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A Study on the Test Strategy Based on SSA Technique
for the Digital Circuit Boards in Production Line

= AN Ry
(Yun~-Seok Ko - Yong-Chae Jung)

Abstract — Test methodology is diversity by devices and the number of test pattern is tremendous because the digital
circuit includes TTL and CMOS family ICs as well as high density devices such as ROM and RAM. Accordingly, the
quick and effective test strategy is required to enhance the test productivity. This paper proposes the test strategy which
is able to be applied efficiently to the diversity devices on the digital circuit board by analyzing the structure and
characteristic of the digital device. Especially, this test strategy detects the faulted digital device or the faulted digital
circuit on the digital board using SSA(Serial Signature Analysis) technique based on the polynomial division theory. The
SSA technique identifies the faults by comparing the reminder from good device with reminder from the tested device. At
this time, the reminder is obtained by enforcing the data stream obtained from output pins of the tested device on the
LFSR(Linear Feedback Shift Register) representing the characteristic equation. Also, the method to obtain the optimal
signature analysis circuit is explained by furnishing the short bit input streams to the long bit input streams to the LFSR
having 8, 12, 16, 20bit input/output pins and by analyzing the occurring probability of error which is impossible to detect.
Finally, the effectiveness of the proposed test strategy is verified by simulating the stuck at 1 errors or stuck at 0 errors
for several devices on tvpical 8051 digital board.
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Fig. 1 Test principle for a digital circuit
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Table 2 Processing results based on internal PRBS generator

dIXAEH WS
(=] E8AEY

o

1>

O
S
o
O
s
o)
&
o
S

—_
PUPR—,
—_- - O

3
0
1
1

_——_— O = O
a e O m D =

- —_— O —m, O -0

- —_ O P O - O =

P e N i = SO S

P = N S o JST ST Sy
Q = - D e, O = - = O
- - e e O e = OO
[ R - P = =)
P = NN A I = I =]
- -0 =20 == Q0000

_a O e O —

1
01
101

0101 <%

UDBA —

ojd, AdFHE dojH 2EFPL olx uHoz FAH
% e, 92 L,?J@,*E%oll11010101
108l olx AFE JtAE gaad PaexTaxdedexrl2
EAE 4 ot dolE 2EFL AAGe Huxyg °9 A
FE Azoz 3o BE AFEe HWPAwsoE HE g
olFEHH, 2E AAF A7 Mol Hol Ko] Y& EvlA
o dxlago] HFEFHoZ Ynix Fo dAED. 28z, o
oA & A ayelxa Rev F 28 2EY xPxPx"+x+
Crx+1E B4 9 Pexhx® g 7HRlE W%8 LFSRZ
Uy dfE Boled, o] 1,0 1, 01 283z vHAZ}
1,0, 1, 19€ ¢ F Atk @A o yrolx & F Az
HAE Mgz A4S AT F Yok

23 38 948 2= g3 vxAdg ddstes A5d
LFSR #&¢] PRBS 447124 29 29+ €32 X-OR A

SSA Zigoll 7iust Yuxzgatdel cixg

Trans. KIEE. Vol. 54D, No. 4, APR, 2005

oz nu oy

tlo

SJEE0] R HAH7 HEd F&
g & Ut

i nY FanWA
N

| T
==&~ H{o o o f—{o ]

