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Abstract. This paper addresses the problem of testing n X 1 RAMs in which complex
models of unlinked static three or four-cell coupling faults are considered. As in other papers,
it is assumed that only physically neighboring memory cells could be involved in a three
or four-cell coupling fault. For this reason, these fault models can also be considered to be
of the neighborhood pattern sensitive type. As extensions of the well-known model of all
unlinked static two-cell coupling faults, the fault models addressed in this paper are complex
including faults sensitized by a transition write operation as well as faults sensitized by a non-
transition write or a read operation. For these complex models, near-optimal multirun march
tests are proposed. This optimality assessment is based on the fact that, for any group of cells
corresponding to the considered fault model, the state graph is completely covered, and each
arc is traversed only once, which means that the graph is of the Eulerian type. Additional
write operations are only required for data background changes.

Key-words: Eulerian graph; four-cell coupling; multirun march tests; near-optimal
tests; RAM testing; three-cell coupling.

1. Introduction

In this paper, the authors address two complex fault models in n x 1 random-access mem-
ories, namely, unlinked static three-cell coupling faults and unlinked static four-cell coupling
faults. These complex models involving three or four coupled cells are extensions of the well-
known model of all static unlinked two-cell coupling faults, first presented in [1], and for which
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a memory test of length 22n was proposed. Minimal march tests for this model of two-cell
coupling faults requiring only 18n operations are reported in [2].

Based on the set of fault primitives (FPs) describing the model of all static two-cell coupling
faults presented in [1], a FP-based description of a three-cell coupling model is presented in [3]
and also considered in [4] for which dedicated memory tests are reported. Such a model is also
considered in this paper, and in addition, a four-cell coupling fault model is addressed. For both
these complex fault models, near-optimal march tests are proposed.

According to the classification of memory faults, as presented for example in [1], [5]-[7], the
‘static faults’ class refers to those faults sensitized by performing at most one memory operation,
while the ‘dynamic faults’ class refers to those faults sensitized by two or more operations per-
formed sequentially. In compliance with the same taxonomy presented in [8] or [9], for example,
two coupling faults are said to be unlinked when they do not influence each other. In this paper,
the class of unlinked static coupling faults is addressed.

A three-cell coupling fault model was first introduced by Nair, Thatte and Abraham [10].
For this model where the coupling cells can be anywhere in memory, the authors proposed a test
algorithm of length n + 32nlogy, n. A few years later, Papachristou and Sahgal improved the
memory test procedure dedicated to this model by providing a test algorithm of length 37n +
24nlogy n [11]. To cover this model, both algorithms use testing techniques based on dividing
the memory into halves with respect to a specific address bit.

Two other more efficient test algorithms for this model, denoted S3CTEST and S3CTEST2,
are given by Cockburn [12]. To cover models with multi-cell coupling faults, Cockburn proposes
a multi-stage testing technique that uses different memory data backgrounds (now called ‘mul-
tirun memory testing’). The S3CTEST and S3CTEST?2 tests apply this technique. Compared to
previous tests, S3SCTEST and S3CTEST2 require fewer operations. For example, S3CTEST is a
test of length 5n log, 1 + 22.5n.

The authors assume in all the papers discussed above that three-coupled cells can be anywhere
in memory. For this reason, the tests are quite long, falling into the O(n log, n) complexity class.

To reduce the length of the tests, Cascaval and Bennett [13] limit themselves to a model
where only physically neighboring memory cells could be involved in a three-cell coupling fault.
There are four possible configurations for three physically adjacent cells arranged in a corner, as
shown in Fig. 1. For this more realistic three-cell coupling model, the authors present a multirun
march test algorithm (called M T of O(n) complexity that requires 38n operations.

An improved march test algorithm dedicated to a three-cell coupling model, called MT —
—R3CF, requiring only 30n operations is given by Cascaval, Bennett and Hutanu [14]. Further-
more, the coupling model considered in [14] also covers two other adjacent cell configurations.
More precisely, in addition to the four configurations arranged in a corner presented in Fig. 1 a),
the model includes three neighboring cells arranged in a row or a column.

All the test algorithms mentioned so far cover restricted coupling models where a memory
fault is only sensitized by a transition write operation to a cell (a write operation for changing the
state of the addressed cell).

