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Abstract

In this paper, we propose a new X-masking scheme for utilizing logic built-in self-test The new scheme exploits the

phase-shifting network which is based on the shift-and~add property of maximum length pseudorandom binary
sequences(m-sequences). The phase-shifting network generates mask-patterns to multiple scan chains by appropriately
shifting the m-sequence of an LFSR. The number of shifts required to generate each scan chain mask pattern can be
dynamically reconfigured during a test session. An iterative simulation procedure to synthesize the phase-shifting network
is proposed. Because the number of candidates for phase-shifting that can generate a scan chain mask pattern are very
large, the proposed X-masking scheme reduce the hardware overhead efficiently. Experimental results demonstrate that the

proposed X-masking technique requires less storage and hardware overhead with the conventional methods.

Keywords : Logic BIST, response compaction, X-masking, phase-shifting
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Fig. 3. The proposed X-masking circuit architecture.
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Function phase_network_synthesis --.mcs-o’] i\—ZH iﬂ ?_] U]—_/'::_i EH %%i T4 6] ‘Q__l:]-
Input : mask pattern sets M . = - Do
Output : phase-shift value of each scan chain over all configurations 7‘] H‘] 7}"6‘- EE ]:1 2 Soﬂ EHBH }"] PP table(k)
(a) seti=1 _
(b) initialize PP_table, TP_table ; 9} my7t AESE (mutua]ly compatible) 7F&3%F
while(M = empty) begin (i)
(c) initialize P for each scan chain; kEPj ! 7}‘ %—Zﬂ °] UH ‘:B} E1 lF{Ll], ug, ... uz}t_‘
(d) m, ;= current mask pattern;
(e) while(coverhnz?sk_pattern(PP_[ab/e, P, m)) begin U:{UJ, vz, L9 9o o dEsiA (1<i<z) o
() reduce P{;
delete current mask pattern m, from M; $9 3714 & I FEF o Az gYsicln
(9) update PP_fable;
end while 3ol
(h) store current P{® to PVrequce;
Eivt; D w, v7t BF 18%YE W w=v
end while
(i) Select_phase_configuration(P;sguce); 2) Uu; 7]’ U- B] E

end phase_network_synthesis
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Fig. 4. Phase-shifting network synthesis algorithm.
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(A) Mask pattern set )
m i My { m; =!
Scan chain 1 0UUU | UU1U} UUUU| uouu uu1u ouuu
Scan chain 2 UU1U; uuuo UOUUi UUU1 {U1UU UU1U
Scan chain 3 1UUU} UTUUI U1UU} UUOU iUUUOI ULTU
(B) Phase network synthesis

Init.) (@) m, (b) mz
PyV: (1,2,3,4,5,6,7,8,9,10,11,12,13,14,15)  (4,6,9,10, 12, 13, 14) (9, 10, 12, 14)
P.": (1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15) (1,3,5,6,9, 13, 14, 15) (3,5,6,14)
PJ“ (1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15) (2,3,5,7.8,11,15) (2, 3,11, 15)

(c) mg {d) mg (e) None : End of confi. 1.

(9,.10,12,14)  (12,14) (12, 14)

(3,5) 3.5) (3,5)

(2, 11) (11) ()

Init.) (f) ms (@) me
P«®:(1,2,3,4,56,7,8,910,11,12,13,14,15)  (2,4,5, 8, 12, 13, 14, 15) (4, 5,8, 14)
P.?: (1,2,3,4,5,6,7,8,9,10,11,12,13,14,15)  (1,3,5,6,9, 13, 14, 15) (1,9, 13, 15)
Ps?: (1,2,3,4,56,7,8,9,10,11,12,13,14,15) (2, 5,6, 8, 9, 10, 15) (8,9, 10, 15)
(C) PPretice

(@) Init, P3" by PA®, Py@ , P®, P® (c) P

P (12, 14) (14) (14)

P,": (3.5) (3. 5) (3)

P (1) amn (11)

P«®. (4,58 14) (14) (14)

P2 (1,9,13,15) (15) (15)

P (8,9,10,15) (15) (15)

(D) TP_table and PP_table

PP_table

TP_table (a) (b) (c) (d) (e) (f)
1001 1110 1011 0010 6011 1101 0110
1011 1101 0110 6100 0111 1610 1100
1111 1010 1100 1000 1111 0101 1001
0111 0101 1001 0001 1710 1011 0010
7710 1011 0010 6011 1101 0110 0100
0101 0110 0100 0111 1010 1100 1000
1010 1100 1000 114 0101 1001 0001
1101 1001 0001 1110 17011 0010 D011
0011 0010 0011 1101 0110 0100 0111
0110 0100 0111 1010 1100 1000 1111
1100 1000 1711 0101 1001 0001 7110
0001 6001 7110 1011 0010 00711 7101
0010 0011 7101 0110 0100 0111 1010
0100 0111 7010 1100 1000 1111 0101
1000 1111 G101 1001 0001 1110 1011

a3l 5 AFol HESRZ M o
Fig. 5 Example of phase-shifting network synthesis.
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Fig. 6. Example phase-shifting network.
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85t X-nt23 71y 584 ¢
# 1. ISCAS'8Q #Hixof3 &2
Table 1. ISCAS'89 benchmark circuit.
.. No. of No. of Circuit
Circuit Outputs Faults scan chain Size(GE)
s208 20 610 2 156
s344 26 662 3 210
s400 27 778 3 213
s444 27 754 3 232
s526 27 932 3 245
s713 42 908 5 489
$5378 228 6536 32 3221
s13207 790 15480 32 9441
$15850 684 18130 32 11067
38584 1730 60350 32 22447

