Proceedings Of International Conference “ICSEM'13”

Scan Power Reduction for Linear Test
Compression Schemes by Modified Reseeding
Technique

M.SHALINI

M.E (VLSI Design)

Srinivasan Engineering College
Perambalur, India
mshalu91@gmail.com

ABSTRACT On-chip test compression schemes based on
XOR network have been used due to their high compression
ratio and efficient decompression mechanism. Compression
reduces test data volume and decompressor reduces test
application time. Such a scheme needs high unspecified bitsin
test cubes. In the presence unspecified bits thereis a difficulty
in preprocessing test cube. Due to the power effect of different
seed, significant power reductions in the test cube can be
achieved through selecting power-optimal seed. This work
inquires into the aforementioned flexibility in the seed space,
and summary a mathematical and algorithmic framework for
a power aware linear test compression scheme. The technique
incurs no hardware overhead. It can be easily fixed into the
industrial test compaction/compression flow. Experimental
results confirm that the technique delivers significant scan
power reduction with negligible impact on the compression
ratio.

Index Terms—Scan power reduction, scan - slice
transformation, seed selection, test compression.

l. INTRODUCTION

The increase in a growing volume of test data in
today’s circuits. So increase in test data volumessilts in
more test application times and needs automatit tes
equipments (ATEs) with larger test storage and digh
bandwidth, significantly boosting test costs. Inder to
overcome this, a test compression technique is ugtd
better test costs for suppression of the test datame and
reducing the tester bandwidth and the test appicgtme
with no harmful effect on test quality. Howeverctiits with
a large number of scan cells has more scan powertau
high switching density of scan cells.

In order to reduce power for non-compressed test
vectors and the attainment of a possible compresgoal
limited works have been done previously. The atteint of
either target needs the suitable usage of the uaiiiguebits
(don’t care$ in the test cubes. The identification of a
don't care usage condition that fulfils both constraints
deliver a power-aware compression scheme.
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XOR network have been used in large industrial
scan designs, due to their utmost compression atit
decompression mechanism. However such schemedyspeci
don’t care through a linear transformation of seedtors
which prevents the pre-processing the original¢abes. So
the scan power level is highly increased. Sevedeation
can be achieved by a sensible seed selectiongi thre
multiple legal seeds. Following this identificatjaa power-
aware test compression technique has been found in
previous work, which identifies seeds giving lowde of
switching activities between scan slices. The XQ@Rwork
can be represented as a linear equation, wheretrexof
power can be achieved by matching the value ofitiear
equation with the corresponding bit in the adjacecdén
slices. They observed that the inconsistent sulpgrau the
linear system are the main cause of scan slice atdm
This can be solved by the slice matching problem by
removing the equations that make system inconsisten
technique is used in order to identify sequentiaihe
equation removal decisions that can develop system
consistency. However, this technique gives onlyatimcal
optimal solution as system relaxation fails to pofe set of
exclusion targets.

We use a methodology which finds the power
friendly seeds by a system relaxation process. A
mathematical transformation is used to fix the coeapion
restrictions into a linear system which solvesghablem of
power reduction and compression. In addition seedes is
also reduced. A transformation technique is idatifto
simultaneously find multiple inconsistent subgroujrs
linear system. Compared to the sequential exclusiategy
used previously, the transformation increase thmaloiity
of the inconsistent subgroup process. The effigien€
multiple inconsistent subgroups simultaneously fifies
the minimum removal. The minimum exclusion durihg t
system relaxation process gives a more numbertisfied
equations. Such a low power and compression scheme
utilize the adaptable seed.
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Use an automatic-test pattern generation (ATPG)
flow having a concurrent compaction and compression
scheme. The optimised ATPG flow ensures by cube
compaction the delivery of a less number of seeefch of
the cubes. This further leads to a reduction inaherage
and peak scan power. The scheme has little effedhe
fault dropping. The methodology results in scan @ow
reduction. The work can be extended by giving more
number of bits in compressed form to the XOR nekwor
Here scan power is more due to the high transiiensity
between the test slice. So to reduce this powee, th
transitions between them are compared to all ithetest
slice. The drastic power reduction can be achidwedhis
exploring work.