With the great increase in RAM memory integration density and the increase in operating fre-
quency, the range of memory defects has expanded considerably [15], [16]. As a result, around
the 2000s, extended models of coupling faults were proposed to cover new memory defects,
by including classes of faults sensitized by reading or writing operations without changing the
state of the addressed cell. These new classes of faults are: write disturb coupling, read destruc-
tive coupling, deceptive read destructive coupling or incorrect read, as defined in [5], and also
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addressed in other papers including [1]-[4], [8], and [16]-[18].
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a) Three-cell configurations b) Four-cell configuration

Fig. 1. Configurations with three or four physically adjacent memory cells.

As previously mentioned, an FP-based description of the extended three-cell coupling model
is presented in [3] and also considered in [4]. The FP set for this model is also presented in
detail in [19, Table 1], where some useful considerations are added on how this model can be
covered. For this extended model, the authors devise a test algorithm, March SR3C, requiring
66n operations. A more efficient march memory test, MT-SR3C, requiring only 54n operations,
able to cover this model of unlinked static three-cell coupling faults is reported in [4]. But with
all that reduction from 66n to 54n operations, this memory test is not optimal either. An optimal
test for this model with six configurations of three physically adjacent cells is still awaited.

This paper addresses an extended three-cell coupling model, described by a large set of FPs
presented in [19], which covers the four configurations of three physically adjacent cells arranged
in a corner, as shown in Fig. 1(a). For this model, a near-optimal march test of length 37n is
proposed.

A four-cell coupling fault model is also addressed in this paper. As an extension of the two-
and three-cell coupling models, the four-cell coupling model includes a wide range of fault types.
Specifically, the model includes faults sensitized by a transition write operation performed in a
coupled cell group, as considered in [14], but also faults sensitized by a non-transition write
operation or a read operation. A selection from the set of FPs describing this extended model of
four-cell coupling is also presented in detail in [19, Table 2].

As in [14], the four-cell coupling model considered in this paper is limited to neighboring
memory cells arranged in a square, as shown in Fig. 1 (b). It should be noted that the importance
of this configuration of four neighboring cells is also explained by the fact that, at the layout
level, in some implementations, four cells arranged in a square share the same ground path [16].
For this four-cell coupling model, a near-optimal multirun march test of length 73n is given in
this paper.

The models discussed here can also be considered of neighborhood pattern-sensitive fault
(NPSF) type [20]-[24]. Nevertheless, in these models, any cell in the group may be a victim cell
not just the central cell, as it is usually considered in the NPSF model. Testing for NPSF models
is covered extensively in Mrozek’s book [22].

To reduce the length of tests dedicated to multi-cell coupling or NPSF models, other authors
propose a multirun technique in which various address sequences are randomly generated [25],
[26]. But, in this way, the fault model is only partially covered.

The remainder of this paper is organized as follows. Section 2 presents assumptions, nota-
tions, and some preliminary considerations related to multirun memory tests, or to the necessary
and sufficient conditions for detecting memory coupling faults. Section 3 describes a new mem-
ory test for a three-cell coupling model, while Section 4 presents a memory test for a four-cell
coupling model. The concluding remarks are included in Section 5.
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2. Assumptions, Notations and Preliminaries

2.1. Assumptions

As in any paper dedicated to NPSFs, it is assumed that the scramble map is fully known, so
that a march memory test using different data backgrounds can be applied based on the physical
address information. Naturally, in the memory under testing, one or more groups of coupled cells
may exist. As in [3], [4], [10]-[14], it is assumed that the groups of coupled cells are disjoint.

2.2. Notations

The notations commonly used to describe the memory operations are presented in Table 1.

Table 1. Memory operations

Operation | Description

70 (rl) Operation of reading a memory location and checking the read value by comparing it

with the specified logical value O (1).

r Operation of reading a memory location and checking the read value without explicitly

specifying the expected value.

w0 (wl) Operation of writing the logical value 0 (1) to a memory cell.

Ow0 (1w1) | Operation of writing the logical value 0 (1) to a memory cell without changing the

state of the addressed cell (non-transition write operation).

Owl (1w0) | Write operation to change the state of the addressed cell by a transition from O to 1

(from 1 to 0).

Wy Write operation to change the state of the addressed cell (transition write operation)
without explicitly indicating the transition type (Ow1l or 1w0, as appropriate).

Wt Write operation maintaining the state of the addressed cell (non-transition write opera-
tion) without explicitly indicating the logical value used (0w0 or 1w1, as appropriate).

™ A change of logical state in the victim cell, from O to 1 or vice versa, as appropriate,

by sensitizing a memory fault (i.e., a memory error).

