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Abstract

In this paper we introduce a spectral method of
register transfer level (RTL) test generation for se-
quential circuits. We define RTL faults as stuck-at
faults on all primary inputs, primary outputs, and
flip-flop terminals. Test vectors generated to cover
the RTL faults are analyzed using Hadamard ma-
trices. The analysis determines the amplitudes of
prominent Walsh functions and the random noise
level for each primary input. That information is
then used to generate vectors for any gate-level im-
plementation. At the gate-level, a fault simulator
and an integer linear program (ILP) are used to
compact the test sequence. We give results for
three ITC’99 and four ISCAS’89 benchmark cir-
cuits. Each ITC’99 circuit was synthesized two
ways, separately for area and delay optimization.
The RTL spectral vectors performed equally well on
both implementations. When compared to a gate-
level ATPG, the coverages of RTL vectors were sim-
ilar and in many cases RTL vectors produced equal
or higher coverage in shorter CPU time.

1. Introduction

Conventionally, test vectors are generated at the
gate-level, i.e.; after synthesis has been performed.
Though this methodology has the advantage of be-
ing able to generate reliable, high fault coverage test
vectors due to its direct use of the stuck-at fault
model, it suffers from several disadvantages. For
large circuits, the large number of faults and the
algorithm complexity make the gate-level test gen-
eration time consuming and expensive. Since gate-
level test generation is performed at a later stage in
the design process it is difficult to deal with testa-
bility issues, revealed during test generation, in an
already verified design. Also, the gate-level ATPG
cannot be used for cores or circuits for which only
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the functional information is available. This sce-
nario is frequently encountered in commercial envi-
ronments.

RTL (register transfer level) or synthesis inde-
pendent test generation eliminates the disadvan-
tages of gate-level test generation discussed above.
Several RTL test generation methods have been pro-
posed. Ravi and Jha [32], Ghosh and Fujita [12],
Kim and Hayes [25] and Goloubeva et al. [15]
use pre-computed test sets for RTL constructs like
adders, multiplexers etc. and derive test vectors for
the whole RTL circuit. Pre-computed test sets ei-
ther make some assumptions about the synthesis
of the design or use a superset of the actually re-
quired test vectors. All of them use some kind of
data structure or metrics to derive the RTL test
sets, which have implications of large memory and
computation overheads. Ravi and Jha [32], and
Kim and Hayes [25] use controllability and observ-
ability metrics, while Ghosh and Fujita [12] and
Goloubeva et al. [15] use data structures like De-
cision Diagrams. Yi and Hayes [41], and Pomer-
anz and Reddy [31] have proposed a fault model
which considers fault activation and propagation
from the primary inputs to primary outputs. Test
vectors can then be generated to cover these faults.
However these fault models have been restricted to
only combinational circuits. Thaker et al. [35] have
shown that a set of stuck-at faults of variables in
high-level synthetic operators and at the boundaries
of RTL modules can be used as a statistical sample
for the gate-level coverage analysis. In our tech-
nique also we can use such faults in the case of a
hierarchical RTL circuit.

Recent work by Kang et al. [21] uses a set of
stuck-at faults on primary inputs for high-level cov-
erage analysis. Their sensitization fault coverage
considers the detection of each primary input fault
separately at every primary output. The coverage
of sensitization faults is shown to correlate well with
the stuck-at fault coverage in any gate-level im-
plementation. Sensitization faults can be used in
the spectral method described here. In the present
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work, however, we have used stuck-at faults at pri-
mary inputs and flip-flops, which can be detected
at any primary output. In terms of test generation
effort, these faults are easier to cover than the sen-
sitization faults.

The gate-level spectral methods of test genera-
tion are relevant to the present research. In 1983,
Susskind [34] showed that Walsh spectrum can be
used for testing a digital circuit. General properties
and applications of digital spectra can be found in
the published literature [2, 9, 20, 37]. Hsiao and
Seth [19] further expanded that work to compact
testing. More recently, Giani et al. [13, 14] have re-
ported spectral techniques for sequential ATPG and
built-in self-test. Hsiao’s group at Virginia Tech has
published further work on spectrum-based self test
and core test [3, 4, 23]. Khan and Bushnell [24] have
designed hardware signature analyzers using spec-
tral components. Zhang et al. [43] further refined
the method of extracting the spectra from a digital
signal using a selfish gene algorithm. Recent work
suggests that wavelet transforms can also be used
for similar application [7].