Il. RELATED WORK

Many techniques introduced for test data volume
reduction, where the techniques related to linear
compression scheme has also category of test déuang
reduction. This technique utilize the flexibility don’t care
filling, and compress the unfilled test cubes torstseed
vectors. Due to the unspecified biatio both linear
compression schemes result in high compression rati

The other work of compression techniques uses the
nonlinear code-based approaches. The compresgiorofa
nonlinear codes-based approach is less than thearlin
compression techniques. In order to process thpeaifted
bits, to reduce the switching densities many wadnkse
been used. These techniques can be easily apptiedhie
ATPG algorithm without any hardware overhead.

The other approach focuses on reducing test power
through some change of scan architecture. In otder
achieve power reduction there must be a suitatdgaisf
unspecified bits. There are many schemes such f@srea
power reduction and DFT architecture. Power reduactian
be attained but increases hardware cost due totiorsef
gate circuitry. Further instead of DFT, performsXafilling
to reduce the power. The X-bits are filled basedthwir
power effect.

A power compression scheme related to scan chain
portioning is also introduced. This group the scefis so
achieve a easy encoding of test data. In furtherkwa
novel methodology for seed selection is used twesthe
problem of power reduction through removal of some
equations.

Achieving power reduction in compression need an
appropriatedon’t care utilization to maximally fulfil the
constraints for both goals. The work uses a capporger
reduction technique dedicated to the nonlinear eingp
compression scheme.

Linear constraint propagation is performed during
the X-filling process to guarantee the compressjtilf the
filled test cubes.

Fig.1.Scan architecture using XOR network-based
decompression hardware
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Fig.2. Example XOR network and its matrix repreagah

Ill. PRELIMINARIES

Fig. 1 shows the scan test architecture using an on
chip decompression hardware based on XOR netwdr&. T
XOR network is used for compression and decompassi
mechanism.

The input seed is compressed and by using XOR
network it is decompressed. The decompression psoce
does not depend on the response-compaction meahanis
The fixed-length to fixed-length decompression nagtitm
given by the XOR network-based decompression scheme
avoids the need for synchronization between ATEtaed
decompression hardware.

Test slices can be constructed from very short
seeds, thus results in significant compressiormsatAs an
example XOR network is shown in Fig. 2, which can
decompress a 4-bit seed to a 9-bit test slice. lirfear
transformation can be represented as a matrix pfiaition
over the finite field. The seed is found by solvihg set of
linear equations similar to all the specified bitsthe test
slice. The set of linear equations to be solvedegaas the
specified bit sets of each test slice are typicdifjerent.
The linear compression scheme can be fixed into the
generation flow to have a concurrent compressiod an
compaction. The ATPG algorithm starts by producargy
unfilled test cube. Every newly produced test cube
compacted with the previous cubes. When a compacted
cube attains a compression threshold, a seednfidd for
original cube. They unspecified bitre then completely
specified on the seed.
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IV. POWERAWARE TEST COMPRESSION

Although the linear compression scheme gives an
appreciable benefits in test volume reduction, way of
filling unspecified bits results in highly randorwigching,
thus there is appreciable scan power consumption.

The scan phase requires higher power consumption
compared to the capture phase. But causes heat and
increases the risk of over screening good chipstduie
exceedingly high scan mode dynamic IR-drop. Fig) 3(
shows the scan mode dynamic IR-drop measured from a
industrial chip. In capture phase, the state switch
typically inducing fewer flip-flop toggling and a&d$s power
consumption.

Since scan power consumption is drawlmcscan-
based testing, a power-aware test compression itpehis
needed. It is difficult to notice that how adjacétiing in
previous work is used in connection with the corapien.

To solve this problem, there is a need to useléhxbility in
the seed identification process.