a3 3 258 LFSR #Z=2| PRBS 44 7|
Fig. 3 The PRBS generator with LFSR of external type
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Fig. 8 Electronic circuit model for performance evaluation
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szl e8| 2= 2& | me |2a0s | Pass
#| 28 | T 1Al o)A o | o | & fles| e | B= 0 & =
1 LATCH |74LS573F 0| 8| 8| 1| 10240 3328 1280 11 2 DI LATCH 7415573 A YES PASS
2| EPROM | 27C256 1| 151 8| 8| t[1310720| 425984 | 163840 2] 3 Dl EPROM 27C256 A YES PASS
3 SRAM 62256 15 8| 81 2[5252880(1179648| 655360 3| 4 o] SRAM 62256 A YES PASS
4 iDECODER|74L5138| 3| 0 8} 4 1280 416 160 4| 5 DI DECODER| 74LS138 A YES PASS
5 AND 74508 | 0| 81 4| 1 5120 2304 1280 51 6 DI AND 74508 A YES PASS
6 OR 74532 | 0| 8] 4| 1 5120 2304 1280 6f 7 Dl OR 741.832 A YES PASS
7 [INVERTER| 7418141 O 6| 6| 1 1920 704 320 71 8 DI INVERTER 74L.S14 A YES PASS
8 | FLIPFLOP (7418574} 0| 8| 8| 1| 10240 3328 1280 8| 9 o] FLIPFLOP | 74LS574 A YES PASS
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FZete ZdHodA RULE 1-7] 2A43td d£85202 ¢4
HAHEE 44, 4 5F59 ol=dA Hely dlolg JdH
o AZtg & nFA2IHRY Z SSAEY WEAHE 9
go. o3 o WRAHEE nFAEYY AARY ez
sted E 62 ANAY oz 43" ZF SSAEY YRy
B e 2o gd Aoz 7 RIS o HAE
TEST 1-5loll Bole uigt o] AA], dojzl A#AE X 69
B ZAFe v, Add AFEY FEHS AFEH

" 6 A4 2Fe AladlolX
Table 6. Signature of normal device

sy |Dx SSAQD | SSA1 | SSA2 | SSA3 | SSA4 | SSAS | SSAB | SSAT
- (Q0) | (@1} 1 (Q2) | (@3) | (Q4) | (@5) | (@6) | (Q7)
7415573 212 | A280 | 176F| 8756} 638F| 1186 | DF61 | 5746 | 031A
27C256 | 28| 7258 | E4B7 | 810A | 4A70 |DC84 | F16C |AABD| 1D1F
62256 {218 )|52D1 | 22A5 (4548 | 8AS6 | 152D | 2A5A | 5484 | A968
7415138 | 212 3042 | 6085 [C10B| 8217 | 042F | 085F| 10BF | 217F
741508 |12 1259 | 3317 | 68F6 |CF2E| - - - -
741532 |e2|A7B6|D7CE| ABIT1 [9B72] - - - -
74LS14 |23 |CD77|D248 | 0031 |FCD8] F044| EF33 - -
7418574 | 28| A280 | 176F | 8756 | 638F | 1186 |DF61 | 5746 | 031A

TEST 1] &3 %E 7415573 disf 5712 Hgo] g
o} 5H ¥ @ m0 A 5 9 We dFE nao F3g
59 #He 9¢d 1F1 Zg, 5 94 B oF 1l A a4
2 59174 A9 o5 nFl FF§E& Zeogtd Db 7405573
o2 LATCHel £38l22 RULE 1l 2489 ZHAsEo)
AT YA F$ SSA 0~SSA 70 zZHZ “A280",
"176F", "8756", "638F”, "1186", "DF61”, "5746" gx
“031A"E Yeldch uide] mF0 Age AL E 79 #1o
welutel o] SSA 0~SSA 7°] Z+Z+ “A280", "176F",
"8756", "FFFF”, "1186", "DF61", "5746" 18|31 "031A"& 1}
Etdct. debx FAdHe RedE7 Z& SSAQ, SSAL
SSA2, SSA4, SSA5, SSA6, SSA7TE "0“E FAToEH A
494-€ FASY AHs G& SSA 30] "1“& EAFoe=ZH
HEHer 1Y HEIRE "I'E EAFY A7A "0tE
A4 e & PASSE whde] "14¢ mgAel & FAILS 9
"] gt