In this paper, we present a spectral method of
generating test vectors for sequential circuits using
only RTL faults. The RTL faults considered here
are faults on the inputs and outputs of the circuit
and inputs and outputs of the FFs (since they re-
main invariant through synthesis). The RTL vectors
generated to cover these faults, in general, detect
around 70 to 80% of all detectable faults in the syn-
thesized circuit. Our spectral analysis determines
the prominent digital function components and the
noise level in the RTL vectors. Vector sequences
generated from these properties are found to detect
almost as many faults as any gate-level ATPG. Be-
sides, the sequences can be compacted to about the
same size as that produced by the gate-level ATPG.
In the RTL method, therefore, the use of gate-level
ATPG is eliminated and only a fault simulator is
used.

In another recent work, Yogi and Agrawal [42]
consider structure-free vectors generated entirely
from input and output function of the circuit. These
vectors that might be normally used for simulation-
based verification of the circuit are analyzed for
prominent spectral components and new vectors are
generated for improved gate-level fault coverage.

The outline of the paper is as follows. Section 2
gives an overview of how bit-streams can be an-
alyzed in the spectral domain. In Section 3 we
present our method of RTL ATPG using spectral
analysis and discuss results in Section 4. Finally we
conclude in Section 5.
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2. Background

Our method of test generation is based on the
premise that the spectrum of vectors that detect
high-level faults of the circuit reflects important
characteristics of the circuit. These characteris-
tics may include spatial and temporal correlations
among the bits of primary input vectors and the
necessary vector sequence length to sensitize paths
between primary inputs and outputs of a sequential
circuit. However, any high level test sequence has,
besides the relevant spectra, some amount of noise,
which corresponds to the don’t care bits in the tests
of target faults. So we analyze the spectrum and the
noise level, and then generate new vectors using the
spectrum, to which noise samples are added.

Frequency decomposition means that any bit-
stream or signal can be projected on or represented
using a set of orthogonal functions. The projec-
tions of the signal on each of the functions give the
contribution of the corresponding functions to the
original signal. We shall use Walsh functions [39]
because they have been used for testing with effec-
tive results.

Walsh functions are a set of orthogonal functions.
They consist of trains of square pulses having +1s
and -1s as the allowed states and can only change
at fixed intervals of a unit time step. For an order
n, i.e., for a sequence of n time steps, there are
2" Walsh functions given by the rows of a 2™ x 2"
Hadamard matrix H(n) [39], when arranged in the
so-called “sequency” order [36, 40]. The Hadamard
matrix is a symmetric matrix with each row being
a unique Walsh orthogonal function, also called as
the basis function bit-streams. Since it consists of
only +1s and —1s, it is a good choice for the signals
in VLST testing (+1 = logic 1, —1 = logic 0). Also
multiplications can essentially be computed using
additions and subtractions only.

Hadamard matrices are square matrices contain-
ing only +1 and —1 elements and can be generated
using the following recurrence relation:

H(n-1)

“H(n—1) (L)

H(n) = {H(n _1)
where H(0) = 1 and 2" is the dimension of the nth
order Hadamard matrix, H(n). For example, for
n =1 and n = 2, we have:

1 1 1 1

1 1 1 -1 1 -1
H(l)—[1 J and H(2) = 1 1 -1 -1
1 -1 -1 1
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Figure 1. Spectral analysis of a stream of 8-bits. The essential Walsh component in this bit-
stream has magnitude 6 and is represented by the second row of Hadamard matrix, 7(3).

An important property of the Hadamard matrix is
that its transpose is equal to its inverse. Thus,
H(n) x H(n)T = nI,, where I, is the 2" x 2"
identity matrix. This simplifies reconstruction of
the test vectors from the spectral domain. Any
bit-stream of k bits can be represented as a lin-
ear combination of the basis bit-streams from the
Hadamard matrix, H(log, k). For example consider
k =4. H(2) has four basis bit-streams, [1 1 1 1], [1
—11-1],[11—-1—-1]and [1 —1 —1 1]. An object
bit-stream [1 —1 —1 -1] can be expressed as —1 x [1
111 4+1x[1-11-1]4+1x[11-1-1+1x
[1 —1 —1 1], where the multiplicand used for a basis
bit-stream is the projection of the object bit-stream
on that basis bit-stream. We shall refer to them as
coeflicients. By analyzing these coefficients we will
be able to determine the major contributing basis
bit-streams in an original signal, which we shall re-
gard as important basis bit-stream functions.