The idea is a test slices can be constructed frartipte
alternative seeds. Since a seed is a resolvindegrofor the
linear system found by the specified bits of

As shown in Fig. 4, consider the XOR natwin Fig.
2 is used as the decompression hardware. The tbst c
produced from Seed 1 has a 17 transition, whereas 3
has only 9 transition patterns. Choose seed 2 for
compression gives a 50%reduction with no effecttlom
compression ratio.

Introducing seed selection technique has fault
dropping in unpredictable ways. Achieving the poawaare
test compression scheme needs an efficient metbod f
finding power-optimal seed.

V. ALGORITHMIC FRAMEWORK

Scan power is due to the transition between
adjacent test slices in the test cube. Achievingvgyo
reduction needs the matching of test slice witlginedurs.
Slice matching can be done from one end of thectdst to
the other end. Matching step specifies one tesg,sWhich
is used as the reference value for the next majciap.
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Fig.4. Power
reduction through seed selection
Fig. 5.Matrix representation of slice matching

B. Seed Space Transformation
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the test slice, the seed space depend on the aimtstin the
linear system.
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A. Problem Formulation
To apply slice matching without affecting compredggy,
needs to find the constraints imposed by the cossioa
scheme. Let us take the two slices for maximal hiatg
The matching requires the identification of a seetich
fulfils the following two conditions.
1) All the specified bits must be generated from gbed for
the correctness of compression.
2) For the don't care bits, the filling values puodd from
the seed should match the values in other tegt. slic

The two test slices can be perfectly matched with
zero scan power between them. In all possibilibutih, an
inconsistent system with no solution of zero scawer is
expected.

I 1| Xo | .7 Gasse Xo

| ) e
::||lll X __1 ddar Ty 1 9 1| i |_[ 1 oy M=IeXiex:
oa11l%! | V0oL |X [0 VX=X

| == X Dependent variables: Xo, X2

Reduced row-echelon form — Independent variables: X1, X3

Fig. 6.Extracting independent bits of seed

If the linear equation system for the slice matghin
problem is inconsistent, solving this problem ist no
onlyexpensive but difficult to handle, as it neelde t
coefficient matrix of a size and the fulfilment tife strict
constraints.So we use mathematical transformatibichw
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maps the linear system to a much smaller system

constructed over only the independent bits of #edswith

the constraints of Condition 1 implicitly embedddtus
enabling a more efficient mathematical treatmenttlod
original problem.

1) To make correct dropping decisions that improve the
consistency, it is mainly to examine the root caoke
inconsistency. If the column in the right side is
included into coefficient matrix as the last colurtiren
augmented matrix is determined. To achieve thid,goa
we use the concept of primitive inconsistent group.

The constraint given by condition 1 can be taken
from the equation similar to the specified bits. dchieve
this goal, an intermediate subsystem can be cantstiuand
converted to reduced row-echelon using Gauss-Jordan
elimination. Fig. 6 shows the matrix conversion tloe slice
matching. In the reduced row-echelon form, the ficiefit
matrix columns where the leading 1 correspond to
dependent variable and the remaining refer to iaddent
ones. The slice matching problem reduces to
independent bit pattern that satisfies the redsgstem.

the
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Fig.7. Constructing a reduced system in indepeniignt
space

C. Power-Optimal Seed Identification

As the seed increases as the function of the
independent bit dimension, schemes for the powémap
seed, i.e. the seed that satisfies théucedlinear system
become highly desirable.

2) Basic ldea: System Relaxatioropping a set of
equations may convert the inconsistent system to a
consistent one. But increase the outcome of fintieg
some equations to be Definition 1: A group of Mekn
equations is a primitive inconsistent group, if it
satisfies below conditions.

1) The linear system created with these equations
is inconsistent.
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2) Primitive Inconsistent Group Characteristics: eTh

technique finds primitive inconsistent groups bwrsaing

for algebraic characteristics on the augmentedixatrthe

original system. This significantly reduces costl &peeds
up the finding process.

The algebraic characteristics of the primitive imsistent
groups can be described as in the following lemmas.

Lemma 1The coefficient rows of subset of equations in
a primitive inconsistent group are linearly indegbent.