F 12 A8 Aed wxula 32 B3 AR
uvehdtt, 28R 42 7z 329] 8548 Yehn F
Z£9Y(primary input) T 270 A& 0]&3% FA1EH
(pseudo-primary output)®] & @3 Folth 3AA)
ge =Y FAste 0-nFuAe] Fo 1-nH1Y

9 2 W nF 1Y F4 otk 5HA EY
“Circuit size” = 71]"] E S 712 (gate equivalent value)

2 S WA R A7) otk n-dY NAND E&
NOR ACEE 051, 283 IWEe tisidE 059
ACIES7 A E AHEEITh B3 ER2TAE AlOE
= 05 282 EHEF dAAE 69 }]]OIE%'_;?],_)’:
A& ALIAAHRS 32 thg] 2 Aole T
o thaiM 3 AlolE, 28 GA| ajj_g_aog _,4-5]] 174¢]

E). 4¥A 32 Ygozg H2E Y A4S 2

datd gtk Red HiE AR Adsg e
e Be 4759 AHE ol A5a]
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A & 5 e Aoz JHASgTh 48 Helg
A Ao AHgE WAt JIREL BE 20 A
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i 7R g,

AL 27kA g2 AYsiget A 1S ATPGE
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20074 28 MX5E3 =EX A M4 HASDHAH 23S
E 2 ATPG HAE miedoll cfst X-ofA3 A8 2 3Hp=0.2%)
Table 2. Experimental results for ATPG test patterns.
Circuit P S Yia confi XOR storage
requirement
298 41 114 2.73 6 13 24
344 38 122 321 5 13 20
400 43 128 2.98 3 10 15
s444 46 126 274 4 13 20
52 55 171 311 5 13 %
s713 59 176 2.98 4 16 24
5378 284 1383 487 5 44 40
13207 429 4132 963 19 62 133
515850 513 3710 723 17 71 119
538584 824 13149 1596 24 109 168
E 3 fAEEe HAE siHol tist X-olA= MY AIHp=0.2%)
Table 3. Experimental resuits for pseudorandom test patterns.
Circuit P 5 sp conf XOR storage
requirement
293 600 103 017 1 5 10
$344 300 101 0.34 1 7 9
400 500 97 0.19 1 6 9
5444 600 108 018 1 6 9
$526 2600 157 006 1 6 12
713 2500 164 007 1 7 12
5378 10000 1027 0.10 2 29 2%
13207 42000 4085 0.10 2 35 30
15850 1200 3330 2.79 4 68 40
38584 30000 12752 043 3 61 45
E 4 J|E dpgniele dHw
Table 4. Result comparison to previous works.
Naruse et al, [9] Tang et al, [(11] Proposed
Circuit p=02 (a} p=0.2% (b) p=0.2%
1rcun .
Minimal
P los o Juw | Pl e Y s Ten [uw ] p | op | aw o
<298 | 600 2 14 60% 25 16% | 6% 41 278 1 51% | 600 | 017 | 4% | 5%
s34 || 300 1 20 60% 16 26% | 6% 38 321 | 57% | 300 | 034 | 31% | 4%
400 | 500 1 19 57% 2 22% | 12% 43 208 | 46% | 500 | 019 | 30% | 4%
444 | 600 4 10 31% 28 12% | 6% 4% 274 | 4% | 600 | 018 | 28% | 4%
5% | 2600 4 30 7% 55 15% | 13% 55 311 | 49% | 2600 | 006 | 27% | 4%
s713 || 23500 9 % 44% 31 129% | 4% 59 208 | 23% | 200 | 007 | 14% | 2%
s5378 || 10000 | 103 30 30% 121 | 73% | 10% 284 487 7% | 10000 | 010 | 4% 2%
13207 || 42000 | 462 31 0% 276 | 13% | 14% 429 963 6% | 42000 | 010 | 2% 1%
s15850 | 1200 100 28 8% 139 | 229% | 1% | 513 723 5% 1200 | 279 | 3% 1%
38584 | 30000 | 1002 21 4% 147 | 22% | 15% || 824 | 1596 | 4% | 30000 | 043 29% 1%
29 A WA E9 F dHA @& WAz olF ot BE w23 dY AEE A 9 27 A9
3 Aol A8 H2E A”e) £8 vehdnh slaa shaz AojERe 94 Hdg delsjel she A Y
A2 o0 13 23 A& B8ty RE X-# & Z5E 9rdd. “XOR” €2 7 3'5]19] Aol
HE utaa =] O-gho] AEHUEVIZE ALHEES A EfAe Fdo] Zad XOR AolE
e R2bel=2 20 2 “storage requirement” g2 JHEi UﬂJ_E] 9} A7)
"S" Ge mhxa AEe Eddke FARO =D sy gy $48 ol&stel Tau
HES & gu|dit) T “S/P” 94L& SE HE" £(P) ; Jog, P
B . = storage requirement = confi. X <log,P"™ >
2 v ghold, vizza dd Ul ¥£8y s g 74

g MBS +& omdt} “confi.

Ped O,
=1

Hes 34

f

<)

(224)
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