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A Two-Stage Scan Architecture for Cost-Effective Scan Testing

XIANG Dong LI Kai-Wei

(School of Software, Tsinghua University, Beijing 100084)

Abstract A two-stage scan architecture is proposed for cost-effective scan testing. Scan flip-
flops are grouped based on structural analysis, scan flip-flops in the same group share the same
pseudo primary input in the test generation circuit; scan flip-flops are divided into different clock
domain, only a small number of them are activated when applying test vectors. A new XOR net-
work architecture is proposed to compact test responses, which avoids any aliases. Experimental
results show that test application time, test power as well as test data volume can be reduced

using the new scan architecture without any degradation of fault coverage.
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R ISCAS89 ITC99 benchmark ,
[8] , Sun Blade2000 Solaris
TP=0.5¢ Cipa * (Vir/Teix) * Ng» ’ ATALANTA,
s Cloud » Vo HOPE. FC sred
1
FC(Y%) red vec FC(%) red vec TA(Y%)  TP(%) PTP(%) TDR(%)
S9234 93.48 452 371 93.61 152 365 3.01 1.22 1. 40 10. 99
S9234. 1 93. 48 452 376 93. 66 452 376 2. 36 1.13 1. 24 51.18
S13207 98. 46 151 466 98. 51 151 466 1.19 0.51 0. 46 27. 80
S13207. 1 98. 46 151 486 98.51 151 468 0.75 0.32 0. 35 28. 07
S15850 96. 68 389 436 96. 74 389 428 1. 64 0.56 0.52 18.42
S15850. 1 96. 68 389 434 96. 75 389 420 0.72 0.38 0. 36 27.91
S38417 99. 47 165 899 99. 47 165 854 0.29 0.08 0.10 1.88
S38584 95. 85 1506 651 95. 84 1506 648 0. 68 0. 14 0.13 6.58
S38584. 1 95. 85 1506 655 95. 89 1506 651 0. 35 0.11 0.11 7.95
B17 97.01 2293 2301 97.15 2207 2321 0.78 0. 20 0.21 23.74
B18 96. 11 7334 2944 96. 19 7220 2879 0. 35 0.12 0.11 10. 90
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2 (1)
[10] [8] [6]
TACY%) TP(Y%) TACY) TP() TA) TP(%) TA(Y%) TP
S9234 3.01 1.22 29. 4 25. 5 100 24.07 100 33. 3
S13207 1. 19 0.51 6.1 4.2 100 24. 49 100 33.3
S15850 1. 64 0. 56 20. 2 15.1 100 17.91 100 33.3
S38417 0. 29 0.08 38. 3 22.9 100 44. 98 100 33. 3
S38584 0. 68 0. 14 20.0 16.0 100 20. 67 100 33.3
(2)
[1] [13] [11]
TACY) TDR(%) TA(Y%) TDR(%) TA) TDR(%) TDR(%)
S13207 1. 19 27. 80 16. 20 13.77 8.4 10. 6 12.33
S15850 1. 64 18. 42 21. 54 18. 29 15.0 17.8 28.05
S35932 0.08 1. 34 17. 60 16. 34 15.8 19.2
S38417 0.29 4. 88 20. 51 19. 07 17.2 20. 8 34. 65
S38584 0. 68 6. 58 16. 02 14. 48 10. 4 12.8 35.33
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Background

Scan design makes test generation of the sequential cir-
cuit be that of a combinational one. However, scan testing
suffers from the prolonged test application time, high test
power consumption, and large volume of test data. Test ap-
plication cost can be reduced by parallel scan. Test power re-
duction can be achieved by test sequence or scan {lip-flop or-
dering, clock gating and transition propagation disabling.
Test data, which includes test stimuli and test response, can
be reduced by test compaction and compression techniques.

In this work, a two-stage scan architecture is proposed
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for cost-effective scan testing. Scan flip-flops are grouped
based on structural analysis, and divided into different clock
domains, a new XOR network scheme is introduced to elimi-
nate alias faults. By sharing test stimuli among scan flip-{lip
groups, the length of the test vector can be shorted, which
reduces test application time, test power and test data vol-
ume simultaneously. Test power is further reduced by clock
domain division which makes the scan f{lip-flops active in
turn. Test response compression can be achieved by XOR

network without any degradation on fault coverage.



