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Test set reordering method for test performance estimation

Zhan Wenfa Peng Denghui  Shao Zhiwei

(School of Computer and Information, Anging Normal University,, Anqing 246133, China)

Abstract: At present, long test time and low test efficiency are one of the key problems affecting test cost in IC testing. To solve this
problem, a test set reordering method based on test performance estimation is proposed. Firstly, different fault types are classified and
modeled, and then each fault type is simulated. The test performance of test patterns is estimated by injecting faults into each logic gate
and counting the total area of test patterns hitting the fault gate. Finally, the test sets are reordered according to the test performance.
Experiments show that the sequenced test set test can reduce the fault detection time by 53.29% for single stuck-at fault. This method is
to analyze and count the logic structure of the circuit and then optimize the test set, test the ISCAS 89 standard circuit, and compare it
with other test sets to reorder it, which has obvious optimization. The algorithm operation is completely software-based, without any
additional hardware overhead, and can be directly compatible with the traditional integrated circuit test process.
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Fig. 1 Test performance diagram of test vector
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Fig.2  Algorithm flow chart
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Table 2 Number of logic gates hit by test vectors

RERARE MdE 511 80T 3BT SR 8ERT
5378 2779 0 232 1033 0 171
9234 5597 464 360 2375 300 27
513207 7951 545 444 3580 463 32
s15850 9772 716 525 4334 540 48
$35932 16065 300 300 2520 4980 0
s38584 19253 3042 2288 5566 1147 362

S T UERAHE R R A R BE L HE R T 7
i 3 H 07 ELSEEGBEHL ™ A2 50 AN IR, FEAS b B o A
100 MR AL, 3L 5 000 ASFFINER B, 78 BF TR
B BEHLE B — AT T BEHLIE A EE 01 SR A b Rl 4
SR B8 D 0 v R HE R S A D3 e X A
DU E AT 5 YR, SR st ] an 3 3 4 iR, %3
X [ O WRRE, S U I AP 2 5 e A ) B [ 531 i 2>
T 51.55% 50. 06% 45. 98% .51. 70% 48. 30% ,5 YKz



- 58 - LSRR R e o

LURRE

) ke A I B[] - 7070 T 49.52% 0 6 4 X T ENE 1
AR )5 YN S K il ARy 1000 s 1] 43 391 s 20 T 58, 78%
54.50% .59. 91% .53.79% .58. 27% ,5 YR IM A4 fic [s A6 )

TR 2450800 T 57. 05% , MNFR 3 Fi 4 w1, 5 Yl Yy
S8 5 A s 0 ik 2L U 0 W RE /0N 15 Y B A R (] 1Y)
WA EILTEREA S B NI B R A aE it

F3 EE 0 HELEE RN A E
Table 3 Stuck-at 0 fault reduced test time

MESAER TVECE MR R 1 _BRBNWE -

5378 | 004 )5 5 000 i hR 17 738 16 835 16 799 17 261 16 977
HeF 8 033 8 170 8 182 8 086 8 067
90234 5 027 379 5 000 J Ik 71 955 77 114 80 022 79 877 76 293
Hev 29 883 29 341 34 218 31 502 28 317
13207 5 573 450 5 000 JhR 72 897 64 514 62 638 74 015 85 164
He 44 508 42918 43 157 45 894 46 401
15850 3 448 437 5 000 G 47 724 66 424 78 379 67 874 71 734
Heoy 23 115 28 638 48 071 31 604 34 975
38417 8 709 919 5 000 JR R 47 566 48 251 49 715 42 641 43 725
Heryp 21 940 19 456 22771 16 432 26 084
38584 11 448 653 5000 JRiG 104 284 71 264 79 584 73 049 75 038
Hey 50 315 44 960 45 041 41 204 47 015

S-SR A0 i ) sk 2L 49.52% 51.55% 50. 06% 45.98% 51.70% 48.30%

F4 EE1HEREHONKLEE
Table 4 Stuck-at 1 fault reduced test time
——
WHAT TR WRRRERE LR 1 L -