TEST 2] A K& 27C256°1 Wisf 571x] Ago] Bejdr),
9d He 9 mF0 A% g, 134 "9 vF 170 FF, 9
W oEe @d 13 2,9, 134 B9 odF I 2T a9
29 13 184 B gdF nFl AFYEL 2o 474 A
9% oj=g2 ¥olxm H 13, 18& Hlolg Holmg o=dHx
3 golg He uRL ¥R TE gFow A
"k D7k 27C2562.2 ROMel %322 RULE 2]9 <A3}
o zAdgoe] wAde e H$-Ed diEAd E 79 #1
of Holute} #o] SSAES FEAAE riwter uFHAE7
3o “I"% EAFozA H¥sA “FAIL'S Qe &
4 At

TEST 3] &A2F 622560 dia] 571 Adto] Rolgr)
9d Heo vd 130 43 9 13d A dF nH0 Y, 9
W He g maA 4 9 138 #He uF 13}l Z g
Z 9 13, 188 B9 tF I} AT 23t o) A
9& ol=g A Wolx M 13, 182 HolE Moj= 2 TEST 4]

dl
rE

[*]

SSA Zigoll J{utet Yitxzgatelel XY 2F
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o A9 o] oj=dla W Holy B mYL APHo
B EE gFoz 2% "o D7l 6225622 RAMe £

322 RULE 3]ol 73t HAldglo] 2Aac. #zte #
SEo waHlA E 79 Aol BAuteg o] SSASY FE
Aol wet nAHE7] Y] I"E BAFoRN n¥HE
327t AgaA o= Holy dolg W nAAF of
M A& A “FAIL'S FAEE & F 34

TEST 4] ZA5F 74151389 i3] 57}A] Ago] RoH
oo 2d we dd 3RO A, 2, 7 ¥ uF nFH0 A7,
29 9o 9o mzl ZAF, 2, 7 B oF n3l A a9
2,7 1589 ¥ oF nF L ZYF 74 29
H& Addg ol Db 74LS1382 DECODERe| £38to2
RULE 4]o] ZA3te FAApdde] 2A4€q. Zze) B $-Edl
A & 79 AHE BAo2N 1 HEV 327 AYH
oyt dolg W9 Bd =& 9F 2FY F 4 dilMx
B8stA “FAIL'S FEFHS ¢ & Ao

x 7 1A 2Zof 2t sSao st AlzdolH
Table 7. SSA signature of faulted device

28 2% SSAO | SSA1 | S8A2 [ SSA3 | SSA4 | SSAS | SSAS | SSA7 | PASS
g |Ered|mes] (Q0) | Q1) ] (Q2) [ (Q3) | (Q4) | (Q5) | (Q6) | (Q7) {/FAIL

Da0] 5 | A2B0 ] 176F | 8756 | FFFF ] 1186 | DF61] 5746 | 031A ] FAIL
2&0| 59 | A280 | 176F | 8756 | FD68 | 1186 | OF61 | 5746 | 031A | FAIL
754}35' D&1| 5 | A280 | 176F | 8756 | FFFF | 1186 | DF61 | 5746 | FFFF | FAIL
Dat1| 59 | A280 | 176F | 8756 | FOB8 | 1186 | DF61 | 5746 | FOB8 | FAIL
21| 5.9.17 | A280 | 176F | FO68 | FD68 | 1186 | DF61 | 5746 | FDBB| FAIL

a0l 9 4722 | 8E45 | 09FD | 068D | 186D [ 25AC | 5E2E | A92A | FAIL
Q&80 9,13 | FB34 | F669 [ 3DD1 | AAAQ | 8442 | D987 | 620C | 1518 | FAIL
eS| ] CA86 | 950D | 7708 | 8302 | 3B16 | 2B3F | 0B6C |4BCA| FAIL
U&1{ 9,13 | 1633 | 2C66 | 8884 { C410( 5858 | 65CB | 18EE | E2AS | FAIL
0&119.13.18| 1633 | 2C66 | 8BB4 | C410 | 5B59 | 65CB | 4ED7| E2A5 | FAIL

