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ABSTRACT

In this paper, the problem of fault detection
for multiple faults in easily testable Programmable
Logie Arrays (PLAs) is discussed. The easily test-
able PLAs will be designed by adding extra logie.
The augmented PLAs have the following properties:
(1) for & PLA with n inputs and m product terms,
there exists a tast such that the test patterns do
not depend on the funmction, but depend on n and m,
though reaponses depend on the funotion 3 (2) the
number of teat to detect multiple stuck and cross-
point faults is m{2n+1)+4n+5 ; (3) the number of
additional pins for the sugmentation is 3.

1. INTRODUCTIOH

With the advent of VLSI, the eirouit complexity
of chips has been increasing exponentially. A con-
siderable effort is being devoted to disgnosable de-
signs. In additiom to the wse of extra inputafout-
putz =nd additional legie it has been obzerved that
regular structures help to reduce the complexity of
the tests. Programmable Logie Arrays (PLA3) being
one such regular structure have been atudied in
some detall for design and test generation [1-4].

Recently, Heng and Ostapko [5] and Fujiwara et
al [6] have independently proposed designs of PLAs
which can be tested easily by function independent
test set. However, from applicetion point of view
these PLA3 have the fellowing limitations: (a) Im
general only single faults ara detected, though
most of the multiple faults are alse detected. (b)
Use of Exclusive-0OR (EOR) cascades [6] introduces
a2 large combinational delay in the test mode. (o)
In [5)] EOR cascade has been replaced by EOR tree to
reduce the delay. However, it iz well known that
sultiple fauvlt detection properties of EOR cascades
are superior than that of EOR trees [T,8].

One may advance the argument that in view of the
fact methods to derive multiple fault detection
test sets are known [2,4] ard furthermore Agarwal
[3] has shown that single fault detecting tests
for FLAs slag gover a large percentage of pultiple
faults of multiplicity of seven or leas. However,
it is important to detect all multiple faults,
because (a) at fabrication level (or when firat in
use) a PLA must be tested for multiple faults and
(b} intreduction of additional logic inereases the
the possibility of multiple faults.
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2. MODIFICATION TO EXISTING DESIGHS

We shall describe our results using decoder=
AND-OR array as shown in Figure 1. The Decoder D1

shown in Figure 1 is a 1 bit decoder. OQur results
also apply to PLAs which use two or more bits de-
ooders. A PLA consits of n inputa, m columns and
£ outpute,

We shall call the PLA of [5] as HO=PLA and that
of [6] as FEO-PLA. In HO-PLA the inputs reguired
to the control decoder are rloggfm-iﬂ ; where x =

nfi, for i-bit decoders (normally 1 is small [1]).
Introducing a shift register(3R) to decoder inputs
we can reduce the nusber of additional inputs te

the control decoder from [log,(x+1)] to one. Sim-

ilarly in FEKO-PLA, the number of control inputs
can be reduced by adding an SR. It appears from
the above analysis the use of SR can be a very
useful tool in testeble design [9], also & reali=-
zation of a shift register sell is very simple
E10]l

In the above two designs an additional column
has been appended to the AND array for each of the
decoder lines [5,6]. Thus these lines can be che-
oked for parity viclation, therefore any odd number
of errors in 2 Prow oF column can be detected. One
could easily extend this concept and make use of
error corroting codes [11]. A useful code can be
Hamming code with an overall parity check, This
will cause a detectlion up to three errors. Similar
checks on the OF arrays can be used. It is inter-
esting to note that for such cases the use of EOR
cascade will be superior than the use of EOR tree
as EOR cascades can be tasted for arbitrary multi-
ple faults with littla or no additional effort [B].

3. HEW DESIGN

In this section We propoze a new design of
PLA which can be tested for any number of multiple
faults. The fault model assumed iz stuck faults
and/or cross-=point faultz. Before proposing the
final design we shall atudy a PLA like structure
for its fault detection properties.

Consider a PLA like structure M, . + shown in
*

It has Zn inputs to AND array, an SH

and two outputs. Total number of columns in the
AND array are =. The 3R can be used to select an
arbitrary column of AND erray of Hn,m by setting

1 to the selected column and 0's to all other
columns .

