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Abstract

This paper proposes a new weighted random pattern testing technique to detect path delay
faults in combinational logic circuits.

When computing the probability of signal transition at primitive logic elements of
CUT(Circuit Under Test) by the primary input. the proposed technique uses the information
on the structure of CUT for initialization vectors and vectors generated by pseudo random
pattern generator for test vectors. We can sensitize many paths by allocating a weight value
on signal lines considering the difference of the levels of logic elements. We show that the
proposed technique outperforms existing testing method in terms of test length and fault
coverage using ISCAS ’85 benchmark circuits. We also show that the proposed testing
technique generates more robust test vectors for the longest and near-longest paths.
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Table 1. Computation rules of prob. of
initialization vector and test
vector for primary inputs.
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gate type preb. of
and fanout controlling non-controlling value test vector
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AND N0y = Niet{0) | Nit1) = Nip(1) x = Pi
OR Ni1) = NettD) | Ni0) = Ni-0) x = P
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Fig. 6. Block diagram of a CAR/BSR cell.
(a) Bock diagram of a non-weighted
CAR/BSR
(b) Block diagram of a 0.25 weigh-
ted CAR/BSR
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Table 2. ISCAS85 benchmark circuit.

cuT Gate Pl PO
c432 153 36 7
c499 170 41 32
c880 357 60 26
c1355 546 41 32
r c1908 880 33 25
c2670 1193 233 140
3540 1647 50 22
5315 2184 178 123
c7952 3613 207 108

A% 2) LFSR¥ CARAE 718 o141 AE
#lo]Ad
X 4= 24 9] AY HaEgAr| 24 LFSRH
CARZ Algdold Hewe] 43 ZAAZ LFSR}
CARE 71ee]E ARSI Ya VI V29| =213k
o) 85 0.52 7l Agsiect A A8
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328 ZFelER 3209 HAXAEE 7%
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Table 3. Fault simulation results of the
proposed WAVE system.

[4] . WAVE WAVE+
CUT | robust/ total robust/ total robust/ | ALF N
(sec) (sec) F
nonrobust nonrobust nonrobust

c432 | 295/6868 | 1832 | 922/7739 | 1237 | 930/7659 | 534 | 5.0

0490 | 853/756567 | 252 | 853/75567 | 2458 | 833/75567 | 672 3

c880 | 984/6983 | 2527 912/6324 237 | 1107/5915 | 7.14 | 6.39

c1355| 507291604 | 489.75 | 50/201604 | 79.89 | 266/215492 | 7.07| 3.0

c1908| 1016/28594 | 2463 | 1120/93948 | 5321 | 1208/80256 | 12.09] 888

¢2670| 1285/52003 | 193.3 | 2185/70867 | 1245 | 2261/70179 | 4.33 | 3.01

3540 | 2141/259278 | 4179.19 | 1660/208663 | 210.47 | 1743/192286 | 5.31 | 5.61

5315 [ 4407/185077 | 2774 | 5083/236169 |220.885415/236972| 7.55 | 6.6

7552 | 2562/132832 | 422.07 | 3315/132241 | 218.72 | 3735/132062 | 543 | 4.16

(el w4 0 10,000 )

Erd 4. ¥]7}% LFSR.CARY Apdesf=
WA 7o) &gk 2 Al EH o)Al At

Table 4. Fault simulation results with
non-weighted LFSR and CAR
pattern generators.
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AR BEA AR Ay} et gyt
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Table 5. Fault simulation results by
weighted LFSR and CAR pattern
generators.