3. Spectral RTL ATPG

Our approach to RTL test generation consists of
two principal steps:

1. RTL spectral characterization

e Test generation for RTL faults

e Spectral analysis
2. Gate-level test generation

e Spectral vector generation

e Vector sequence compaction and coverage
analysis
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3.1 Test Generation for RTL Faults

The RTL faults considered are the stuck-at faults
on primary inputs and outputs of the circuit and on
inputs and outputs of all flip-flops. These faults
remain invariant through logic synthesis.

3.2 Spectral Analysis

We obtain test vectors to detect RTL faults.
These vectors are analyzed using Hadamard matrix
to find the major spectral components. To analyze
a vector sequence, the bit-streams entering various
inputs are analyzed separately. The Os and 1s in
a bit-stream are represented as —1s and +1s. To
find the coefficients for the bit-stream correspond-
ing to an input, the bit-stream is multiplied with the
Hadamard matrix. The multiplication operation is
basically a correlation operation of the bit-stream
with each of the basis bit-streams. A high value of
the coefficient corresponds to a high correlation of
the bit-stream to the corresponding basis bit-stream
and vice-versa. Hence basis bit-streams exhibiting
high coefficient values are considered as important
or essential components and others are considered
as noise.

Figure 1 shows an example of generation of co-
efficients by projecting a bit-stream onto the basis
bit-streams and determining the essential compo-
nent(s). In the example, an 8 bit-stream (0s and
1s in the original sequence being represented as —1s
and +1s) is analyzed by multiplying by a third order
8 x 8 Hadamard matrix. The corresponding result
gives the coefficients. As shown, we obtained a sin-
gle coefficient with high correlation, which we shall
treat as an essential component and others will be
treated as noise.

The RTL test vector sequences and are not al-
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Figure 2. Walsh spectral coefficients for b01 circuit.

ways of lengths that are powers of 2. We have sev-
eral options of analyzing the bit-streams. One op-
tion is to use a limited dimension Hadamard matrix
and analyze pieces of the bit-stream individually.
However this method has the disadvantage that, it
might not be able to capture the long periodicity in-
herent in the bit-stream. We can analyze the whole
bit-stream together. We either need to truncate the
bit-stream or use a higher order Hadamard matrix.
For practical reasons, we use a dimension which is
closest to the length of the bit-stream. For example,
for a bit-stream of length 135 we choose a Hadamard
matrix of dimension 128 and analyze only the first
128 bits of the bit-stream. Analysis using a dimen-
sion of 256 is found to give rise to a large number
of noisy components due to the uncertainty in the
unspecified bits from 135 to 256 and hence presents
difficulty in finding out the essential components.
In cases where we choose a dimension greater than
the bit-stream, the bit-stream is extended with Os
up to the dimension of the matrix to indicate non-
inclusion of these bits in the correlation operation.

Figure 2 shows the spectral coefficients for the
circuit b01 whose bit-streams are of length 38 but
were analyzed using a 32 x 32 Hadamard matrix
after truncating the original bit-stream. The high
rising bars show high correlation with the corre-
sponding basis bit-streams and these are considered
essential.
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To determine the threshold, which separates the
essential components from the noise components, a
technique in which the coefficient value is compared
with the mean of the total spectrum is used. For
white noise we shall have all equal valued coefficients
and their magnitudes will be equal to the mean of
any other arbitrary spectrum. Hence after all the
coeflicients are determined, they are squared and
the magnitude of the maximum coefficient is com-
pared with the mean of all coefficients by taking a
ratio of the two. By performing this comparison we
are actually comparing the percentage of power in
the coefficient to the mean noise power. If the ratio
of the magnitude of the coefficient being considered,
to the mean of the coefficients is greater than some
constant K, then the coefficient and hence the cor-
responding basis bit-steam is considered to be an es-
sential component. The corresponding coefficient is
removed from the spectrum and the same process is
repeated for the next maximum coefficient and oth-
ers correspondingly until the criteria are no longer
satisfiable. The coefficients thus remaining after
this process are considered non-essential or noise.
The constant K affects which coefficients are being
considered as essential ones. A very high value of
K makes the selection process very acute, selecting
only few components as essential ones while a low
value of K may liberally select some non-essential
components. We shall discuss in the next section
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Figure 3. Bit-steam generation by perturbing the spectra. Note that the essential component

having a magnitude 6 is not perturbed.

how we use this value of K to obtain efficient test
vectors.

