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Abstract: XOR network-based on-chip test compression schemes have been widely employed in large industrial scan
designs due to their high compression ratio and efficient decompression mechanism. Due to the highly divergent power
impact of distinct seeds appreciable power reductions in the decompressed test data can be attained through the
pinpointing of the power-optimal seeds during the compression phase. This work explores the test data compression
technique which searches for the power optimal seeds in the compression phase in order to reduce the scan power
consumption. The seeds which are identified as power optimal alone will be decompressed in the decompression phase
and the power optimization is based on the number of transitions between the seeds. The LFSR is used to generate the
sequence of seeds in order to identify the power optimal one from the sequence of seeds which are fed into the XOR
based decompression network. Experimental results confirm that the proposed technique delivers significant scan
power reduction with negligible impact on the compression ratio.The simulation results are obtained using

MODELSIM 6.3f and the power is analysed using XILINX 8.1 software.
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I INTRODUCTION

The increase in the integration level of today’s circuits
results in a rapidly growing volume of test data required to
attain acceptable fault coverage. Higher test data volumes
result in prolonged test application times and necessitate
external automatic test equipments (ATES) with larger test
storage and higher bandwidth, significantly boosting test
costs. Test compression techniques assume significant
importance in ameliorating test costs, as they provide a
means for squashing the test data volume and possibly
reducing the tester bandwidth and the test application time,
yet with no adverse impact on test quality.

The aforementioned benefits lead to a wide application of
test compression techniques in industrial scan designs.
Nonetheless, circuits with a large number of scan cells are
confronted with the challenge of excessive scan power
induced by the high transition density of scan cells. It has
been widely reported that uncontrolled scan power
dissipation significantly degrades the scan test quality by
incurring chip damage and over screening-induced yield
loss [13].

While reducing power for non-compressed test vectors
constitutes a formidable research challenge as exemplified
by the number of research works published in the area
[12], the possibly conflicting compression goal elevates
the challenge of power reduction to a highly challenging
plane, as shown by the limited number of works on this
topic. The attainment of either target necessitates the
appropriate utilization of the unspecified bits (don’t cares)
in the test cubes. The identification of a don’t care
utilization strategy that maximally fullfills both constraints
is thus essential for delivering a power-aware compression
scheme.

Copyright to IJARCCE

DOI 10.17148/IJARCCE.2015.4421

On-chip test compression schemes based on XOR
networks [1]-[2] have been widely employed in large
industrial scan designs, due to their utmost compression
ratio and simple decompression mechanism. Drastic power
reduction yields can nonetheless be attained through a
judicious seed selection strategy, if one considers that
multiple legal seeds with highly divergent consequent
power impact may typically exist in a linear compression
scheme. Motivated by this observation, a power-aware test
compression technique has been proposed in [5], which
efficiently identifies seeds that result in a low level of
toggling activities between scan slices of the test cubes.

Memory is considered to be one of the key factor in
embedded systems. Because a larger memory influences
the increased chip area, power dissipation and cost. Test
data compression plays a crucial role reducing the testing
time and memory requirements and also overcomes the
automatic test equipment bandwidth limitations. However,
BIST is not appropriate for logic testing because of its
inadequate test coverage. There are also other techniques
for test coverage with the disadvantage that structural
information has to be provided. Test data can be reduced
using the structural information by modifying the design.
Test data compression algorithms can reduce the test data
efficiently without facing any problems mentioned above.
The original test data is compressed and stored in memory
thus the memory size is reduced. The test data is
compressed using the compression techniques with more
efficiency. An on chip decoder is used for decoding the
compressed test data from the memory and delivers the
original uncompressed set of test vectors to the design
under test. From the previous methods, it is observed that
the switching activity is large and the power dissipates to a
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large extent. This paper is proposed to reduce the power
dissipation by identifying the power optimal seeds during
the compression phase.

