | 165,336 | 45,962 | 97,358 41.1 90,349 1.971 91,977 44.4 | 117,875 2.56
$38584 | 168,547 | 42,649 | 80,669 52.1] 82,348 1.93] 79,301 53.0 | 125,545 2.94
Ave. 52.9 52.1
(#SC=10)
0000000000000 0 rPFOOOOOOO 04 0D000O000OO0OO0OOOOOO
000000000 FFOOOOOOOOOOOO0OO Table 4 Expel.rimental result with different evaluation
functions.
d0oO0o0oOOo0O FFOOODODOODOOODDOOO _— " TR —ERIE
doodoooooo 20000000 20 OO0 L R [%] L R [%]
85378 17,999 5,980 66.8 6,059 66.3
W/Wi=2.0000000000000300000 s9234 | 25418| 10615| 58| 11488| _ 548
0000000 FFOOOOOOOOOOOOOoOoOo s13207 | 156,779 28,986 81.5[ 29,257 81.3
515850 58,603 24,694 57.9 26,814 54.2
uboobooboboobooboooboooooon 535932 | 25.934| 20433 212] 20337 216
0000000000 53% 0000000 FFOO s38417 165,336 91,408 44.7 98,584 40.4
$38584 | 168,547 | 77,834 53.8[ 80,075 52.5
000d0oO0ob0oOo0o000o00ooooooooono Ave. 54.9 53.0
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Fig.8 Graph chart of evaluation values.
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