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Abstract

In this paper, we show a method to locate a sin-
gle stuck-at fault of a random access memory (RAM).
From the fail-bitmaps of the RAM, we obtain their
Walsh spectrum. For single stuck-at fault, we show
that the fault can be identified and located by using
only the O-th and 1-st coefficients of the spectrum. We
also show a circuit to compute these coefficients. The
computation time is O(2"), where n is the number of
bits in the address of the RAM. The computation time
is much shorter than one that use logic minimization
method.

1 Introduction

Random access memories (RAMs) are extensively
used in various electronic systems. RAMs are used
not only in storage-units for computer systems, but
also in logic devices such as FPGAs. Many RAMs
are integrated into one chip SoC (System on Chip), so
enhancing the test method for RAMs is very impor-
tant.

Fail-bitmaps contain important information for lo-
cating the faults. Fail-bitmaps are two-dimensional
arrays showing the locations of the faulty cells of a
RAM. Each map has the same size as the RAM under
test. The map has ‘0’s for the cells whose responses
are the same as the expected values, and ‘1’s other-
wise.

The patterns in fail-bitmaps depend on the loca-
tions and types of faults in RAMs. We use this prop-
erty to diagnose RAMs. A straightforward method is
to store the fail-bitmaps for each fault. However, such
method is inefficient. We consider a fail-bitmap as a
logic function, and represent it by a sum-of-products
expression (SOP). Different faults corresponds to dif-
ferent SOPs. Unfortunately, the computation time for
converting fail-bitmap into an SOP is sometimes very
long. So, we have to use an alternative method.

In this paper, we show a diagnosis method of
RAMs using the Walsh spectrum. From the fail-
bitmaps of the RAM, we obtain their Walsh spectrum.
For a single stuck-at fault, we show that the fault can
be identified and located by using only the 0-th and
1-st coefficients of the spectrum. We also show a
method to compute these coefficients. The compu-
tation time of the proposed method is shorter than the
method using an SOP minimizer. The rest of the paper
is organized as follows: Section 2 shows the structure
and a test method of RAMs. Section 3 surveys the
Walsh transform and Walsh spectrum, and proposes a
diagnosis method using the O-th and 1-st coefficients
of the Walsh spectrum. Section 4 shows a circuit to
compute the O-th and 1-st coefficients of the Walsh
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Figure 2.1: Structure of memory.

spectrum. Section 5 shows an experimental result,
and Section 6 concludes the paper.

2 Structure and Test of RAMs

In this section, we show the structure of RAMs,
their fault model, and their test patterns.

2.1 Structure of RAMs and their fault model

Figure 2.1 shows a RAM, which has a two dimen-
sional structure of memory cells. A RAM consist-
ing of single big array is slow and dissipates much
power, so RAMs are typically built using a hierar-
chical structure. Cells are grouped to form a sub-
block, sub-blocks are grouped to form a block, blocks
are grouped to form a RAM. A sub-block consists of
horizontal word-lines and vertical bit-lines, and each
memory cell is located at an intersection of two lines.

In this paper, we consider the fault model in Table
2.1, and use a memory model in Figure 2.2 for the
RAM shown in Figure 2.1. This memory has four
blocks; a block has two sub-blocks; a row decoder
selects a word in the block; a sub-block has four bit-
lines; a Y-switch selects one out of four bit lines; a
sense amplifier(SA) is connected to a Y-switch; and
a block-sub-block selection multiplexer selects one
from four blocks, or eight sub-blocks. We consider
eight types of single stuck-at faults shown in Table
2.1.

2.2 Test Method for RAM

We apply test patterns to RAMs to detect faults.
Various classes of test patterns for RAMs are known:
N, N'5, and N2[3]. Each denotes the length of the
test, where N = 2™ is the size of a RAM, and n is the
number of bits in the address. Testing time for IV is
the shortest, and for N2 is the longest. Normally, test
patterns with the length IV are used to test large-scale
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Address
Table 2.1: Type of faults and fault model. Step M Step M1 [ StepM2
Type of faults Fault model
Cell SA-0(1) on a cell. w ORIW | IROW .
Row Decoder | SA-0(1) on a input of Row decoder. 0 N 3N sN  Time
Bit Line SA-0(1) on a bit-line
Sense Amplifier | SA-0(1) on an output of sense amplifier. Figure 2.3: Test pattern: MATS+
1/0 SA-0(1) on I/O data line.