Figure 2.



Let us define a set nn - consisting of (2n+1)
L] 1]

vectors in which each vector iz 2 (2n+m)=-tuple as

shown in Table 1. We define & test sat nﬂ & B3
r

follows: |
"n,m ={ﬁl'hrﬂ1-1 | J:I,E,...,n}
We shall now show that the teat set nn_n detects

any number of stuck and cross-peint faults in the
PLA like structure, Hn '
E

LEMMA 1: Let Hn i be a PLA like structure with
¥

€h inputs and o columnz in the AND array. For any
Hn 2 the test sat *n n 20 detast any number of
1 ¥

stuck and croas-peint faults in the AMD array,
provided no column is covered by all other columns.

Proof: Clearly any stuck type faults at the
horizental limes will be detected by the test zet

ln . at the 31 output. Furthermore, the test set
¥

A o) uniquely identifies all the cross point con=
At ]

nections in the j-th column and also detects any
Stuck type faults in thet celumn. Thus any nusber
of stuck and cross-point faults will be detected
at 32 output. 4.E.D.

In the zbove lemma we assumed SR to be fault
free. Hewever, SR can easily be tested while ap-
plying test 1n - by observing the SR output at Sm+

Ll

HWe now consider the fault detection test =et for
the D, eireuit of Figure 3.

LEMMA 2: The D, edrcuit of Figure 3 can be

tested for 211 multiple stuck type faults by the
teat ast T given in Table 2.

We are now ready to present our final design of
a FLA. In this paper we will only study the case
of PLAs with single-bit decoders, however the re-
Zult can be easily extended to kwo-bit and three-
bit decoders by modifying lemma 2. We augment a
single bit decoder PLA by adding extra logic as
follows (see Figure §).

The following theorem gives a multiple fault de-
tection teat set for the augmented FLA.

THEOREM 1: The augmented PLA of Figure § can
be tested for all multiple faults (stuck or eross-
point type) by a test set of length mi2n+])+ins+5.

Preof: We firat set S=register to 0 and apply
In+l tests given in lemma 2 and obaerve 31 output,

This way we will detect any faults in the horizon-
tal lines andfor in the additiensl logie imtroduced
in the docoder part of the array. We then set C=0,
Sj=1 and all the remaining Si'a az geros, and spply

2n+1 tests from V-register (given in lemma 1 as a;

inputs). Thus any faults in the AND array will be
datected at ZE output. It only remains toc be shown

that the faults in the OR array will also be de-
tected. Sinee only one column corresponding to Sj

will be activated in the test of Table 1, by observe
serving fl, ) 'fl':E outputz any detectable

faults will be detected at the ri outputs,

45

We finally set S-register to all O's end V-
register to all 1's and observe output Zoe

Q.E.D,

Note that there are undetectable faults in
arrays. An undetectable fault in an OR array can
best be explained by the following example shown
in Figure 5 (only the portion of interest has been
shown). In this array following faults are undee
tectable; (a) stuck at O fault at &, (b) stusk at
0 fault at §, (o) presence of a corss-point fault
at @, and stuck at fault at Jr,

None of these faults change the function r1 and

f However, it is interesting to note that if in

e
(e) only cross-point fault at 2 is present and I
iz not stuck at 0, then this fault will be de-
Lected even though this fault does not change the
functions

h. CONCLUSIONS

In this paper we have presented & new deaign
of PLAs which can be tested for multiple faults by
@ test sequence of length m(2n+1)+Un+5. Further-
more, the test set is independent of the functions
being realized by a PLA.
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Fig. 1: A FLA structure

Tabla 1: The test set A
n,m,j 5
i
.llz.h'f'l. .I‘ .1- l’ lJ i‘ .1
1, [t i & ®A it i
5
l-Ilij 21 1 1 L « X a ;'.‘
sl [ e O CE el 0 =
B,
——
}" o
s ]
e S [ T ] L l""'.. R
il 1.1 1 ] @ a 1 ] fr

AT AEray

ey

T
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Fig. 2: A FLA like struature
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Fig. 8: Augmented PLA with single-hit decadars



	スキャン
	スキャン 1
	スキャン 2
	スキャン 3