2.3. Preliminaries

A march test is composed of a set of march elements and each march element contains a
sequence of memory operations and a symbol that specifies the order in which the memory cells
are accessed. Specifically, given a sequential enumeration of all memory addresses, the symbol
1+ indicates traversing these addresses in ascending order, while the symbol |} indicates traversing
them in reverse order. Moving to the next cell, according to the address sequence, is done only
after performing all operations on the current cell, according to the march element.

In the case of a multirun testing, a specific march test is repeatedly applied to different data
backgrounds. A data background (i.e., a memory initialization) is obtained by multiplying a data
pattern in memory, horizontally and vertically. Such a technique is applied for any NPSF model.

To detect a fault, a memory test must first sensitize the fault through a certain memory op-
eration and then read the affected cell (also called victim cell) to observe the error. As pointed
out in [8], to verify the ability of a memory test to detect all unlinked static coupling faults cor-
responding to a model, it is sufficient to verify the test’s ability to detect the FPs describing that
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model. But in [19] it is shown that FPs cover all memory operations that can be performed in
a cell group corresponding to that model. Consequently, for a coupling fault model, in terms of
satisfying the sensitization condition, a memory test must cover the state graph (transition graph
or full state graph, as appropriate) for any group of cells corresponding to that model. Under this
aspect, a memory test is optimal if, for any group of cells, all operations in the state graph are
performed only once (i.e., for any group of cells, the state graph is Eulerian).

As also presented in [3], [4] or in [16], to detect errors resulting from memory fault-sensitizing,
two necessary and sufficient observability conditions must be met:

e OC7 A memory cell must be read after performing a fault sensitizing operation or after a
sequence of sensitizing operations performed sequentially to check that the last operation
was carried out correctly;

* OC5 Before writing to a cell, it must first be read, to check that a change of state has not
occurred as a result of an operation previously performed in another possibly aggressor
cell.

3. Near-Optimal March Test for Three-Cell Coupling Fault
Model

This section addresses the coupling fault model involving groups of three physically neighboring
cells arranged in a corner, as shown in Fig. 1 (a). The fault model consider in this section is
an extended coupling model, including both faults sensitized by transition write operations and
faults sensitized by non-transition write operations or by read operations, as described in detail
in [3], [19]. To cover this complex coupling model, this paper proposes a memory test, MT —
—3CCF, in which two march elements are applied four times on different data backgrounds.
The description of this new multirun march memory test algorithm is given in Fig. 2, and the
four patterns used for memory initialization are shown in Fig. 3. In this description, BGC}
indicates the primary memory initialization sequence, while BGC, i = 2,3, 4, represent test
sequences with a change of data background, according to the patterns shown in Fig. 3.

Note that, any change of data background involves status update only for half of the memory
cells. On the other hand, in order to satisfy the OC'y observability condition, any write operation
to change the state of a memory cell is preceded by a read operation. Thus, the initialization
sequence BGC4, which is of the form 1 (w0), involves n write operations, while a test sequence
with background change, BGC;, i = 2,3, 4, requires n/2 read operations and n/2 write opera-
tions.

With these specifications, the length of the MT" — 3 CC'F memory test is given by the fol-
lowing equation:

L=4x(n+8n)+n=237n. (1)

Specific to such a multirun test is the dependency between the value of a memory cell and its
address. It should be noted that background patterns of size 2 x 2 allow a simple implementation
of the test algorithm. For example, on a background change, the logical value for the current cell
is generated based on the least significant bit (LSB) of the row address, A,.[0], and/or the column
address, A.[0], as shown in Table 2.
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MT — 3CCF = ({ BGC;
T (r,we, Wy, 1);
N (r,wywy,1);}, i=1,2,3,4;
T (r);)

Fig. 2. MT — 3CCF memory test.

0|0 0 0|0 1
0|0 1|0 11 0|1
a) BP, b) BP, c) BP, d) BP,

Fig. 3. Background patterns used by MT — 3CCF.

Table 2. The value of a cell according to the pattern and its address

BP, —soliddata BP, —checkerboard B Ps; —row stripe B P, — column stripe
0 A.]0] ® A, [0] A,[0] A.[0]

The ability of the MT — 3C'C'F memory test to cover this extended three-cell coupling fault
model is discussed in the following.

Theorem 1. The MT — 3CC'F memory test is able to detect all unlinked static faults of this
three-cell coupling model.

