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Abstract—When built-in test generation is used for a design that can be

partitioned into logic blocks, it is advantageous to identify groups of blocks whose

tests have similar characteristics, and use the same built-in test generation logic

for the blocks in each group. This paper studies this issue for a built-in test

generation method that produces functional broadside tests. Functional broadside

tests are important for addressing overtesting of delay faults as well as avoiding

excessive power dissipation during test application. The paper discusses the

design of the test generation logic for a group of logic blocks, and the selection of

the groups.

Index Terms—Built-in test generation, functional broadside tests, design partition-

ing, transition faults
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1 INTRODUCTION

ONE of the important advantages of built-in test generation is that,
by avoiding the need to deliver tests from an external source, it
facilitates the application of the tests at-speed in order to detect
delay faults [1], [2], [3], [4], [5], [6], [7], [8]. Built-in test generation
also reduces the test data volume required for a circuit [9]. Low-
power built-in test generation methods can address the need to
keep the power dissipation during test application from exceeding
the power dissipation that is possible during functional operation
[10], [11], [12], [13].

To address power dissipation, as well as overtesting of
delay faults, the built-in test generation method described in
[14] produces what are called functional broadside tests. In
general, a functional broadside test is a broadside test that cre-
ates functional operation conditions during its functional clock
cycles, where delay faults are detected. Functional operation
conditions imply that the state-transitions during the functional
clock cycles of the test can also occur during functional opera-
tion. Under the assumption that primary input sequences are
unconstrained during functional operation, a functional broad-
side test requires only that the scan-in state would be a reach-
able state, or a state that the circuit can enter during functional
operation. To simplify the discussion, this paper makes the
same assumption. Experimental results indicate that, unless
the primary input constraints create high levels of redundancy,
the differences in switching activity between constrained and
unconstrained functional broadside tests are moderate.

This paper considers the case where the design-under-test is
partitioned into logic blocks, and there is a choice with respect to
the placement of the built-in test generation logic for these blocks
[9]. Fig. 1 illustrates a design that consists of four logic blocks B0,
B1, B2 and B3. Horizontal lines stand for scan chains, and vertical
lines stand for primary inputs. The built-in test generation method
from [14] produces values only for primary inputs, and not for
scan chains. The scan chains are used initially for bringing the cir-
cuit into a reachable state, and for observing output responses.
After initialization, the primary input sequences generated by the
built-in test generation logic take the circuit through reachable

states. Some of these states are used as initial states for functional
broadside tests.

Using the method from [14], primary input sequences are gen-
erated by a linear-feedback shift-register (LFSR). The random pri-
mary input sequence produced by the LFSR is modified based on
a primary input cube denoted by c. The cube c acts as a weight
assignment. Let cðjÞ be the value of c corresponding to primary
input j. If cðjÞ ¼ 0 (1), primary input j is driven by the AND (OR)
function of a fixed number of LFSR bits. This increases the fre-
quency of assigning a 0 (1) to primary input j. If cðjÞ ¼ x, primary
input j is driven directly by an LFSR bit and assigned random val-
ues. The LFSR is initialized with several different seeds in order to
achieve the highest possible fault coverage.

For a design that can be partitioned into logic blocks, it is
advantageous to use the same built-in test generation logic for
groups of logic blocks in order to reduce the overhead for built-in
test generation. The goal of this paper is to develop a method for
sharing of built-in logic for the generation of functional broadside
tests among logic blocks. If logic blocks with non-matching pri-
mary input cubes are included in the same group, the fault cover-
age for one or more of them is reduced. When the primary input
cubes of the logic blocks in the group match, experimental results
show that the fault coverage is sometimes higher for a logic block
when it is tested as part of a group than when it is tested individu-
ally. The paper discusses the selection of groups, the selection of a
primary input cube cG for a group G, and the selection of a set of
seeds SG for G.

The paper also identifies in SG the seeds that are required for
every logic block individually. This is useful for testing a subgroup,
for example, if power considerations require smaller groups of
logic blocks to be tested simultaneously, or if some of the logic
blocks are disabled due to faults that were detected earlier. It is still
advantageous to share test generation logic among as many logic
blocks as possible. However, only a subset of the blocks need to be
tested at any given time.