3.3 Spectral Vector Generation

After spectral analysis of the RTL vectors, the
spectral coefficients are obtained. To generate test
vectors for gate-level faults, the essential spectral
coeflicients decided by the threshold are retained
and others, being considered noise, can be filtered
out or changed as per the selected methodology.
Filtering out the noise components [13] may have
the disadvantage of losing some phase information
inherent in those components, which is a part of
the characterization of the circuit. Hence in our
approach the noise components are perturbed in a
confidence range in terms of magnitude and/or in
phase to generate new coefficients. The confidence
levels correspond to the amount of randomness to be
added. These may depend on the circuit as well as
the type of test vectors being used. We are working
on refining these confidence levels and the nature of
the spectral coefficients obtained from the RTL vec-
tors, by studying their statistical properties. Cur-
rently, to find these levels we investigate different
ranges by generating new coefficients in that range
and analyze the fault coverages of the correspond-
ing test vectors. The threshold is kept the minimum
during this process to closely track the changes. A
trend is generally visible and the optimum range for
the confidence levels is then selected.

The test vectors can easily be generated from the
coefficients by multiplying the coefficients with the
Hadamard matrix again. Figure 3 shows an exam-
ple of reconstruction of test vectors. As discussed
before, the value of the constant K, to select the
essential components, has an impact on the nature
of the generated test vectors. A low value of K
tends to preserve most of the nature of the origi-
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nal RTL vectors and has been found to give good
initial fault coverage. A high value of K tends to
select very few components as essential, regarding
most as noise. This can sometimes generate vectors
that may detect hard to detect faults. Hence we
generate test vector sets with different values of K.
Also since we are adding noise randomly, this vari-
ation gives different characteristics to each vector
set. We generate multiple sets of vectors for each
value of K.

3.4 Sequence Compaction and Coverage

Suppose the number of spectral components ob-
tained for a circuit is m. This number approxi-
mately equals the number of vectors obtained for
RTL faults. To be exact, this may equal the power
of 2 that is closest to the number of RTL vec-
tors. We generate perturbation vectors sequences,
Vi, Vo, - - -, Vi, as described in the previous sub-
section, each of length n, such that their coverage
as determined by fault simulation of the gate-level
circuit either reaches some target value or simply
saturates. Next, we compact the test by selecting
the smallest number of these sequences without re-
ducing the coverage.

Our compaction is done by an integer linear pro-
gram (ILP), in a similar way as has been reported in
the literature [8, 10, 17, 22, 26]. During fault simu-
lation, at the beginning of each vector sequence the
complete fault list is restored and the circuit is set
to an unknown state. Thus, the coverage obtained
for a sequence remains valid irrespective to the or-
der in which it is applied. Besides, the fault sim-
ulator provides a complete list of vector sequences
that detect each fault. The vector sequence V; is as-
signed an integer variable, x;€[0, 1], meaning that if
x; = 1, we will select the ith sequence, otherwise we
will discard it. Now suppose kth fault is detected



by sequences V3, Vj, and Vi;. Then the following
ILP constraint insures that we select at least one
sequence that detects this fault:

3+ x4 +w11 > 1 (3)
The number of such constraints equals the num-
ber of faults. The ILP then determines the values
of variables x;’s that satisfy all constraints of the
type 3 with the following objective function:

i=M
Minimize E T;

i=1

(4)

where M is the total number of vector sequences
generated. For the results given in the next section,
we used the ILP software contained in the AMPL
mathematical programming package [11]. In the
ILP solution, the smallest possible number of z’s
is assigned the value 1 and all others are assigned
0. If x; = 0 then the sequence V; is discarded. The
remaining sequences form the compacted test set.

4. Results

The spectral technique of RTL-ATPG was ap-
plied to three ITC’99 RTL benchmark circuits b01,
b09 and b11 and four ISCAS’89 benchmark circuits.
The ITC’99 RTL benchmark circuits were synthe-
sized in two ways, by optimizing area and by opti-
mizing delay. The characteristics of these different
circuits are shown in Table 1.

The test vectors for RTL faults were obtained us-
ing the Mentor Graphics tool FlexTest [27] which is
a sequential ATPG system with a built in fault sim-
ulator. Those RTL vectors were analyzed for their
spectrum, new vector sequences were generated us-
ing the technique discussed above and finally they
were compacted. Results were obtained on Sun Ul-
tra 5 machines with 256 MB RAM. Table 2 shows the
characteristics of the RTL test vectors generated for
the circuits. Column 1 lists the circuit name. Here
b01-A and b01-D are the area and delay optimized
implementations of the b01 ITC’99 benchmark. IS-
CAS’89 benchmarks are already at the gate-level.
For s5378 and s9234, we created additional versions
by adding a global reset input in the original cir-
cuits. These are denoted with an asterisk (*) in
Tables 2 and 3.

