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Abstract

The original March algorithms cannot detect CMOS ADOFs(Address Decoder Open Faults)

which requires separate deterministic test patterns. Modified March algorithm using DOF(Degree of
Freedom) was suggested to detect these faults in addition to conventional stuck faults. This paper
augments the modified march test to further capture NPSFs(Neighborhood Pattern Sensitive Faults).
Complete CA(Cellular Automata) is used for address generation and RI-LFSRs(Randomly Inversed
LFSRs) for data generation. A new modified March algorithm can detect SAF, CF, TF, CMOS
ADOFs, and part of NPSFs. Time complexity of this algorithm is still O(n).
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ot72]Z 1 : 10 N MARCH C Hl2E
Algorithm 1 : 10 N March C test

{March element 1(r0, wl)}

For cell := 0 to n-1 do

begin
read A/cell]; {Expected value
write 1 to Afcell];

end;

{March element 4(r1, w0)}

For cell := 0 to n-1 do

begin
read Afcell]; {Expected value
write 0 to Alcell];

end;

d2|& 2 : March HIAE A 245 {(1G0,wl),
$(r1,w0)}
Algorithm 2 : March test Element {1G:0,w1),
U(r1,w0)}
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Fig. 1. Address decoder using NAND gate.
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Algorithm 3 : Effect of CMOS ADOF and

test data to detect CMOS ADOF
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Table 2. Naming of CA Rule.

7 6 5 4 3 2 1 0
111 110 101 100 011 010 001 000

Rle® 0 1 0 1 1 0 1 O
Ruel®0 1 0 0 1 0 1 1 O
128 64 32 16 8 4 2 1

£ 2¢ 7153 2ZE FoA DR ¢lE E Aol
v} Rule 909149 ohg- Aele #-9-2] dx) A= 312
modulo-2 sum A4lel] 2j3le] @3-& 7ol Rule 150
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Fig. 3. Implementation of CA Rule 150.
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# 37 % SDiF # 4% 75
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Trow
0 1 133750} 2 |39 42
1341014528 53]62
2 |49 6 [18]25 | 43| 32[5
336 ]57[12] 7 [16]47]
4 |la 1| 4l23]3]|m
5 |51 29| 8 | 26| 22|20
6 |38 4613195614
7 |64]15[55] 21| 4063
a2l 5. 8x8 WxelolA 94 CAQ F4 44 4]

Fig. 5. Address sequence of complete CA in 8X8
memory.
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row
0 521 2 1 35
1 33140 | 15
2 {9 | 56| 46
313 [62|45|61|53]|10
4 |41 154 4 {44 3 |57
5103 (47 |12 |30 |16 | 11 | E
6 |49 |32 |18 |60 |43 | 6
7151720 8 [ 27122129
a2l 6. 8x8 wlmelelA] A LFSRY F4 A +=
A
Fig. 6. Address sequence of completg LFSR in 8X8
memory.
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a7 9. 5 ¥ E LFSR
Fig. 9. 5 bits LFSR.

218 10. 5 ¥ & RI-LFSR
Fig. 10. b bits RI-LFSR.

Azl A, FAEAE w4 Y odHele AAE
ge] 3¥-& ol SAF, AF, CF, ¥ TFE2 w449 1
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NPSF2] 2448%%5 A% 4 JYrHI8 cycled 79
#3118 Tiling®} Checkerboarde 73&9l w4 A4
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Table 3. Fault coverage of static NPSF in 8%
8 memory.

Memory o Checker | Complete
Size | Umg ) hoard | LFSR

8X8 | NI | RI| NI | RI | NI | Rl | NI { RI
10 cycle|13.54[15.10(11.46|13.98 | 13.72| 13.80 | 14.15 ] 14.93
11 cycle{14.15117.01112.07} 1554 | 14.84| 15.36 | 1476 | 16.49
12 cycle| 1545189211293 16.75 [ 1589 | 16,67 | 1597 | 17.97
13 cycle]16.67 12049 4% | 17531727 | 17.88 | 16.84 | 1892
14 cycle|1753)21.61]1354| 1823 | 1858 | 1875 1 18.32 | 19.53
15 cycle| 18.3222.74114.06) 19.44| 19.27) 19.88 | 18.84 | 20.49
16 cycle|19.01|24.74|14.15| 21.18 { 19.79 | 21.88 | 19.62 | 22.31
17 cycle| 1970 {26.22|14.58{ 21.96 | 20.05 | 22.92 | 20.05 | 23.61
18 cycle|21.09127.26)1510| &5 | 2027 | 2352 | 21.35 [ 2448

19 cycle| 3% | B | BE | AE |35 |45 |45 | 8%

CompleteCA

% A & o, NPSFi Xéﬂb‘}ﬂ Sikis El
75 Hell=tiles 2% &F nd Wze 49 ),
PR(Rseudo-Random)®wie] ZAAAQ] vpEc) o &
< H2E ARl o7 S Mo Frh & 349
2448%2 1A HAZE A wbEel  Tiling,
Checkerboardsiel] 28 wAFgA et fAabshe, 94
LFSREx} 313 A75rt 258 o 5 sk
1857] v, NPSF AHE= o o3 S/ ¢
Edl, ol wme] Al 2 sde] ukRajia o7}
7] wigelek. NPSF w487 EE Fol7] 93l 1857)
7h%]%, 591 RI-LFSR& AHgska, o1 o] Felle 16v]
E9] RI-LFSR& AHg3lglon] % 5o 2 ZAxe A=
shich

E 4 7494 d2aEd A€y deEd
w2

Table 4. Comparison of Deterministic test &
Pseudo-Random test

Test Length
Fault o Pseudo-Random
DetEHmnlSth e= e= e=
0.01 0.001 | 0.000001
k:5F 1% -n 1200 - n{1805-n| 3625 n

=3

Table

SDi % 4 %

5. H|l2E wdlo]E| = RI-LFSR16&

7

A4

o 8x8 wlEelelA X NPSF A
A7
5. Fault coverage of static NPSF in 8X
8 memory using RI-LFSR16 as test
data.

Memory
Size
8X8

Tiling

Checker
board

Complete
LFSR

Complete
CA

NI

RI

NI

RI

NI

RI

NI

RI

10 cycle

1510

1467

15.28

1493

15.28

14.06

16.23

1571

20 cycle

2509

2587

26.04

2614

2517

2491

25.35

27.08

30 cycle

28.99

34.98

30.56

37.85

3021

3411

29.86

36.89

40 cycle

34.90

42.45

37.23

4757

35.33

42.36

36.02

46,61

50 cycle

38.19

48.09

4262

5451

39.32

48.09

40.02

5252

60 cycle

4132

52.86

46.88

59.64

44.10

53.99

4349

57.53

70 cycle

4497

56.60

51.04

65.10

4792

59.29

46.18

63.02

80 cycle

4748

59.81

5451

6840

5095

6241

4766

66.15

90 cycle

49.05

62.07

5773

71.70

53.73

65.62

49.83

69.79

100 cycle

50.26

64.15

59.46

74.05

55.90

68.23

51.22

72.31

150 cycle

56.42

69.44

68.66

82.64

62.33

76.30

5547

83.16

200 cycle

58.16

72.14

70.75

83.02

65.02

7891

5712

87.15

250 cycle

59.55

7292

71.96

90.10

66.32

80.64

58.07

8845
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Fig. 11. Graph for NPSF fault coverage.
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