1. PROPOSED METHOD
The proposed work includes the technique for the
compression of test data, seed generation through the
LFSR and the decompression technique after identifying
the power optimal seeds. The proposed methodology is
given in the Fig.1.
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Fig.1 Proposed methodology

A. Test data compression

Test data can be reduced using the structural information,
by modifying the design. Test data compression
algorithms can reduce the test data efficiently. The over
view of a test compression methodology is shown in Fig.2

ORIGINAL COMPRESSION
TEST DATA ALGORITHM
DESIGN UNDER DECOMPRESSED COMPRESSED
TEST CIRCUIT TEST DATA TEST DATA

Fig.2 Test data compression.

The proposed scheme is a modified Golomb coding
method, in which both 0* and 1*are encoded. The goal is
to reduce both TD and TE with this encoding scheme.

1)Basic idea:

Most of the research results on test data compression focus
on reducing the amount of encoded test data (TE).
However, this approach may actually lead to a larger
volume of applied test data (TD), and thus increases test
time. In order to reduce both TD and TE, the proposed
scheme starts from a compact test set, in which the number
of test vectors is near minimum. The proposed method
tries to change each vector so that the new vector has
longer runs of 0’s and 1’s but the fault coverage is not
sacrificed. Instead, the proposed scheme tries to exploit
consecutive 0’s and 1’s inside test patterns for
compression. There are two possible types of test set:
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either every bit in a test vector is fully specified, or some
bit are not specified. A test vector with unspecified bits is
usually referred to as a test cube. If the initial test set is not
fully specified, it will be easier to compress. However, the
size of recovered test data TD will be larger, and thus the
test application time is longer. An example of test set with
test cubes is shown in Fig.3. Since the don’t- care bits in
test cubes can be randomly assigned to 0 or 1, it is possible
to produce longer runs of 0’s and 1’s. As a result, the
compression rate can be greatly increased.

Test vectors

00000000111111111L
11110000111111111

Test cubes

xxx00xxxlxxxxxxxx
xxx10xxxlxxxxxxxx
xxxx00100xxxxxxlx 00000010000000011
xxxxl0100xxxxxxlx LT111010000000011
Fig. 3. Assign 0 or 1 to don’t-care bits in test cubes.

=

In this paper, we adopt a greedy approach to assign don’t-
care bits from left to right, in which either ‘0’ or ‘1’ is
selected to make the current run longer. According to this
heuristic, the test cubes in Fig. 3 are assigned to the test
vectors as shown. However, some test cubes cannot be
efficiently handled with this heuristic. Consider the third
and forth test vectors in Fig. 3, in which there is a 1 sitting
between two runs of 0’s. In these cases, there are short
runs that are difficult to be compressed.

In order to push the compression rate to an even higher
level, the idea used in Forced Pair-Merging (FPM)
algorithm is applied here. This algorithm was first
presented for static test set compaction. It used the concept
of “raise bit” to change only one bit each time without
affecting essential faults. When a 1 is changed to 0, or vice
versa, it is necessary to check if the new test vector can
detect the same number of essential faults. Whenever the
coverage of essential faults is not affected, the bit is raised
to x (i.e., don’t-care), so that the new test cube may be
merged with other test cubes. In the proposed method,
however, it is not necessary to merge a test cube with
other patterns to reduce the size of a test set. Instead, we
look for those bits whose inversions (i.e., 0 —»1 or 1 —0)
can create a longer run of 0* or 1*.

For example, consider test vectors 3 and 4 in Fig. 3. The
single 1’s locating between two runs of 0* are good
candidates for bit inversion. For each candidate bit
inversion, we need to check if the new test vector created
by this bit inversion still detects the same set of essential
faults. If the fault coverage is reduced, the bit inversion
will not be accepted. This procedure is referred to as the
Forced Bit-Inversion (FBI) henceforth. With a good don’t-
care bits assignment heuristic and the FBI algorithm, we
can achieve a very high compression rate. In the proposed
encoding scheme, a test vector is first changed to alternate
runs of 0* and 1*, and then the length of each run is
encoded in the same way as Golomb code. Once the value
of the first run is known, the other runs are also known.
The encoding mechanism of the two-value (2-V) Golomb

97



IJARCCE

Vol. 4, Issue 4, April 2015

code is similar to the alternating run-length coding
scheme. An example of the encoding scheme is shown in
TABLE I. In this example, we have m = 4, n =45, CR =
10/45 = 0.22. R is the value of current run.

