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Problem Motivation

Goals:

e Identification of faulty components in a board
or system from space-time compressed re-
SpoNses.

e Analysis of fault-detecting and locating ca-
pabilities for space-time compressors.

e Estimation of fault—'masking and correct fault
diaghosis probabilities.

Assumption:

At most [ components in the board may be
faulty.

Approach:

Multiple signature analysis using nonbinary mul-
tiple error-correcting Reed-Solomon codes.




Multiple Signature Analysis Approach

Diagnostic Model:

L. Application of pseudorandom test patterns
onto the primary inputs of n chips on a
board under test.

2. Space and time compression of test re-
sponses into 2 space-time signatures where
[ 1s the number of faulty chips to be lo-

cated.

3. Identification of faulty chips by analyzing
distortions in the space-time signatures.




Multiple Signature Analysis Approach

Built-In Self-Diagnostic:
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Space-Time Compression of Test Responses

Test Responses:

Test responses obtained from »n chips of a board
under test with respect to T test patterns are

Y00 Y01 °° YoT-1 |
_ | vio wvii - viT-1
Y = : : - : ’
Yn—-10 Yn—11 - - Yn—1,T—1 J

where vy, ; € GF(2™) is a (m-bit) chip test re-
sponse from the chip number 7, 0 < ?, <n-—1,
at time moment ¢ (m is the number of output
pins in a chip).




Space- T'ime Compression of Test Responses

Space Ccompression:

Space compression based on a check matrix
Hs for the [n,n — 20,21 + 1] l-error-correcting
Reed-Solomon code is

Z = lzj = HsY,

where
(1 o - an1
2 2(n—1)
HS — ]:- a . - . I 3
1 ot ... aZl(n—l)

zig =Ygy aUt) 0<j<20-1,0<t<

T — 1, and « is a primitive in GF(2™), that is
o FEal iFEG, 4, =01,...2M_ 2




Space-Time Compression of Test Responses

Time Compression:

Time compression based on a check matrix H;
for the |T,T — 1,2] Reed-Solomon code is

ZH,",
H;Y HT,

]
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where

H, = [QT—1QT-2 . 1] |

— I=1 .
and s; = > ;3 zj}tch =t o< 3 <2l —1.
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Space- Time Compression of Test Responses

Structure of a Space-Time Compressor:

Space compression by Hg requires 2 MISRs
with feedback polynomials corresponding to «,
a?, ..., a?' and time compression is performed
by 2! identical MISRs with feedback polynomial

corresponding to «.




Space-Time Compression of Test Responses

Space- Time Compressor:

system bus
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Space-Time Compression of Test Responses

Field Compressor;

2M-ary to 2P-ary 2b-ary Space-Time
Field Compressor Compressor
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Fault Detecting and Locating Capabilities

et K — [ei,t] where et = Yi ¢ D yiot c GF(2™),
0<1<n—-1,0<t<T -1 are er?ror manifes-
tations due to faulty chips on board under test
and ygt are the correct chip responses.

Then distortions § = (g, ...,05;_1) in space-

time signatures are

§=s®s° = HsYH!" ® H;YH!,
— H,EH.

where sY are precomputed space-time signa-
tures for the fault free response YY.
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Fault Detecting and Locating Capabilities

Now let e = (eqg,...,e,_1)" denote the time
compressed error vector as

e = EH]",

where e; = Y7 e 0T"17t 0<i<n—1.

T hen distortions 6 in space-time sighatures are

0 = H;e,

where §; = Y% 5 e;ali T 0 < j < 20— 1.

Since, the minimum distance of the space com-
pression code is 2[4+ 1, up to 2] errors in e can
be detected and up to [ errors in e can be lo-

cated.
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FProbabilities of Fault-Masking and Diagnosis

Chip-independent Error Model:

T here are two components involved in error
e;t = v+ ®y>,, temporal and spatial.

For the temporal aspect, we assume that er-
rors at two different times are not correlated
(temporal independence).

For the spatial aspect, we assume that each
chip output at a given time is distorted in-
dependently of other chips (spatial indepen-
dence) and for each chip we assume 2™-ary
symmetric error model.
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Probabilities of Fault-Masking and Diagnosis

Fault Masking Probability:

Pgm, = Pr{é = 0} — Pr{E = 0},

Let w be the probability that chip i is faulty and
pr be the conditional probability that e; (:th
component of time compressed error vector ¢)
IS nonzero given chip 2 is faulty. Then

T Pw 1 _
Pr{ =0} = ) A (qil_“ 1) (1 — ppw)"™".
1—0

where n Is the number of chips on board, A;
are the number of codewords of weight 2 in the

space compression code, ¢ = 2™ and m is the
number of output pins per chip. |

Let p be the conditional probability that ¢;, is
nonzero given chip ¢ 1s faulty. Then

Pr{E =0} = (w(1-p) +1-—w)™
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Probabilities of Fault-Masking and Diagnosis

Fault Masking Probability:

The conditional probability pp that e; is not
equal to zero when T test patterns are applied

IS

p
pr =1-— (q — 1) pr-1— (1 —=p)(1 —pr_1).

Solving the above difference equation with ini-
tial condition p; = p we have

I T"’]
_ qp
pr=1-q" 1+(q—1)(1 q_l) -
L _
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FProbabilities of Fault-Masking and Diagnosis

Fault Masking Probability:

------------------
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Tx 103
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Probabilities of Fault-Masking and Diagnosis

Fault Masking Probability:

p=0.005

--------

Tx IO3
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Probabilities of Fault-Masking and Diagnosis

Fault Masking Probability:

h prw ) -
1—=0

—(w(1 —p)* +1—w)"

T his result is a generalization of several known
results. For example, for n = 1, MISR com-
pression becomes a special case of the space-
time compressor.

T
[1—I—(q—1) (1 = ) ]-——(1—10)11-

qg— 1

mexq

For T'= 1, a multiplex MISR consisting of d —
1 = 2] MISRs becomes a special case of the

space-time compressor.

. - J By
Efm = ZAi(q—l) (L—p)" "

1—1
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FProbabilities of Fault-Masking and Diagnosis

Correct Fault Diagnosis Probability:

The probability of correct fault diagnosis, F_z4,
for a bounded distance fault-locator is the prob-
ability that the fault locator output corresponds

to correct fault locations.

For the chip-independent error model

{

Pepa= 3 () (prw) (1 — prw)" ™.
1 =0
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Probabilities of Fault-Masking and Diagnosis

Correct Fault Diagnosis Probability:
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Probabilities of Fault-Masking and Diagnosis

Correct Fault Diagnosis Probability:

el ik Fey e bk wl

T x 107

22




Conclusions

1. Up to [ faulty chips can be identified using
20 space-time signatures.

2. Probability of fault masking is 2—2im
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