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Test Generation of Sequential Circuits Using A Partial Scan
Based on Conversion to Pseudo—Combinational Circuits

4

e

(Hyoung-Bok Min)

Abstract —Combinational automatic test pattern generators (CATPG) have already been commercial-
ized because their algorithms are well known and practical, while sequential automatic test pattern
generators (SATPG) have been regarded as impractical because they are computationally complex. A
technique to use CATPG instead of SATPG for test generation of sequential circuits is proposed. Rede-
sign of sequential circuits such as Level Sensitive Scan Design (1.SSD) is inevitable to use CATPG.
Various partial scan techniques has been proposed to avoid full scan such as LSSD. It has been report-
ed that SATPG is required to use partial scan techniques. We propose a technique to use CATPG for a
new partial scan technique, and propose a new CATPG algorithm for the partially scanned circuits.
The partial scan technique can be another choice of design for testability because it is computationally

advantageous.

Key Words: Test(4]38), Automatic Test Pattern Generation(#% ®] ~E I 4), Partial Scan($-%-
»71), Pseudo-Combinational Circuits( 2] A} &3 3 =)
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32 flipflop4: (A)| flipflop% (B) | B/A (%)
s27 3 3 100.0
5208 8 8 100.0
5298 14 14 100.0
s344 15 15 100.0
$349 15 15 100.0
5382 21 15 ' 71.4
s386 [ [ 100.0
5400 21 15 71.4
$420 16 16 100.0
s444 21 15 71.4
s510 6 [ 100.0
s526 2t 21 100.0
s641 15 15 78.9
s713 19 15 78.9
s820 5 5 100.0
s832 5 5 100.0
s838 32 32 100.0
953 29 6 20.7
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51238 18 ] 0.0
51423 74 71 95.9
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51494 6 [ 100.0
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538584 1452 1131 77.8
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Algorithm PATH_ANALYSIS
3

4 ¥ : State of a Circuit after Test Generation for a Target Fault
& 9 N = Upper Bound of the Length of a Test Sequence

TR

o

bhegin

Creat a Pseudo output node:

Connect the primary outputs where faulty value have been propagated to
the pseudo nutput node:

Nz flipflop_tevelize( the pscudn output node )

end.

flipfiop levelize( v ) %V ig a node %/
begin
mark v visited:
Tevel - [
i0{v is u primary input)
return level:
for every input node w that feeds v {
if (wis not visited and a critical input) {
temporary = flipflop_levelize( w )i
if {(temporary > level)
level (- tempory:
}
i
if (visa flipflop )
level (- level » 1:
return level:

end
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Fig. 5 An Algorithm to Compute Length of Test
Sequence
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S s_q ¢ S c__ if ( there were conflicts )
Sl U Sr S US, S, (1 return REDUNDANT:
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Srs < Src (3) u]ﬁ(»return!‘kk\ﬂ\v‘\‘.
return UNKNOWN:
<§ Do:1> end.
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Algorithm Proposed_ATPG

¥ : A Circuit under Test and Fault set
¥ : Test pattern set

W

ol v o

begin

Random Test Generation with Fault Simulation:

for every remaining target fault {
CATPG:
if ( redundant fault ) {
flag = LOCALITY:
if ( flag == REDUNDANT )
return REDUNDANT_FAULT:
else
SATPG:
}
else
PATH_ANALYSIS:
if ( test generated )

do fault simulation:

end.

Ot

a8 8 ¥ =7 e HEd sEe

}i E-ﬂ/’\l: :4]1:4 /xgx OLJId f;

Fig. 8 ATPG Algorithm for the Proposed Par-

tially Scanned Circuits.
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Table 2 ATPG Results . Fault Coverage

Circuits FA(x) (%) i h (x) iC(%) FC

4- —— - —

<382 | 0.00 0.00 | 0.00 | 100.00 | 100700 |
s400 | 0.00 | ,1.42 1.18 99.76 | 100.00
s444 | 0.00 2.95 2.74 99.79 | 100.00
641 0.00 0.00 0.00 100.00 | 100.00
s713 | 0.00 6.54 6.54 100.00 | 100.00
s953 | 0.00 0.00 0.00 100,00 | 100.00
s1196 | 0.00 3.38 0.00 96.62 6. 86
s1238 | 0.00 9.23 1.48 92.25 96.09
s1423 | 0.00 0.92 0.92 100.00 | 100.00
s5378 | 0.17 7.58 0.80 93.05 98.11
s9234 | 0.97 7.23 3.20 95.01 98.64
s13207 | 0.10 9.27 0.86 91.48 93.49
15850 | 0.07 4.23 2.79 98. 49 99,04
535932 | 0.00 11.42 3.72 92,30 98.77
538417 | 0.00 1.74 0.47 98.73 98.80
538584 | 0.00 ; 4.94 | 3.38 98.41 | 99.36

Fa = Aborted Faults in Type-C Circuits

Fr°= Redundant Faults in Type-C Circuits

Fi"= Redundant Faults in Type-S Circuits

FC = Fault Coverage after CATPG = 100 - (Fy- F&" + Fa)

FC; = FC + additional fault coverage from additional SATPG
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