27C
256

Daol 9 | BEBE | 4022 | 4280 | 47C4 | 4DAC | 585C | 727C | 263D | FAIL
Dato] 913 | F418 | F783 | £986 | D5DC| ADOB | 5CAT | BFF2 | 7955 | FAIL
55262 Da| 9 | 560D | E835 | 8D79 | 47E0 | D203 | F8B4 | ACTA | O5E7 | FAIL

nai1] 9.13 | 4424 | E8C2 | 02FC | D680 | 7E78 [ 2F89 | 8CBB | CBAE| FAIL
22at1]e.13.18| 4424 | E8C2 | 02FC | D680 | 7E78 | 2F89 | 9151 |CBAE] FAIL
axmo| 2 | FFFF | FFFF |C10B | 8217 | FFFF | FFFF | 108F [ 217F | FAIL
a&0| 27 | FFFF | FFFF [C10B] 8217 [ FFFF [ FEFF | 10BF [ FFFF | FAIL

714;5 Dan| 2 | 3042 | 6085 | FFFF | FFFF | 042F) OBSF | FFFF | FFFF | FAIL
Dai| 2.7 | 3042 | 6085 | FFFF | FFFF | 042F | 0BSF| FFFF | D194 | FAIL
&1 2.7.15 | D194 | 6085 | FFFF | FFFF | 042F | 0B5F | FFFF | D194 FAIL
Dmo| z | FFFF| 8317 | FFFF|FFFE] = | = | - | - | FAIL
Dao| 28 | FFFF | 3317 | FFFF|CF2E| < | = | = | = | FAL
73? Dai| 2 | A280 | 3317 | FFFF | FFFF | - | - — | - [FAL
Da1] 28 | A280 | 3317 | FOBB |CF2E| - | - | < | - | FAIL
Da] 2611 | A280 | 3317| FOBB|FOB8| - | - | - | - |FAL
Dao] 1. | 176F |DTCE| A1 |9872] - | - | - | - |FAL
D&0] 14 | 176F | 8756 |A611|9B72] < | - | - | - |FAL
7353 2a1| 1 | FDes |D7CE| A611|9B72| - | - — | - [FAL
Da1| 14 |FO68 | FOBB | ABT1]9872] - | - | - | - I|FAL
D21 1411 | FOGB | FOBB | AB11 |FDBB| - | - | - | - | FALL
Ta0| 2 | FFFF | D248 | 0031 | FCDB| F044 |CEAB| - | - | FAIL
2m0| 26 | FFFF | D248 | 0031 | FFFF | FO44 | EF33| - | — | FAIL
7‘;‘55 nai| 2 | FFFF | D248 | 0031 | FCO8| FO44 | EF33| - | - | FAIL
nat| 26 |CEAB| D248 | 0031 |CEAB| FOA4 | EF33| - | - | FAIL
D8t1| 2.6.12 |CEAB | D248 | 0031 |CEAB| FO44 | FFFF| - | < | FALL
Da0| 3 | A280 | FFFF | 6756 | 638F | 1186 | DF61 | 5746 | 031A | FAIL
Tiat0| 5.4 | A280 | FFFF| 8756) 638F | 1186 | FFFF | 5746 | 031A | FAIL
75‘75? 2a1| 3 | A280 | FDBB | 8756 | B38F | 1186 | DF61 | 5746 | 031A | FAIL

231 3.14
031|3.14.17| A280 | FD68 | FO68 | 638F { 1186 | FO68 | 5746

A280 | FD68 | 8756 | 638F | 1186 | FO68 | 5746 | 031A | FAIL
031A [ FAIL

MZ PCB2 HART ol CiEt AT

TEST 5] &AYE 74LS081 tis] 571X ZAgo] gt
23 He] 9 3z A4, 2, 8 He] dF a0 A3 29
o] &Y zza A3 2 84 He tF mF 43 a1z
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