The construction of a group G needs to also take into account
the proximity between the logic blocks, and the feasibility of con-
necting their primary inputs to the same built-in test generation
logic. For the discussion in this paper, all the logic blocks are
assumed to be in close enough proximity to be connected to the
same test generation logic. The paper considers the effects of plac-
ing blocks in a group on the fault coverage achieved for the blocks.

The paper is organized as follows. Section 2 reviews the built-in
test generation method from [14]. Section 3 describes its application
to a design that is made up of logic blocks. Section 4 presents
experimental results.

2 BUILT-IN TEST GENERATION

The built-in test generation method from [14] brings the circuit into
reachable states by initializing the circuit into a state denoted by
sinit, which is the initial state of the circuit for functional operation,
and applying a primary input sequence A of a fixed length, L, in
functional mode.

Let A ¼ að0Það1Þ . . . aðL� 1Þ, where aðuÞ is the primary input
vector at clock cycle u, for 0 � u < L. Suppose that application of
A takes the circuit through the sequence of states
sð0Þsð1Þsð2Þ:::sðLÞ, where sð0Þ ¼ sinit. For 0 � u < L, sðuþ 1Þ is
the next-state obtained when the circuit is in present-state sðuÞ and
the primary input vector aðuÞ is applied.

The states sð0Þ, sð1Þ, sð2Þ, . . ., sðLÞ are reachable states since
A is applied in functional mode starting from sinit, and it takes
the circuit through these states. Consequently, for 0 �
u < L� 1, it is possible to define a functional broadside test
that has sðuÞ as its initial (scan-in) state, and where the primary
input vectors aðuÞ and aðuþ 1Þ are applied in functional mode
after the circuit is brought into state sðuÞ. Such a test is denoted
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by tðuÞ ¼ <sðuÞ; aðuÞ; aðuþ 1Þ> . The highest number of func-
tional broadside tests is obtained if a new test starts every two
clock cycles. This is the case considered in this paper. Thus, for
an even value of L, the set of functional broadside tests based
on A is T ¼ ftð0Þ; tð2Þ; tð4Þ; :::; tðL� 2Þg.

For a test tðuÞ 2 T , a fault can be detected based on the primary
output vector obtained in response to aðuþ 1Þ. The primary output
vector at clock cycle uþ 1 is denoted by zðuþ 1Þ. A fault can also
be detected based on the final state of the test. The state under con-
sideration is sðuþ 2Þ. For built-in test application, zðuþ 1Þ and
sðuþ 2Þ are captured by an output response compactor. In the case
of sðuþ 2Þ, the state is scanned out and shifted into the output
response compactor over a number of clock cycles equal to the
length of the longest scan chain. The circuit is brought back to state
sðuþ 2Þ in order to continue the test application process under A
by using circular shift.

The primary input sequence A is generated by an LFSR whose
states are used as pseudo-random vectors. The LFSR sequence is
modified in order to avoid an effect called repeated synchroniza-
tion, where certain primary input values cause certain state varia-
bles to assume the same values repeatedly.

The logic for generating the primary input sequence A is
illustrated by Fig. 2. For a parameter denoted by d, a distinct
set of d bits of the LFSR is used for determining the sequence
applied to every primary input. For a parameter denoted by
mod, up to mod of the d bits dedicated to each primary input
are used for avoiding repeated synchronization. If the value 0
on a primary input synchronizes fewer state variables than the
value 1, then the value 0 is preferred. In this case, a mod-input
AND gate is used for ensuring that a 0 appears more often
than a 1 on this primary input. A mod-input OR gate is used
for the primary input if the value 1 synchronizes fewer state
variables, and it is thus the preferred value for the primary
input. No gate is used if both values synchronize the same
number of state variables. For a circuit with n primary inputs,
this method requires an LFSR with d � n bits, and at most one
mod-input gate for every primary input. The preferred values
of the primary inputs are captured in a primary input cube
denoted by c. For a primary input j, cðjÞ indicates its preferred
value, which may be 0, 1 or x.

Several primary input sequences are applied by using several
different seeds for initializing the LFSR. Each additional sequence
results in a different set of functional broadside tests, and helps
increase the fault coverage. All the sequences use the same values
of the parameters L, d and mod. Consequently, the same logic
is used for generating all the tests.

