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ABSTRACT

Shift-in power is one of the main elements of the test dynamic power for integrated circuits testing. The paper proposesa
low power test scheme for broadcast scan architecture to reduce shift-in dissipation. Unlike conventional broadcast
scan, the proposed scheme divides multiple scan chains into several scan chain segments, and only the first internal scan
chain is fed directly by the scan Input S, and used as the path of shifting test data for all the scan chain segments. Thus,
only one scan chain is activated when test data shifting in, the test data shift-in power could be reduced effectively. To
further reduce test shift-in power, the scan cell reordering which put the similar scan cells in adjacent positions for each
two adjacent segments are also used in this paper. The theoretical and the experimental results illustrate that the pro-
posed scheme could reduce dynamic power dissipation during scan testing significantly.
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INTRODUCTION

Excessive switching activities often results in taach power being consumed during which often ldadalse test
failures, or worse, exceeding the power limitshef thip and package, then may causes permanengeamthe chip
during test[1].

There are a number of techniques that have besemniegl in the literature to control power consuompin test mode.
Paper [2-3] Proposes new low power testing schevhésh using test generation technology for funaidoroadside
test. A new low-power test compression had beepgsed for high test quality and low test data vaum paper
[4].Selective disabling of the scan chain was psegoin paper [5]. Paper [6] presents a low powsinig for SRAMS
by reuse of read and write assist circuits. A nest ¢compression scheme based on low power BISBi®ged in paper
[7]. Paper[8] presents a low power scan architedbaised on lllinois scan that called reference. faper [9] proposes
a new scan partition scheme for high test compresatio and low power.

To reduce test power for the conventional broadses, the paper presents the low power broadcastssheme. It
divides scan chains into several scan chain segrfiesit and then putting the similar scan celladijacent positions to
reduce dynamic power dissipation during test daifa i operation. The theoretical and the expentakresults both
illustrate the efficiency of the proposed low poweheme.

2. Thear chitecture of the proposed low power broadcast scheme

The simple broadcast architecture is given in igelFAs shown in the figure, as the operatiorhefiLS architecture, it
uses a single scan input to feed all the scan livaithe broadcast scan mode, and the responstieisted in a multiple
input signature register(MISR) or an Xor compactbtowever, unlike the ILS architecture, the scaairclin the low
power architecture are divided into m equal lersgihments of size b(s1,s2...sm as shown in the figade) a set of
multiplexers to route the scan in data to the chdihe first internal scan chain is referred tthasReference scan chain
as paper[8], and it is fed directly by the scarutrpl and contains no multiplexers. All remainirthey shared internal
scan chains are either fed from the scan blodkérséme chain or the scan block in Reference $zan.c
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Fig. 1. low power broadcag ar chitecture

During scan-in shift operation, the first interisabn chain is used as a scan-in data cache fdiratie-b) shifts. The
other internal scan chain does not receive tesatidahis operation. For the remaining b shifts, $han data in the scan
segments of the first internal scan chain to hiift the scan segments in the other shared intecaal chain through the
multiplexers. The ith scan segment in the shartsirial chain receives data from the (i-1)th scamst in the first
internal scan chain. The first scan segment irstiaged internal scan receives scan-in data frdior e last b shifts.

The shift power of the test data of broadcast $mathe scan chain not divided is computed as Voilg (the architec-
ture is given in Fig.2). The same test data aradwast to all the scan chains that all scan clgine the same shift-in
power , the test shift power of each scan chaimei®ted as psc in broadcast mode. Thus, thetéstatlata shift in
power in this situation is computed as Pn= npsavéver, the low power broadcast architecture usas shain parti-
tion to reduce shifting power in testing for broastcmode, and the same data only needs to shiftstfre first internal
scan chain. It assumes that the test shift in pafvdre segment j for each scan chain in low pasean architecture is
psegj, and the test shift power of segment i fdt st data for segment j is denoted as psegij.