Block-Sub-block | SA-0(1) on a selection input for
Selection MUX | block-sub-block selection multiplexer.

Y-Switch SA-0(1) on a selection input of Y-switch.

Address Line SA-0(1) on an address line.
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Figure 2.2: Memory model.

RAMs. The march pattern is the typical test pattern
with the length N. Various march patterns exists. In
this paper, we use the shortest march pattern, called
MATS+. When we test a RAM using MATS+, we
write values, read values, and test cells as follows:

1. Step MO: Write O (OW: Zero Write) to all the
cells.

2. Step M1: Read values from cells from the ad-
dress O to IV in the ascending order. When the
output is equal to the expected value, we produce
0 which shows that the value of the output is con-
sistent to the expected value. When the output is
different from the expected value, then we pro-
duce 1 which shows the value is incorrect. After
reading a value from the cell, we write 1 to the
cell. We will do this to all the cells.

3. Step M2: We read a value from each cell in
the descending order. In this case, the expected
value of the cell is one. After reading a value
from the cell, we write O to the cells. We will do
this to all the cells.

‘We obtain fail-bitmap 1 in Step M1, and fail-bitmap
2 in Step M2. With these fail-bitmaps, we can identify

and locate all types of single stuck-at faults shown in
Table 2.1.

Example 2.1 Figure 2.4(a)—(d) show examples of
fail-bitmaps for the RAM shown in Figure 2.2.

e Figure 2.4(a) shows the fail-bitmaps for the RAM
where one cell has a stuck-at 0 fault in the sub-
block Sub_2 in BlockOR. In this case, we read
expected value 0 from the faulty cell in Step M1.
Thus, the fail-bitmap 1 has all 0’s, while the fail-
bitmap 2 has one 1.

Figure 2.4(b) and (c) show fail-bitmaps 1 and 2
for the RAM where the input x1 of the row de-
coder in BlockOL has a stuck-at 0 fault. In this
case, we can only access one half of the cells in
Sub_0 and Sub_1 of BlockOL. For example, we
read the expected value O from the cell in the ad-
dress 0 in Step M1, and then write one to the
same cell. When we read the value from the ad-
dress 1, the stuck-at O fault makes the row de-
coder to read the value from the cell in the ad-
dress 0 again. At this time, the cell has the value
1. The value 1 that indicates this inconsistency
is written in fail-bitmap 1. It appears that all the
cells with the odd number of addresses are faulty.
When the address are accessed in descending or-
der in Step M2, it appears that all the cells in the
even number of addresses are faulty.

Figure 2.4(d) shows the fail-bitmap for the RAM
where the bit-line 1 has a stuck-at 0 fault in
Sub_2 of Block1R. In this case, fail-bitmap 1
has all 0’s. 1

By analyzing the fault model and the memory
model, we have the followings:

1. A single fault often makes the multiple 1’s in
fail-bitmaps.

2. Different faults produce different fail-bitmaps.

3. In many cases, fail-bitmaps 1 and 2 are different.

4. By using fail-bitmaps, we can identify and locate
the fault of the RAM.

From these, we have

Theorem 2.1 Given the memory model in Figure 2.2
and the fault model shown in Table 2.1, a single stuck-
at fault can be identified and located using two fail-
bitmaps produced by MATS +.
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Figure 2.4: Examples of fail-bitmaps

3 Fault Diagnosis using Walsh Spectrum

In Section 2, we showed that different faults pro-
duce different fail-bitmaps. In this section, we pro-
pose a method to identify and locate a single stuck-at
fault by using the Walsh spectrum. In Subsection 3.1,
we survey the Walsh transform. In Subsection 3.2, we
show a property of fail-bitmaps for a single stuck-at
fault. In Subsection 3.3, we propose a fault diagnosis
method for RAMs by using the Walsh spectrum.

