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Abstract This paper presents an algorithm for the genera-
tion of the values to be loaded in the control cells of a
Boundary-Scan (BS) chain during an interconnect test. The
algorithm selects several groups of control cells while
avoiding that two or more drivers excite the same net at the
same time, allowing every net to be active for every test
vector and testing every driver after the execution of the
overall test process. It allows for 100% detection of short,
open, stuck-at and driver transition faults on fully control-
lable and observable BS nets on virtually any BS board. In
fact, only two minor requirements are imposed: (1) the sets
of nets affected by two different control cells must be disjoint
or one of them must be included in the other; (2) every net of
a set affected by a control cell must have the same number of
drivers. In addition, the algorithm can be implemented very
easily, avoiding the need to explore all the possible
combinations of values to be loaded in the control cells.

Keywords Boundary-scan - Interconnect test - Control cell
selection

1 Introduction

Interconnect testing of digital electronic systems has to take
into account the possibility that a significant number of nets
can have several drivers. This fact implies not only deciding
which values must be applied to each net, but also which
drivers are going to be used to apply those values.
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Many contributions have been made concerning algo-
rithms used for the generation of values to be sent to the nets.
Some of them, such as the counting sequence [10], the
modified counting sequence [6], the walking one sequence
or the maximal independent set [14] are well-known and
have been exhaustively analyzed [9, 14], while more recent
contributions, such as the group, net, shifted net (GNS)
sequence [11] continue exploring the possibilities of
combining the best aspects of those well-known algorithms:
high detection and diagnosis capability and short testing
periods.

All of these algorithms assume that the stimulus can
be applied to every net without restrictions, but previous
work must be carried out in order to guarantee this
capability.

First, and in order to avoid electrical problems (known as
driver contention), only one driver must to be enabled for
each net and test vector. The rest of the drivers for that net
must be disabled.

Second, in order to maintain net fault coverage as high
as possible, the maximum number of nets has to be
stimulated in every test vector.

Third, in order to reach a high driver fault coverage, the
maximum number of drivers must be used during the
overall test process.

Finally, these three conditions should be fulfilled with
the minimum number of test vectors, in order to achieve a
short test period.

The adoption of the IEEE 1149.1 standard [8] allows for
the systematic selection of the drivers to be used. In a BS
component, a control cell is assigned to every output cell
that can be connected to others outputs in the same net. The
selection of the drivers to be used in each test vector is
accomplished by loading the control cells of every
component on a board with the correct values.
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The standard’s flexibility, however, makes this selection
an important task because an output cell may be controlled
by another cell or by itself (i.e. an open-collector output),
and a control cell can control one or several output cells.
Since the decision of adopting the control structure is made
by the component’s manufacturer, it is possible that the
same group of nets on a BS board (i.e. a data bus) has only
one control cell in a component, and several control cells in
another one (Fig. 1).

At the same time, a group of controlled nets can be
connected to a single component on one part of the board
(i.e. a data bus connected to a microprocessor) and can be
divided in two or more components on another section of
the board (i.e. the same data bus connected to two memory
IC's, Fig. 1).

Finally, there are no restrictions in the standard
concerning the order of the cells inside a BS component,
or the order of the components in the BS chain.

Several solutions for the selection of drivers in BS
interconnect test have been proposed. The simplest one
consists of activating only one control cell at a time, using a
walking sequence for the generation of the values to be
loaded in the control cells. This method can be typically
found in Built-In Self Test (BIST) approaches [2, 13],
where an easy to implement solution is a key aspect.
Adopting this solution, driver contention is avoided but,
from all the nets of the board that have multiple drivers,
only those nets controlled by the activated control cell are
driven. So, in order to detect all the possible short faults,
non-driven nets must behave as they have a logical one
value or a logical zero value, and this is not true in general

'_Net 0

Net 1

Net 2

Fig. 1 Different control structures for a bus
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for tristate nets. In addition, long test times will be required
to test all possible driver faults because a specific partial
test is needed for each control cell.

