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Figure 227 Tbe Setof n + 1 Basic Faults Associated With Each Gate Type
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Theorem 22: In a fanout free combinational circuit C, any set of tests
which detects all stuck fanlts on primary inputs will detect all stuck faults.

" Proof: Assume a set of tests T detects all stuck faults on primary inputs of
C but does not detect all internal faults. Then there must be some gate G

in C such that T detects all faults on the inputs of G but does not detect
some output fault. Assume G is an AND gate. Then the output of G s-¢-0
is equivalent to any input s-¢-0 and the output s-g-1 dominates any input
s-a-1. Therefore if all input faults of G are detected both output fauits will
also be detected. A similar proof holds if G is an OR, NAND, or NOR

gate. ©

Theorem 2.3: In a combinational circuit any test which detects all single
(multiple) stuck faults on all primary inputs and all branches of fanout*®
points detects all single (multiple) fauits. The set of primary inputs and
branches of fanout points are called the checkpoints of the circuit.

Proof: For single fauits the proof is similar to that of Theorem 2.2. The
proof for multiple fauits follows from the fact that if line i is a predecessor
-f Iine j (i.e., there is a connected path from i to j) then any muitiple fault
of the form (iajs), @b = 0 or 1** dominates the singie fault j, or j,. Thus
_any multiple stuck fault can be reduced to a set of stuck faults, no one of
which is a predecessor of any other. Each of these dominates a single stuck
fault on some checkpoint and hence the multiple fault dominates a muitiple
stuck checkpoint fault. o



Theorem 2.3, this set of fanlts can be collapsed to 10 input faults plus
4 fanits on branches of fanout points {go(g s-a-0), g1,%xh1}. This set of
fourteen faults can then be further collapsed. Since A s-a-0 is equivaleat to
B s-a-0, we can delete the latter. The fault g, is equivalent to f; which
dominates A s-a-1. Therefore, g, can be climinated. Since &, is equivalent
to D s-a-0, the latter can be eliminated. Finally E s-g-1 is equivalent to i,
which dominates k,. Therefore E s-a-1 can be eliminated. The original set
of 24 faults has thus been reduced to 10.
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Figure 229

structurally related (in the manner specified in Theorem 2.3) would require
a prohibitive amount of computation.
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 OR(NOR) input s--0 Remove input

OR(NOR) input s-a-1 Remove gate, replace by 1(0)

Figore 2.30 Simplification of Redundant Circnits
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In order to detect

ThiSisdoneforthetﬁtABbesetﬁngﬁnea'toOand
zeroontputﬁomgateG,.Howcver, since the fault a
decmblqthkpathwmbedaﬁvatedforthemABﬁif

thus producting 2

-

this undetectable fanlt occurs, and the- test ABC will not detect the fault

b s-a-0. This
The set of tests

thbede:ectedonlybyZB_C_'_in the presence of a s-¢-1.
{ABCD, 4BC, ABCDE, ABCDE, BCD} detects any de-

tectable singlefanltintheoﬂginal circuit but does not detect b s-a-0.in the
of the undetectable fault a s-a-1. ' :

mmfoimymulﬁpleﬁnltwhichan arise due to a sequence of

undetectable

faults. This greatly increases the difficulty of test generation

forredpindantdrcnits.Mmyotherpmblemsanarisein redundant circuits
including the following: (1) i ais a detectable fault and y is an undetect-

Problem 2.13). The latter fanlt is called 2 second-generation redundant
ﬁnlt..(Z) An undetectable fanlt @ may become detectable in the presence

of another undetectable fault g (See Problem 2.14). Therefore, a complete
fstsamustconninatstwhiclidetectsthcmulﬁplefanlt(a,ﬂ)althongh
ndoanotdetectapyofthecormponding single fanlts in the original
udmdmtdraﬁt(?g)lfaandﬁaretwodisﬁnguishablefanl&andyis
anmdgteaablefaulafaulsaandpmaybecomeindisﬁngtﬁshableinthe
presence of fault y (See Problem 2.15).
Beemeofthediﬁmlﬁainhemtht&gmmﬁonforrednndm
draﬁs,itisddrableweﬁnﬁnatesuchredmdmcyviadrcuitsimpﬁﬁaﬁon

as specified

in the table of Figure 2.30. However, in general there is no

simple manner to determine redundancy in combinational circuits other
thanpmvmgthatnomeﬁstsforsomefanltorfanhs.’

