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Abstract

An efficient board-level interconnect test algorithm is proposed considering both the ground bounce effect and the delay
fault detection. The proposed algorithm is capable of IEEE 1149.1 interconnect test, negative ground bounce effect
prevention, and also detects delay faults as well. The number of final test pattern set is not much different with the

previous method, even our method enables to detect the delay faults in addition to the abilities the previous method
guarantees.
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00001111 —
11110000 —
01000111 -
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101110 0|0 —
00101011 1
00011101
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Fig. 1. Test Pattern Set for Interconnect Test.
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Fig. 2. Candidate Codewords k=13).
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VIV VYV VYV
5 5 ¢ )5 5
Hamming Distance

a3 30 sy Aol Al
Fig. 3. Hamming Distance Calculation.
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Fig. 4. Reordering with Greedy Heuristic Algorithm.
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At HASE HAE HE 44 7Y 12z 9
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01100011 0FEi1 10001
01110001 0 111000
10001110 1 000111
10011100 1 00111 0¢;
10111000 1 01110 0
00101011 0 01010 1]
00011101 0 001110
00111001 0820 1110 0F
11000110 1 1000 1 14
11100010 1 1100 0 1%
V VYV VYV VYV VV VYV VYV VYV
@)s 55 5 50 51555555
Hamming Distance Hamming Distance
(@ (b)
a3 5 Mol HAE e A niy
Fig. 5. Dummy Test Patiern Insertion.
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Proposed Reorder Algorithm

11 T=32E9E ME{nido| 22 & HAE mf& Al
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3: s=S8S0L AlF

4: G = Draw_Graph (T, D, s) ;

5! Tp= ZJ|3H XYYo| 228 HAE afed M ;

6: Append (Ta, Do) :

7 whie ( 12E HAE @& MY 2y )

8: {

9: if (oA HAE me )

10: {

1: while (Any_Continuous_Codeword_With_All_1_or_0 (b,
k) == YES)
x = Chg JtEX 2 MeYE HAEQE QA |

12: Append (Ta, pd ;

13: 1}

14: else

15 |

16: x=7tE A2 JI1EX 2 MYE HAE fe olg A

17: Append (T, pd ;

18: }
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Start ->\ Py
4
3 - 12\ o
1
1
0
P, Ps
0
/0
1
Ps Ps
1 1
P,
(@
P; P Ps P3 Py Py Py Py
¢, 000 10 111
cc 11101000
cc, 100060 111
cc 11000011
¢c, 11100001
¢ 00011110
cc 00111100
c, 01111000
¢ 01 010011
¢cc 00110101
c,b 0111000 1
¢, 10001 110
c, 11001010
VVYV VYV YV YV
5 5 5 5.
Hamming Distance
(b)
a3 7. MetE XHdnE ZEZ 1S HAE afH
M 71 k=13, s=5)
Fig. 7. Proposed Test Pattern Reordering Method for

Delay Fault Model (k=13, s=5).
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P; Pg Ps Py P, ‘/,\ P, B LY
% 0 0 0 1 0,11 1 1
¢ 1110 1,00 :0
&, 1.0 00 011 1
¢ 1100 0410 1 i1
&% 1110 0,100 1
& 000 1 141 110
& 0 011 41:+1 0.0
¢ 0111 411700 °:0
. 0101 7001 1
% 0011 0:910 1
€ 01 1 1 0100 i1
¢y 1. 0 0 0 |1 11 -0
¢2 110 0.:1¢J0 1. ;0

VVVVVVV VYV VY

5 55 5 25 155 1

Hamming Distance
MotEl J|Hol ofs MME HAE DjE A9
ool BHIAE &l F=I1 e

dummy test pattern insertion to the generated
test pattern set from proposed method.

a8 8.

Fig. 8.
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HarASDH 1B 75
E 1. & CEHAE HE $of 8@
Table 1. Total Test Pattern Number Comparison,
k= 8000 k= 7000
HAE ME K4 HAE IE M4
o || oo [oET %S e | BT
+GB + Delay +GB + Delay

400 |[ 251 251 350 || 251 252

800 || 126 126 700 || 126 127 |
1200|] 101 101 1050 || 101 101
1600|| 76 76 1400| 76 76
2000|| 51 51 1750 || 51 52
2400 || 51 51 2100 || 51 51
2800 || 51 51 2450 || 51 51
3200|| 51 51 2800 || 51 51
3600 | 51 51 3150 | 51 51
40001 26 26 3500 | 26 27

(@ (b)
k= 6000 k= 5000
HAS ME e HAE BE s
o | 2T NS e [ T
+GB + Delay +GB + Delay

300 || 227 234 250 || 227 238

600 || 126 127 500 || 127 126

900 77 81 750 77 81 |
1200]| 76 76 1000|[ 76 76
1500 || 51 52 1250|| 52 51
1800 | 51 51 1500 || 51 51
2100 st 51 1750]| 51 51
2400|| 51 51 2000 || 51 51
2700 || 27 29 250 || 27 29
3000 || 26 27 2500 || 27 26

(c) (d}

Hele] Aoty F wx & 71&9] oA Aoty
A4 H2ES GB 43S uyste AAE HAE
HE9] o], Al HA & E =FdA Fots=
dZM H2ES GB 9%, 1du NdnY HE Vs
L BT BEAsE HAE Y slgolth AE 370
AH8E BE Z$-(k=8000, 7000, 6000, 5000)e1 GB <38
# Ad 1FE n#A Fu AZAH HAEDS Y%
HEE HEY F& plk)folnz F 26709 feivke
82 g}

2 =RAA AjtshE e 7]EY] dFA HiE
% GB %S A e 7ol Ad u3e HAEd
& Qe 7S FUHEAh AR ® 19 (a), (b), (o)
o] A%, 71&9 71HH ZAY "3 £59 HAE
Yo 5 o2 F& & 4 ok FAW (A9 7
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& B =EoA Add ¥e] 71E9 Zgel HlE o
He 9 H2E Hut »é— 482 3= A EAF
& & F gt o)y@d AUt EAsleE olfrE, 71EY
71gell A NP-dsl] &A1 ABZEd €48 27 A8
°]’34 ¢ (optimal) ¥gol ohd E& gngEFE AHE3
7} dEel 71EY 7ol 4 HH ARE HolA
&7] WEoltt. &, B =&oA Agd 7|¥e| ARE
HAeA 71EY 7HH & ARE FFoEH (D

Atolle 71€9 71EEg © 4E 438 B Aol
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