To select seeds, the procedure from [14] uses random seeds
until the last Q primary input sequences do not increase the
fault coverage, for a constant Q. It keeps only seeds that are
needed for increasing the fault coverage. Transition faults are
considered in [14].

Overall, the built-in test generation method from [14]
requires a d � n-bit LFSR, a modulo-L counter, and at most nþ 1
gates. The initial state sinit as well as the seeds are assumed to
be scanned in before the application of each primary input
sequence. Circular shift requires scan chains of equal lengths.
This can be achieved by adding dummy flip-flops to the shorter
scan chains.

For the discussion in this paper, the parameters of the built-in
test generation logic are fixed to L ¼ 1; 024, d ¼ 5, mod ¼ 4, and
Q ¼ 256. These values are effective for all the circuits considered.
A fixed set of parameters will simplify the sharing of built-in test
generation logic among logic blocks.

3 GROUPS OF LOGIC BLOCKS

This section considers the built-in generation of functional broad-
side tests for groups of logic blocks. The section starts with a dis-
cussion of the case where a group G is given. It then considers the
selection of groups, and the identification of subsets of seeds for
the individual blocks in a group.

3.1 Built-In Test Generation for a Group

Let the group G under consideration consist of the logic blocks B0,
B1; . . . ; Bm�1. For 0 � i < m, let the number of primary inputs of
block Bi be ni, and let ci be the primary input cube that avoids
repeated synchronization in Bi. The built-in test generation logic
for G can be designed in one of several ways.

On one extreme it is possible to use an LFSR with d �
Pm�1

i¼0 ni
bits such that each logic block would have a unique set of bits for
every primary input. On the other extreme it is possible to use an
LFSR with d �max fni : 0 � i < mg bits. In this case, the block in
G with the largest number of primary inputs determines the num-
ber of LFSR bits for G, and all the blocks share the same bits of the
LFSR. There are also intermediate options where different blocks
share different bits of the LFSR. The option considered in this
paper is the one that uses the smallest LFSR. The number of
LFSR bits is written as d � n, where n ¼ maxfni : 0 � i < mg.

As illustrated by Fig. 2, every d consecutive bits of the LFSR are
used for determining a single primary input value. It is possible to
connect up to two gates to every d bits of the LFSR, and drive the
corresponding input of each logic block by the appropriate func-
tion. For example, suppose that the first d bits of the LFSR deter-
mine the value of primary input 0 of each of the logic blocks in G.
For primary input 0 of a block Bi in the group, if cið0Þ ¼ 0, the out-
put of the AND gate is used; if cið0Þ ¼ 1, the output of the OR gate
is used; and if cið0Þ ¼ x, the first LFSR bit is used.

The approach considered in this paper uses at most one gate for
every d bits of the LFSR. The gates used for modifying the LFSR
sequence are determined based on a single primary input cube cG,
which is computed based on the group G as a whole. This
approach has the following advantages.

(1) Using at most one gate for every d bits of the LFSR simpli-
fies the built-in test generation logic.

Fig. 1. Example logic blocks.

Fig. 2. Test generation logic.
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(2) The selection of the primary input cube ci for an individ-
ual block Bi is based on a heuristic that attempts to avoid
repeated synchronization in Bi. It is possible that a different
modification of the LFSR sequence, described by a different
primary input cube, would yield a higher fault coverage for Bi

than the fault coverage based on ci. By accepting that cG may
be different from ci, the procedure for forming the groups
explores some of these options. The options it explores have
the additional characteristic that they attempt to allow the
same cube to be used for several different blocks. Experimental
results show that, in some cases, using cG instead of ci for a
block Bi leads to increased fault coverage for Bi with otherwise
the same parameters of the built-in test generation logic.

The use of a single primary input cube cG is complemented
by the use of a single set of seeds for all the blocks in the
group. This eliminates the need to store distinct sets of seeds
for individual blocks.

The final design decision that needs to be made is related to the
way by which the primary inputs of the blocks in G will be con-
nected to the outputs of the built-in test generation logic. A fixed
connection is used in this paper based on the order by which pri-
mary inputs appear in the descriptions of the logic blocks. This
allows the connection to be determined based on routing consider-
ations. Specifically, for 0 � j < n, output j of the test generation
logic drives primary input j of every logic block that has at least
jþ 1 primary inputs.