WLFSR WCAR WLFSR+ WCAR+
CUT
TO™ non jiole non ro— non ro— norn

bust | robust | bust {robust | bust | robust | bust | robust

c432 | 922 | 7759( 983 | 8099| 930 7659 | 968 7999

c499 | 833 | 75567 882 | 76447| 853 | 75567 882 | 76447

c880 | 912 | 6324|1038 | 718311107 5915 | 1225 6285

cuT pseudo random(LFSR) | pseudo random(CAR) 1355 50 1291604 38 288808 | 266 | 215492 280 | 225368
robust nonrobust robust nonrobust ¢1908 | 1120 | 93948 | 1080 | 94958 1208 | 80256 | 1106 | 79707
432 302 8326 352 9304 2670 | 2185 | 70867 | 2179 | 71621 | 2261 | 70179| 2311 | 69809
499 30 113879 22 121381 3540 | 1660 |208662 | 1777 256755 | 1743 | 192286 | 1878 | 251678
880 440 6028 515 6803 5315 | 5083 | 236160 | 5151 237115 | 5415 | 236972 | 5513 | 237081
1355 28 304184 16 323705 7352 | 3315 |132241 | 3260 | 13200 | 3735 | 132062 | 3754 | 132931
1908 625 37545 . 693 39172 (Al Il 2 1 10,000 1)
c2670 1186 44989 1164 46671
3540 567 294547 811 352518 AE 4) oA} 19 Hedgel 1E3) o A g2}
5315 2083 149560 3073 151435 o] A
7552 2105 14209 2127 151414 F 72 1EEEE AHleR go oAb oo ARl
(les Wy > 10000 ) 2% AHEEE A9ek E69] 5S-value 7HEE =9

FolA & si%o] CARE o4’ A¥AINt 43t
S8l et ol 7189 =RelA stuck-atE
ateg 3 Ageldel fAlskAl AR HEzke] 4
DA (correation) & 13 Al oz AgztEc)
® 5% RS ¥odsisds A-9-2HWLFSR. WCAR)
AR DA A43h ddafold] wE 71EuE 50%%
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Table 6. Simulation Result of different
input weighted values.

E:

i
i 3 - value 5 - value 7 - value |
oot r‘obust non bust non obust non
robust © robust | 7 robust
c432 236 6386 | 922 7759 803 7546
499 19 ‘ 70573 853 75567 853 75567
| ; -
c380 732 o717 ; 912 6324 1009 6160
c1355 492 214901 50 291604 20 395328
L ]
c1908 950 66843 1120 93948 1142 84169
¢2670 | 1982 | 63001 | 2185 | 70867 | 2432 | 693198
I - 1
¢3540 1572 25172 1660 | 208663 427 314014
5315 4458 219866 5083 | 236169 | 6435 217760
8 SRS
c7hh2 11838 133916 3315 | 132241 | 5226 138160
(e e 4 010,000 70D
ks 7. % 69 49A g By AE 7R o
71993 d7beElof sl &4 LFSRA®R
A
T
Table 7. Pattern  number applied to
achieve  the equivalent 4th
coloumn values in table 6.
f !
CUT | c432] ¢499 ('880i ¢l1355 1 1908 |¢2670 (3340|3315 | 7552
No-of 4 i 550 | 501 50 | =4 | >50 | 50 1 =21 | =11
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Table 8. Distribution of detectd faults

according to path length for ¢880

circuit.
path Tpseudo random (LFSR) WLFSR(5-value)
length L robust nonrobust | robust nonrobust
10 0 1 [ o 2
09 0 903 105 735
08 9 2563 3/ | 2313
0.7 54 | sl 1201 5490
L
06 154 | 859% 1804 8318
05 415 10240 D 9903
0.4 626 11224 2485 10819
03 719 11475 2577 11051
02 856 11658 2693 L 11208
0.1 904 11720 255 | 112m
(2= HE] 4 : 500,000 7H)
Vi. 2 B
B E=Folie 2ie=egre] Az Ad A A
A8l didz 2] Helg dol 4 gle HES

ST Hedel e felsbl e sia

RS e S dls A91ge sk, A

W oHzaErYE 2rEE R Aljgist Hl
arefate] FEHA FlH A ddeEs 741*&3}

sdor] Hae el gAY g a7 el

Al AlEge HEe iR ARsteEA b
Agslze] ZisAq 3RS i aelne AN



1995 12 EBETFIEERXH
71esl daEdH2A iR 13 AEdelA
Az AdEe 2R AE HAEEEL 7} FA4

F7Fskem  [SCAS8S wix|ut=as]ze] Ayt A
AHoZ Hi 1.5~28u0]4e] BHAE 373 HE
& Berh ol oF LFSREA] HAEE A

749} B Aulojare] [SCASSS 3 Zeil4 <k 50
7Rel o] RS 7tslo At A= AR B3], A
28 9 Fv| AA ] AE T 7] ARE o)
Hrp g 2o "HxEdEr) RS A 5 9l
ot =gt Z%Ja—:ioﬂ H$Eg2A el =ugke] An
HHA B} B8 A =)
oFA A ol 24 2] &Tﬁ AlzAg A4l dxe]Ee 3

58 2R el HAEs 4
& 71%7;% FrpbalS A <ksboict,
< IEEE 1149135k A

r\_“. ool

&

U= Gl zfe]o
wik Agksl g A~EnE
45 5 9lo
ezl AR o 7R A (multiple
weight set)®] A} o]& Adproa A 4
U BRI 2] A WAl ste] ARk 7ol

2128

Gordon L. smith, "Model for delay
faults based upon path.” Proc. Int. Test
Conf., pp342-349, 1985.