More comprehensive BIST [3, 12] and non-BIST
approaches [1, 4, 5] propose the use of groups of
simultaneously activated control cells to reduce the number
of test vectors and to increase the net fault coverage. These
groups of activated control cells must be selected by
complying with the following conditions:

1. Two or more drivers for the same net are never
simultaneously enabled.

2. Every net is active in every group of enabled control
cells.

3. Every driver is used by at least one of the groups of
enabled control cells.

In this way, the conditions to avoid driver contention and
to reach high fault coverage are fulfilled. At the same time,
the number of test vectors needed to test all possible driver
faults is reduced because several drivers can be simulta-
neously enabled and tested.

Unfortunately, these authors do not include an algorithm
to be used for the selection of groups of activated control
cells, therefore, fulfilling the previously cited conditions.
Consequently, the proposed solutions are not complete
because this is not a trivial task.

Only in [4] it could be considered that the selection of
these groups of control cells is an easy job because it is
assumed that every driver has its own and exclusive control
cell, but this assumption is not true in general.

The selection of the control cells to be activated can be
performed by an algorithm that is based on the analysis of
all possible combinations of activated control cells using
binary decision diagrams, such as the one in [7]. Since
there may be many combinations (2N, where Noceiss is
the number of control cells), several grouping and sorting
processes are performed, and the netlist is previously
partitioned, including the potentially conflictive control
cells in each partition. As such, the magnitude of the
problem can be reduced, but the resulting algorithm is quite
complex and requires extensive analysis and preliminary
work.

In this paper, we propose an algorithm that is much
easier to implement and can be used to find a solution while
avoiding the need to explore all the possible combinations
of activated control cells. Consequently, its use is as
suitable for BIST as for non-BIST approaches. With
minimal preliminary work, the process basically consists
of activating the first unused control cell for each output
cell found in the BS chain. By repeating this process a
number of times, equal to the maximum number of joined
drivers, the previously described groups of activated control
cells can be obtained.
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The assumed net and fault models are presented in
Sections 2 and 3, respectively. The input and output
information is described in Section 4. Section 5 includes
the generation algorithm and an example of application.
The algorithm is formally analyzed in Section 6, and an
overview of its use in a BS interconnect test is the contents
of Section 7. Finally, experimental results and conclusions
are presented in Sections 8 and 9, respectively.

2 Net Model

The control cell selection process described here takes any
net connected to the BS chain into account, although the
highest failure coverage of the overall test process is
guaranteed only for those nets in the board that are fully
controllable and observable from the BS chain. A net is
fully BS controllable and observable if these three
conditions are fulfilled:

1. There is at least one output or bi-directional cell
connected to the net.

2. There is at least another input or bi-directional cell
connected to the net.

3. The net can be assigned any value from the BS chain
without conflicting with any other of the board’s non-
BS components.

The first two conditions guarantee that the net can be
assigned a value from the BS chain and that the value of
the net can be read from the BS chain. A single bi-
directional cell connected to a net is not sufficient
because an open failure between the pin and the net
would not be detected.

The third condition expresses the need to have the
capability of controlling a net without causing an electrical
problem.

One or several input and output cells may be connected
to each net. The degree of a net is the number of output
cells connected to it.

A net is simple if only one output cell is connected to it
and this cell cannot be disabled. A net is wire-and (wire-or)
if one or more output cells are connected to it and the value
of the net is the logical AND (OR) function of the values of
these cells. In a net of this kind, a disabled output is
equivalent to a weak logical one (zero) value, and this is the
value of the net when all those outputs are disabled.
Typically, this weak value is obtained by the use of a pull-
up (pull-down) resistor. A net is tristate if one or more
output cells are connected to it and these cells can be
disabled to a high impedance state.

It is assumed that every BS cell is connected to one net,
at most. The IEEE 1149.1 standard allows a cell to be
connected to two nets if an input (or bidirectional) pin is

used exclusively as a source of an output (or bidirectional)
pin, with null system logic' between them [8]. For this
situation, the cell is treated as an output by the proposed
algorithm and the net considered is the one connected to the
output pin.