The resulting configuration is illustrated by Fig. 3. In Fig. 3, B0

has n0 ¼ 4 primary inputs, B1 has n1 ¼ 2 primary inputs, B2 has
n2 ¼ 3 primary inputs, and B3 has n3 ¼ 2 primary inputs. With
n ¼ 4, the LFSR has 4d bits, and four outputs. The gates corre-
sponding to cG are not shown in Fig. 3. Output 0 of the test genera-
tion logic drives primary input 0 of B0, B1, B2 and B3. Output 1 of
the test generation logic drives primary input 1 of B0, B1, B2 and
B3. Output 2 of the test generation logic drives primary input 2 of
B0 and B2. Output 3 of the test generation logic drives primary
input 3 of B0.

To compute cGðjÞ, for 0 � j < n, the following process is
applied. The process assigns the value 0 to primary input j of
every logic block that has at least jþ 1 primary inputs. Using
implications, it finds the number of next-state variables that are
assigned specified values in all the blocks. Using the same pro-
cess it finds the number of next-state variables that are assigned
specified values when primary input j is assigned the value 1
for every logic block that has at least jþ 1 primary inputs. The
process assigns cGðjÞ ¼ 0 if a 0 results in fewer specified next-
state variables, cGðjÞ¼1 if a 1 results in fewer specified next-state
variables, and cGðjÞ ¼ x otherwise.

Once cG is determined, a set of seeds SG for the blocks in G is
selected as in Section 2 by considering random seeds. For every

random seed, the procedure computes a primary input sequence
A. For every block in G, the procedure uses A to compute a set of
functional broadside tests. Fault simulation of this set is then car-
ried out for the block. A seed is considered to be effective, and
added to SG, if it increases the fault coverage for at least one of the
blocks in G.

Comparing the configuration of Fig. 3 to the configuration that
would be used for an individual block Bi, the following differences
are possible.

(1) If ni < n, the LFSR for Bi has fewer bits than the LFSR for
G. This is not expected to reduce the fault coverage for Bi. The fault
coverage may even increase. It may also cause small differences in
the numbers of seeds for Bi.

(2) If ciðjÞ ¼ cGðjÞ for 0 � j < ni, the gates that are used for
modifying the LFSR sequences for Bi are the same when Bi is con-
sidered as part of G or when Bi is considered individually. There-
fore, the fault coverage and the number of seeds are expected to be
the same.

(3) If ciðjÞ 6¼ cGðjÞ for some j such that 0 � j < ni, the LFSR

sequences are modified in different ways when Bi is considered
individually, and when it is considered as part of G. As a result,
the fault coverage achieved for Bi may be reduced when cG is used
instead of ci. However, especially when ciðjÞ ¼ x or cGðjÞ ¼ x,
using more seeds may compensate for the mismatch and yield the
same fault coverage for Bi. It is also possible for the difference to
increase the fault coverage for Bi since ci is computed based on
heuristics, and cG may be more suitable than ci for Bi. This needs
to be verified by fault simulation.

In all the cases, the termination condition of considering Q
seeds without increasing the fault coverage may occur later for a
group of blocks than for a single block. As a result, the number of
seeds (and the number of applied tests) as well as the fault cover-
age may be higher for a logic block as part of a group.

3.2 Procedure for Selecting Groups

If a design has blocks with non-conflicting cubes, it is possible to
form groups using such blocks without fault simulation. For exam-
ple, Table 1 shows three benchmark circuits that are used as logic
blocks in a design. For every logic block Bi, Table 1 shows the num-
ber of primary inputs ni, and the primary input cube ci.

Considering the group G ¼ fs298; s344; s526g, all the blocks
have primary input cubes that match the cube cG ¼ 0xxxxxxxx.
In the case of s298 and s526, the LFSR has more bits, but pri-
mary input 0 is driven from an AND gate similar to the case
where they are tested individually. Computation of seeds for
the group targeting transition faults verifies that the fault cov-
erage for every block as part of the group is at least as high as
the fault coverage obtained for the block individually. In the
case of s526, the transition fault coverage is increased due to
the use of an LFSR with more bits.

