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Test Time Reduction for BIST by Parallel Divide-and—-Conquer Method

¥ oL

(Byung-Gu Choi -
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Dong-Wook Kim)

Abstract - BIST(Built-in Self Test) has been considered as the most promising DFT(design-for-test)scheme for the
present and future test strategy. The most serious problem in applying BIST(Built-in Self Test) into a large circuit is
the excessive increase in test time. This paper is focused on this problem. We proposed a new BIST construction
scheme which uses a parallel divide-and-conquer method. The circuit division is performed with respect to some internal
nodes called test points. The test points are selected by considering the nodal connectivity of the circuit rather than the
testability of each node. The test patterns are generated by only one linear feedback shift register(LFSR) and they are

shared by all the divided circuits. Thus, the test for each divided circuit is performed in parallel.

Test responses are

collected from the test point as well as the primary outputs. Even though the divide-and-conquer scheme is used and
test patterns are generated in one LFSR, the proposed scheme does not lose its pseudo-exhaustive property. We proposed
a selection procedure to find the test points and it was implemented with C/C++ language. Several example circuits were
applied to this procedure and the results showed that test time was reduced upto 1/2" but the increase in the hardware
overhead or the delay increase was not much high. Because the proposed scheme showed a tendency that the increasing
rates in hardware overhead and delay overhead were less than that in test time reduction as the size of circuit increases,
it is expected to be used efficiently for large circuits as VL.SI and ULSL
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Table 1 LFSR bit assignment for the circuit in Fig.1
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Table 2 LFSR bit assignment for the circuit in Fig. 5

TP | Node || bit1 | bit2 | bit3 | bit4 | bits | bit6 | bit?
TP | N10 | EN | ai2] | a[3] | al4) [ al5] | al6] [ a[7]
aTP | N7 - - a{3] - - alo] | al1]
PO y[0] - - - - N10 { af0] | al1]
PO y(11 - - - - N10 | a[0] | al1]
PO | yl2] - - - - N10 | af0] | a[1]
PO | vI3] - - - - N10 | alo] | al1]
PO yl4] - - - - N10 | al0] | al1]
PO | y(5] - - - - N10 | a[0] | all]

az 6 32-61E el 447
Fig. 6 32-bit parnty generator
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Table 3 LFSR bit assignment for the circuit in Fig. 6

Trans. KIEE. Vol. 49D, No. 6, JUN. 2000

MISR #HA3ZE o)l&3 s 748 F A7) HFold),
wrebA, e o 7t TPrich shue] 2x1 B EAAM S &
vhe) BY-E§o] Fordoh

11

FF

(a) (b)
g 7 PI TPoll :=71E BItE 2
(a) Pioll E7tgl 27182 (b) TPl FIt8 77
Fig. 7 Additional circuits on Pl and TP
(a) Additional circuit on Pl (b) Additional circuit on TP
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Table 4 iInformation of circuits for experiments

CUT Information
cuT #PIs #P0s | #Nodes | #Comp.
16-bit- Adder 32 16 70 86
8-bit-comparator 19 1 56 57
Binary decoder with enable 9 6 10 16
8-bit ALU 20 4 105 109
4-bit ALU 12 4 111 115
32-bit parity generator 32 1 17 18
C17 5 2 4 6
C432 36 7 153 160
C499 41 32 170 202
830 60 26 357 383
C1356 41 32 514 546
C1908 33 25 855 880
3540 50 22 1647 1669
5315 178 123 2184 2037
6288 32 32 2384 2416
C7552 207 108 3405 3512
#PIs : number of Primary Inputs, #POs : number of Primary Outputs,

#Nodes : number of interior nodes, #Comp. : number of components
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Table 5 Experimental result
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CUT #of CPU Tesl time H/0O Rel. H/O (%) Fault
TPs | tme(sec) | MLPRP this TTRRG%) | MLPRP this Org MLPRP_| Coverage(%)
16-bit-Adder 4 071 | o 5w 00015 80 72 8372 | -1000 100.00
Coi“gr‘;lor 8 065 | "2 g 039 39 47 82.45 2051 100.00
Binary ff;&icr with 2 014 | 2 2! 25.05 24 % 16250 833 100.00
g-bit ALU 12 10| 2 ~oe 039 44 60 55.04 36.36 100.00
4-bit ALU 27 13 | ¢ o 625 28 78 67.8 178.50 100.00
zzéfritrg?gw 4 016 | 2¥ 2 0.000012 65 50 | 27778 | -23.08 100.00
c17 2 006 | "2 3 258 12 14| 23333 16.60 100.00
C432 11 149 | ~2* ~ots 0.00038 79 83 51.90 506 100.00
C499 12 2.97 M v 2.29¢-6 114 113 55.90 -0.87 100.00
C880 12 577 | o ~ 9.09¢-11 146 130 3394 | -109 100.00
C1356 10 11.05 M " 7.45¢-7 114 107 19.59 -6.14 100.00
1908 10 41| 20 ot 00015 91 % 1079 439 100.00
C3540 13 7340 | 2 o 2308 122 116 695 -491 100.00
5315 52 2040 | o ol 350c-44 479 432 1872 -9.81 100.00
6288 44 44300 | 9% ~ 0390 9% 176 728 8333 100.00
C7552 % 56110 | o7 <o 350¢c-44 522 423 1204 | -189% 100.00

#TPs : number of imposed Test Points,

*Rel. H/O : Relative Hardware Overhead(Org. versus this and MLPRP versus this)
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