A free control configuration is assumed:

1. More than one output cell can share a single control
cell.

2. There are no restrictions concerning the order of the
cells in the BS chain.

3. Control cells may be active low or active high.

In order to guarantee that the highest fault coverage can
be reached, only two conditions are imposed as to the
structure of buses and control cells:

1. The sets of nets affected by control cells i and j must be
disjoint or one of them must be included in the other.

2. Every net of a set affected by a control cell must have
the same degree.

These conditions are easily fulfilled if recommendation
11.6.1 (q) of IEEE standard 1149.1 is followed [8] (“The
control signal for each functionally distinct group of system
output pins should be driven from a distinct boundary-scan
cell dedicated to that purpose, even where the output from
the on-chip system logic observed by that cell normally
would drive a common control signal to more than one
such group of pins”.)

If one or both of these conditions is not fulfilled, the
proposed algorithm still works, but the fault coverage could
be lower than 100% for the short faults.

The imposed conditions can be assumed in the vast
majority of practical situations, and they are compatible
with any control structure: a different control cell for every
output cell, a bus with the same control cell for all the nets
that form it, a bus controlled by two or more control cells
and different control structures for the same bus in different
components.

3 Fault Model

The objective of the BS interconnect test is to detect three
types of defects:

1. Shorts.
2. Opens.
3. Defects in the input or output cells.

% Devices such as buffers are not considered to be “logic”.
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These defects can produce a variety of faults that are
summarised in Table 1.

This large fault set can be simplified if it is taken into
account that the capability to detect some of these faults
implies the capability to detect others.

First, the capability to detect any stuck-at fault at the
inputs implies the capability to detect any stuck-at fault at
nets.

At the same time, the capability to detect any stuck-at or
transition fault at the outputs implies the capability to detect
any stuck-at or transition fault at the inputs, simply because
the behaviour of the outputs is read through the inputs.

This capability to detect faults at output and input cells
also implies the capability to detect opens, because the open
will affect the behaviour of one or several outputs and/or
inputs.

Finally, a permanently disabled output is the same as an
open between the output and the net, so this fault does not
need specific consideration.

As such, the set of faults to be taken into consideration
can be minimised and is summarised in Table 2.

Considering the problem of the selection of control cells,
the detection of 100% of short faults implies the use of a
group of control cells that simultaneously activates all the
nets in the board. This is because non-driven tristate nets do
not generally behave in a predictable way, so a short fault in
a non-driven tristate net would not be detected.

At the same time, the detection of the faults related to
output cells implies enabling every output cell at least
during part of the test process. The generation algorithm
must then select several groups of control cells avoiding
driver contention, activating all nets and using every driver
in at least one of these groups.

Table 1 The interconnect test aims to detect the following defects

Defect Fault

Short net Dominant net

AND type short

OR type short

Stuck at 0 net

Stuck at 1 net

Stuck at 0 input

Stuck at 1 input

Stuck at 0 input

Stuck at 1 input
Transition fault

Stuck at 0 output
Stuck at 1 output
Transition fault
Always enabled output
Always disabled output

Open net

Input cell

Output cell
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Table 2 Minimum set of faults to be taken into consideration

Defect Fault

Short net Dominant net
AND type short
OR type short
Stuck at 0 output
Stuck at 1 output
Transition fault

Always enabled output

Output cell

4 Input and Output Information

The generation algorithm needs the information contained
in the netlist and BSDL (Boundary-Scan Description
Language) files. In order to simplify the generation process,
however, three arrays are built-up extracting part of that
information. These arrays provide the input for the
generation algorithm and their length is equal to the total
number of cells, which is simply the sum of the boundary
lengths of every component in the chain. These lengths are
extracted from the BOUNDARY LENGTH attribute in
each BSDL file.

