1995% 55 #HFLEEHLE

WX 95-32B-5-1

®

4
=

o] NS ol8% =

32 % B % 5 ¥

A5 HIEE si| A7

(A Fast Automatic Test Pattern Generator
Using Massive Parallelism)

ZRET

hE T

(Young-Oo Kim, and In-Chil Lim)

2 o

2 s HEE A4 e A
ol &

skt

e AAE v oA Y F A =,
u£02 HAE #EE AT Stuck-open
Wil o3 HIAE #'lS AAdsic)

R ABRZYe] o] AN olgstel UXNF EFEdRe] BE HAE HHE 180
Axel Bl
How musp] 98 % AHok shz slolEd v
@ HlaE e A4S S8l BREoR BYslolor @ NENS v welgoE,

A upzH dominator) Mde Agste] 7+ A

ARE B4} T3 stuck-at 2l O
17 FA o

HAE el QA A|Aue] ok} £5 2 YA 4 glovE

AL

248 a7 stuck-at A I 27|13 HHS

k=

Abstract

This paper presents a fast massively parallel automatic test pattern generator for digital

combinational logic circuits using neural networks.

Automatic test pattern generation neural

network(ATPGNN) evolves its state to a stable local minima by exchanging messages among
neural network modules. In preprocessing phase, we calculate the essential assignments for
the stuck-at faults in fault list by adopting dominator concept. It makes more neurons be
fixed and the system speed up. Consequently, fast test pattern generation is achieved. Test

patterns for stuck-open faults are generated through getting initialization patterns for the

obtained stuck-at faults in the corresponding ATPGNN.
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Fig. 1. The structure of ATPG neural net-
work.
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Fig. 4. An example circuit. (a) logic
diagram, (b) ATPGNN, (¢) and the
initial ATPGNN with stuck-at-0
fault on signal line I-K.
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stuck-open Aol i3t Hi~E sfEl-g Jepdiich

a8 11.2%%8 CMOS Al°lE, (a) NAND
A°elE, (b) NOR Alel®

Fig. 11. Typical two-input CMOS
gates, (a) NAND gate, (b)
NOR gate.

Ed 1. 2813 CMOS NAND AlelE¢] 7 =gl
2)2Eol] gt stuck-open LAY EHlA
E Jd

Table 1. Test patterns for stuck-open faults
of two-input CMOS NAND gate.

R EE R e

P1 : 11 0l(stuck-at 1 at A)
P2 11 10(stuck-at 1 at B)
N1 0X  11(stuck-at 0 at A)
N2 X0 | 11 (stuck-at 0 at B)
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E: 2. 2918 CMOS NOR Alo]E9 2z} =aix|
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|

Table 2. Test patterns for stuck-open faults
of two-input CMOS NOR gate.
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Asfoyel

EdAzE | zo)siofe]

P1 ! 1X | 00(stuck-at 1 at A)
P2 X1 | 00(stuck-at 1 at B)
N1 00 | 10(stuck-at 0 at A)
N2 | 00 . 01(stuck-at 0 at B)
pat S S |
G 1
+1
1 | H I +1 +1 L
- +
1 1 K : 1
(a)
+1
#1000 ]
=g
= e
i%
-1 =
-1

(b)

33 12. 28 4(a) 3B [HK AZAY
n-Tr.olA9 stuck-open T&
(a) Z948l& 73 ATPGNNE
AR
(b) 27)ss§= & 79 ATPGNN
o FaAy

Fig. 12.Stuck-open fault at n-Tr. of
signal line [-)K in the circuit
of Fig. 4(a). Fault free part
of ATPGNN (a) after evolu-
tion for propagation pattern,
and (b) after evolution for
initialization pattern.
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" 3. Stuck-at el W3 AF A=}
Table 3. Experimental Results for stuck-at

total time (demected)i 90 17 11171 08 3 226 139
ave. time/fault (sec) i().83 0.05-0.39 0.17 :0.02 1006 1.27
i ave. time/detec. (ii) 10.24 0.05 0.03
LG /) i)
(with preprocessing) |
total time i 69 1.2 15 {32 04 03 :425 0.9
ave. time/fault (sec) '0.15]0.02 0.11 '0.09 0.01 0.02 !0,24 0.03
ave. time/detected  0.09(0.02 0.02 [0.09 0.0l 0.01 1024 030
preprocessing time 02 - - - - - 04 -

faults.

ICircuits | ECT F/A SCH! SN7! €17 C14|ALUZ BCD
¥ inputs 6/ 3 4l 9 s 6] 8 4]
# outputs 1 2 1.} 3 : 2 1 3 i 4
# signals 23“ 161 25 ¢ 49 17 14 89 128
}x gate modules (i) 571 25| 31 73 ( 31 . 21 {114 45
1# total faults 46’ 32| 50 98 ‘ 34 28 178 56
# faults detected 38 32) 43 98| 34 . 27 178 56
# undetectable faults 8 ¢ 7 0, 0 ‘ 1 4] j 0
#lestpatterns 5 26| 9 . 38 19| 8 33 |20
(with preprocessing) ! .

total time i38.3 17196 171 QBTM 226 1,9

0.:

10.07
10.07
346

0.17 0.02 10.01 '1.27
7.39 8.00 3.12 [3.19 208 ;2.2 9.77

-0 0.1& o3}
ef) ECT : ECAT circuit'',
F/A : Full adder circuit.
SCH : Schneider circuit"'?,
SNT : SN7480 gated full adder''™,
ALUZ : A 2 bit Arithmetic Logic Unit,
BCD : BCD to excess-3 code converter

E: 4. Stuck-open TAel Wigk A% A=
Table 4. Experimental Results for stuck-
open faults.

‘ Circuit SCH! SN7| C17 Cl4 BCD
# total faults C 30 93[ 18 28 46
# faults detected . 21 93! 18 23! 46|
# undetectable faults 9. 0 } 0 5 0,
‘ave. time/fault (sec) | 0.12 0.10] 0.02 0.02] 0.02 |
.ave. time/detected | 0.01 . 0.10| 0.01 ' 0.01] 0,02

g g
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