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Abstract

There is high overhead in testing of full scan chain
based sequential circuit. Partial scan chain can be
used in testing because it involves less overhead. In
this paper we propose clustering method to find center
of gravity for undetected faults ,this is achieved by
placing test point in fan in cone region where we have
large number of undetected faults clustered in fan in
cone region.we have used 6 Neighborhood cellular
automata for generating patterns.we used Hope Tool
for circuit Testing.

Keywords — Cellular Automata(CA),Test Pattern
Generation(TPG),Design For Testability(DFT), Fault
Coverage(FC)

I. INTRODUCTION

Scan chain design is a method for converting
sequential circuit to equivalent combinational circuit.
Full scan chain involves high overhead in the circuit.
Partial scan chain is an alternative to full scan chain .It
includes subset of flip flop in the chain. Method used
for generating partial scan chain is discussed below.
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Fig 1: sequential circuit

x1,x2 are inputs and yl,y2 are output.To convert the
sequential circuit to equivalent combinational circuit
we use scan register in place of D-Flip Flop which can
be achieved easily by adding 2x1 Multiplexer before
D-Flip Flop. when the select line to 2x1 Multiplexer
is at 0 then scan register is in data mode i.e value at
data input line is given to D-Flip Flop.

when the select line to 2x1 Multiplexer is at 1 then
scan register is in Test mode i.e value at scan input
line is given to D-Flip Flop.This increases
thecontrollability in the circuit.
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Fig 2: scan register

DI is data input,SI is scan input,SE is select
line.when we connect all scan register in a chain then
we obtain multiplexer based scan chain sequential
circuit.In other words we can say that we have
converted the sequential circuit into equivalent

combinational circuit.
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Fig 3: full scan chain based sequential circuit

SI1,SI2 are select line. To decrease the
overhead in the Full scan based sequential circuit
while maintaining the good fault coverage we
implement Partial scan chain based sequential circuit.
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II. PARTIAL SCAN CHAIN CIRCUIT GENERATION
METHOD

Below figure shows an overflow of
generating partial scan chain.In this paper we consider
single stuck at fault stuck at O ,stuck at 1.Fault
coverage (FC) is defined as FC = (no of detected
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faults) / (no of possible faults) .Fault simulation has
been performed on the circuit using patterns generated
through 3NCA.

¢ Partlal Scan Chain

Fig 4: Flow chart for generating partial scan chain
Steps for generating partial scan chain

Input: Full scan chain circuit

N=number of flip flops

Output: partial scan chain circuit

i=1

while(i<=n)

{

Remove the i" flip flop from the scan chain
and calculate the fault coverage.

If Fault_coverage> Target_Fault_coverage
Remove the scan chain

Else

Do not remove the scan chain

i++;

}

The above algorithms make trade-offs in the

percentage of flip-flops to be removed from the scan
chain and the fault coverage achieved with the
approach.

In our approach, the Target fault coverage can be
selected prior to solving the partial scan problem. For
the given Test Set. If the Fault coverage is greater than
target Fault coverage then scan chain is modified by
removing a flip-flop from the chain. The above
process is repeated till we get the optimized partial
scan chain circuit.

III. CLUSTERING OF UNDETECTED FAULTS IN FAN-IN
CONE REGION

For a given line as output to a gate ,we can find fan
in cone region in which we have all those lines which
are in-degree/input to this gate.If we recursively
follow the above step i.e taking in-degree lines to
gate as output line and finding in-degree lines to this
gate. In this way we are back-tracing to get bigger fan
in cone region for a given line.

To achieve this we apply set of patterns to the
circuit.we get fault coverage for the circuit and list of
remaining undetected faults present in the circuit.So
our objective is to find fan in cone region for the
circuit which will contains large number remaining

undetected faults present in thecircuit.we find out the
location and apply testpoint insertion in that region.
This observability point detect large number of faults
present in the circuit which helps us to get high fault
coverage.

We try to find out different Fan-In cone Region for the
remaining undetected faults in the circuit.we add
observability point in different fan in cone region to
get high fault coverage.we may add more than one
observability point in same fan in cone region. This
increases our probability of getting high Fault
coverage.

Steps to add Observability point

Stepl We try to find Fan-In cone region for the
selected linename by backtracing every non primary
input line to the gate.Backtracing for the selected line
is done for 5 times to get large fan-in cone region for
the selected Fan-In cone region.