If the total length is represented by BRL (Boundary
Register Length), the elements of these arrays are numbered
from BRL-1 to 0, following the order of components in the
board and the order of cells inside each component, always
from TDI to TDO.

These three arrays contain the following information for
each cell in the boundary-scan chain respectively:

1. The type of cell. For the generation process, it must be
known if the cell acts as an output that can be disabled
or not. Only the bidirectional or output cells that are
non-simple (the ones that can be connected to other
outputs) must be taken into account. Every cell that has
the ccell element of the BOUNDARY REGISTER
attribute of any value in its BSDL file will be
considered a non-simple output cell.

In the example circuit of Fig. 2 all output and
bidirectional cells will be considered as non-simple outputs
because all of them are associated to a control cell.

2. The position of its control cell. The value of the ccell
element indicates the position of the control cell in the
BS chain, but the information contained in each BSDL
file refers each component’s boundary register, so it
must be corrected and refer to the total length of the
boundary chain.

Again for the circuit of Fig. 2, for bidirectional cells 1 to
4 the position of their control cell is 0; for output cells 6 and
7 the position of their control cell is 5, etc.
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Fig. 2 Example circuit

3. The net that the cell is connected to. This information is
extracted from the netlist and BSDL files. A different
number is assigned to every net.

In the example circuit cells 1, 6 and 8 are connected to
net 0; cells 2, 7, 9 and 16 are connected to net 1, etc.

The complete input arrays for the circuit in Fig. 2 are
shown in Table 3. This example circuit has 6 nets, 29 cells
and its maximum degree is 3.

Using the algorithm described in the following section,
an array of binary values is obtained. This array has a
number of rows equal to the number of groups of activated
control cells, which has to be equal to the maximum degree
of the nets on the board (3 in the example circuit), and has a
number of columns equal to the number of cells (29 in the
example circuit). The corresponding element indicates with
a logical value 1 (0) that the control cell will be activated
(deactivated) for a given group and control cell. The
contents of the corresponding column in this array are not
significant for non-control cells.

This output array must be processed by taking into
account the value of the safe element of the BOUNDAR-
Y REGISTER attribute for each control cell. This element
indicates the logical value that deactivates each control cell.

5 Generation Process
The first step of the generation process builds up two
intermediate arrays. The first one, with a number of

columns equal to the number of cells, and a number of

Table 3 Input arrays for the example circuit

rows equal to the number of nets, summarizes the
correspondence between nets and control cells. The second
array, with one column and a number of rows equal to the
number of nets, contains the degree of every net involved in
the generation process.

This first step analyzes the boundary register and, for
every cell that is connected to a non-simple output, marks
the element of the first intermediate array corresponding to
the net and control cell related to that output cell.

When the first array has been completed, the number of
marked elements for each net (row of the first intermediate
array) is counted, obtaining the degree of the net that is
stored in the corresponding row of the second intermediate
array. The pseudo code for this step can be found in Fig. 3.

The resulting intermediate arrays in the example circuit
are shown in Table 4.

The second step of the generation process uses the
intermediate arrays obtained after the first step and two
auxiliary arrays that indicate if each control cell and net
respectively has already been processed during the execu-
tion of the algorithm. Both auxiliary arrays have a number
of rows equal to the number of groups of control cells, and
the number of columns is equal to the number of cells and
to the number of nets, respectively.

This second step begins initializing the output array with
all control cells deactivated for every group of control cells.
Similarly, the auxiliary arrays are initialized with all cells
and nets as not processed for every group of control cells.