3.1 Walsh transform and Walsh spectrum(7,
12, 14]
Let W(n) be the Walsh transform matrix defined
by

vv(n)(g)wa), W(l):{ o }

where ) denotes the Kronecker product. The matrix
W(1) is called the basic Walsh transform matrix. In
a symbolic representation, we have

W) =[1 1-2z ].

In this representation, x; = 0 denotes the first row of
the matrix, while ; = 1 denotes the second row of
the matrix.

Definition 3.1 For a function f given by the
truth-vector F, the Walsh spectrum W; =

[wo7 ey u/'QVL,l}t is
Wf = 27HW(n)F.

The Walsh transform matrix is self-inverse up to
the constant 2. Therefore, the inverse Walsh trans-
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form is defined by

n

f=X,Ws X, =Q)[ 1

i=1

Example 3.1 Consider the function f(xi,z2) =
Z1 V 9. The truth vector is F = [1,0,1,1]%. The
Walsh spectrum is

W; = 27 "W(n)F
101 1 1 1
R T 0
101 -1 -1 1
1 -1 -1 1 1
3
1
_ —2
= 2 -1
1

Xw = [1, 1— 211, 1-— 21‘2, (1 - 211)(1 - 21‘2)}

In the above representation, by assigning o = 0 and
x1 = 0, we have the first row of the matrix:[1,1,1,1].
By assigning x5 = 0 and x1 = 1, we have the second
row of the matrix:[1,—1,1, —1].

By assigning x4 = 1 and x1 = 0, we have the third
row of the matrix:[1,1, =1, —1].

By assigning o = 1 and x1 = 1, we have the last
row of the matrix:[1,—1,—1,1].

[ is represented by

fo= XoW;

3
= ;11[1,1 ~ 21,1 2w, (1 20)(1 —22)] | ]

1
4_11[3 4+ (1—=2z1) — (1 — 222) + (1 — 2x1)(1 — 2z2)]

The last expression in the above example is the
Walsh expression. We can obtain the Walsh spec-
trum W ¢ from the Walsh transformation of the truth
vector F. On the other hand, we have the original
logic function f from the inverse Walsh transforma-
tion of the Walsh spectrum.

3.2 Properties of fail-bitmaps for a single
stuck-at fault

As shown in Section 2, a single stuck-at fault can
be identified and located by the number of 1’s and/or
the location of 1’s in the fail-bitmaps.

To identify and locate the faults of RAMs, we use
fail-bitmaps. Most methods diagnose RAMs by clas-
sifying the fail patterns or shapes of fail-bitmaps[10,
15, 16, 9]. Since fail-bitmaps are too large to store,
most methods compress the fail-bitmap data. Voll-
rath et al. compressed them using graphical method
with simple hardware, and they compressed a 64M-
bit fail-bitmap into 2k-bit allowing classification of 13
fail pattern[15]. Iseno et al. compressed them by us-
ing hardware-compressor[9]. Chen et al. proposed a
“stripped-down” compressor[ 1], which overcome the
loss of data. It compresses by stripping row data and
column data of the fail-bitmap, and performing OR

operation to each segment. Their diagnosing system
decompresses the compressed data, and can handle
the decompressed fail-bitmaps with X’s, where X de-
notes O or 1[2]. The compression ratio is the width
of a fail-vector divided by two, e.g., when the word
width is 32, the compression ratio is 16.

In this paper, we consider automatic diagnosis for
single stuck-at faults by using fail-bitmaps. The sim-
plest method is counting the weight of the map func-
tion, the number of 1’s in the fail-bitmaps. For exam-
ple, when a single stuck-at fault occurs in a cell, the
weight of either fail-bitmap 1 or 2 becomes 1. How-
ever, this method does not distinguish different faults
that produce fail-bitmaps with the same weights. Let
the map function 1(2) represent the fail-bitmap 1(2).
The map functions for a single stuck-at fault can be
represented by a product term or a constant function.
For example, map functions for Figure 2.4(a)-(d) are
represented by product terms or constants, as shown
in Table 3.1. Where the map function 1 is shown in
the upper part, and the map function 2 is shown in the
lower part. Consider the example in Figure 2.4(b).
The input z; of the row decoder has a stuck-at O fault,
and map function 1 is expressed by the product term
ZTsZ7x1. Map functions corresponding to other faults
are also represented by product terms or constants,
as shown in Table 3.1. The product term and the
weight of the map function 1(2) are shown in the up-
per(lower) row. For example, when the input x; of
the row decoder has a stuck-at O fault, the weight of
the map function 1(2) is 32, and the product term is
TsT7x1(ZsT7ZT1). Note that stuck-at faults in the in-
puts of block-sub-block selection MUX are missing
in Table 3.1, but they appear in Table 2.1. This is
because faults in the address lines produce the same
error as the faults in the inputs of the block.

