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Test Generation for Partial Scanned Sequential
Circuits Based on Boolean Function Manipulation

Hoyong Choi '

ABSTRACT

This paper describes a test generation method for sequential circuits which improves the application limits of
the IPMT method by applying the partial scan design to the IPMT method. To solve the problem that the IPMT
method requires enormous computation time in image compulation, and generates test patterns after the partial
scan design is introduced to reduce test complexity. Scan flip-flops are selected for the partial scan design accord-
ing to the node size of the state functions of a sequential circuit in their binary decision diagram representations.
Experimental results on ISCAS’95 benchmark circuits show that a test generator based on our method has
achieved 100% fault coverage by use of either 20% scan FFs for 5344, 5349, and s420 or 80% scan FFs for
s1423. However, lest generators based on the previous IPMT method have not achieved 100% fault coverage for

those circuits.
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main()
{
select partial scan FFs according to BDD size of
state functions;
replace the output of the scan FF with PI and the
input of the scan FF with PO;
if (there is no(x, y) s.t. De(x, (3, )V (Dg(x, (3,
wm=1)
combinationally redundant ;
else {
F={(r, ) ;=¥
#=SeqTestGen(0, &y, ¥));

if(¢ = null) sequentially redundant ;
else ouput a TP sequence ©(0), 1A1),--,v(k);
}
t
SeqTestGen (¢, @, W)
!
if ((a, 0) exist s.t. D(a, )=1 for 6 € @)
) =a;
return (6);
} else {
@ =T(@N ¥;
if (D4, # empty){
=P UG,;
#r+1=SeqTestGen(t + 1, @1, Wiy ));
if(@, - # null) {
get (a, 6) that makes a transition from 0 € @, , |
) =a;

return(8);

}
return (null);

}
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(H 1) ISCAS'89 HiX|0}3 8|2
{Table 1) ISCAS'89 Benchmark circuits
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40%, 80%9] F2e RE2AME(2WE FFS/AFF
)& Jeldg. =39 A a3 i3] sl 2EN
AE 3R, LI EH oML H g gt 4