Keerthi Hragu, Michael L.Bushnell and
Vishwani D.Agrawal, “An Efficient Path
Delay Fault Coverage Estimator.” DAC .

ppb16-521, 1994,

[1]

[3] I.Pomeranz, L.M.Reddy. “An efficient
non-enumerative method to estimate
path delay fault coverage.” ICCAD,

ppb60-566 , 1992,

J.A.Waicukauski and E.Lindbloom, “A
method for generating weighted random
test patterns,” IBM. J. Res. Dev.,
33(2). ppl49-161, March 1989.

J.A. Waicukauski and E. Lindbloom,
“Fault  detection  effectiveness  of
weighted random patterns,” Proc. Int.
Test Conf., pp236-244 , 1988.
P.H.Bardell, W.H.McAnney and J.Savir,
BUILT-IN TEST for VLSI Pseudo-

random Techniques., Wiley Interscience.

77D

Al % 12 % 239

¥ 32 %
1987.

[7] F.Brglez, C.Gloster and G.Kedem,
“"Hardware-based weighted random

[8]

(91

[10]

[111]

[16]

pattern generation for boundary scan.”
Proc. Int. Test Conf. , pp264-273, 1989.
F.Muradali, V.K.Agarwal and
B.Nadean-Dosite. “A new procedure for
weight random built-in self-test,” Proc.
Int, Test Conf., pp660-669, 1990.
Rohit Kapur. Srinvas Patil,
J.Snethen and T.W.Williams,
weighted random
generation system,” Proc. Int.
Conf., pp491-500, 1994.
I.Pomeranz and S.M.Reddy. ”3-weight
pseudo random test generation based on
a deterministic test
national and sequential circuit,”
Trans. Computer-Aided Design,
pp1050-1058, July 1993.
M.Bershteyn, “Calculation of multiple
sets of weights for weighted random
testing.”  Proc. Int. Test  Conf.,
pp1031-1040, 1993.

Fardad Siavosh, "WTPGA
weighted test-pattern generation app-
VLSI built-in self-test,” Proc.
Int. Test Conf. |, pp2b6-262, 1988.
Hans-Joachim  Wunderlich, “Multiple
distribution for biased random test
patterns.,” Proc. Int. Test Conf.
pp236-245, 1988.
F.Brglez. C.Gloster
"Built-in  self-test
random pattern
pp161-166, 1990.
Clay S.Gloster
“Boundary scan with built-in self-test, ”
IEEE Design and Test of computers,
Feb., 1989.

F.Brglez and H.Fujiwara, Neutral
netlist of ten combinational benchmark

Thomas
"Design of

pattern
Test

efficient

combi-
IEEE
12(7),

set for

A novel

roach for

G.Kedem,
weighted
1CCD.,

and
with
hardware,”

and Franc Brglez,

circuits and a target translator in
FORTRAN., in special session on ATPG
and Fault simulation, 1ISCAS, June
1985.



240 2% =9 29 A2 Ad 34 FESL AL 7HES 49 Fd W2E I FEE

[17] Franz Fink, Karl Fuchs and Michael Dec. 1992 .
M.Schulz, “Robust and nonrobust path [18] #&ql ¢ | 2§ =] 329 A= x|d 23
delay fault simulation by parallel AL 93 agHq 73t o] " A
processing of patterns,” IEEE Trans. uhy " ogbAlgErs] CAD 2 VLSI A 4
Computers, Vol 41, 12 pplb527-1536, 73 et E3] =53, pp65-68, 1995
X Kb 2 7
5 EIR(E®E) % 3148 AR 119% 8K #E COE&8) % 314 AR 115 28
A gofdistn HAbgsa o ) ofofetn Mgt 2

2l uhajaly

(1772