5378 L 004 55 5 000 Jlh 20 677 18 521 194 51 20 437 20 649

Her 10 114 9215 9 758 9 689 10 176

90234 5 027 179 5 000 JE a6k 24 663 25 597 21 786 24 876 23 825

HeF 6 494 6 538 6 398 6 490 6 454

1327 5573 480 5 000 JE R 21 538 21 498 21 447 22 421 22 294

Heoy 12 498 16 914 6 974 12 108 8 341

15850 3 448 437 5 000 JE b 17 907 16 328 15 769 17 032 17 181

HeF 9482 8 241 8 414 7 437 8 234

38417 8 700 019 5 000 JE R 21 086 17 165 25 227 15118 14 418

He7 6 487 6 824 9 265 6351 6 270

38584 11 448 653 5 000 JE b 24 115 27 168 24 108 22 173 25 984

Hery 7 315 7 825 9 264 14 215 11 746

S 287 L ARG e ] ik 2> 57.05% 58.78% 54.50% 59.91% 53.79% 58.27%

3.3 SECIEXTLEFNS AR

ST G IE B AR SO R B A A, AR S0 ST
K[ 15,187 BT ) /2 2B & A Atalanta I3 [ 72 2 W
AEF= A AR SEA T HE T S A H A

XFFSCHR [ 157, B A S SE 50 s AN TR Jor DA
FHSCHR[ 15 ] M0 B8 S 805 8 N2 | Rl A 3¢
S E M 1ISCAS8Y s i HL i 1 s5378 59234 513207 ,
s15850 538417 38584 1E 4y S A, 6, 3 3o g PR 45 A FL
F& O EIAEE , th T OCHk[ 15 ] & am ad e i AR A9 I B e
KX = R AT EHER BT DA SE BEHL AR 10 A d
A S B AL 100 SRR L 6 AR D H R
BEAIL B B — AT TBREAL I A B 2 0 S 2 1 s fE R ke

A X ) s FHTHE R IS 4% BEAR SCR PR v, BEAIL
FEHE 50 AR, BEAS AR AL 100 N FREIGES A, 7EAEAS
TR R 5 B AL B — AN T T REAILTE A E 0 S 2 185
B SOt F 8 P 4 0 v e 0 S 1 3K
IR B R T 5 U,

X FSCHR 18], fif FHAG /& ISCAS 89 Fifi: Fi i 1 HL
FEHE KA $5378 9234 513207 , 515850, 538417 , s38584
SCHR[ 18] B et AT L AL B BEHL= A 50 A~ SR, A
A i B AL 100 A FE I L B 7E B0 18 DU R % v B AL
PR —ANT TREHLI: AR E 0,1 BB AE ) 46 1k i i
MR A T A HE T . IR A HE R I AR )
FPERE , BREAIL2E 100 A5 3, B4 fb B4 B 200 A4~



5113

I BEAG T A AR E HE Y O ik -+ 59 -

o DN FEL B | 6 R0 15 0 P B v B ATL 6 B — A TT B ATL I A
[T 01 SRR Ry It g, 1t ) 3 ) 2 70 90 4%
S BN ) e T e B A T 5 ISR 18]

R T R W R IIA S RIS . £ 5 WAL
S SCERI 15,18 T AXTEE . SCHR[ 15 ] 75 Hi 91 347 b s A6 )
B TR 20 A 235 SR FH A O T 2 O BR R 9 A 38 N, S
PR 18 145 M B - $47 55 s Az ) s i ik 20> 1) 435 SR FH 18 T
SERN— R B AV T vk . KT ISCAS 89 A5 i Hi %
PRSI0 P AR 25 SR | T 4 4 T R 0 £ B (1] b SCR [ 15 ]
175 14. 78% , tLSCRR[ 18] %1 11. 7%,

SCHR 18T [RIFE SRy 1 4 Je Il 3k st ], 2 v 0 U 350%
DR 8 e & O L - B 1 PO S 97 = o7 NG RE ST L B B v

