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Test compression for scan circuits
using scan polarity adjustment and pinpoint test relaxation
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Abstract This paper presents a test compression method that effectively derives the capability of a run-length based
encoding. The method is based on scan polarity adjustment and pinpoint test relaxation. Given a test set for a full scan circuit,
scan polarity adjustment selectively flips values of some scan sells in test patterns. It can be realized by changing connections
between two scan cells such that the inverted output of a scan cell Q is connected to the next scan cell. Pinpoint test relaxation
flips some specified Is in the test patterns to Os. Both techniques are applied with referring to the gain-penalty table to
determine scan cells or bits to be flipped. Experimental results for ISCAS’89 benchmark circuits show that the proposed
method could reduce test data volume by 36%, and could reduce switching activities (i.e. test power) during scan testing too.

Keyword run-length codes. test relaxation, gated scan chain
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#1: FDRHEBOFBEN Y

Group | Run-length | prefix | Tail | Codeword
0 0 00
Al T 0 il 01
2 00 1600
3 0T 1001
A2 7 10 10 1010
5 T 1011
3 000 | 110000
7 00T | 110001
) 010 | 110010
5 011 | 110011
A3 10 10 551110100
1T T0T | 110101
W) 110 | 110110
13 TIT | 110111
1,:00100
£,:10101 TD:001001010100011
f:00011 TE:100010000101100100
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84 AX v BERBLE URAUPT RS- KRB OERER

TD TE [bits] time [sec]
circuit | #tests | #inputs | [bits] | Method 1 | Method 2 | Method | | Method 2
$5378 100 214 21400 8502 8430 24 25
$9234 111 247 27417 10608 10688 70 90
s 13207 235 700| 164500 18518 18754 708 950
s 15850 97 611 59267 15900 15704 259 262
$35932 12 1763 21156 13880 14414 484 288
s38417 87 1664 144768 57118 57532 566 547
s38584 114 1464] 166896 53774 54138 986 1043
£5: A roERHORBEROH M
#scan #flipping time [sec]
circuit | cells | Method 1 | Method 2 | Method | | Method 2

$5378 179 9 91 041 0.45

$9234 228 143 138 0.58 0.63

s13207 669 248 234 1.00 1.31

s 15850 597 237 234 0.98 1.12

§35932 1728 1053 776 1.55 1.69

$38417 1636 1265 1235 2.26 2.56

$38584 1452 488 473 2.35 2.60

26: AXYUFFCDRLYF T TIOTA(ET1DHIME

average sw.-ac. [%] maximum sw.-ac. [%]
circuit | original | ours Joimp | original | ours oimp
$5378 3534 1983 4389 4766 4533 4.89
9234 31.08 1846 4060 5020 5101 -161
13207 36.25 16.35 5490 5429 4771 12.12
15850 25.46 1640 3559 4615 37.32 19.13
$35932 3.26 986| -20245| 8780 7226 1770
$38417 3520{ 2415 3139 4423|4093 7.46
$38584 30.68 1708 4433 6359 5758 9.45
27 RBEROLE
pinpoint [ EFDR VIHC | RESPIN++ | XORnet
circuit ours [21] [9] [14] [15] [12]
$5378 8502 10490 11419 11516 17332 N/A
$9234 10608 15454 21250 17736 17198 N/A
$13207 18518 22840 29992 27737 26004 25344
$15850 15900 18466 24643 30271 32226 22784
$35932 13880 18072 5554 9458 N/A 7128
$38417 57118 64078 64962 74938 89132 89356
$38584 53774 59262 73853 85674 63232 38976

Xr o VT PTCENERLAEZAF Y 2 VDOEEDOR
KETHAH. “original"& "ours™id, TDHT A MEF L
FEILI-TERENETFAMNESTOERER %
RLTWwa. 72, "%imp ld AL v F ¥ T 254 E
FTADHBEERLTVA. 535932 2B < TXTOME
BioBWT, B ABDRL 9 F o VT 725 4T 4
EFRERFECL-TCHIBTAIEDNTEL. —F, &

RKAA 9 F O ITTI2T4EET 4 3ZFNITIEECHRT

HIEIFTE LD ol

£ 712,
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