The procedure described in this section does not rely on non-
conflicting cubes to form groups. Instead, it checks by fault simula-
tion whether logic blocks can be included in the same group with-
out losing fault coverage. This allows the procedure to form larger
groups than can be formed based on non-conflicting cubes. Blocks
with non-conflicting cubes can be used for initializing the groups
and avoiding fault simulation in cases that can be decided without
it. To keep the discussion general, the procedure is described with-
out this option.

Fig. 3. Test generation logic for a group.

TABLE 1
Example 1 of Logic Blocks
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Let the set of blocks in the design be b ¼ fB0; B1; :::; BM�1g. In a
preprocessing step, the procedure computes the fault coverage that
can be achieved for Bi when it is tested individually, for
0 � i < M . The fault coverage for Bi is denoted by fci. The proce-
dure constructs a group as described next. The same process is
repeated to define additional groups. Each group is removed from
b until b ¼ ;.

Initially, G ¼ ;. The procedure considers the blocks in b by
order of decreasing number of primary inputs. This is moti-
vated by the observation that a block with a larger number of
primary inputs is more important to fit into a group in order to
utilize the larger logic needed for it as much as possible. Con-
sidering the blocks in this order, for every Bk 2 b, the proce-
dure adds Bk to G tentatively. It then checks whether the new
group is acceptable, as follows.

The procedure computes the primary input cube cG for G that
now includes Bk. Using cG, the procedure generates a set of seeds
SG for the group. It finds a fault coverage fcG for the group. In
addition, it finds the fault coverage achieved for each block as part
of the group. The fault coverage for Bi 2 G, when it is tested as
part of G, is denoted by fcG;i. It is equal to the percentage of faults
in Bi that are detected by the test generation logic of G using the
seeds in SG.

Next, the procedure decides whether or not to keep Bk in G. If
fcG;i � fci for every Bi 2 G, the procedure keeps Bk in G. If there
is a block Bi 2 G such that fcG;i < fci, the procedure removes Bk

from G.
The construction of G is complete after considering all the

blocks from b.
The procedure is illustrated by considering benchmark circuits

as logic blocks in a design, and transition faults as target faults.
The set b used for this example is shown in Table 2. For every logic
block Bi, Table 2 shows the number of primary inputs ni, the tran-
sition fault coverage fci that is achieved for it individually, and the
primary input cube ci.

The procedure initializes G ¼ ;. It adds s641 to obtain G ¼
fs641g and

cG ¼ x0x0xxxxxxxxxxxxxxxxxxx1xxxxxxxxxxx.
With a single block in G, testing the group is identical to testing

the block individually, and the block remains in G. Adding s510 to
G next yields G ¼ fs510; s641g, and cG does not change. The fault
coverages achieved for s641 and s510 as part of the group are equal
to the fault coverages achieved for them individually. Therefore,
s510 is accepted. In this case, s510 is tested using cG such that
cGð1Þ ¼ 0, cGð3Þ ¼ 0 and cGð23Þ ¼ 1. For B1 ¼ s510 individually,
c1ð1Þ ¼ x and c1ð3Þ ¼ x (c1ð23Þ is undefined since s510 has 19 pri-
mary inputs). In spite of the fact that c1 is unspecified in bits where
cG is specified, the fault coverage achieved for s510 is not affected.

Adding s1423 yields G ¼ fs510; s641; s1423g and
cG ¼ x0x0xxxxxxxxx11xxxxxxxx1xxxxxxxxxxx.
The fault coverages achieved for s641 and s510 as part of the

group are equal to the fault coverages achieved for them individu-
ally. However, the fault coverage for s1423 is 80.82 percent, which
is lower than the fault coverage that is achieved for it individually.
Therefore, the addition of s1423 is not accepted. In this case, s1423
will be part of a different group.

Adding s382 to G yields G ¼ fs382; s510; s641g and
cG ¼ x000xxxxxxxxxxxxxxxxxxx1xxxxxxxxxxx.

The fault coverage achieved for s382 as part of the group is
76.18 percent, higher than the fault coverage achieved for it indi-
vidually. However, the fault coverages achieved for s641 and s510
are lower than the fault coverages achieved for them individually.
Therefore, the addition of s382 is not accepted.