R AN 12X 1) £ 1 0 5 S5 R S DL P ST M R A
TR A B A R S AR G HE Y, TN R
o PSSR LS —F w [ N T AT
— R GMRA HEAT 5 W88 J )25 e ) 3 2 LA R i
AN, A SCRE AR Z SR 15, 18 ] F ik
JEL e 75 S PR H 4 FE A (R RE B R . S
T VAR S R BEAE R HE T Y SR b, XN [
TRUEASE , F B N A B3 A 2 DN 1)k 1 T i %
DA RE A 75 100 300 3 1) 22 4 506 o 28 mT LA B L1 ke B
B, I FLiE AT 2 A U4 )t REAIR T X 0 il s Fl 0 3K
A ]

x5 =WIEENMAERM A EITLE

Table 5 Comparison of three methods to improve test efficiency (%)
HL IR 44 B B R SCHR[ 15 ] PR BO ARG s [ ws b SCRRL 18 ] -2 s BRI i (R0l AR SCOP A e A 0 i i) i 2>

5378 B[ 5 A5 31. 64 43.28 51.79
$9234 B[ 5 A5 33. 14 40.83 66.70
s13207 P R R 28.03 40. 56 42.96
s15850 BA [ 5 A5 34.28 39.93 50. 13
38417 B[ 5 A5 49. 63 32.85 58.08
38584 L[ S S 39. 69 37.45 51.28
P-4 R/ B ] 36.07 39.15 50. 85

[2] NOVAK O, PLIVA Z. Test response compaction method

4 Z’é.: it with improved detection and diagnostic abilities [ J ].

AR SCR R S B Y S o R ok g 0 3 0 3 )
SHEFRIICA o 8 A X AN ] 2 R A o 7
A A 2R D ) e 0 I A 0 3P BE A 5 1
i) AR S B nT A SR 4 S I e g ELA ST AR )
L aE S/ WA VA3 o 2 (A i € L
T ELAR SCH- 2 HAT RS B0 3 107 1 B (] A 9 R 53 125
PEREA 2 N BT R e, HLAS SCT7 1 2 o A ik T 41
B, AN IE AT RECETT 8, 7T LA B A TSR e
PN AR 3 g S 30k W el HE e J i B 2
Pl b I 8], SR S B A O 3 S 0 ok
A2 R AN — T A T LB R — R A7 A B, 75 AR AT LA fifE
FALES A 2T W07 2 5 2RO i A5 AR ZE &, W AR A A
A RE BRI 1 58 N, 1T EL BB KR AR SR AT W] fiE
FHETENL EI, Hlas B SR,

BE3H

[1] SEO S, LEE Y, KANG S. Tri-state coding using
reconfiguration of twisted ring counter for test data
compression[ J ]. IEEE Transactions on Computer-Aided

Design of Integrated Circuits and Systems, 2015,

35(2) . 274-284.

Microelectronics Reliability, 2018, 80, 249-256.

[ 3] ZHAN W, EL-MALEH A. A new scheme of test data
compression based on equal-run-length coding (ERLC) [J].
INTEGRATION, the VLSI Journal, 2012, 45 (1):
91-98.

[ 4] XIANG D, CHEN M, FUJIWARA H. Using weighted
scan enable signals to improve test effectiveness of scan-
based BIST [ J]. IEEE Transactions on Computers,
2007, 56(12) . 1619-1628.

[ 5] RUAN A, KANG S, WANG Y, et al. A Built-In Self-
Test (BIST) system with non-intrusive TPG and ORA for
FPGA test and diagnosis [ J ].
Reliability, 2013, 53(3) . 488-498.

[ 6] HALDER A, CHATTERJEE A. Low-cost alternate EVM
test for wireless receiver systems[ C]. 23rd IEEE VLSI
Test Symposium ( VTS/05), 2005. 255-260.

[ 7] NAHAR A, BUTLER K M, CARULLI J M, et al.
Quality improvement and cost reduction using statistical
outlier methods[ C]. 2009 IEEE International Conference
on Computer Design, 2009 64-69.

[ 8] VALDES-GARCIA A, VENKATASUBRAMANIAN R,
Srinivasan R, et al. A CMOS RF RMS detector for built-

Microelectronics



60 - O R %35
in testing of wireless transceivers[ C]. 23rd IEEE VLSI [17]  VLONA. g e ik A A o5 I s A - &
Test Symposium (VTS05) , 2005 249-254. WA D], PAIRE MR Tl K24, 2014.

