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Rotation-based Test Pattern Clustering Compression Method for BIST

TU Ji WANG Zi-long LI Li-jian
(Institute of Automation,Chinese Academy of Sciences, Beijing 100190, China)

Abstract This paper presented a novel test pattern compression scheme for deterministic BIST, To reduce the storage
requirements for the deterministic patterns, it relies on a two-dimensional compression scheme, which combines the clus-
tering compression and rotation-based compression. Clustering compression divides the rest random pattern resistant
faults(RPRF) into several clusters in a circuit. The test patterns in each cluster are no more than one bit different from
each other,and only one seed selected from each cluster is needed to be stored in ROM. In order to reduce more storage
cells, rotation-based compression method is added to compress the seeds of clustering compression. Experimental results

show that the proposed scheme requires less test data storage than some previously published schemes, and it has the a-

bility of at-speed test.

Keywords Clustering compression, Rotation-based compression, Built-in self-test, Test stimulus

1 3I®

bEE EDA T R & BA FEFE T 2R AKEZE, B
FRAE R L B B B RR SR R K , TSR A S R TRy » Yo 42 1 B
RABR Y THERNER. —FH,EEE RN
1A, Xt 48 R e B AT MUK T R B R MR BEE BN &, X B
PR & (ATE) MR E R H, Wi 84 XigE EH.
B—E, ER R TR R KEE L ATE & TE
K EEEM, 78 ATE S F TSRS THRER
Rl ofe R DR, X FEE B A R 4 A R A T W R B A R .
R A AR BB TRS) Hrig i, it 1/3 BBAE R AN
PRI B ™ SR B AP SR . WE A R AR
(Build-In Self-Test, BIST) i i1} 7€ H. B A B R B B 1B 48
FL, B S R o R R, B AWK, BB AR UK A A DA e B A R
BHATRRR, ) I 0 P e DR A e B iR 2

—MFH BIST F REZD RN ZR AU TR G R &0
ROBE T B AN 48 W W e B) . AR Bt BIST i 3+6d, @
W SRR M R AR 2 75 88 (LFSR) 7= A= ChBEHL IR 1) &

B HB.2013-09-17 B H . 2013-11-21

BT K 2 30 5 W SR RS X BT A Bl SR, 5 3h
Wi m B A (ATPO P A g EE R m B, H RSB
7E BIST 159 ROM H, i AT s B AR 1) B AR iR 4
BB BEMIEET X ATE B ERE . T W2 m i & 7
&7 B9 ROM EARFF 85, Talk 5 A2 R S5 o 00 38 8 ol 1 3 s 4%
FiT TIFERR™ .,

PITFB—E4t %t BIST MRS m B RE hik. #F
3R ¥88 (Twist-Ring Counter, TRC) B B & FhH RS, ¥
LFSR £ A 388 = e Wl i |, B R/, BB
—& LFSR PhEEDLE L =AM e n &, BE T
Bor=g KRB &, ¥ TR B .. Z2TIrgit
£8 (Folding Counter) M EBFEHE AR, B — T HEH L
MBI B AT B S W E R R A TR S
AL RFFS . B ITEENENRTEENFFIER
8, UBEBRA—TTENHSHEISER B MTBFEIAR
KATHE, B BEAR B R EEMAESSEARMBTEA R
HRIBEESRS 38 H W B PEE R KA P A 8 AR 16 oAk
FPBE B—A 52 8 S L B R e B [0, 11X |]

AXRER A RPEESTHE (61073035 %Y.

% H(986—), 58,14, CCF &5, TRFFH 0 05 B BT WA R SR E 45 %, E-mail: tujil00@163. com; EF# (1988 —),
B, 814, FEHRET R R AT A EREA RS E @ A960-), B ML R R, BT AESIT, FEFT TN

SR BT R R B R S5

0330



SRIFE/NBL BRI KESTR—FIIOER, BERAR
—A SN R ERRBARERAWBR, B
Bk, BREESD, BT RERHHFESRREE
SRS T LU R TR AT FEN AR B R E SRS 7 R 48
R, HA B RID RS , R RO H R BN TR AL #3H
L EEESR. FRAHRED, MEKAERGRBE TS &
FIZEK BB S o 4 5 28 K ) BRI 048 » A S0 05 7 9 F I3
AR AOSHER AR M A TS . Wk EH
AR KRS AR EK G R & RIS SRR T

AICRE T —MHAB LB AL BIST WX E4E 7
R, ENXTAEW PR T RE RS, AN RREHENHE
BT HAIEL, RGHRA WM TH R BIST d K
ROM v, 5@ % ZEHE oL B Y475 S 1, BiiE T A D7 RV
B, XE T X R T R H .

