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Abstract

Generating test patterns for asynchronous sequential circuits remains to be a very difficult
problem. There are few algorithms for this problem, and previous works cut feedback loops, and
insert synchronous flip—flops in the feedback loops during ATPG. The conventional algorithms are
similar to the algorithms for synchronous seguential circuits. This means that the conventional
algorithms generate test patterns by modeling asynchronous sequential circuits as synchronous
sequential circuits. So, test patterns generated by those algorithms may not detect target faults
when the test patterns are applied to the asynchronous sequential circuit under test. In this paper
an algorithm is presented to generate test patterns for asynchronous sequential circuits. Test
patterns generated by the algorithm can detect target faults for asynchronous sequential circuits
with the minimal possibility of critical race problem and oscillation. And it is guaranteed that the
test patterns generated by the algorithm will detect target faults.
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atpg()

begin
1 if( error_at PO() and is_cur_state_justified() )
2 if( check_status() == SUCCESS )
3 return SUCCESS;
4 else
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return Justify( 1 );
end if
end if
if( test_not_possible() == YES )
return FAILURE;
end if
objective = Objective()
data = Backtrace( objective )
if( Imply( data ) != FAILURE )
if( atpg() == SUCCESS )
return SUCCESS;
end if
data = next_sequence_value();
if( Imply( data )} != FAILURE )
if( atpg() == SUCCESS )
return SUCCESS;
end if
end if

data = next_sequence_value();
if( Signal line of data is not reachable from

target fault )
Imply( data );
return FAILURE;
end if
if( Imply( data ) != FAILURE )
if( atpg() == SUCCESS )
return SUCCESS;
end if
end if
data = next_sequence_value();
if( Imply( data ) != FAILURE )
if( result == SUCCESS )
return SUCCESS;
end if
end if
data = next_sequence_value();
Imply( data )
return FAILURE
end

Justify( frame )
begin
if( check_different_bit() == FAILURE )
return FAILURE;
end if
objective = J_objective( &flag );
switch( flag )
case SUCCESS :
if( check_Hamming_distance() == FAILURE )
return FAILURE;
else
return SUCCESS;

/* Justify Internal state. */

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40
41

42
43
44
45
46
47
48
49
50
50
51
52
53
54

55
56

57

HERAT 2+

end if
case FAILURE :
return FAILURE;
case CONTINUE :
if( check_state() == FAILURE )
return FAILURE;
end if
if( check_Hamming_distance() == FAILURE )
return FAILURE;
end if
switch( Justify( frame+l ) )
case SUCCESS :
return SUCCESS;
case FAILURE :
return FAILURE;
end case
end case
data = Backtrace( objective );
if( Imply() != FAILURE )
if( Justify( frame ) == SUCCESS )
return SUCCESS;
end if
end if
data = next_sequence_value();
if( Imply() != FAILURE )
if( Justify( frame ) == SUCCESS )
return SUCCESS;
end if
end if

data = next_sequence_value();
if( Signal line of data is not reachable from

target fault )
Imply( data );
return FAILURE;
end if
if( Imply( data ) != FAILURE )
if( Justify( frame ) == SUCCESS )
return SUCCESS;
end if
end if
data = next_sequernce_value();
if( Imply( data ) != FAILURE )
if( Justify( frame ) == SUCCESS )
return SUCCESS;
end if

end if
data = next_sequence_value();
Imply( data )
return FAILURE
end
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initialize the labels of all the edges to 0;
find_feedback( pseudo_PI );

find_feedback( v )
begin
for each fanout vertex( w ) of v
cur_label = the label of the edge between the
vertex v and w;
if( cur_label ==
label = 0;

return;

)

else if( cur_label == 2 )
label = 2;
return,
else
set the label of the edge between the
vertex v and w to 1;
find_feedback( w );
set the label of the edge between the
vertex v and w to label;

end if

end for
if( one of the labels of the outgoing edge of v is

2 or
v has no outgoing edge )
label = 2;
return;
end if
end
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38 |¥olzd v e A
g |g=4 te g
J-K Negative Edge-triggered Flip
neffwr 1 Flop With Rest T4.S73AP
dwep 3 D flip flop With Clear and Preset | 74574
3-tine TO 8-line
3toldec 3 DECoder/demuiltiplexer with | 74LS137P
address latch
2-bit-BY-4-bit Parallel Binary | SN74LS26
Zoyipbm| 5 Multipler 1
4bepr 4 4-Bit Cascadable Priority Register | SN74278
4biwe 4 4-Bit Latch With Clear SN74116
pulsesyn| 4 PULSE SYNchronizers/drivers | SN74120
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Table 3. Experimental results.