Proof: Let G be an arbitrary group of three neighboring memory cells that matches one of
the four coupling configurations, C1, Cs, Cs, or Cy. Considering the order in which these cells
are accessed on a memory scan in ascending address order, cells in group G are denoted by ¢, 7,
and k as illustrated in Fig. 1 (a). The ability of the MT — 3 CCF test algorithm to sensitize
and observe any fault that may affect a cell in a cell group G = {i, j, k} is demonstrated in the
following.

1. MT — 3CCF is able to sensitize any fault in a G — coupled cell group

To prove this statement, it is shown here that during the memory testing, M1 — 3CCF
performs all possible operations in the group of cells G = {4, j, k}. In other words, it is shown
that MT —3 C'C'F completely covers the graph of states describing the normal operation of these
cells. The proof is conducted in two stages: the first one focuses on transition write operations,
while the second one addresses read and non-transition write operations.

Stage 1. Transition write operations: A transition write operation must change the state of
the addressed cell. Such write operations are highlighted in bold in the test description in Fig.
2. After a background change, the state of a group of cells depends on the configuration, the
background pattern, and the position of the group in the memory array. All possible cases are
illustrated in [19, Fig. 6].

Table 3 presents the initial state vectors for a group of three cells G = {i, j, k} in all cases,
as highlighted in [19].
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Table 3. Initial state vectors for a group of cells G = {i, 7, k} depending on configuration,
background pattern and its position.

BP, BP, BP; BP,
O11) (001 010)

Ci (000
100 (@110 aormn
010 011 001
Co (000) 010) (1) 001
ao1n (@100 110)
110 011 101
C: (000) 110y (©1D) 101
001 (100 010)
010 001 011
Ci (000) 010) (OO (Y

(101) (110 (100)

In Table 3 it can be seen that by initializing the memory and then by the three background
changes, any group of cells G = {i, j, k} of the considered type is brought to the following four
initial states, listed in a non-relevant order:

1. (0 0 0),

2. (1 0 0) orits complementary state (0 1 1),
3. (0 1 0) orits complementary state (1 0 1),
4. (0 0 1) orits complementary state (1 1 0).

With respect to a group of cells, two states are complementary if all bits in the state vectors
are reversed. In a cube-shaped state graph, two complementary states are represented by two
nodes that are not in the same plane. It should be noted that, starting from a given initial state,
by applying the first march element, a group of cells is brought (through the transition write
operations denoted by w;) to the complementary state. Then, by applying the second march
element, the group of cells is returned to its initial state. Moreover, regardless of whether one
starts with a given initial state or its complementary state, by applying the two march elements,
in a group of cells the same transitions are made, but in a different order.

With these specifications, the transitions performed in a cell group G = {4, j,k}, when
applying this march memory test, are highlighted in [19, Fig. 7] in different colors. In conclusion,
MT — 3CCF performs all transitions in the state graph, for any group of three physically
adjacent cells, in any of the four configurations considered in this model. Moreover, each of
these transitions is performed only once.

Stage 2. Read and non — transition write operations: According to the test description in
Fig. 2, after a state is reached by a transition write operation (w;), the memory test performs two
more operations without leaving the current state: a non-transition write operation (w,) and a
read operation (). This means that during memory testing, all normal operations are performed
in any group of cells G = {i, j, k} . Therefore, the MT —3CC F memory test is able to sensitize
any fault in a group of three coupled cells.
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II. MT — 3CCF detects any sensitized fault in a group G of coupled cells

In this test, a march element starts and ends with a read operation. For a background change,
any write operation to change the state of a memory cell is preceded by a read operation. The test
also ends with a final check. Thus, regarding the fulfillment of the two observability conditions,
OC and OCj, the only question is related to the fact that the test performs two successive write
operations in the same cell (w;, w,:). The explanation for this simplification is as follows: if the
first write operation fails and thus the addressed cell retains its old logical value, the second write
operation is actually a new attempt to change the state of the cell. In fact, there is a sequence of
sensitizing operations here, and no further verification is required between these two successive
writes. For a direct and explicit check, in [19, Fig. 8] all the operations performed in a group of
cells G = {i, j, k}are presented when applying the MT — 3 CCF memory test.

The write operations used for background changes (those written in green), along with the
associated read operations, are enclosed in square brackets to highlight that these operations are
sometimes executed, sometimes not, depending on the cell address and the background pattern.
Read operations written in red are used to detect possible errors, while read operations high-
lighted in blue are used for both fault sensitizing and error detection. With this demonstration
of the fulfillment of the conditions necessary to detect those errors resulting from memory fault
sensitization, the proof of Theorem 1 is complete.