Finally, adding b09 yields G ¼ fs510; s641; b09g and
cG ¼ x1x0xxxxxxxxxxxxxxxxxxx1xxxxxxxxxxx.
In this case, the value 1 on primary input 1 synchronizes

fewer state variables in s641 than the value 0 on primary input
1 synchronizes in b09. Therefore, the value 1 is used for the
group. The fault coverage achieved for s510 as part of the group
is the same as the fault coverage achieved for it individually.
For s641 and b09, the fault coverages (81.02 and 76.99 percent,
respectively) are higher as part of the group. Therefore, b09 is
accepted in spite of the fact that the cube for b09 conflicts with
the cube for s641.

After the procedure is run to completion and b ¼ ;, it is pos-
sible that some of the blocks will be included in small groups
(such as groups of size one). To address this issue, it is possible
to rerun the procedure, assigning a higher priority for blocks in
smaller groups, so that they would be considered earlier. This
increases the likelihood that they will be included in larger
groups, and the number of groups will be reduced. In this
case, instead of considering the blocks by order of decreasing
number of primary inputs, the blocks are considered by order
of decreasing priority and decreasing number of primary
inputs. This can be repeated several times with modified priori-
ties based on the results of the previous runs.

The computational effort of the procedure for constructing a
group G � b is determined by the fact that the procedure con-
siders OðMÞ intermediate groups in order to construct G, where
M is the number of logic blocks in b. Each intermediate group
requires the computation of seeds, which requires fault simula-
tion. The computational effort can be reduced by noting that
the same seeds can be used, and do not need to be recomputed,
as long as the number of LFSR bits does not change. In addi-
tion, if the cube cG does not change by the addition of a logic
block to G, the seeds detect the same faults in the logic blocks
that were already simulated, and fault simulation does not
need to be repeated. The cost of fault simulation is justified by
the fact that larger groups can be formed, and that the fault
coverage is sometimes increased as the primary input cube cG
for the group changes.

3.3 Subsets of Seeds for Individual Blocks

The set of seeds SG is computed for G by considering all the blocks
simultaneously. As discussed earlier, in some situations it is suffi-
cient to use a subset of SG for test application. If power considera-
tions require smaller groups of logic blocks to be tested
simultaneously, it is still important to define groups that are as
large as possible in order to share test generation logic among as
many logic blocks as possible. However, it is possible to test differ-
ent blocks in the same group at different times. If a subset Ĝ of G is
selected for testing, a corresponding subset SĜ � SG of seeds is suf-
ficient for testing the blocks in Ĝ.

In addition, if one or more of the logic blocks is disabled
due to faults that were detected earlier, the seeds that increase
the fault coverage only for these blocks do not need to be used.
Again, it is possible to identify a subset Ĝ � G of blocks, and a
corresponding subset SĜ � SG of seeds that will be used for
test application.

SĜ, for a subgroup Ĝ � G, can be computed from the subsets of
seeds that are needed for testing the individual blocks as part of G.
The subset of seeds for Bi 2 G is denoted by SG;i. With this nota-
tion, SĜ ¼ [fSG;i : Bi 2 Ĝg. The subset SG;i for Bi 2 G is computed
as follows.

TABLE 2
Example 2 of Logic Blocks
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Initially, SG;i ¼ SG. For every seed s 2 SG;i, the procedure
checks whether removing s from SG;i causes any fault in Bi to
remain undetected. The check requires only fault simulation of the
faults in Bi that are detected based on s. Fault simulation is carried
out under the tests based on the remaining seeds in SG;i. If s is not
needed for detecting any fault in Bi, it is removed from SG;i. Addi-
tional seeds are then removed with s excluded from SG;i.

4 EXPERIMENTAL RESULTS

The built-in test generation method described in Section 3, with the
procedure from Section 3.2 for selecting groups, was applied to
designs that consist of ISCAS-89 and ITC-99 benchmarks as logic
blocks. The target faults are transition faults. All the blocks have
similar sizes in order to avoid situations where one block domi-
nates the selection of a primary input cube and seeds for the group.
The first design consists of logic blocks for which functional broad-
side tests can achieve a transition fault coverage of 60 percent or
higher. The second design consists of additional blocks, for which
the transition fault coverage achieved by functional broadside tests
is lower. Such blocks have high levels of sequential redundancy.
Nevertheless, it is interesting to consider a design with a larger
number of logic blocks.