Circuit | #PI #PO #DFF | #GATE | #Faults
27 4 1 3 10 32 A SBDDO) HE5E 2010008 3¢t}
5208 1 2 8 9% 215 AYEFHE (X )8 (B ol e (E 2)e 2
5298 3 6 14 119 308 BHEEF HZEHPAZE, (X DM e H2E
s344 9 11 15 160 142 A4 A ¢l SBDDY Hohe=49 Ao g 2EAY
349 9 1 15 61| 350 ol g v =3} FCe 2374 &, Timed H2E
82 3 p o 158 199 A A7 N& HEEA P A9 SBDDS] HHE,
2 9] H|2E o At G714, 3
sul o] oL el ml ml e enns suaaasraer
5400 3 6 21 162 426
100%2, se 28, he A|7+g vheld
$420 19 2 16 196 430 PSSTARSIME 2 thA8)Z e 100%9) 747
a3 6 21 181 4m4 288 ATk 312 5344, 5349, s4200) thsh A STAR
s510 19 7 6 211 564 dHE 9B 23] tsjA SBDDY k47 2208
$526n 3 6 21 194 553 23319 7] W&ol 100%2] DHHEEL IS F ¢
$526 3 6 2 193] 3% AQ Aol v]&) PSSTARIME 25 100%2] 137
s641 35 bl 19 379 467 288 A48 F AUk ole REAAY 9 HA
s713 35 23 19 393 581 EA H B8 =571 10570 o]8t2 ZoE7
5820 18 19 5 289 850 wj FEolt), 3] & 514232 STAROI M &= 2] 1%
s832 18 19 5 287 870 o) dslA SBDDY] =47} 228 2383 H2E
953 16 ” 29 95| 1079 A A o] 204 78 28] HI ZEAA 0] Brl%st
sl196 | 14 14 18 529 1242 Q& ol vl8 PSSTAROIAM & 80% =W 0.2 1417 )
% 1 £ AL 59 AN &
s1238 | 14 14 18 508 | 1355 2;2;2:32?}2 2m;5f:w;l@
51423 17 5 74 657 | 1515
s ” " p P o7t E FogATh HIZEAPAT] QlojA
FREDE 20%S] A$- <F 104, 40% 2] 73S 86N,
51494 8 19 6 647 | 1506 80%<] 2% 7808)s) TEBHE YY) o] A7
(B 2) I3LS B HAENMAIZIS| H|
(Table 2> Comparison of fault coverage and test generation time
PSSTAR
Circuit STAR 0% o 0%
fame FC TIME FC TIME FC TIME FC TIME
27 100% 0.10s 100% 0.0s 100% 0.0s 100% 0.0s
5208 100% 15.1s 100% 4.6s 100% 2.3 100% 0.7s
5298 100% 22.1s 100% 15.8s 100% 7.1s 100% 0.7
s34 93% 0.51h 100% 208.4s 100% 18.6s 100% 1.5
§349 92% 0.55h 100% 213.9s 100% 27.9s 100% 1.7s
$382 100% 0.92h 100% 360s 100% 18.4s 100% 1.4s
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5386 100% 4.50s 100% 2.6s 100% 1.9s 100% 1.0s
s400 100% 0.96h 100% 329.7s 100% 19.1s 100% 1.5s
s420 87% 8.60h 100% 17.2s 100% 107.4s 100% 34s
s444 100% 1.13h 100% 318.9s 100% 30.7s 100% 1.8s
s510 100% 1.8%h 100% 641.1s 100% 12.5s 100% 2.6s
$526n 100% 1.45h 100% 460.8s 100% 86.0s 100% 2.7s
$526 100% 1.13h 100% 465.1s 100% 50.4s 100% 2.8s
s641 100% 0.87h 100% 102.6s 100% 21.0s 100% 12.8s
s713 100% 0.99h 100% 71.0s 100% 24.3s 100% 9.4s
s820 100% 58.9s 100% 12.7s 100% 74s 100% 3.9s
s832 100% 59.0s 100% 13.0s 100% 1.7s 100% 4.0s
s953 100% 0.37h 100% -113.4s 100% 27. 8s 100% 7.4s
sl 196 100% 0.25h 100% 343.3s 100% 233.0s 100% 13.9s
51238 100% 0.26h 100% 483.5s 100% 322.7s 100% 20.3s
s1423 - - 27.1% 13.88h 40.5% 9.07h 100% 0.92h
51488 100% 76.5s 100% 26.3s 100% 17.7s 100% 8.3s
51494 100% 77.8s 100% 19.1s 100% 17.6s 100% 8.4s
(E 3) S =2t &) HIAEAIGAO|e| Bl s713| 19760| 5| 3452 5| 8s6| S| 103 2
{Table 3) Comparison of max. node number and max. 820 1671 12 o3l 7 316] 4 ol 3
test sequence length
s832 167| 12 213 7 316| 4 60 3
PSSTAR
H s953| 59100f 12| 9068 3| 1857 3 1797 2
Circuit STAR 20% 40% 80%
name s1196) 102408] 3| 9201 3] 3937 2 319 2
N L N L N L N L
s1238| 115401 3) 12460 3 4283} 2 503| 2
s27 36| 2 2| 2 221 2 6] 2
s1423 =] —|238125] 3158027 3} 36552} 3
5208 48| 18 36| 18 30| 17 9] 5§
s1488 114 23 253 7 226| S 48| 3
s298 2799 20 721 15 256| 15 78] 3
s1494 114 23 149 7 226 6 43| 3
s344| 898172 7| 76460 7| 14852 7 34 4
s349| 898280 7| 76460 7| 18244 7 18 4
s382| 376481 133| 13117} 18] 1117] 18 186| 3
o) 23§ SBDD2 Hj =t o] HAE
5386 8s| 9| 90| 4| 76| 4| 38| 3 3 : jsl*§}°4'jj}ﬂl :.]ngf:“; | 7“%‘
2lo]7} =z oz AbA Abake] 7hAo) 7
s400| 435935 133| 13144 18| 1102| 18 183 3 ~ - oz ]
ARk 23] SR AA ) o8] ko) Past 2
s420 75| 18 88| 18 69 18 86| S
W 4%, HAEAGLL BolR Fotdss
s444| 254079| 133 12029| 18| 2051 18 292 3
H ZE A4 A 7to] @& )
s510 40| 48 49| 21 70 5 17] 3
$526n| 273698| 133| 6439 30| 2696| 18 751 6 5. a 'E
s526( 273532| 133| 6419| 30| 2378| 18 75| 6
41| 19758] 5| 3450] 5| 804| 5| 103| 2 B aFNE RE2ARNe 290 ola 47
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