Column 3 of Table 2 lists the number of RTL
faults, which are the faults at the primary inputs,
primary outputs, and the inputs and outputs of flip-
flops. For example, consider the circuit b11, which
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Table 1. Circuit description.

’ Circuit \ Pls \ POs \ FFs ‘

b01 2 2 )
b09 1 1 28
b1l 7 6 31
51488 8 19 6
$5378 36 49 | 179
s9234 37 39 | 211
535932 36 320 | 1728

according to Table 1 has 7 primary inputs, 6 pri-
mary outputs and 31 flip-flops. These do not in-
clude the clock and reset inputs. Including those
the primary input count is increased to 9. Each
flip-flop has five terminals, three inputs (data, clock
and reset) and two outputs (Q and @). Therefore,
the RTL fault set consists of 2x (946431 x5) = 340
stuck-at faults as shown in column 3 of Table 2.

Next in Table 2 appear the number of RTL test
vectors, test generation time (CPU s) and the num-
ber of spectral components. In the absence of a
true RTL ATPG program, we used FlexTest [27]
to derive tests just for the selected stuck-at faults
we designate as RTL faults. For the ITC’99 bench-
marks this was done for two gate-level versions, one
synthesized with area optimization and the other
with delay optimization. The number of spectral
components in the sixth column is the number of
RTL vectors rounded off to the nearest power of 2.

The last two columns of Table 2 show the fault
coverages of the RTL vectors. RTL Coverage is the
coverage of just the RTL faults and gate-level cov-
erage is the coverage of all stuck-at faults in the
implementation. As expected, the gate-level cover-
age is lower than the normal requirement of being
close to 100%. We will use our spectral technique to
enhance this coverage. The low coverage of the RTL
faults, however, may indicate a testability problem,
which could limit our ability to increase the cover-
age either by the spectral technique or by gate-level
ATPG.

Table 3 gives a comparison of the proposed RTL
ATPG method with gate-level sequential ATPG.
The first two columns give the circuit name and the
number of gate level single stuck-at faults. The per-
formances of RTL ATPG-spectral tests, gate-level
ATPG, and random vectors can be compared by
examining the data in the subsequent columns.

For RTL-ATPG, the number of vectors is the to-
tal number vectors in the compacted test sequences.
Consider the circuit b01-A. In Table 2, there are
38 RTL vectors that provide 64, i.e., 38 rounded
to next power of 2, spectral components. Ten se-



Table 2. Spectral characterization of circuits by RTL vectors.

Circuit RTL Characterization

Name Gate-level No. of | No. of | CPU | No. of spectral RTL Gate-level

synthesis faults | vectors s Components | Cov. (%) | Cov. (%)
b01-A | Area optimized 62 38 <1 64 94.57 96.33
b01-D | Delay optimized 62 31 <1 32 94.57 85.45
b09-A | Area optimized 248 109 519 128 75.22 78.18
b09-D | Delay optimized 248 193 418 256 75.22 72.69
bl1-A | Area optimized 340 224 530 256 76.16 74.09
b11-D | Delay optimized 340 174 767 256 76.32 84.14
s1488 ISCAS’89 104 38 1 64 83.12 64.34
sh378 ISCAS’89 1602 115 1185 128 55.36 68.82
s5378* | ISCAS’89+Reset 1962 82 444 64 69.22 65.04
$9234 ISCAS’89 1840 16 706 16 18.48 16.45
s9234* | ISCAS’89-+Reset 2264 59 2495 64 49.85 43.58
$35932 ISCAS’89 14536 92 50 64 68.80 94.03

quences, each of 64 vectors, were generated by the
perturbation technique of Subsection 3.3. The fault
simulator of FlexTest [27] provided a gate-level test
coverage of 99.57% for the 228 stuck-at faults shown
in column 2 of Table 3. Note that the test cover-
age of FlexTest is an upward adjusted coverage, ac-
counting for faults that are found to be untestable.
The ILP compaction technique of Subsection 3.4 se-
lected two sequences reducing the test length to 128
vectors. The ATPG time in column 5 includes the
times for RTL characterization (from Table 2), per-
turbed spectral sequence generation, fault simula-
tion, and ILP compaction. Of these, RTL char-
acterization and fault simulation are the dominant
components, the other two being negligible.