TABLE | A 2-VALUE GOLOMB CODING EXAMPLE

Tp | 000 | 111111 0 1111 | 00000 | 1111111 | 00
L=3| Ly=6 | L;=1 | Lq&~4| Ls=5 Le=7 L=2

Tg | 011 1010 001 | 1000 | 1001 1011 010

R 0 1 0 1 0 1 0

2) Compression procedure and FBI algorithm:

The proposed compression method works as follows.

Step 1: Generate an initial test set Tiigal.

Step 2: If all test patterns in Tiniar are deterministic (i.e., no
test cubes), go to step 4.

Step 3: Assigned 0’s and 1°s into don’t-care bits to create
longer runs of alternate 0* and 1*.

Step 4: Eliminate redundant test patterns, and the test set is
T.

Step 5: Apply FBI algorithm to maximum run lengths in
each  test pattern. The result is a new test set T°.

Step 6: Reorder patterns in T’ to generate a sequence TD
with maximum 0* and 1*.

Step 7: Encode TD with two-value Golomb codes. Step 5
is the FBI algorithm, which inverts some bits in the test
patterns.

3) FBI Algorithm:

FBI(T) {

T =,

swi = the number of switching in pattern pi;
while (T = ©) {

select pattern pk €T with maximum swk;
change_pattern(pk); // Similar to raise bit
update_essential_fault_list();

T =T Ol {pk}; T=T L{pk}

check_essential_fault_list();

}

return T’;

The FBI algorithm is outlined above. In each iteration of
the while loop, the algorithm picks the pattern with the
maximum number of bit transitions from the test set. The
algorithm tries to invert some bits to get longer runs of 0’s
and 1’s. For example, 00100 can be changed to 00000 or
00111, while 11011 can be changed to 11111 or 11000.
After the bit inversion, we must update the essential fault
list for this test pattern again. The function update_
essential_fault() is for that purpose. When the above
process is finished, the reduction of essential faults has to
be checked. If there is no reduction, the move is accepted,;
otherwise, it is discarded.

B. Power optimal seed identification
The compressed test data will be the initial seed for the
LFSR to generate the sequence of seeds to be identified. In
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this seed sequence, the seed that involves less switching
activity will be considered as the power-friendly seeds.
This identification is carried out for all the seeds and the
power friendly seeds are sent to the decompression
network. The LFSR generated seed sequence will be sent
into the decompression network to produce the
decompressed data which will be the inputs to the scan
chains. Each seed will have their corresponding
decompressed data which is shifted to next bit of the scan
chain when the next seed generates the decompressed data.
The transitions of the decompressed data of seedl and
seed2 are compared with each bit.

The seed which has the maximum transitions will be
considered as the seed that consumes maximum power.
Hence that particular seed will be eliminated in the
sequence and the seed that consumes less power with
minimum number of transitions will be considered as the
power-optimal seed. The scan power impact of distinct
seeds exhibits a high variation; therefore, it is possible to
attain power reductions by selecting the power-optimal
seed during the compression process.

As illustrated in Fig.4, assuming the XOR network is
employed as the decompression hardware; two sets of
seeds are identified for the original test cube. The test cube
generated from Seed 1 contains a total of 17 transition
patterns in adjacent scan flip-flops, whereas the one
generated from Seed 2 has only 9 transition patterns.
Selecting Seed 2 for compression delivers a 50% reduction
almost in scan power with no impact on the compression
ratio whatsoever.