T

ynd

ence o « [‘"“'i;"s

:iabk) g s only

by ABC



Y, 2%

_______________

T = ?ﬁscp ABcD ABcPH ABCD AECcD ABcD}
/ / / 7

7l¢la‘feél‘s oAl simg /e ‘Fw/?l: |
Lot does et Jetest multiple oo I
/‘—st ﬂl‘(_s Eot:;’ol-Q '~F5/ sing IQ -7an/"/;§
~o be ole-fed‘ed wkrle_ mu/?",,o/e "R\J fs
e ndt (et prebekle)

Un 7 /ce/y



au+ My l+)pLQ L
j ,YLlch &5(//7% ab
game TA;%:;;‘:; - C;,,,éma?h"’a/[ Gmuﬂ:r

(1) Inirredundant two-level combinational circuits, ‘any set of tests which
detects all single stuck faults also detects all mulu'ple stuck faults.

(2) In fanout-free circuits (1 €., circuits where each primary input and
each gate output are inputs to at most one gate), there exists a single
stuck fault test set of minimal cardinality which detects. all multiple
stuck faults.

(3) The checkpoints of a combinational circuit consist of all inputs and :
branches of fanout points. A set of tests which detects all multiple -
stuck faults on the checkpoints of a circuit will detect all mu1t1ple
stuck faults in the circuit.

(4) In a combinational circuit C any set of tests which detects' all single
stuck faults will also detect all multiple stuck faults unless C contains
a subcircuit corresponding to the circuit shown within dotted lines
in Figure 2.36 [27].
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Example 2.12: Consider the circuit of Figure 2.38(a) and the multiple
fault {4 s-a-1, h s-a-1}. '

Figure 2.38

To generate a D at the output of G, we specify 4 = 0, B = 1. To propa-
gate along the path G,G, we specify C = 0, thus generating a D on the
faulty line A. From the table of Figure 2.37 the propagation of a D onto
a s-a-1 line results in a 1 signal. Thus the fault cannot be propagated along
this path, Alternatively to propagate the D along G;G, we specify E = 0.
In justifying the input to G, we determine that the signal on h cannot be
set to O but can be made D by specifying C = 1. Thus the test ABCE
detects the multiple fault. Figure 2.38(b) shows the résultant signal pro-
pagation. @

e —
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ixample 2.15: For the circuit of Figure 2.46, we wish to derive a test to
listinguish the “D” fault 4 s-a-1 and the “E” fault C s-a-0. We begin by
rying to propagate a faulty signal from 4 s-a-1. Setting 4 = 0, B =1,

Figure 2.46

results in G: = D. If we attempt to propagate this D through G, we ob-
serve that if C = 0 the output of G, is D + 0 = D. However if C =1 the

output of G, is D + E = E. Similarly the output of Gy is D if F = 0 and
is 0 if F = 1. Thus the input ABCF results in an output of G, equal to
E-D = D,E which does not distinguish the faults. The input ZBCF results
in G, equal to D*D =0 which does nqt distinguish the faults, and the
inputs ABF result in the output 0. Hence ‘the faults cannot be distinguished
if the error signal D is propagated from A s-a-1. We must thus propagate
a faulty signal E from C s-a-0. Setting C =1, B =0 results in the output

of G, of E + 0 = E. Setting F = 0 results in the output of Gy of E* 1

—

= ETTh*ﬁs“F*cfﬁffstinguishes—t—he—«faul-tsz—I.f_B_:*uhe,outpu;_,of G, is 1 if

Y Z3

A =1andis Dif A = 0. In either case no distinguishing test can be gen-
erated. Hence the only tests which distinguish these faults are defined by
the Boolean expression BCF. o :