Remark 1. For any group of cells that corresponds to the four configurations, the state graph
is completely covered, and furthermore, each transition is performed only once, which means
that the state graph is Eulerian. The only redundant operations are used for background changes,
so with only 3n additional operations, this memory test can be said to be near optimal.

Remark 2. Two other memory tests dedicated to a three-cell coupling fault model, named
MT — SR3C — 1 and MT — SR3C — 2, of the same length 37n but different in structure, are
presented in [4]. Each of the two test algorithms is capable of covering three configurations of
three physically adjacent cells, two configurations arranged in a corner and one in a row or in a
column.

Compared to these, the memory test proposed in this paper, M'T' — 3 CC'F, is more efficient
because it covers the four configurations of three physically adjacent cells arranged in a corner
and is simpler to implement in a BIST-RAM type structure.

For a restricted three-cell coupling model, where it is assumed that a fault is sensitized only
by a transition write operation, a near optimal multirun memory test called MT — R3CCF is
proposed, as presented in Fig. 4.

MT — R3CCF = ({BGCy; " (r,w); 0 (r,wy); 10 =1,2,3,4; 11 (r);)

Fig. 4. M'T — R3CCF memory test.

The MT — R3CCF memory test is 21n long, as shown in the following equation. For
comparison, for the two-cell coupling fault model, an optimal memory test is 18n long [2].

L=4%x(n+4n)+n=21n. )
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4. Near-Optimal March Test for Four-Cell Coupling Fault
Model

As mentioned in the Introduction, this paper refers to the coupling fault model involving
groups of four physically neighboring cells arranged in a square, as shown in Fig. 1 (b). As an
extension of the extended three-cell coupling models, this four-cell coupling model also covers
both faults sensitized by transition writes and faults sensitized by reads or non-transition writes.
As with the three-cell coupling model, any cell in the four-cell group can be a victim cell. As
mentioned in the Introduction, a FP-based description of this model can be found in [19].

To cover this model of four-cell coupling faults, the same memory test technique is adopted,
where one or more march elements are applied many times on different data backgrounds. But,
compared to the three-cell coupling model, in this case another march element type is required.
Specifically, the state graph can no longer be covered in the same way as in the previous model.

For this complex fault model, a near-optimal memory test called M1 — 4C'C'F is proposed
with the description presented in Fig. 5. In this description BG/C is the primary memory
initialization sequence, as the form 1} (w0), and BGC;, i = 2,3, ..., 8 represent background
changing sequences. The patterns used for data background are shown in Fig. 6.

MT — 4CCF = {({ BGC;; T (r, Wy, Wy, 7, 1, Wi, Wy, 7); LI =1,2,4,8; T (1);)

Fig. 5. MT — 4ACCF memory test.

0|0 0] 1 1|1 1|10
0|0 0|1 11 1|10
BP, BP, BP, BP,
O 0 0] 1 111 1|10
1] 1 1(0 0|0 0] 1
BP; BP, BP, BP,

Fig. 6. Background patterns used by MT — 4CCF.

As can be seen in Fig. 6, for a background change, only half of the memory cells require
a state change. In order to satisfy the OC5 observability condition, a write operation to change
the state of a memory cell is preceded by a read operation. Since the first memory initialization
sequence involves n write operations, and then any background change sequence requires n/2
read operations and n /2 write operations, the test length is given by the following equation:

L=8x(n+8n)+n="73n. (3)
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The ability of the MT — 4C'C'F memory test to cover this four-cell coupling fault model is
discussed in the following.

Theorem 2. The MT — 4CC'F memory test is able to detect all unlinked static faults of this
extended four-cell coupling model.

Proof: Let G = {i,j,k, m} be an arbitrary group of four physically neighboring memory
cells arranged in a square, as shown in Fig. 1(b). Cells in group G are identified by ¢, j, k, and
m, depending on the order in which they are accessed in a memory scan.

The ability of the MT — 4CCF memory test to sensitize and observe any fault that may
affect a cell in a cell group G = {i, j, k, m} is demonstrated in the following.

1. MT — 4CCF is able to sensitize any possible fault in a G — group of cells

It is needed to show that MT — AC'CF completely covers the state graph corresponding to a
G-group of cells.