‘:l.ii] red. | untest.| uncheck. | abort. | backt- | time ’(1211:1[11 cof;i:ge
o|& | 2§ | faults| faults | faults | faults | rackings | frames led | 15
neffwr H| 1 0 0 A| 51428 15 | 9363 2857
dwep B 1 1 0 i 3090 63 | 515 9211
3toBdec % 0 0 0 1 4533 127 | 2033 98%
Zoydpbm | 159 { 0 0 0 2] 6925 186 | 5508 9874
4hepr 8@l 0 0 0 1 3763 144 | 115 9888
4blwe &| 0 3 0 51 14026 145 | 6248 90.70
pulsesyn 41 2 0 0 20 53%7 42 | 9852 4390

o512 vlEr] &3 32 disid B A3 A
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aborted Zgo] ®Wol A3t o]RLE F F =2
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Benchmarck 3|2 Zell4 Zbydpbmel TH&}F netlist

=
T

INPUT(BO)
INPUT(B1)
INPUT(B2)
INPUT(B3)
INPUT(B4)
INPUT(MO)
INPUT(M1)
INPUT(M2)
INPUT(G)

OUTPUT(O0)
OUTPUT(O1)
OUTPUT(O2)
OUTPUT(03)
OUTPUT(O_BAR4)

Gl
G2
G3
G4
G5
G6
G7
G8
G9

G10
G11
G12
G13
Gl4
G15
G16

G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27
G28
G29
G30

NOT(BO)
NOT(BI)
NOT(B2)
NOT(B3)
NOT(B4)
AND(MO, M1)
NOR(MO, M1)
NOR(Mz2, G9)
NOT(G)

NOT(GL)
NOT(G2)
NOT(G3)
NOT(G4)
NOT(G5)
NOR(G6, G7)
NOR(G8, G9)

AND(G10, G6, G8)
AND(G1, G7, G16)
AND(G11, G15, G8)
AND(G2, G15, G16)
AND(GS, G42)

AND(G11, G6, G8)
AND(GZ, G7, G16)
AND(GI2, G15, G8)
AND(G3, Gl5, G16)
AND(GY, G43)

AND(G12, G6, G8)
AND(G3, G7, G16)
AND(G13, G15, G8)
AND(G4, G15, G16)

G31 = AND(GY, G44)
G32 = AND(GI13, G8, G6)

=2
=
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G33 = AND(G4, G7, G16) [3] P. Goel, “An Implicit Enumeration Algo~
ggg f ANDEgig géchl}gi rithm to Generate Tests for Combinational
G36 = AND(GI, Gd5) Logic Circuits,” in Proc IEEE Trans.
G37 = AND(G14, G8, G8) Comput, vol. C_SO, Dp. 215_222, Mar.
G38 = AND(G5, G7, G16) 1981.
G39 = AND(G14, G15, G8) [4] H. Fuyjiwara and T. Shimono, “On the
gj(l) f ﬁgggé‘gé’l% G16) Acceleration of Test Generation Algo-
h ’ rithms,” in Proc. IEEE Trans. Comput.,
G42 = OR(G17, G18, G19, G20, G21) vol. C—32, Pp. 1137—1144, Dec. 1983.
G43 = OR(G22, G23, G24, G25, G26) [5] M. H. Schulz et al, “SOCRATES: A
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Ga7 ; NOT(G 46)) ' ' ’ Trans. Computer-Aided Design, vol. 7,
pp. 126-137, Jan. 1983.
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