SCANIN|

_—— Ty Scan chainsn

‘ SCAN OUT

A
\4

Fig. 2. the broadcast scan without dividing scan chains

m-1
nx psegm + Z psegim
As shown in Fig.1, the test shift in power is i=1 for shifting test data to segment m. The totalpesver

m i1
for all test data shifted in the scan chain for fmwer architecture could be computed asE#nx Poy * Z Payi ) -
i=1

i=1

m j-1
The test shift power for Pn is computed in the sarag as pn=z: (Nx pg, +Nnx Z Py ) » SO the shift in power re-
j=1 i=1

m j-1
duction is given a9, ... = pn— pd :Z(Z(n -Dp,,), the detailed presentation matrix of Bieduction s given
j=1 =1
in Fig.3, as shown in the figure, for the low mmscan architecture dividing scan chains into am segments, thus, for
each segment, test data must not be shifted friosaaah chains but only the first internal scan chigso the shift power
is reduced. Take shifting data operation for thgnmnt m for example, for the conventional scanrghhie test data

-1
must shifted from all the scan chains, the shifpawer isnx p_, +nx z Pegm » @nd now only use the first internal

i=1

m i-1
scan chain could the test data shifted into thensagm, the corresponding shift powerE (nxpg, + Z Puyi) » SO
j=1 i=1

«m Which is coincident with the last row of Fig.3.

the power reduction ii (n=-p
i=1
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Fig. 3. the matrix presentation of the Dyequction

With m increasing, the variation trend of tResduction j given in Fig.3, where n=6, as shown in therfiguve could see
that the power reduction raise with the numbereghsents increasing, however, the muxs must be dddeach seg-
ment which will make the corresponding hardwaredase. To further reduce test shift- in power Wt hardware
cost, the scan chain optimization using scan eelider is also proposed in the paper.

3. Test shift-in power reduction using scan cell reordering

The generation of the test shift-in power is beedbe switching activity that defined as the totainber of switch from
0 to 1 or switch from 1 to O in each segment, spudjing same test data together could reducedtiéty of flip-flops,
and thus reduces test power efficaciously. We midhéd scan chain cells by scan cells reordering tla@ routing length
reduced by sorting scan cells only for the adjasegtments under routing constraints.

For every two adjacent segments, the corresporstiaiy cells are classified to three types scan aglis paper[10]: O-
dominating scan cells if Ci, 0>Ci, 1, 1-dominatswan cells if Ci, 0<Ci, 1, balanced cells if Ci@z=1, where Ci, 0 and
Ci, 1 are the number of 0's and the number of A'this cell for the completed test vectors. O-dating cells should
belong to Chain-0, and 1-dominating cells are ded&d to chain-1. Balanced cells can be assignedher chain ac-
cording to the requirement of other optimizatiomlgoAn example is given in Fig.4 in which a testtcf six vectors is
applied to a can chain consisting of eight scals.débr scan cells 1, 2, and 8, there are moréh@is 1's in the test set,
and thus, they are assigned to the O-dominantgaviever, the scan cells of 3, 4, 5, the 1's mbemt0’s, so put them
into 1-dominant part. The number of 0’'s and 1'sStan cells 6 and 7 are equal, so they could beraiilt into O-
dominant part or put into 1-dominant part.

Weighted Switching activity is one of the importagasons for testing energy. For a cell in a stam¢the number of
switching activity is usually used to measure thergy in testing process, and most of these swifchctivities are
generated by the test data shifting-in operatidme Mumber of test data shifting-in activity is useide to measure the

L-1
A= Z(ti,j +ti,j+1)x j

. t .
test power. It computed as 1= , where L is the length of the scan chain, is the jth bit of the

test vectorti )

Fig.5 gives an example of the proposed schemecdimeentional broadcast architectutbe low power broadcast scan
architecture and the low power broadcast scantaotbie with scan cell reodering are all givenhia figure. Consider
the test pattern in the figure, which is to be @ecbin a fanout-based broadcast scan architedhee conventional
broadcast is given in Fig5.a, the scan archite¢tucemposed of 4 scan chains with 24 cells eawth,all shared scan
chains receive test data from external chain sanatiusly, which is presented by black line in theré. To use the low
power broadcast scan technique, each scan chdivided into 4 segments, each has six scan cdlk:S86, S21-S26,
S31-S36. The scan-in data flow is illustrated by ithd line in the Fig.5.b. The low power broadsasin architecture
with scan cell reordering’s is given in Fig.5.caBcells modification for each two adjacent segmamre made for
reduce shift power in segments with low routingtcbsr the first two segments, the scan cells &, &2, S15, S16,
S22, S24 are 1-dominating cells, and the other seli;miare 0-dominating cells. The second two segsrere modified
in the same manner. The scan chains after modiificate shown in Fig.5.c.
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Scancell 1 2 3 4 5 6 7 8

