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. Abstract

It is well known that the problem of optimal test generation for VLSI
circuits 1s NP-hard. To overcome this_difficulty, a new approach to error
deteﬁtion is suggested. The approach is based on the idea of universal
tests which are able to detect all the faults from a given set of faults F
-1n almost all circuits from a glven set C. (The'prdbability P(T,F,C) that
all the faults from F will be detecte& -ﬁy the tests T in a circuit randomly
chosen from C, approaches one when the number of inputs in the circult tends
to infinity.) ﬁéﬁérlnwer bound on the probability P(T,F,C) is found. Uni-

versal sequences of tests are constructed for detection of all input stuck-

at and bridging faults in a wide range of multiplicities.
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Cunsider. ﬁhe set C of combinational circuits with m :lnpﬁta and k outputs,
((m,k)—circuits) where each circuit is a realization of k (not necé'ssariljr
distinctjﬂenlean functions of m input variables, and exactly one circuit
ecorresponds to any possible ordered k-tu.ple of BQolean fuuctinns. Obviously,
|C|=f'2m. Denl,nte by F=F(m,k)={ﬁ~1(w=0,l...,w; W=|E‘|-1) a set of faults 1in
an (m,k)}-—circuit, Consider a test T=T(m,N)} which is a sequence of N test
patterns (m~dimensional b.‘h.mrjr vectors tg’ g=1,...,N} applied to the inmputs
of an(m,k)—circuit, cheosen randomly from C with probablility [C[-l. Denote

by P(T,F,C) the probability that the test T detects all the errors from F

in a circuit randomly chosen from C.

Def. 1. A sequence of tests T=T(m,N) is called universal for detection of

all faults from set F=F(m,k), if

ﬁ 1ip P(T,F,0)=1 - . o 1)

Denote by o{(T,F) =2 lower bound over all faults from F on the fraction of
test patterns from T which are distorted by a fault from ¥. Assume that
there exists lim % (T,F)=a, Let dr(T) be the minimum Hamming distance between

o
test patternsin a test T (i.e., between rows of a test matrix T).

-
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Theorem 1. Let F be a set of any input stuck-at and/or bridging faults of

F .
multiplicity at most £.  Then for any test T with dr(T) 228+ .

P(T,F,C) 2 (12 oKW (@)

ond
Let n be the minimum number such that n>m'there exists a binary Hadamard matrix
ﬁn of ordernf1]. We use the conjecture (proved for all n<268) that an
Hadamard matrix exists for all n ﬁhich aré multiples of 4. Consider an (nx m)-matrx
& whose columns cﬂincid; with first m columns of Rn..Let a h=1,2,..,n be the

I
h-th row of the matrix A, Design a test T=Tst as follows:

_ - X .
tZg-l gg,tzg ag (g—l,Z,.“,2 ), (3)

where H=[T| < 2n and Eé is the complement (negation) of ag.

Theorem Z, Let F=F5t be the set of all input stuck-at faults of multiplicity

at most £ (£ = %lf}). Then tests TEt defined by (3) form a universal sequence

of tests, 1if
1 % i o
N=2 E(iugz'igl 27 (1) + E(m)) , (4)
whetre €(m) is any function,6such that €(m)}-* when oo |

Corollary 1. (1).The ninimum number of test patterns in a universal sequence

of tests for detection of all faults from FEt is

L !
N(F,_ mk) £ 2 |3 %og, 45 2 (D), (5)

(1i), For detection of all single input stuck-at faults (2=1):

R(F_, om, ) v 2 '% Logzm] _ (6)

(We denote a(m)lélh(m), if %ig jg%g%- <1

a{m) ~ b(m), 1f a(m) £ b{m) and_b(m) b a(m).)



Consider now detection of input bridging faults. Generate a test T=Tbr(m,ﬂ)

in the following way. Let ZK_l < mSs ZK. The first K rows.of Tbr are

formed by binary numbers from 0 to m-] written as columns (these rows are

the first K rows of a matrix consisting of the first m columns of the

binary Hadamard matrix A
2

combinations of the first K rows. Thus, the columms of ibr are codewords

of a linear error-correcting code. Denote by n{m,d) the length of a shortest

K All the other rows of $br are bipary linpear

linear binary code €(m,d) with the minimum Hamming distance d which.contains
at least m code words., The upper and lower bounds on n{m,d) are well known

[1]. Let the columns of %Er be the first me codewords of C(m,d).

Theorem 3. Let F, be the set of all input bridging faults of multiplicity

br
at most £ (2 ﬂ;%-—l). Then the tests Tbr described above form & universal
sequence uf tests fﬂr detection of.all the faults from Fbr if -
d=] £ (o, (&, D + can . (7)

Corollary 2. (1).The minimum number of test patterns in a universal sequence

of tests for detection of all faults from F is

br
i . T .
N(F, ,m,k) £ n(m, |1 %oz, I, B]). (8)
(11), If -E-—HJ, then
H(Fhr,_m,lc) by 9«082 . - (9)

It can be shown that tests of the same structure can be used for universal

identification of faults from Fs and Fb , but ¥ (in case of stuck-at faults),

and d (in case of bridging faults) must be twice as large as for fault

detection.



The results presented here are generalizations of earlier results, published

in [2,3].
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