Step2 Repeat stepl for every linename in the circuit.

Step3 Count the number of faults present in every
fan-in cone region.Arrange them in decreasing order
of their count and show them on print screen.

Step4 Add observabilty point to fan-in cone region
according to their decreasing order of their
count.Adding observability point can be done either
by placing a single observability point at the selected
line for which fan-in cone region is calculated or by
placing more than one observability point in Fan-in
cone region for the selected line this can be done by
adding observability point then calculate fault
coverage if the fault coverage is high we repeat step 4
for different fan in cone else we discard the current
observability point,webacktrace and add different
observability point in same Fan in cone region.

Our objective is to find fan in cone region which can
cluster large number of undetected faults into region
,in other words we can say that large number of
remaining undetected faults are present in this
region.Lines on which these faults are present we say
those lines as undetected lines.Adding observability
point in this region will fulfill our objective because
this observability point has capability to detect large
number of remaining undetected faults.

This can be done by finding set of fan-in cone region
in the circuit and mapping with the faults list to get the
count for faults which lies on undetected lines of fan-
in cone region,which means that these faults can be
detected if observability point is placed in fan-in cone
region which has highest count for faults.

we take a Test Set T.Fault coverage obtained is 93.051
% and number of undetected fault is 41.our objective
is to place observability point efficiently such that
large number of undetected fault can get detected.

ISSN: 2394 - 2584

http://www.internationaljournalssrg.org

Page 2



SSRG International Journal of VLSI & Signal Processing (SSRG - IJVSP) - Volume 5 Issue 3 - Sep to Dec 2018

ISSN: 2394  - 2584                        http://www.internationaljournalssrg.org                   Page 2



SSRG International Journal of VLSI & Signal Processing (SSRG - IJVSP) - Volume 5 Issue 3 - Sep to Dec 2018

Table 1,Table 2,Table 3 represent the fault coverage
obtained by adding observability point at different
location based on decreasing order of values presentat
different level.we add only one observability point in
the circuit.

List of remaining undetected faults present in the
circuit.

1216 /1,SS0 /0,T14 /0, 15 /1,1298 /1,I827 /1,1531-
>1827 /0,11062_1 /0,1598 /1,1889 /1,

st 4->11092_1 /0,I478->11092_1 /0,I1116_2 /0,1230
/1,ent284->1958_2 /0,1642->1958_2 /0,I157->1958_1
/0,I159->1958 1 /0,I1116_1 /0,1282 /1,1483->1978_1
/0,1638->1747  /0,11044_1 /0,170  /1,1539->1298
/1,1574->1298  /1,1535->11062_1  /1,cnt13->1598
/1,156->1598 /1,1870 /0,1566->1870 /1,11092_1 /1,161-
>I1116_2  /1,1958_2 /1,1958_1 /1,195->I1116_1
/1,1603->11116_1 /1,st_1->1282 /1,1978_1 /1,1747
/0,ent284->11044_1 /1

List of remaining undetected faults present in the
circuit after adding observability point at IS based on
Table 1.

1216 /1,SS0 /0,T14 /0,I5->T14 /1

List of detected faults

I5 /1,1298 /1,1827 /1,1531->1827 /0,11062_1 /0,I598
/1,1889 /1,st_4->11092_1 /0,1478->11092_1
/0,I1116_2  /0,1230  /1,cnt284->1958_2  /0,1642-
>1958_2 /0,I57->1958_1 /0,I59->1958_1 /0,I1116_1
/0,1282  /1,1483->1978_1 /0,1638->1747 /0,11044_1
/0,170 /1,1539->1298 /1,1574->1298 /1,1535->11062_1
/1,entl13->1598 /1,156->1598 /1,1870 /0,1566->1870
/1,11092_1 /1,161->I1116_2 /1,1958_2 /1,I958_1
/1,J95->11116_1  /1,1603->I1116_1  /1,st_1->1282
/1,1978_1 /1,1747 /0,cnt284->11044_1 /1.

Based on table 1 we found 4 fan in cone .similarly we
can find many fan in cone.Adding observability point
in those fan in cone which has high count at level 3
will results in overal high fault coverage.

TABLE I shows Adding observability point based on
decreasing order of values at level 3.