Next, a loop begins with a number of iterations equal to
the number of groups of control cells (equal to the
maximum degree of the board). For each iteration, a group

Cell acts as a non-simple outputs

28 27 26 25 24 23 22 21 20
1 1 0 1 1 0 0 1 0 1 1 0 1
Position of the control cell

28 27 26 25 24 23 22 21 20 19 18 17 16

26 26 - 23 23 - - 22 — 20 17 - 15
Net that the cell is connected to

28 27 26 25 24 23 22 21 20 19 18 17 16

3 2 - 4 5 - - 0 - 2 3 - 1

4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 0 0 0 0 0 1 1 1 1.1 1 0
4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2 12 - - - - - 55 - 00 0 0 -
4 13 12 11 10 9 8 7 6 5 32 1 0
5 4 - 3 2 1 0 1 0 - 3 1 0 -
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Initialize net-vs-control cell array "all not marked"
For each cell loop
If cell is not simple output then
Mark the corresponding net (row) and control cell
(column) of net-vs-control cell array
End if
End loop
For each net loop
Initialize degree as zero
For each cell loop
If element of the net-vs-control cell array is
marked then
Increase degree
End if
End loop
Store degree in the element of degree array
End loop

Fig. 3 Pseudo code for the first step

of control cells is selected for activation. Every time a
control cell is activated, all the nets controlled by this cell
and all the control cells that are related to those nets are
marked as processed in the corresponding row. In this way,
the selection process can take into account the control cells
and nets that are previously processed by the activation of
another control cell.

Each iteration has two inner loops with the same number
of iterations and cells. In the first one, the nets considered
are the ones that have a degree higher or equal to the
number of the group of control cells that it is been selected.
Not all the control cells have been used in these nets, so it
must be taken into account whether the processed control
cell has been previously activated in another group. In this
case, the control cell has to be skipped in order to allow
another control cell to participate in the test process.

When this first inner loop has finished, the degree of the
remaining nets is lower than the number of the group. All
the control cells have been used in a previous group for

Table 4 Intermediate arrays for the example circuit

these nets, so the first control cell found in the BS chain
that can be enabled without generating an electrical
problem is selected. The pseudo code for this step can be
found in Fig. 4.

In the example circuit, the number of groups of control
cells required is three.

For the first group, all the nets have a degree higher than
the number of the group (1), so all the nets receive the same
treatment and the second inner loop is inactive. The control
cells that are activated for this first group (26, 23, 22 and
15) are the first ones found in the BS chain for each net that
do not generate an electrical conflict with a previously
enabled control cell.

In the second outermost iteration, the second group of
control cells is selected. Again all nets have a degree higher
or equal to the number of the group (2), so all nets receive
again the same treatment. But in this case, the result of the
first iteration is taken into account and the previously
activated control cells are skipped. So, control cells 26, 23,
22 and 15 are not activated in order to allow the activation
of control cells 20, 17, 12 and 5.

The third (and last) outermost iteration does not apply
the same treatment to all nets because nets 0, 1, 2 and 3
have a degree equal to the number of the group (3), but nets
4 and 5 have a degree (2) lower than the number of the
group. So in the first inner iteration for the cells, nets 0, 1, 2
and 3 are taken into account, and the control cells
previously used for these nets (26, 22, 20, 17, 15 and 5)
are skipped, enabling activation of control cell 0.

On the other hand, nets 4 and 5 are considered by the
second inner iteration, which does not take into account if
the control cell has been previously used, so control cell 23
is enabled again, as in the first group. The output and the
auxiliary arrays after the second (and final) inner iteration
are included in Table 5.

Net vs control cell array

26 23 22 20
0 X
1
2 X X
3 X
4 X
5 X

Degree array
0

[ T N N R S
NN W W W W

17 15 12 5 0
X X
X X X
X
X X
X
X
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Initialize output array as "all disabled"
Initialize auxiliary arrays as "not processed"
For each group of control cells loop
For each cell loop
If cell is not simple output and
net degree is not lower than group and
net is not processed and
control cell is not processed and
control cell has not been previously used then

Activate control cell in output array in this group
For every net controlled by the control cell loop
Mark the net as processed for this group
For every control cell related to the net loop
Mark the control cell as processed for this group
End loop
End loop

End if
End loop
For each cell loop
If cell is not simple output and
net is not processed and
control cell is not processed then

Activate control cell in output array in this group
For every net controlled by the control cell loop
Mark the net as processed for this group
For every control cell related to the net loop
Mark the control cell as processed for this group
End loop
End loop

End if
End loop
End loop

Fig. 4 Pseudo code for the second step

6 Formal Analysis

This section’s objective is to prove that the proposed
algorithm generates the groups of active control cells
complying with the conditions included in Section 1, and
will show how the restrictions imposed to the BS circuits in
Section 2 affect the generation process.