As shown in Table 3.1, weights of the map func-
tion 1 and 2 are distinct for different faults. Thus, we
can locate the faulty unit. In this particular example,
different faults produce different map functions with
distinct weights. However in a different RAM, dif-
ferent faults may produce fail-bitmaps with the same
weights. In this case, we can locate the faults by
checking literals of the product. In this way, we can
identify and locate the faults. By inspecting all possi-
ble single stuck-at faults, we have the next theorem.

Theorem 3.1 With the fault model in Table 2.1, each
map function for single stuck-at fault of the RAM
shown in Figure 2.2 can be represented by a constant
or a product term. We can identify and locate the fault
by using these expressions.

3.3 Diagnosis of Single Stuck-at Fault by
Walsh Spectrum
In this section, we show a method to diagnose a
single stuck-at fault using the Walsh spectrum. We
also show that only the O-th and 1-st coefficients of the
spectrum are necessary to locate and identify single
stuck-at fault.

Example 3.2 Table 3.2 shows five map functions,
fgfg.rl, xr3x2, l‘gi‘Q, .Igfl, and ZT3. Table 3.3
shows their Walsh spectrum W (Z3T2x1), W (2322),
W(Igi‘g), W([L‘gfl), and W(Ig) 1
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Table 3.1: Relation of stuck-at faults and map functions.

Type SA-0 SA-1
of faults Map function Weight Map function weight
Cell 0 0 TRT7TET5T4TIT2T] 1
f817756175f4$31‘2.fl 1 0 0
Row Decoder TRT7T 32 TRT7Tq 32
TT7Xq 32 TT7Xq 32
Bit Line 0 0 TRT7TEL5T4 8
I8I7f6$sf4 8 0 0
Sense 0 0] TyT7Tq 32
Amplifier TRT7Tq 32 0
1/0 0 0 1 256
1 256 0 0
Y-Switch TX7TEL4 16 TX7TeT4 16
igl?7i‘ﬁi‘4 16 fgx7iﬁf4 16
Address T4 128 Ty 128
Line T4 128 Ty 128
Table 3.2: Example of map functions. Table 3.3: Example of Walsh spectrum.
T3 T X1 .f3i’25€1 T3T9 Igfz CC;;[Z’l xs3 S W W W A% W
0 0 0] 0O 00 _ 0 0 (T3Tax1) (w322) (23%2) (2371) (23)
0 0 1 1 0 0 0 0 S¢ 1 2 2 2 4
0 1 0 0 0 0 0 0 S1 -1 0 0 2 0
1 0 0 0 0 1 1 1 So 1 -2 2 0 0
0 1 1 0 0 0 0 O S3 1 —2 —2 —2 4
1 0 1 0 0 1 0 1 S12 -1 0 0 0 0
1 1 0 0 1 0 1 1 S13 -1 0 0 -2 0
1 1 1 0 1 0 0 1 523 1 2 —2 0 0
5123 -1 0 0 0 0

Definition 3.2 Let j-th component of the Walsh spec-
trum be w;. Let the binary representation of j be
(knskn—1,...,k1), and let R C {1,2,...,n} be
a set of integer | such that ky = 1. In this case,
Sgp = Wj. S shows the 0-th coefficient, s; shows
the 1-st coefficient, s;; shows the 2-nd coefficient,
and s;ji, shows the 3-rd coefficient.

In Table 3.3, s represents the weight for the map
function. s;(i = 1,...,n) represents the correlation
between f and z;. s;; (i, = 1,...,n, i # j) rep-
resents the correlation between f and x; @ ;. Sijk
(i,5,k =1,...,n, i # j # k) represents the corre-
lation between f and x; ® x; ® xk.