2 BEER

A SCHR R B TRSE , BE T el i & 2 F A UE K
WEE, KB ATPG =4 RER4r e i 1) B AR B 2 (/] LA 08
=Y NGl =R R e = {0y v S

MMEBRHAEE, SBKEXRAMNCETEENE
BLEEEEUARESH SRS SRNER. TREHE
W BEE, FEERANTRZALSEENEERATRE
£, UETHITESE. THAHREERN—EE L,

EX 1 XTuEg=tti: . €{0,1, X}, HH,
XOFORTFENLEIE R 1 HAh 0,4 & 5 g; AFBHAE
MERANER g 5 g; BIRAEIER,IC/E D(girg). HHELA
K. '

Digirg)) =3} ta®1;0) D

Bl : 24 g:=10001X, g; =110101 B, IR (1) 48, D(g:,
gi)=3,

EX2 MHFEEGCm={g1,8, g} RFLER
B go JEBXMEE g € GOm) , ZA D(g:»20) <1, MFr G(m)
R—HrE. B, g FRFE—BRREE,

SEYEEL B 51196 AT~ A BB RS, B SR WE
1B,

sHI96% M A
011101011x0110xxxXXXXXX 1 1XXXXXXXX g,

011101111001 10xxxxxXXX 1 0XXXXXXXX g,
L1111 111 T10XXXXXXXXXXXXXXXXX0 g,
011101111001 10xxxxxXXX1 1 XXXXXXXX g,
01100010001 110xxxXXXXXXX I XXXXXXXX g,
111111111111 10xxxxxxxx01xxxxx%x%0 g,

SUUSCR X E A Rt K

111111111111 10xxxxxxxx01xxXXXXX0 8/
011101111001 10xxxxxxxX1 | XXXXXXXX S,
01100010001 110xxxXXXXXXX [ XXXXXXXX S;

W1 REEHELH

i1 ATPG FeA fyE e B 1196 RYJEERMEN 1 B ILH 6
A Hp g6 g3 HER—Fr3, ATHEE s1 /=4 ;gl.g2
g4 B —, ATl A s2 P24 5 g5 R — Wik, Wl i RA
s3 7. RSFHWIRE RAFHEIRE, s1196 RERHFH
PREIE 3 PR,
. 34 o

XoF Y ) Ay B — IR, H B AR RER AR, BRAB B — N
Wt R . W, ¥ RS UK R B = W, 118 3 #
AARF B EE, FEARME R RO AEX T 2 4
FIE. B R R R B

R MR Ty o MR, BRESRE Ty &
b AR, MRS R R4 %00 .

Rx=100% + (1—b/a) &)

REMEHBHNFELRER OGD) . HIEHRBREEXF
By 45— 0 & BIHE — K, B 7= A i TUA T i B8 T
BB TR R R ThFE .

REEHEEEMHEIT .

Cluster_compression(PatternSet ) {
NewSet==PatternSet;
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for(i_seed =0;NewSet! = @;i_seed +-+ ){

Find BestCluster[i_seed] from NewSet;
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NewSet=NewSet-BestCluster [ i_seed] ;
}
return BenchSeed & i_seed;
}

3 BES

B R BB TR AL SRR AR
BAB—ALBE I HHMREE. RFaE =101 8
A BESER . =110, =011, XTEE s1196 FHK
JERIRAE Ty AT ALESE BB B AL R4 5 WitE T,
WmE 2 Fis.

SII96 K 2¢ B 4 /5 il 2k
111111111111 0xxxxxxxx01 xxxxX%XX0 8,
01110111100110xxxxxxXX1 1 XXXXXXXX S,
01100010001 1 I0XXXXXXXXX | XXXXXXXX S3

SLI96H 1 B 45 MK B
11111111111110xxx011000100011100 z
x01110111100110xxxxxxxx 1 IXXXXXXX Z)

B2 JESs i EgE sl

Ty 8 s: Foss EER Tz P 2, Ty P 52 [REE R
T Wil z, . BEBBPEBAIEEETH = WAREETE
BRALEBEINNE s M.

EREEHFOMIRE Tx H e 17, BAESEE UK
8 Tz K c 47, MIREBA IR EGE 2R .

Ry=100% * (1—c/a) &)

PRI AL 48 B0 AR FT LAA R BB 9 1 8 Bl LFSR
SHFARAS), REIN— AT 5088, B AT =4 Dy B bl £ .
B B AER B ITURBAL, X SERE AT R4 & PR RS ] , 4
A h#e.