TABLE 1II shows Fault coverage by adding
observability point based on decreasing order of
values at level 4.

TABLE 1III shows Fault coverage by adding
observability point based on decreasing order of
values at level 5.

when we compare first starting rows of Table 1,Table
2,Table 3.High Fault Coverage is obtained in Table
1.Therefore in our further experiment we will add
observability point in fan in cone region of linename
based on their values obtained in level 3.

Based on Table 1

I5is lying in Fanin cone of T14.
T14 is lying in fan in cone of T16.
1889 is lying in fan in cone of IS5.
1827 is lying in fan in cone of T16.
I1116_2 is lying in fan in cone of T16.
I4 is another fan in cone region.
1230 is lying in T14.

1270 is lying in fan in cone of 14.
1232 is another fan in cone region.
1595 is another fan in cone region.

When observability point are placed in all these fan in
cone region then we get high fault coverage for the
circuit.since we found out the region where hard faults
can be detected now the modified circuit after adding
different observability point will always give high
fault coverage for any test set .
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Fig 5: fan in cone region for I5 in s510

ISSN: 2394 - 2584

http://www.internationaljournalssrg.org

Page 3



SSRG International Journal of VLSI & Signal Processing (SSRG - IJVSP) - Volume 5 Issue 3 - Sep to Dec 2018

ISSN: 2394  - 2584                        http://www.internationaljournalssrg.org                   Page 3



SSRG International Journal of VLSI & Signal Processing (SSRG - IJVSP) - Volume 5 Issue 3 - Sep to Dec 2018

TABLE I
Line Fault No of|No of [No of |[No of|No of |No of |Fault No of
name Coverag | undetect | faults faults faults faults faults coverage | undetect
e ed faults | present |present |present |present | present ed faults
on on on on on
undetect | undetect |undetect |undetect |undetect
ed lines |ed lines |ed lines |ed lines |ed lines
of level |of level |of level |of level |of level
1 2 3 4 5
15 93.051 41 9 34 88 98 99 99.327 4
T14 93.051 41 2 12 69 98 99 99.327 4
1889 93.051 41 8 25 51 86 99 95.960 24
T16 93.051 41 1 4 37 98 99 93.266 40
1827 93.051 41 8 21 31 63 99 94.108 35
I1116_2 |93.051 41 5 11 23 51 99 94.414 33
14 93.051 41 0 4 22 59 99 93.098 41
1230 93.051 41 7 17 21 64 99 94.108 35
1270 93.051 41 0 0 9 73 99 93.264 40
1232 93.051 41 0 2 6 33 99 93.266 40
1595 93.051 41 0 0 4 92 99 93.243 40
TABLE II
Line Fault No of |[No of [No of |[No of|No of |No of|Fault No of
name Coverag | undetect | faults faults faults faults faults coverage | undetect
e ed faults | present |present |present |present | present ed faults
on on on on on
undetect | undetect |undetect |undetect |undetect
ed lines | ed lines |ed lines |ed lines |ed lines
of level | of level |of level |of level |of level
1 2 3 4 5
T14 93.051 41 2 12 69 98 99 99.495 3
st_2 93.051 41 0 1 12 98 99 93.243 40
1642 93.051 41 4 6 10 95 99 93.074 41
1566 93.051 41 4 6 10 91 99 93.074 41
11089_1 |93.051 41 2 4 5 80 99 93.266 40
st_4 93.051 41 2 2 4 21 99 93.074 41
1475 93.051 41 0 4 6 12 92 93.074 41
1598 93.051 41 7 7 7 9 99 93.434 39
T7 93.051 41 0 2 2 4 99 93.266 40
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TABLE III
Line Fault No of [No of [No of [No of [No of |No of|Fault No of
name Coverag | undetect | faults faults faults faults faults coverage | undetect
e ed faults | present |present |present |present | present ed faults
on on on on on
undetect | undetect |undetect |undetect |undetect
ed lines |ed lines |ed lines |ed lines |ed lines
of level |of level |of level |of level |of level
1 2 3 4 5
T8 93.051 41 0 2 6 22 99 93.098 41
T11 93.051 41 4 4 4 21 99 93.266 40
93.051 41 2 2 8 43 99 93.098 41
11113_1
1810 93.051 41 2 2 4 56 99 93.098 41
1483 93.051 41 2 2 8 21 94 93.074 41
cntl3 93.051 41 2 2 2 2 2 93.074 41
cnt28 93.051 41 4 2 2 2 2 93.074 41
TABLE IV
Line Fault No of [No of [No of [ No of |No of |No of|Fault No of
name Coverag | undetect | faults faults faults faults faults coverage | undetect
e ed faults | present | present |present |present | present ed faults
on on on on on
undetect | undetect |undetect |undetect |undetect
ed lines |ed lines |ed lines |ed lines |ed lines
of level |of level | of level |of level | of level
1 2 3 4 5
1359 80.198 80 9 15 51 93 144 87.432 69
1378.4 | 80.198 80 6 14 45 85 144 87.432 69
1384.1 |80.198 80 10 19 41 98 148 87.432 69
1378.2 | 80.198 80 4 10 40 70 102 82.396 97
1.4 80.198 80 9 22 39 91 101 72.414 152
1355 80.198 80 7 16 39 101 158 72.414 152
1306 80.198 80 8 19 35 94 158 72.051 154
T18 80.198 80 0 8 8 16 27 72.777 150
T23 80.198 80 2 2 4 19 27 72.777 150