Example 3.3 . Construct the original logical
Sunction from the Walsh spectrum W (Z3ZT221)
shown in Table 3.3:

2731 — (1 —221) + (1 — 229) + (1 — 233) —
Tl — T1X2 — 103 + T12203.

2. Construct the original logical function from the
Walsh spectrum W (z3x2) shown in Table 3.3:
273[2—2(1—222) +2(1—2x3) —2(1—2z3)(1—
2I2)] = I2T3 . 1

Lemma 3.1 The absolute value of a coefficient of
the Walsh spectrum for the n-variable logic func-
tion f(x1,2,...,%Tp)= T1T2"* Tpn_y is either 2¢ or
0. Non-zero coefficients correspond to the entries for
Tpt41 =Tp—t =+ =op =0.

(Proof) The Walsh function
for z129- - -, is /\;’:1(1 — 2x;). The Walsh func-
tion for @1 z2- - *Tp_1Zp is /\7;11(1 —2x;). Thus, the
Walsh function for z122- - 2,1 is /\7:1(1 —2z;) +
N1 (1= 225) = 22, NI~} (1 — 22;). In this way,
we can show that the Walsh function for z1z2- - -z ¢
8 2T 10 Tp_t1 /\j;lt(l — 2x;). This expres-
sion shows that the absolute values of the coefficients
forz, = xp_1 = +++ = Ty_41 = 0 are either 2¢ or

(QED.,)

Example 3.4 Consider the Walsh spectrum for the
logic function xox3. In this case, n = 3andt = 1
in Lemma 3.1. We see that the only coefficients corre-
sponding to x1 = 0 take non-zero values, and abso-
lute values of them are 2. We can verify this from the
column of W (x3x2) in Table 3.3.

Consider the Walsh spectrum for the logic func-
tion x3. In this case, n = 3 and t = 2 in Lemma
3.1. We see that only coefficients corresponding to
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x1 = x2 = 0 take non-zero values, and the absolute
values of them are 2% = 4. We can verify this from the
column of W (z3) in Table 3.3.

Lemma 3.2 [7, pp. 89-97]. Let o be a product term.
Let 3 be the product term in which some literals in
a are permutated and/or negated. Let W ., and W g
be the Walsh spectra for the functions represented by
the product terms o and 3, respectively. Then W 3 is
obtained by permuting coefficients and/or changing
the sign of coefficients of W .

Definition 3.3 Ler |f| denote the weight of function
f, ie., the number of binary vectors @ such that

fla)=1.
Example 3.5 n = 3,

:L‘2£L'3| =2, |11 \/ZL’Q\/CL’3| =T

Lemma 3.3 Let W, be the Walsh spectrum of a func-
tion f. Let s; be the 1-st order coefficient of W, then
si = | f| — 2v;, where v; = |z; f].

(Proof) s; is the coefficient for (1 — 2z;) in the Walsh
expression representing a function f. Thus, we have

si o= |f-(1=2x)|=[f] - 2/|f 2]
= |fl —2u.
(Q.E.D.)
Lemma 3.4 Consider the Walsh spectrum of a prod-
uct term p = 1&g ---Tpn_¢,whered < t < n. If
s; = 0, then p has no literal of x;, if s; > 0, then p

has a literal T;, and if s; < 0, then p has a literal x;,
where & represents a literal x; or its complement.

(Proof) For f = Z1%9 - &,,—¢, where i > n — t, we
have

|f| = 2|z f]

= |&1&2 - Epy| = 2|T182 - - By

S;

= |T1Z2 - TptTi| + |[T1Z2 - - - Tzl
—2|&18g -+ Tt T4
= 0.

For f = Z1Z2 - &4, where i < n —t,if x; = &;
then, we have

si = |fl—2lzif]
= |@1dZ2 - Tpoe| — 2[T1T2 - Ty
= —|£i31§32"'2f3n7t|:—2t<0.

If ; = x; then, we have
si = |fl—2lzif
|#189 -+ &n_¢| — 0 =2 > 0.