First, driver contention must be avoided with no excep-
tions. It can be assured that the proposed algorithm complies

Table 5 Output and auxiliary arrays for the example circuit

with this condition because every time a control cell is
activated in a group, all the remaining control cells that are
related to every net controlled by the active control cell are
marked as processed and, consequently, deactivated in that
group. With the proposed algorithm, there are no restrictions
imposed to the BS circuit to fulfill this condition.

Second, every net must be driven in every group of
active control cells. Imposing the restrictions of Section 2,
and considering fully BS observable and controllable nets,
it can be proven that the proposed algorithm complies with
this condition.

If a net is not driven, then all its control cells are
deactivated. If a control cell (7) is deactivated, then there is
at least another net controlled by it that is driven from an
active control cell (5). If the condition 1 imposed to the BS
structure in Section 2 is fulfilled, then the set of nets
controlled by one of the control cells is included in the set
of nets controlled by the other control cell. But if the set of
nets controlled by control cell 7 is included in the set of nets
controlled by control cell j, then the non-driven net would
be driven because control cell j is active. On the other hand,
if the set of nets controlled by control cell j is included in
the set of nets controlled by control cell 7, then there must
be another control cell for the non-driven net that can be
activated, because the condition 2 imposed on the BS
structure in Section 2 indicates that every net affected by a
control cell must have the same degree. So, if conditions 1
and 2 imposed on the BS structure in Section 2 are fulfilled,
then all nets are driven in every group of active control
cells.

If either or both of the conditions imposed in Section 2
are not fulfilled, some of the nets may be non-driven in
some of the groups of active control cells. This does not,
however, due to the algorithm itself, because these nets
would be non-driven in order avoid driver contention.

Output array

26 23 22 20
1 1 1 1 0
2 0 0 0 1
3 0 1 0 0

“Net is processed” array

0 1 2 3 4 5
1 1 1 1 1 1 1
2 1 1 1 1 1 1
3 1 1 1 1 1 1

“Cell is processed” array
26 23 22 20
1

—
[ —
—_— = =
—

S — o =
O = =
S - o =
S = O W
— o oo

—_ = =
—_——
—_ = =
— = = W
—_—— O
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Table 6 Algorithm’s run-time and number of test vectors

Circuit BR Nets Maximum Run-time Test
Length degree (ms) vectors
1 36 16 1 0.2 6
2 160 36 3 2.7 12
3 196 52 3 4.7 12
4 190 66 3 5.0 13
5 226 82 3 7.1 13
6 430 100 4 15.8 15
7 422 134 3 22.6 14
8 582 130 5 27.4 18
9 620 166 4 38.3 16
10 772 196 5 56.5 18
11 860 200 4 60.3 16
12 1,012 230 5 82.5 18

When this situation appears, it is interesting to know
which group of active control cells drives the maximum
number of nets, because this group is the most adequate to
be used in the interconnect test phase that detects the faults
at nets. This group can be simply determined by counting
the number of processed nets in the auxiliary array at the
end of the generation process.

Finally, all the control cells must be included in at least
one of the groups of active control cells. It is easy to prove
that this condition is fulfilled because while the degree of a
net is equal or lower than the group that is being processed,
the previously activated control cells for that net are
skipped, so every control cell is activated sooner or later
by the generation process.

7 Algorithm Use in a BS Interconnect Test Process

The overall interconnect test process will be defined not
only by the groups of selected drivers obtained by the
proposed algorithm, but also by the values sent to the nets
from the selected drivers. Consequently, fault coverage and
test length will depend on both aspects of the test process.

