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Fig.1 Resister transfer level circuit.
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Fig.2 Type of control and observation paths.
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Table 1 Characteristics of combinational ciruits.

DIN | DOUT CIN
00000 | #DIN | #DOUT | #CIN | bit O
MUX 2 1 1 1
gooad 2 1 1 2
ooo 2 1 1 2
gooad 2 1 1 2
AND 2 1 1 2
OR 2 1 1 2
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Table 2 Number of patterns and standard
deviations.

typel type2 type3
gooog | #p SD | #P SD | # P SD
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ooo 680 | 14.20 | 902 | 12.63 | 1870 | 12.86
AND 100 1.22 | 158 5.10 198 7.52
OR 102 1.58 | 162 4.70 201 5.48
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Table 3 Example of test scheduling.
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Fig.3 A data path and its data path digraph.
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Fig.4 Example of adding TMUX for cut edge.
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Fig.5 Example of test scheduling (k = 2).
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Fig.6 DFT for control paths.
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Fig.7 BIST architecture.
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Table 4 Circuit characteristics.
ooooog ooooo
OO0 000 gate .

#PI|#PO|#State | #Status|#Control |0 00 gate[ #PI|#PO | |bit||#Reg.|#Mod. |0 00 gatel

LWF 6835 1 0 4 0 8 67| 64 64| 32 5 3 6588

Paulin 36203 1 0 6 0 16 67| 64 64| 32 7 4 35333

Tseng 23000 2 5 0 13 102| 96 64| 32 6 7 22842

O0s5 O000DO0O0O0O0O0O0ODOOO0O0DOODOOODOOD0O k=10
Table 5 Hardware overhead and test application time (k = 1).
joooooooooooo %o O0O000000 #clock
oo CSC O [6] TCSCOOOOoooo TCSCOoooooo csc TCSCUO
C | DP |BIST-C|{MUX C | DP [BIST-CIMUX C | DP |BIST-C|MUX]| [6] goooiooDbo
LWF (38.43(1.20|19.50| 13.14| 4.59(25.51|1.20| 7.33 12.38| 4.59|25.51|1.20( 7.33| 12.38| 4.59 540 626 626
Paulin|17.39|0.36( 9.65 5.01] 1.17| 9.36|0.36| 3.12 4.71 1.17|10.91(0.36| 4.67 4.71 1.17| 2247 3136 1955
Tseng (26.65|0.55(17.18 7.23] 1.69]21.13|0.55|11.66 7.23| 1.69|21.41(0.55|11.94 7.23] 1.69| 1868 3411 1783
06 ODOD0DDOODOOODODOOOODODOOODODO k=20
Table 6 Hardware overhead and test application time (k = 2).
joooooooooooo %o O0O000000 #clock
oo CSC O [6] TCSCOOOOoOoOoo TCSCOoooooo csc TCSCUO

C | DP |BIST-C|[MUX C | DP [BIST-CIMUX C | DP |BIST-C|MUX]| [6] goooiooDbo
LWF |(43.59(1.20(26.76] 12.12| 4.59(26.73|1.20| 8.56 12.38| 4.59|26.73(1.20| 8.56| 12.38| 4.59 509 387 387
Paulin|17.55|0.36{10.97 4.63| 1.59(10.14/0.36| 3.90 4.71] 1.17]12.46|0.36| 5.45 4.71) 1.17| 2108 2705 1201
Tseng [30.53|0.55(20.03 7.44| 2.51(22.05|0.55/12.85 6.96| 1.69/25.13|0.55|17.62 6.96| 1.69| 1593 1592 1050
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Table 7 Hardware overhead of data paths.

‘Wunderlich csco TCSCUO
oooo (2] (6] oooo oooo
k=1k=2k=1k=2k=1k=2
HW/OHO %0 38.43 21.71|34.66| 7.41 | 8.66 | 7.41 | 8.66
LWF goooo 106 530 | 499 | 616 | 367 | 616 | 367
FCO %0 100 100 | 100 | 100 | 100 | 100 | 100
HW/OHO %0 22.49 8.66 |14.88| 3.14 | 3.92 | 4.69 | 5.47
Paulin| O00O0O0OO 701 2222 | 2093 | 3121 | 2680 | 1930 | 1176
FCO %0 99.99 99.99199.99|99.99199.99|99.99 | 99.99
HW/OHO %0 17.58 17.01]20.00|11.73|12.92|12.01|17.72
Tseng| 00000 657 1843 | 1568 | 3386 | 1567 | 1758 | 1025
FCO %O 99.25 99.9999.99199.99|99.99(99.99 | 99.99
WunderlichO O OOOOOOOOODOOOOOO [} O

gbooooooooooooooooooooooon
o00obOooOoo0O r@mOO0000 0 Wunderlich O
gooooobooobooooooboooooooonoa
oooOoorCcOoooooOOoOoOoOoOoooooooon
Oo0oooooooo TpGO RAOOOO PIO PO
gobooooooooooboobooooboobooooo
OO0 OWunderlichOOOOOOOOOOOOOOO
BILBOO CBILBOOOOOOOOOOOOOOO
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