Similary for s420.1

TABLE IV shows the fault coverage by adding
observability point based on decreasing order of
values at level 3.

Adding observability point in fan in cone of 1359
gives high fault coverage.
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IV.Generating patterns using 6NCA
Consider a 3x3 2-D CA dependency. Below is an
The neighborhood of a cell is the adjacent cells. The example of hybrid CA where not all the rules of the
two most common types of neighborhoods are the von  cells aree identical .This hybrid dependency can be
Neumann neighborhood and the Moore neighborhood.  expressed by a rule matrix R , whose (i,j)lh element
gives the rule of the (i,j)" cell of the CA.

Top Top 53 57 50
TOp Left TOp rlght
Left | self [Right Right
Left | Self 18 R= 45 22 37
B bott
Bottom L:ftttom Bottom ricg)htom
50 52 56
von Neumann Moore neighborhood
Fig 6: different neighborhood model Fig 9: Rule matrix
A 2-D CA is a generalization of 1-D CA ,where the For 2DCA 6NCA
cells are arranged in 2-dimensional grid with 2° = 64 possible “neighborhoods”
Connection among the neighboring cells . 2% possible rules
consider the 3x3 array with 3 rows and 3 columns For 2D CA:
comprising 9  cells.Theneighborhood  function 2° = 512 possible “neighborhoods”
specifying the next state of a cell is assumed to depend 9512 possible rules
on left
neighbor ,itself,rightneighbor,topneighbour,bottomnei TABLE V 6NCA rules
ghbor,bottomright neighbour. Rule | Self | Top Left | Botto | Right | Botto
m m-
Right
Top 53 1 1 0 1 0 1
57 1 1 1 0 0 1
: 50 1 1 0 0 1 0
Left Self Right
45 1 0 1 1 0 1
22 0 1 0 1 1 0
Bottom
Bottom Right 37 1 0 0 1 0 1
50 1 1 0 0 1 0
52 1 1 0 1 0 0
Fig 7: 6 Neighborhood model 56 1 1 1 0 0 0

Thus the next state m of the (i,j)‘h cell of 2-D CA is
given by

m; ; (t+D=fm; (), m iy ; (), m; ;.
®,m iy, ;(0), m; 541 (), Mg i1 (t)]

Fay

r@j SEN

Lo e

Fig 8: Adjacent cells

the dependency or rule can be expressed as 6-bit :
number.[self,top,left,bottom,right,bottom-right] s T
where each bit signifies the presence of the
corresponding dependency.