__’_’_____,__._________._._
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ing the first altgrnative, ife=0,then 4 = B = 1 and G, has both inputs
critical. The sensitized path has been driven back to the inputs. The con-

dition f = 1 requires C = D = 0. Thus the test (1,1,0,0) has been gener-

ated. Considering the second alternative the critical signal f = 0 is driven )
back through G, by specifying C = 0, D = 1, or C = 1, D = 0. The con-
dition e = 1 is justified by 4 = 0 or B = 0. (Since e = 1 is not a critical
signal no purpose is served in defining 4 or B as critical signals). Additional
tests can be generated by initially. defining the output g = 1. This implies
e = f = 1 with both signals critical. The critical signal e = 1 can be driven

-~

back by specifying 4 =0, B =1 or 4 =1, B = 0. The critical sighal
f = 1 requires C =D = 0. Thus the two tests (0,1,0,0) and (1,0,0,0$$;re
generated. o v , -

T




The Critical Path Test Generation algorithm for combinational circuits
is thus as follows: ' ' : '

procedure 2.3 ( Critical Path Test Generation):
(1) Select an output line. Define it as 2 critical 0 and drive this critical
value back towards the inputs using sensitizing cubes. Whenever a
choice exists, select oné alternative and backtrack later to consider
all possibilities. For each choice made, all implications of that choice
are carried out, and all critical lines generated are marked. When all
critical lines have been driven back, all non-critical lines are justified
using primitive cubes. If a critical line cannot be driven back via a

sensitizing cube because of an inconsistency, backtrack and use 2.

primitive cube.
- (2)-Repeat for the output line initialized as 2 critical 1.
(3) Repeat 1,2 for the rest of the output lines. o

——

.

4.3%



Example 2.10: Consider the circuit of Figure 2.25.

Figure 2.25

A

The table of Figflre 2.26 shows. the computation for the critical path test
derivation procedure for this circuit.

1 ' o

2 ° 1 1° 1° 0°

30 1 1° 1 10 1° 00

(Implication) 4 ©0° ©0° 1 0 0 1 1 1¢ 1° 1I° 1 0

- 51 . 0¢ o1 o1 1¢ o
(Implication) 6 1 1 ©0° 1 1 0% 0 1¢ 1° 1° 1° 0°

7 00 1 1 1 1

8 1° 0 0° 0 1° 01 1 1 I

Figure 2.26

Starting with a critical O (denoted as 0°) on line.12 implies critical 1’s on
lines 8, 9, 10 11 (second row of table of Figure 2.26). We now have a
choice as to which of these critical 1’s to drive backwards and we elect to

drive back line 8, and select the sensitized cube having 0 on line 1 and 1 on
line 6 (third row of table). This implies the value O on lines 2, 4, 5 and the
value 1 on lines 3 and 7 and results in the critical values indicated by c’s
in the fourth row of the table of Figure 2.26. We then backtrack to our

last choice and justify line 8 by the other sensitized cube having a 0 on

line 6 and a 1 on line 1 (rows 5 and 6 of Figure 2.26). At this stage we
would ordinarily backtrack to consider backward drive on lines 9, 10, 11.
However in the course of the backward drive on line 8 critical values have
already been generated along these paths. We next begin with a critical 1
on line 12 and justify it with a critical O on line 8 and 1’s on lines 9, 10, 11
(row 7). The critical 0 on line 8 implies critical 1’s on lines 1 and 6 and a
critical O on line 4. No more sensitized paths can be generated and the 1’s
- on lines 10 and 11 are justified by 0’s on lines 2 and 5. We would next
backtrack to consider a critical O on lines 9, 10, 11 respectively. =]

%. 3.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