But first of all, it should be noted that compared to the MT'—3CC'F memory test, in this case,
the state graph is traversed in a different way. To illustrate this aspect, the operations performed
in a G-group of cells by the first march element are shown in [19, Fig. 11]. In essence, the portion
of the state graph shown in [19] highlights the fact that from the initial state, through round trips,
four neighboring nodes that differ by a single bit are visited, but distant (non-adjacent) nodes that
differ by two or more bits cannot be reached.

Checking the state graph coverage is done in two stages: transitions from one state to another
are focussed in the first stage, and operations that do not involve transition between states (i.e.,
read and non-transition write operations) are focussed in the second stage.

Stage 1. Transition write operations: The initial state for a G-group of cells after a back-
ground change depends on the background pattern and the position of the group in the memory
cell array. All cases to be considered are illustrated in [19, Fig. 12].

The initial states for any group G = {4, j, k, m} after memory initialization and background
changes are presented in Table 4.

Note in this table that any two initial states differ by at least two bits, and as a result, in the
state graph, the nodes associated with these initial states are not neighbors. Since the MT —
4C'CF memory test executes the march element eight times, from different initial states, and any
two initial states differ by at least two bits, it follows that 64 different transitions are executed in
group G (i.e., all 64 possible transitions). In conclusion, the M1 — 4C'C'F memory test covers
the entire state transition graph for any group of four physically adjacent cells. Moreover, each
transition in this graph of states is performed only once, as illustrated in [19, Fig. 13].

Table 4. Initial state vectors for any group of cells G = {4, j, k, m} after memory initialization
and background changes

BGC, BGC3  BGC:and BGCy BGCsand BGCr; BGCgs and BGCy
0101), 0011, 0110),
1010) 1100) 1001

0000) (111

Stage 2. Read and non-transition write operations: From the test description and from the
graph shown in [19, Fig. 11], it should be noted that after reaching a new state through a transition
into a cell (w;), the memory test performs a non-transition write operation (w,,;) and then a read
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operation (r) to the same cell. This means that during memory testing, all normal operations are
performed in a group of cells G = {4, j, k, m}. Therefore, the M'T — 4C'C'F memory test is able
to sensitize any fault in a group G of four coupled cells.

II. MT — ACCF detects any sensitized fault in a group G of coupled cells

For a direct and explicit verification of the fact that the MT — 4C'CF test fulfills the observ-
ability conditions (OC; and OCY) for detecting all possible errors resulting from memory fault
sensitization, in [19, Fig. 14] all the operations performed in a group of cells G = {i, j, k, m}
are presented when applying this multirun march memory test.

When describing the memory test in Fig. 5, read operations highlighted in red are used to
detect possible errors, while the other read operations written in blue are used both for sensitizing
possible memory faults and for detecting memory errors.

In terms of meeting the observability conditions, the only question concerns the fact that
the test performs two successive writes to the same cell (w;, w,¢). But, the explanation for this
simplification that does not affect the error detection capability is given in the previous section
when the performance of the MT" — 3CC'F memory test was analyzed.

With the verification of the fulfillment of the second condition, which concerns the ability to
detect possible errors resulting from the sensitizing of memory faults, the proof of Theorem 2 is
complete.

Remark 3. With this memory test, for any group of four cells arranged in a square, the state
graph is completely covered, and furthermore, each fault-sensiting operation is performed only
once, which means that the state graph is Eulerian. Since the additional operations are only used
for background changes, M1 — 4CC'F can be said to be a near-optimal memory test.

5. Conclusions

For the two memory fault models of three-cell and four-cell coupling, near-optimal multirun
march tests were proposed. With respect to these tests, two aspects should be noted: 1) relating
the fulfillment of the condition of fault sensitization, for any group of cells corresponding to the
fault model, each arc in the state graph is traversed only once, and that means that the state graph
is Eulerian; and 2) between two writes of the form w;, w,,;, the addressed cell is not checked and
this simplification does not affect the test’s ability to detect memory errors.

For the two fault models, different march elements are required to detect all the faults. In
both memory tests, MT — 3CCF and MT — 4CCF, the memory is traversed in one direction,
which simplifies the implementation of address counters in a BIST-RAM type structure.

The ability of each of these two memory tests to cover the considered fault model was also
verified by simulation. For faults sensitized by transition write operations, the TRAP interrupt
facility was used to simulate memory errors. Dedicated simulation programs were required for
the other failures.
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