Original testcube | Testcube forseed 1 1 Testcube forseed2
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Fig.4 ldentification of power optimal seeds

C. Decompression Architecture

The power-aware test compression gives the compressed
data as the output which provides the seed to LFSR to
generate the sequence. This generated seeds are sent into
the XOR based decompression network. The
decompression architecture describes the operation of
retaining the original data from the compressed data. Fig.5
illustrates the general structure of the decompression
hardware through the scan cells in the XOR networks. It
also depicts a possible implementation of the
decompression scheme, in which the S bit data provided
by the tester is decompressed to generate Si bit data to the
internal scan chains at every clock cycle.
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This mechanism of feeding the seed value into the
decompression network is illustrated in the Fig.6.As
shown in the Fig.6, once the seed is generated in the LFSR
according to the compression algorithm, the seed is fed
into the decompression network.
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Fig.6 Decompression network

In each scan cycle, the XOR network takes as inputs an N-
bit seed from the ATE and decodes it to an N-bit test slice.
All bits of a test slice are generated in parallel and are
applied to the actual scan chains simultaneously. The scan-
out values of internal scan chains are compacted in parallel
using an XOR-based response compactor or a multi-input
signature register (MISR). The decompression process is
independent of the response-compaction mechanism, thus
enabling the designers to choose the most appropriate
compaction hardware according to the needs. The fixed-
length to fixed-length decompression mechanism offered
by the XOR network-based decompression scheme
eliminates the need for complicated synchronization
methodologies between ATE and the decompression
hardware, making it highly practicable for a variety of
industrial applications.

The decoding mechanism of the XOR network is
essentially a linear transformation from the seed to the test
slice. Each bit of the test slice is a linear combination of
multiple seed bits.

Thus the compression process consists of the identification
of an appropriate seed vector that can successfully
generate all the specified bits of the original test slice
through the linear transformation. Test slices with few
specified bits can be reconstructed from very short seeds,
thus delivering appreciable compression ratios.
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i EXPERIMENTAL RESULTS

The proposed scheme has been implemented for
effectiveness  validation. Our implementation uses
MODELSIM for fault simulation and Xilinx tool for the
power report analysis. The linear compression technique
in [2] is used as a comparison baseline. The power-aware
compression technique and the proposed technique are
compared to the baseline approach, and their impact on
scan power and compression ratio are reported. The
comparison illustrated in the TABLE Il gives the clear
scenario that the scan power is reduced drastically by
decompressing the power-friendly seeds rather than all the
generated seeds.

TABLE Il. COMPARISON OF SCAN POWER

REDUCTION
Power Analysis
_— . With
Circuits | #Pl | #FF V\;ﬁh power-
friendly

seeds
seeds
513207 62 638 627 217
$15850 77 534 584 224
$35932 35 | 1732 | 1535 312

V. CONCLUSION

The compression scheme employed in this process offers
more efficiency than the other compressed techniques. In
this paper, a two-value Golomb coding method is
proposed to encode test patterns. This method, when
combined with the FBI algorithm, achieves better
compression rate than other compression methods besides
the volume of decompressed data is always smaller. As a
result, test application time can be minimized too. On-chip
test compression schemes based on XOR networks have
been widely employed in large industrial scan designs, due
to their utmost compression ratio and simple
decompression mechanism. Thus the decompression
network is employed using the XOR networks. The
proposed scheme extracts and embeds the compression
constraints imposed by the XOR network. It can be
observed that significant power reduction can be delivered
by both power-aware compression schemes compared to
the baseline.

A power aware linear compression scheme is proposed in
this paper, which exploits the flexibility in the seed space
and identifies power-optimal seeds during the compression
process. Thus the scan power is reduced by decompressing
the seeds with minimum number of transitions in the
decompression network. The testing of sequential circuits
with the power optimal seeds in the compression and the
decompression phase will reduce the power consumption
of the scan chain rather than decompressing all the seeds
generated by the LFSR after the compression phase. Thus
identifying the power-optimal seeds during the
compression phase and decompressing those power
optimal seeds alone will reduce the power consumption
drastically.
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