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Abstract

A new LFSR based test compression scheme is proposed by reducing the maximum number of specified bits in the test
cube set, smax, virtually. The performance of a conventional LFSR reseeding scheme highly depends on smax. In this
paper, by using different clock frequencies between an LFSR and scan chains, and grouping the scan cells, we could
reduce smax virtually. If the clock frequency which is slower than the clock frequency for the scan chain by n times is
used for LFSR, successive n scan cells are filled with the same data; such that the number of specified bits can be
reduced with an efficient grouping of scan cells. Since the efficiency of the proposed scheme depends on the grouping
mechanism, a new graph-based scan cell grouping heuristic has been proposed. The simulation results on the largest
ISCAS 89 benchmark circuit show that the proposed scheme requires less memory storage with significantly smaller area
overhead compared to the previous test compression schemes.
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construct a graph G;
Gy =G,

while (G!=
{

B

select the pair with the minimum sum of node connections
Jrom G;
add the pair to group G;;
remove the pair from group G,
Jor (I=1y<Mr1j++) /{ generating G;
{
select a node from G such that the node is connected
to all the nodes in Gj, and its connection strength
is minimal;
add the node to G;;
remove the node from G,
}
if (balance_size(G) == false)
{
decrease M,
G = Gorgs # restart the process

}

a8 2. Hetsles A mE|M ¢tme|ls
Fig. 2. Proposed scan partition algorithm.

el LFSR ElAlY 7|Hte BHIAE o5 J[Y

4

4z 9

CREEIES Holelol 20| A %& 7

$ F 2EE dRA(edge)Z AAHY k. wekA oA
o oz 9Z2€ A 3¢ 1o 183
25 A dth B3 4 =27 U8 =259 92"
R 9 M4E A2 Zx(connection strength)Z A9
a4t

a9 2v Z &9 2%y 27 A AFTF Mol
3G AFY 28 A 1F3 $EES At
A Fo4Z H2E FH JAFo2RE g GE A
A a2gln 2HZ GUAA JZZEY Fel A
7} He A2 94 71sd F Y =28 st o

4 AE Oz GOl TFAIIL GolA o5& A
A go2, GUY RE =29 HA AFF
T oz ddHY gle =EF GO TFAIL, ¢
§& GE &4 F e =27t ¢ o GIH"]W
EAEA & WA, G9 == AF7t Ml
=g w7ix HE Fgn. g G o == AF7t
M =2de F97t AR 4A HE MERE £
oA 9o #FE vE FEA o °19} Ze 94
9 A& x7] ag= 4 ‘“‘:7} 7 3h¢ 2=
E2 88 € 7k by Fd8A HE 2§t F
F3HA "t o] wgel 1%‘: Hzx F == A 7|E
S 9A7AEY Fol vl He ALE FAL 3
JYZ o] =9 Ho JfFE MR SR
HEo F3o BAHE 9 1A= G E G &
Ay e Age =28 X384 2ok 6, % G
= Jig7t 99 Afels el A (size
balancing)©] E£E 83X, G, 9 =& G GE
o e Aede H2E gho] 7% B E(don't
care hit)¢l =58 G, .o ZFAI|E Alolz WY
AdE FAsA Art ol o] Ate]= WANE 4
;A 39 2z F7HE e TR HEY =
=7t g ol EASHA &1 FAA Gy Y == AF
7} MEY && ASdde ME RAATL 258 %
d4& AAF A drt

rES

LI i =S}
=A™

B

.
Te

|

Aol =

L gz
. L1

_‘

T 3 @M AEE 20 A aF3 THES M3
A A9 dE Fate] AHste 1ot ¢4 1
Z 7t FoiR H2E FE A3 A A4€
ol W, == 08} = 57} A4 JAZE(QR+2=4) dZH
T ZEE7| Hid, o]E& MELX 39 aHZA
Gl X372 GERH AASA "ok 138



20091 38 HX-Z83|

S =B

=3

!

Test cube set Sinax

Ixxi01i0
10xx110x
Ox1x10x1

Partitioned |
test cube set

1
t
01234567 x 0

Re-ordercd
original test
cube set

xi
0o
X%

x00
xix
111

1t
xl1
x00

W EEE)

Sub-graph 2

LFSR

a3

==X H 46 @ SD H

H3z 29

E 1. Hekg 7=x9 st 2HEHE
Table 1. Hardware overhead of the proposed scheme.
Circuit .
- Gate equiv. % overhead
Name Gate equiv.
sH378 4,271 107 25
s9234 8579 331 39
s13207 14,260 149 1.0
s15850 16,280 233 14
838417 33,011 478 13
$38584 37554 268 0.7
Average 19,825 261 1.3
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An example of scan cell grouping.
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Table 2. Comparison with partial reseeding schemef13].

Circuit Proposed [13] EFE1
Name EE1 EE2 FE?
$5378 1.17 0.93 1.19
$9234 094 0.93 1.01
513207 116 0.94 1.24
s15850 0.9 0.98 097
s38417 1.31 0.98 1.34
$38584 127 097 131
Average 113 0.96 1.18
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Table 3. Comparison with variable rank LFSR scheme'™.

Circuit Proposed
EEl | areal
117 | 107
331
149
478

[18]
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471
1,297
751
987
2,030
1,134
1,120

areal

area2
0.23
0.26
0.20
0.24
0.24
0.23
0.23

Name

sb378
$9234
s13207
s15850
s38417
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