(QED.)

By Theorem 3.1 and Lemma 3.4, we have.

Theorem 3.2 By using the O-th and I-st coefficients
(84581, 82, - -, 8n), we can identify and locate a sin-
gle stuck-at fault of the RAM shown in Figure 2.2 us-
ing the fault model in Table 2.1.

In the fault diagnosis using the Walsh spec-
trum, we only use the O-th and 1-st coefficients
(s¢;s1,52,...,5n). The number of the O-th and 1-
st coefficients are 1 and n, respectively. Since we use
two map functions, we need 2n + 2 coefficients to
diagnose the fault.

We construct a fault dictionary represented by the
Walsh spectrum. Different fail-bitmaps correspond
to different faults. Theorem 3.1 shows that the val-
ues of all non-zero coefficients of the Walsh spectrum
are the same. For example, if a bit-line has a stuck-
at O fault, then coefficients sy, s4, S5, s¢, s7, and
sg take values 8, and others take value 0. In such
case, we write the coefficient as (sg; 51, 82, ..., S8)
= (8;0,0,0,8,8,8,8,8), or 8(1;0,0,0,1,1,1,1,1)
as shown in Table 3.4.

Example 3.6 Consider three functions x3xs, T3%2,
and x 3%, shown in Table 3.2 and 3.4. x 35 is derived
from the product x3x2 where the literal x5 is negated.
371 is derived from the product x3Ts where the lit-
eral x4 and x, are replaced.

1. Non-zero coefficients of W (xz3x2) are s¢, S2, s3,
So3. Since sy < 0 and s3 < 0, we can see that
the product has two literals 2 and x3.

2. Non-zero coefficients of W (x3T2) are s¢, s2, 3,
S93. Since so > 0 and s3 < 0, we can see that
the product has two literals T2 and x3.

3. Non-zero coefficients of W (x3%1) are ¢, S1, S3,
s13. Since s1 > 0 and s3 < 0, we see that the
product has two literals T, and 3. 1

Thus, we have the following diagnosis method.

Algorithm 3.1 (Generation a Diagnosis Program)

1. Generate the Fault Dictionary
Derive fail-bitmaps from the RAM model by in-
spection. Then, compute the Walsh spectrum,
and construct the fault dictionary, as shown in
Table 3.4. Note that only the O-th and 1-st coeffi-
cients are necessary.

2. Construct a Multi-Terminal Multi-valued De-
cision Tree

(a) Decide the condition of branching in each
node by the absolute values of the coef-
ficient, |s; ;|(i = ¢,1,...,n,j = 1,2),
where s;; denotes the coefficient s; of
spectra j.

(b) According to the faults in the fault dic-
tionary, construct the tree, and enter the
type of faults in the terminal nodes. In
this case, the number of terminal nodes
is 14, and the number of edges of each
non-terminal nodes is larger than three.
Thus, the tree obtained by this method is an
MTMDT(multi-terminal multi-valued deci-
sion tree).