t1 1 0 x 1 x x x O
2 x x 1 1 0 0 x 0
t3 0 0 x x x 1 1 1
t4 0 x x 0 1 0 x «x
5 x 0 1 x 1 1 0 x
t6 x 1 0 1 1 x x O

0-dominating 1-dominating

—
Scancell 7T 2 6 8 3 4 57
X

11 1 0 x 0 x 1 x

t2 X x 0 0 1 1 0 x
t3 0 0 1 1 x x x 1
t4 0 x 0 x x 0 1 x
t5 x 0 1 x 1 x 1 O
t6 x 1 x 0 0 1 1 x

Fig. 4. modify two adjacent segment

As shown in Fig.5, for the same test patternsidted WSA(weight switching activity) for the conu@nal broadcast
scan that broadcast same test data to all shaaadkains is 724. The total SA for low power br@stiscan is 602. For
low power broadcast scan with scan cell reordetimgotal SA is 92. Compared with conventionakicast scan ,the
proposed scheme enormously reduces scan-in shiéirpo

EXPERIMENTAL SECTION
The experiments were carried out on the big ISC8%8nchmarks. Test power is measured by switchitigits for

scan-in shift. The scan-in shift activity is congaifor the conventional broadcast scan, low poweadtast architec-
ture and low power broadcast with scan cell reangeExperimental results are given in table 1.
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(¢c) Low power broadcast scan with scan cell reordering Total SA=92

Fig.5 The SA comparison example of the proposed scheme and conventional broadcast scan

2161



ZhangLingetal J. Chem. Pharm. Res., 2014, 6(7):2158-2162

Table 1. Proposed scheme compression ratio

Low power broadcast scan with

o shared Conventional broad- Low power broadcast scan scan cell reordering

circuit FF sc cast scan average Average pow- Average pow-
power(CBA) er(LAP) S| erLAPR) Sc

S5378 179 4 6640 2910 53.33 2095 64.40
S9234 211 6 11851 4215 64.43 2276 80.79
S13207 638 8 61104 13515 77.88 6622 89.16
S15850 534 16 34750 10098 70.94 6159 82.27
S38417 1728 16 386314 54827 85.81 38927 89.92
S38584 1426 90 208220 32386 84.45 20727 90.04
average - 7281 0 - 83.10

RESULTSAND DISCUSSION

As shown in table 1, the first and the column préséhe circuits and the number of the flip-flophe third column is
the scan chains contained. The conventional breadcan’s average power that denoted CBA is gimethe fourth
column. The average power LAP and the average pretleiction Sl of the low power broadcast scan arengn the
fifth and the sixth column, respectively. The lasb columns present the average power LAPR andotliepower
broadcast scan reduction Slc of the low power lrastdscan with scan cell reordering. Sl and Sidte power saving
ratio compared with conventional low power scam ey are computed as (CBA-LAP)/CBA, (CBA- LAPRR,
respectively. As illustrated in the table, the m®sgd low power scan achieve lower test power. i§hise to the fact that
the proposed method considering shift power in esgment and putting similar scan cells in adjapesttions for
each two adjacent segments which induces scaniicth@vg activity.

The low power scan with scan cell reordering mayltan a small longer routing length. However, tiieposed tech-
nique only makes modification for the adjacent sggments, so the routing length would not be amy.l In addition,
it only reduces switching activity due to scan-attor but not consider the other test dissipatmmgp.

CONCLUSION

To reduce power dissipation and test data volumednventional broadcast scan, the paper proposes dow power
broadcast scan which divides scan chains into akesean chain segments, and then putting the sistian cells in
adjacent positions to reduce dynamic power dissipaturing test data shift in operation. The thécatand the expe-
rimental results both illustrate the efficiencytloé proposed low power scheme.
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