4.1 First Design

The logic blocks included in the first design are shown in Table 3.
For every logic block, Table 3 shows the following information
assuming that the logic block is tested individually.

Column pi shows the number of primary inputs. Column seeds
shows the number of seeds required for testing the block individu-
ally. Column tests shows the number of tests applied based on
these seeds. Column eff shows the number of applied tests that
are effective in detecting transition faults. The built-in test genera-
tion method does not include any logic to eliminate non-effective

tests. Column f:c: shows the transition fault coverage. Column
cube in the second part of Table 3 shows the primary input cube
used for modifying the LFSR sequence for the block. Column
LFSR shows the number of LFSR bits used for the block. Column
gates shows the number of gates required for the built-in test gen-
eration logic.

Row total shows the total number of LFSR bits and the total
number of gates required if each block is tested individually.

The first run of the procedure from Section 3 created seven
groups, including three groups of size one. The procedure was run
again, with a higher priority assigned to the blocks s344, s386 and
b11 in such groups. The groups constructed by the procedure in
the second run are shown in Table 4. Table 4 is organized similar
to Table 3. Column group f:c: shows the fault coverage obtained
for a block as part of a group. Column indiv f:c: repeats the fault
coverage obtained for each block individually.

The first group in Table 4 is referred to as group 0. The construc-
tion of group 0 started with s344. The final group consists of the
blocks shown in the first part of Table 4. The first row shows the
results obtained for the group as a whole. The next rows show
the results obtained for the logic blocks as part of the group.

The construction of the next group, group 1, started with b11.
The final group consists of the logic blocks shown in the second
part of Table 4. In a similar way, Table 4 shows all the groups com-
puted by the procedure from Section 3 based on the logic blocks
from Table 3.

From Table 4 it can be seen that several logic blocks can be
included in the same group. In several cases, the inclusion of a
block in a group results in a higher fault coverage than if the block
is considered individually.

Only one block, s1196, is included in a group of size one, com-
pared with three blocks after the first run of the procedure. The
total number of groups is reduced from seven in the first run to six.

The total number of LFSR bits and the total number of gates
are reduced significantly when the 15 blocks in Table 3 are divided
into six groups as shown in Table 4.

TABLE 3
Logic Blocks of First Design

TABLE 4
Groups of Logic Blocks in First Design, Second Run
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The next experiment illustrates the possibility of using subsets
of seeds for testing smaller subgroups. Considering groups 1 and 2
from Table 4, Table 5 shows the numbers of seeds that are needed
for every subgroup of logic blocks. Column subgroup shows the
logic blocks in the subgroup. Column seeds shows the number of
seeds required for testing the subgroup.

The first rows for every group show the numbers of seeds for
the individual blocks, and the last row shows the case where the
subgroup is equal to the complete group. From Table 5 it can be
seen that there are intermediate subgroups that require signifi-
cantly fewer seeds than the complete group.

4.2 Second Design

The second design includes the logic blocks shown in Table 3 as
well as the logic blocks shown in Table 6. The total numbers of
LFSR bits and gates in Table 6 include the logic blocks from
Table 3. The first run of the procedure from Section 3 created seven
groups, including two groups of size one. The procedure was run
again with a higher priority assigned to s344 and b11, which were
included in the groups of size one. The results of the second run
are shown in Table 7. The number of groups was not reduced, but
there are no groups of size one.

With six more blocks in the second design than in the first, the
procedure from Section 3 creates seven groups instead of six. The
groups are different in the two designs.

As in the case of the first design, the total numbers of LFSR bits
and gates are reduced significantly.

5 CONCLUDING REMARKS

The paper studied the built-in generation of functional broad-
side tests for a design that can be partitioned into logic blocks.
In this case, it is advantageous to use the same built-in test
generation logic for groups of blocks whose tests have similar
characteristics. This implies using the same LFSR, with the
same AND and OR gates, and the same seeds, for all the logic
blocks in the group. The paper described a procedure for con-
structing the groups. Considering the set of seeds computed for
a group, the paper also identified subsets of seeds that are
required for every logic block individually. This is useful for
testing a subgroup, for example, if power considerations
require smaller groups of logic blocks to be tested simulta-
neously, or if some of the logic blocks are disabled due to
faults that were detected earlier.
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