3. Generate a Diagnosing Program
Reduce the MTMDT, and generate the branching
program from the reduced MTMDT.



Table 3.4: Example of fault dictionary by using Walsh

spectrum.
Type SAD SAT

of faults Spectrum T Spectrum T

Spectrum 2 Spectrum 2
Cell 1(0;0,0,0,0,0,0,0,0) T(5;1,1,1,1,1,1,1,1)
1(1;1,1,1,1,1,1,1,1) 1(0;0,0,0,0,0,0,0,0)
Row 32(1;1,0,0,0,0,0,1,1) 32(1;1,0,0,0,0,0, 1, 1)
Decoder ! 32(1;1,0,0,0,0,0,1,1) 32(1;1,0,0,0,0,0,1,1)
Row 32(1;0,1,0,0,0,0,1,1) 32(1;0,1,0,0,0,0,1, 1)
Decoder? 32(1;0,1,0,0,0,0,1,1) 32(1;0,1,0,0,0,0,1,1)
Row 32(1;0,0,1,0,0,0,1,1) 32(1;0,0,1,0,0,0,1,1)
Decoder 32(1;0,0,1,0,0,0,1,1) 32(1;0,0,1,0,0,0,1,1)
Bit Linc 1(0;0,0,0,0,0,0,0,0) 8(1;0,0,0,1,1,1,1,1)
8(1;0,0,0,1,1,1,1,1) 1(0;0,0,0,0,0,0,0,0)
Sense 1(0;0,0,0,0,0,0,0,0) 32(1;0,0,0,0,0, 1,1, 1)
Amplifier 32(1;0,0,0,0,0,1,1,1) 1(0;0,0,0,0,0,0,0,0)
) 1(0;0,0,0,0,0,0,0,0) 256(1;0,0,0,0,0,0,0,0)
256(1;0,0,0,0,0,0,0,0) 1(0;0,0,0,0,0,0,0,0)
Y-Switch T 16(1;0,0,0,1,0,1,1,1) 16(1;0,0,0,1,0,1,1,1)
16(1;0,0,0,1,0,1,1,1) 16(1;0,0,0,1,0,1,1,1)
Y-Switch? 16(1;0,0,0,0,1,1,1,1) 16(1;0,0,0,0,1,1,1,1)
16(1;0,0,0,0,1,1,1,1) 16(1;0,0,0,0,1,1,1,1)
Address 128(1; 1, 0,0,0,0,0,0,0) 128(1; 1,0,0,0,0,0,0,0)
Line! 128(1;1,0,0,0,0,0,0,0) 128(1;1,0,0,0,0,0,0,0)
Address 128(1;0,1,0,0,0,0,0,0) 128(1;0,1,0,0,0,0,0,0)
Line? 128(1;0,1,0,0,0,0, 0,0) 128(1;0,1,0,0,0,0,0,0)
Address 128(1;0,0,0,0,0,0,0, 1) 128(1;0,0,0,0,0,0,0, 1)
Line® 128(1;0,0,0,0,0,0,0,1) 128(1;0,0,0,0,0,0,0,1)

Algorithm 3.2 (Diagnosis of Faults of a RAM)

1. Obtain map functions 1 and 2 by applying
MATS+ to the RAM.

2. Compute the O-th and 1-st coefficients of the
Walsh spectrum 1 and 2.

3. By using absolute values of coefficients, run the
diagnosing program, and identify the type of the
fault.

4. Locate the fault by checking the signs of the co-
efficients.

Example 3.7 Figure 3.1 shows the MTMDT for the
RAM shown in Figure 2.2. In this example, by using
only the 0-th coefficients 54,1 and s4 2, we can identify
all types of faults. However, in general, we also need
the 1-st coefficients to identify faults.

4 Circuit to Compute Walsh Spectrum

In this section, we present a circuit to compute the
0-th and 1-st coefficients of the Walsh spectrum.

The 0-th coefficient s, is equal to the number of
1’s in the map function f. The 1-st coefficient s; is
computed from |f] and |f - 2;| by using Lemma 3.3.
We can compute the coefficients of the Walsh spec-
trum by a circuit shown in Figure 4.1. We use n + 1
registers to compute and store the 0-th and 1-st coef-
ficients. First, set all the registers to zero. Next, com-
pute the fail-bitmap function f. For every address,
compute the EXOR of the value in the memory and
the expected value to make f. If f = 1 then incre-
ment Reg_¢. Also, make AND with x; and f and
increment Reg_ if f - x; = 1. Finally, compute the
value of s; from Reg_¢ and Reg_i by using Lemma
3.1.
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Figure 3.1: A multi-terminal multi-valued decision
tree for diagnosis program.
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Figure 4.1: Circuit for computing Walsh spectrum

Do this computation for spectra 1 and 2. Since
Reg_0 shows the value of |f| and Reg i shows the
value of |f x;|, we can compute the value of s; from
the values of Reg.0 and Reg . The values of Reg 0
and Reg_ can be obtained by just after applying the
MATS+ patterns. Note that the length of MATS+
is O(2"). Also, the calculation of s; can be done in
O(n) steps. Also the diagnosis by using s4 and s; can
be done in O(n) steps. Thus, the diagnosis of a RAM
with single stuck-at fault can be done in O(2") step,
where is n is the number of bits in the address.