Lemma 2:The row sum of the augmented matrix of a
primitive inconsistent group is a unit vector. Tdwefficient
part of its row sum is all zeros and the right-misistof the
row sum is 1.

3) Primitive Inconsistent Group Identification: \weopose a
transformation algorithm to generate a matrix witie
aforementioned characteristics. The proposed
transformation is attained by performing a sequericew-
elementary operations on the matrix. Nonethelesdiffers
from the traditional row-elementary operation based
transformation techniques such as Gauss-Jordamation

as only a forward propagation of the rows in therixas

performed. Fig. 9. Primitive inconsistent group
identification through forward propagation.
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Fig. 9 presents an example for the matrix transéion
process. For each row, the transformation procests fthe
of the row is in the last column, the process skiyis row and
proceeds to find the leading 1 of the next rowviinds whether
they found column contains additional 1's in thesifions. If
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fully specified tests are added to the test liste Tolumn that

contains the leading 1 of the row. Row has same beum
any such additional 1 is found, the transformatjmocess

avoids it by adding the row to the row containihig tposition.
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additional 1. In the example given in Fig. 9, tkading 1 of
the first row is in the third column, and the sett@md seventh
rows also have a 1 in the third column. These taditeonal

1's are eliminated by adding the first row to theeand and
seventh rows, respectively.

a 010100 | a 010100 Primiti
blr1ooo1 Farward &th 1A 1 incﬂnsi::::lw‘:\g;uups:
€1 100100 | propagation @tbtc 100000 1| 570" 0y
d/001101 d 670 ¥ 10 1 | YERSAE
e 101000 atb+d+e| 0 0 0 0 0 0 " .
fl110111 bf G00110 Shared equation: @
g 100010 atfig (000001

System perturbation:

tentatively drop &
b 110001 b 110001
el100100| Foward bte 010101 o
d 00110 | Propagaton d 001101 . I—‘_nmlme

_* inconsistent groups:

e 101000 ctidte 000001 fe. d e}
Fl110111 btf 000110
g/100010 btetfrg 000000
All primitive inconsistent groups: {a, b, ¢}, {a, f. g}, le, d, e}
Minimum dropping targets: @, ¢

Fig.10. Iterative primitive inconsistent group idiéination
through system perturbation.

Fig. 10 contains three primitive inconsistent grmuwhereas
the first transformation can only identify two dfetm. To find
the primitive inconsistent groups, one needs tauplerthe
system so as to enable the transformation prodésssystem
perturbation consists of removing all the groupsnidied by
dropping their shared equations. If primitive insistent
groups are present, the remaining system would
inconsistent.

VI. CONCURRENTCOMPACTION/COMPRESSIONFOR
LOW POWERSCAN
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If any such additional 1 is found, the transformati
process avoids it by adding the row to the row aimitig this
position.

VII. EXPERIMENTAL RESULT

The work has been implemented in MODELSIM SE 6.2€C f
effectiveness validation. First compare the usetrtgjue with
the previous work of power reduction technique Hasaé
combinational linear decompression schemes. Theadtapon
scan power and compression ratios are reporteghefform a
comparison, the decompression hardware based on MOR
used. To explore the impact of the compressionl lesescan
power and compression ratio, the power-aware psodes
repeated multiple times, with rank threshold agpliering the
compression process. Although the effectivenesheoEcheme
decreases at higher rank thresholds, a 20%-40%reduo
scan power can still be attained even with highdgrassive
compaction.

VIII. CONCLUSION

Using the power-aware test compression scheme @pple
power reduction is being achieved. That is XOR nekwbased
on-chip test compression scheme is used in ordgatsform
the compressed seed into decompressed test slitethe

multiple test slices, there is a consumption of enpower due
to high transition between them. In order to redubes

transition, during compression phase the powemnwgitseed is
selected as input seed. Then transition is compaitkbdnearby
bits. So can achieve a power reduction. This werkurther
@Qplored by comparing transition of test slice walhbits. By

this appreciable power reduction is expected coetao

previous work.
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