[9] ¥Rz, R, g, & WSy ig JIANG L J. Research on fault model and design of fault
TS R4 C . 38 Fm P A 2R AR 28, 2008. injection tool based on digital integrate circuit [ D ].
JIANG C Y, LIANG H G, TAO J H, et al. Test data Harbin : Harbin Institute of Technology,2014.
partition with fixed—Ilength blocks and compression by (18] &3k, AR, — Fh 4 ul el B30I AR 2 e sh 2508
grouped [ C]. 5th China Academic Conference on Testing, B[ J]. 2R ,2020,48(8) 1 1623-1630.

2008. ZHAN W F, SHAO ZH W. Hierarchical dynamic

[10]  BXFH—M 4R T, e | 25 T35 iR B as nd adjustment method for integrated circuit testing process[ J].
SOC MK 46 [ 1], B F I 554, 2010, Acta Electronica Sinica,2020,48(8) :1623-1630.
24(1):23-28. EE B
OUYANG Y M,ZOU B SH,HANG H G, et al. Test data B3T3k, 2000 4E T 22 PRV I R 27 3R 15
compression of system off a chip based on partial runs ﬁ 21,2004 4E T A0 Tl K 2F 345 65
reversing [ J ]. Journal of Electronic Measurement and 3 En 27,2009 4T A IR Tolk R 2 345 1+
Instrument, 2010,24( 1) ;23-28. = S IR KK B, £ T

[11]  JRARN, JRIRBE , 280k, 55, —Fh H 70008 4 e 4 1 “ 1 B3 3 R e TR 4 2
RS EFDR 4 A% ik [ 1], W6 5 AR 22 ), E-mail ; 513604578@ qq. com
2015,29(10) :1464-1471. Zhan Wenfa received his B. Sc. degree from Anqing
KUANG J SH, ZHOU Y B, CAI SH, et al. Improved Normal College in 2000, M. Sc. degree from HeFei university of
EFDR code method for test data compression[ J]. Journal Technology in 2004 , Ph. D. degree from HeFei university of
of Electronic Measurement and Instrumentation, 2015, Technology in 2009. Now he is a professor at Anqing Normal
29(10) : 1464-1471. College. His main research interests include adaptive testing, test

[12] International Technology Roadmap for Semiconductors data compression and so on.

(ITRS) , Test and Test Equipment, FOCUSA Table[ Z ]. BEAE 2018 4F T4 PRIT T K 2 318
2009 17-20. S, B 2 PR R 2 - S

[13] MARINISSEN E J, SINGH A, GLOTTER D, et al. EERSY I ) IR A
Adapting to adaptive testing [ C]. Proceedings of the - E-mail: 13505561507@ 163. com
Conference on Design, Automation and Test in Europe. ‘; o Peng Denghui received his B. Sc. degree
European Design and Automation Association, 2010. 4 ‘\ | from Anging Normal College in 2018. Now he
556-561. isa M. Sc. candidate at Anging Normal College. His main

[14] LIN G Y, TSAI K H, HUANG J L, et al. A test- research interest includes test set optimization.
application-count based learning technique for test time BREAF, 2017 48 T4 PO K2 3K A5
reduction [ C ]. VLSI Design, Automation and Test F A7, 2020 AE T2 PRIE S K AF AR A5 15
(VLSI-DAT) ,IEEE, 2015; 1-4, L B T S WA,

[15] GOTKHINDIKAR K R, DAASCH W R, BUTLER K M, TR 1 (1 5E R
et al. Die-level adaptive test: Real-time test reordering E-mail ; szv0421@ qq. com
and elimination [ C]. 2011 IEEE International Test Shao Zhiwei received his B. Sc. degree
Conference, 2011 1-10. from Anging Normal College in 2017, M. Sc. degree from Anging

[16] HAPKE F, MAXWELL P. Total critical area based Normal College in 2020. Now he is a Ph. D. candidate at HeFei

testing[ C ]. 2018 IEEE International Test Conference
(ITC) , 2018 1-10.

University of Technology. His main research interest includes

adaptive testing.