Next, we find that FlexTest generates 75 vectors
for a 99.77% test coverage and 640 random vectors
(same number as in ten spectral sequences) have
97.78% test coverage. As we move down in Ta-
ble 3, circuits become larger and we observe that
RTL ATPG provides about the same test coverage
and vector lengths as the gate-level ATPG, but its
time increases slower. Moreover, the RTL faults
used for circuit characterization and vector gener-
ation are implementation independent. Noticeably,
the test coverage of random vectors tends to drop
as circuits become larger.

Figures 4 and 5 compare the graphs of test cov-
erage percentage against the number of vectors for
two circuits, b11-A and 35932, for RTL spectral
ATPG vectors, gate-level ATPG vectors and ran-
dom vectors. The gate-level coverages of RTL vec-
tors (generated to cover RTL faults only) are also
shown by a point in each graph. For bl1l-A, the
coverage of RTL ATPG is about 4% higher, vector
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length about double and CPU time about half when
compared to the gate-level ATPG. For s35732, RTL
ATPG obtained only a fractionally lower coverage

with a much reduced test length and used about a
third of CPU time.

5. Conclusion

We have presented a new method of RTL test
generation using spectral techniques. Test vec-
tors generated for RTL faults are analyzed using
Hadamard matrix to extract important features and
new vectors are generated retaining those features.
Generation of different types of test sets and per-
forming compaction on them has been found to be
an efficient and reliable method for test generation.
Results show that as circuits become larger the RTL
method may have advantages over gate-level ATPG.
This reveals a promise in generation of test vectors
at RTL by spectral analysis.

Performing RTL test generation brings with it
the advantages of lower memory, computation and
generation time complexity. It enables the testabil-
ity appraisal at RTL, and hence efforts can be made
to improve testability when the design is conceptu-
alized at the higher levels of abstraction itself. It
also enables the testing of circuits for whom only
the functional information is known.

Availability of a RTL ATPG will relieve the re-
liance of our method on the requirement of a synthe-
sized circuit for test generation. Several high-level /
RTL fault models and test generation systems have
been proposed by Hayne and Johnson [16], Riesgo
and Uceda [33], Armstrong et al. [1, 5, 28, 38].
These can be effectively used for a RTL ATPG.



Table 3. Comparison of RTL ATPG and Sequential gate-level ATPG results.

Circuit No. of RTL ATPG - spectral tests Gate-level ATPG Random inputs
name | gate-level | Cov. No. of Compaction | Cov. No. of ATPG | No. of Cov.
faults % vectors CPU s % vectors CPU s | vectors %
b01-A 228 99.57 128 19 99.77 75 1 640 97.78
b01-D 290 98.77 128 19 99.77 91 1 640 95.80
b09-A 882 84.68 640 730 84.56 436 384 3840 11.71
b09-D 1048 84.21 768 815 78.82 555 575 7680 6.09
bl1-A 2380 88.84 768 737 84.62 468 1866 3840 45.29
b11-D 3070 89.25 1024 987 86.16 365 3076 3840 41.42
$1488 4184 95.65 512 103 98.42 470 131 1600 67.47
sb378 15584 76.49 2432 2088 76.79 835 4439 3840 67.10
s5378%* 15944 73.59 1399 718 73.31 332 22567 2880 62.77
$9234 28976 17.36 64 721 20.14 6967 18241 160 15.44
$9234* 29400 49.47 832 2734 48.74 12365 4119 2176 33.06
$35932 103204 | 95.70 256 1801 95.99 744 3192 320 50.70
100
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Figure 4. Test coverage of RTL ATPG (spectral vectors) for area optimized b11-A circuit.
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Figure 5. Test coverage of RTL ATPG (spectral vectors) for 35932 circuit.

Also means need to be found to circumvent the need
of a synthesized circuit for test compaction. The
need for the improvement in the current method
is displayed in cases like the circuit b09. The cur-
rent method derives it efficiency from the quality of
RTL test vectors, and hence more effort in detection
of RTL faults is bound to improve the RTL-ATPG
results. Methods like N-detection or use of input-
output fault pairs for RTL faults can bring about
an improvement in the results. The computation
time may be effectively reduced by a better com-
paction method [6, 18, 29, 30]. Another application
of the spectral analysis to convert the functional
verification sequences into compact gate-level fault
coverage vectors is being investigated [42].
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