Fig 10: 3x3 6NCA Rule

ISSN: 2394 - 2584 http://www.internationaljournalssrg.org Page 6



https://en.wikipedia.org/wiki/Von_Neumann_neighborhood
https://en.wikipedia.org/wiki/Von_Neumann_neighborhood
https://en.wikipedia.org/wiki/Moore_neighborhood
SSRG International Journal of VLSI & Signal Processing (SSRG - IJVSP) - Volume 5 Issue 3 - Sep to Dec 2018

ISSN: 2394  - 2584                        http://www.internationaljournalssrg.org                   Page 6



SSRG International Journal of VLSI & Signal Processing (SSRG - 1JVSP) - Volume 5 Issue 3 - Sep to Dec 2018

A simple way of representing 2-D CA is to consider it
as an extended neighbourhood 1-D CA,define its
characteristics matrix and use the technique already
exists for 1-D CA.however in 2-D CA we have to deal
with n* x n* T matrix.The T matrix for the above Rule
matrix 3x3 2-D CA is as below

For example

100 100 100
110 000 010 A B C
001 000 000
000 100 100
T= |o010 001 010 i
000 001 001 = D E F
100 100 110
000 010 010
001 001 011 G H |

Fig 11: characteristic T matrix
The sub-matrix A,E,I contains complete information
regarding the horizontal dependency of the CA Cells.

1 0 0
E= |0 0 1
0 0 1

Fig 12: horizontal dependency matrix
The Sub-matrix B,F contains information regarding
bottom dependencies.

1 0 0
B=|(0 0 O
0 0 o0

Fig 13: bottom dependency matrix
The sub-marix D,H contains information regarding
the top dependencies.

0 0 O
D=|o0 1 o0
0 0 O

Fig 14: top dependency matrix
The sub-matrix C,G contains information regarding
bottom-Right dependencies.

10 0
c=[0 1 o
0 0 0

Fig 15: bottom right dependency matrix

This can be drawn from table 6 that good fault
coverage can be achieved using partial scan chain
with clustering which results in less/comparable

overhead in the circuit as compared to overhead due to
Full scan chain.
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TABLE VI
Circuit No. of | No. of | Fault Total Fault
name primary output coverage no of | coverag
input faults e using
[ %] paper
related
to CA
cl7 5 2 100.000 22 NA
c432 36 7 99.237 524 97.09
c499 41 32 98.945 758 98.69
c880 60 26 100.000 942 96.39
cl355 41 32 99.492 1574 98.79
c1908 33 25 99.521 1879 97.33
c6288 32 32 99.561 7744 99.37
c2670 233 140 49.399 2747 88.24
c3540 50 22 96.004 3428 96.06
c5315 178 123 53.215 5350 97.79
c7552 207 108 64.874 7550 93.24

TABLE VI shows Experimental Result of Fault
Coverage Table for 6NCA in combinational circuit
without DFT

TABLE VII shows Experimental Result of Fault
Coverage Table for 6NCA in sequential circuit with
DFT
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cuit [Nu |no No | Applying Full | Applying Partial Scan | Hybrid (Partial + | Fault
nam |mbe |of of scan chain chain Observability covera
¢ f of D-. fault Nu |No [Faul [Nu |[No |[no Faul |Extr |No |Faul | 5%
ines | Flip |s of
(inp | Flop mbe | of t mbe | of of tcov |a of t previo
ut + | r of |fault |cove |r of |fault | D- erag |adde |fault | cove us
extr |s rage |extr |s Flip |e d S rage
outp - . : paper
ut) a usin | a Elop usi6 | obse usin
inse g inse in NC |rvab g
rted 6NC |rted scan | A ility 6NC
lines A line( chai poin A
(sca Sele n [%] |t
nin+ ct [%]
no line
2X1 and
MU scan
X + in
scan
out)
S38 |7+7 |6 384 | 1+6 |434 (963 |2 404 |3 80.1 |7 432 914 [958
6 +1 13 98 35
s510 | 19+ |6 564 | 1+6 |614 |99.6 |2 590 |4 928 |1 594 199.1 99.29
7 +1 74 81 58
S82 |18+ |5 850 |1+5 |892 |975 |2 864 |2 949 |4 878 |98.1 |93.29
0 19 +1 34 07 78
S83 |35+ |32 857 |1+3 | 111 |539 |2 991 |22 489 (13 102 |61.9 |57.14
8 2 2+1 |5 01 40 5 51
S83 |34+ |32 931 |1+3 |112 |76.6 |2 111 |30 |494 |7 113 |76.9 |NA
8.1 1 2+1 |7 64 3 16 9 10
TABLE VII
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IV . CONCLUSION

This paper presents a better way to generate Test
pattern using Cellular Automata.Using DFT
Techniques we converted sequential circuits into
equivalent combinational circuit.From experiment we
can conclude the Test patterns gives good fault
coverage .
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