It can be assured, however, that the proposed algorithm
allows for 100% fault detection in the previously cited
conditions because all nets participate in every test vector
and every driver is used during overall test process. At the
same time, this algorithm allows that a minimum number of
test vectors be used because the number of different groups
is as low as possible (equal to the maximum degree of the
nets of the board).

A BS interconnect test process is typically divided in two
phases: a test for shorts and a test for opens, stuck-at faults
and driver faults. In the first phase, a counting sequence
provides 100% detection capability for shorts with a
minimum number of test vectors given by expression 1,

@ Springer

where N.cc1 is the number of test vectors and N, is the
number of nets.

Niyeel = [10g2 (Nnets)] (1 )

Any of the groups of drivers obtained by the proposed
algorithm can be used for this first phase because any of
them activates all the nets of the board. For this group of
drivers many of the opens, stuck-at faults and driver faults
can also be detected during this phase, but to reach 100%
fault coverage some additional test vectors would be
needed. Consequently, this group of drivers receives the
same treatment in the second test phase.

In this second phase two test vectors are applied to the
nets from each group of drivers. These two vectors are the
logical one and zero values, and they are obtained inverting
successively the values sent to the nets in the last vector of
the first phase. In this way the logical value one and the
logical value zero and the two possible transitions (from 0
to 1 and from 1 to 0) are sent to every net from each one of
its drivers. The number of vectors for the second phase is
given by expression 2, where Nyeco is the number of test
vectors and D, is the maximum degree of the nets of the
board.

Niyec2 = 2 x Dinax (2)

The total number of test vectors is simply the sum of
Ntvccl and Ntvch'

8 Experimental Results

The presented algorithm has been implemented in Visual
Studio.Net 2003 (Visual Basic language) and tested with
several BS example circuits to corroborate the results of the
formal analysis and to evaluate the algorithm’s run-time.

The results have been obtained in a conventional desktop
computer (1.6 GHz, 1 Gbyte of RAM) under Microsoft
Windows XP Professional Edition.

90.0 -
80.0 -
70.0 -
60.0 -
50.0 4
40.0 -
30.0 A
20.0 A 2
10.0 H
0.0 T T . . !

0 50000 100000 150000 200000 250000

N cells (1+N nets +2D max )

Trun (Ms)

Fig. 5 Algorithm’s run time vs circuit complexity
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The characteristics of the circuits, the algorithm’s run-
times and the resulting number of test vectors using the
approach of the previous section are shown in Table 6.

By analyzing the algorithm, it can be ascertained that the
run-time should be dependent on the circuit parameters
shown in expression 3.

Trun X Ncells(l + Nnets + 2Dmax) (3)

Where T}, is the run-time, and N is the number of
cells. If the proportionality constants of expression 3 are
evaluated for the example circuits, the standard deviation of
those constants is lower than a 10% of its average value,
showing that expression 3 fits quite well with the results in
Table 6. This linear dependence is shown in Fig. 5.

Expression 3 can be approximated by expression 4 when
the number of nets exceeds the maximum degree of the nets
of the board.

Trun o< Neetts X Npets (4)

This formula can be used to estimate the proposed
algorithm’s run-time for large circuits.

9 Conclusion

The correct selection of the control cells to be activated
during BS interconnect test is important in order to obtain
high fault coverage and short testing time. We have
presented a new algorithm that can select several groups
of active control cells avoiding driver contention, allowing
every net to be driven for every test vector, and testing
every driver after the execution of the overall test process.
In this way, a high fault detection capability can be
obtained.

Only two conditions are imposed on the circuit in order
to obtain the maximum fault detection capability and, if
these conditions are not fulfilled, the algorithm still works
well, but some nets can be inactive during part of the test
procedure in order to avoid electrical problems.

The exhaustive analysis of all the possible combinations
of enabled control cells is not needed and the algorithm is
quite simple and easy to implement.

The run-time for the selection process is short and
approximately proportional to the product of the number of
cells times the number of nets.
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