4 EERBEHIH

QKA — B B #ATHE MR B . M BIST
PERE) ROM o, ¥ BUAEFAAE R T 1) B R 4R R A BI R 2K
BALFFRT . REMERMBAREECIHT. HHE
Hrie, A LFSR DhBEAL™ A 30 38 v B % vig B 3R T Bl IR B 77



i

MR — B B R s R (LA 3), B[ log:d 1B LLAF
HEEE BT EES BALTBES, LR logew 1A B MRS
HASFHMR.

g ff:,l‘lt:ll
i l
CK ent

> full

it E

[aF-37¢ ¢ q J
ey | ]
- o S set set set

BoitHE EA B Til & B I%

CKS [; ROM

cnt

Mt E
B3 EBABMNESFERERERE

& 3, cne B BEFAITEE, en RBERRF T full
RETBBOBRRUMNE. BERBUFFHPTENHMT
BE. AT REEAE R RS R R ER N B S
ent_i i, ECHEITHEERIT AT, 1A B EER I JUE one_j 1
1. BB ST, Wl full_j R8BSR, #EEB AT
BRI, MBATEER full_k R KH o, BEBAL
FHBWBEMNEEES o T BABATESR PN B
AL, BAL ST, B full_k HE R, S0
T B R A EMBA R RN 5, BT, 6 g bk i 3
B ROMMTF — ik B, R HRERAXBAUFAE/BA
ROM Wiy T, BAMEBEMBLAREHILH -
n MR EBNFFRA, HEEAXTRPOBABES R
TN —ADBALTHES

BABNAREBRBER AT M ERER O ) a6 A,
AH % BIST & %% F Verilog IS R E, £ Modelsim
SE6. 5 HEL BHiF,

5 XBWHEREIH

1ECRBEDLI R T, 4k 256 D BE DL i B B R Bk
REEST, W45 1 OO BEALI R . TR SR A I 3] Y ok A Sy i
W CRAXEFERERFZHFTFN LA ATPG TR
Atalanta™®] 7= A4 B 2 HE RO XEW ) B A GEBR T B4
ISCAS-85 #1 ISCAS-89 Ht ¥ e, ¥ o ¥ Wi i) B 82, 72 2. 8GHz
W 4G NFER PCHLF,RA CIBEHRE TRABBMBA
ERNHERF.

TREFRMR IR 2. X1 BFXFRERRE
HER[- 121 T A R LR SR L. AR 1PALUE
HRBEIF RN ERENE TR HRB . EK-EKREB
MEKMR RS RGO ESHR, B «5378,59234,515850 L)
K 538584 MEBRABMERRELBRBRBERERRE. &
BE 13207 MR BN ELERMD TR BEELS. B
38417 MY BRI A 45 3 b SCHR(9-12]7P BTk R EE45 R &F
BAR, XEE A BAEMBALEE Y TR BT HE,
T SCER[9-12 ] 4Rig o R ) B 4o i £ /DB AT I
4, /R e, TEAE M AN G SR L, HXER9-12]%
RES T R AR B B R T S M R B LA SO R K. X F
WAL E LA PR 1 B B 38417, REBALE

BRI EEBRAR.

#1 ARIUTREXM0-12] ByLHEE

XK RETT
WA G RRE ERF RK-Ek oo

M Tpe BAT mabd gaby T

83.3%
80.3%

- # 3
4% R g
A

s5378 6 214
$9234 142 247
s13207 6 700 83.3%
s15850 179 611 79.3%
s38417 441 1664 31.1%
s38584 58 1464 91.4%

FL B $38584 FRILSEALER & B HUBIZE AR SR HY 15 e
BB, BORIE LT LAEAREERERSEFES. A&
1 AT LUE B, SCHRL9-12 17 47 5 07 SR X e B $38584 B FE 4
BOR WA REE M ERM A AREEELTRE .

F2 RABAUESNERSBEERYE

52.4%
47.8%
83.7%
68.2%
54.5%
62.5%

40.7%
43,3%
74.8%
47.1%
44.1%
47.7%

48.0 %
43.6 %
81.3 %
66.2 %
43.3 %
60.9 %

51,8%
47.2%
83.5%
67.9%
53.4%
62.3%

4 o M W A% EgH gk B&%
420 20 35 49.71% 8 60.00% 8 60.00%
s641 7 54  61.11% 1 85.71% 1 85.71%
s713 9 54 61.11% 1 88.89% 1 88.89%
s838 72 67 54.42% 53 26.39% 47 34.72%
5953 10 45  68.67% 6 40.,00% 3 70.00%
s1196 6 32 5L.04% 4 33.33% 2 66.67%
s1238 6 32 5L.04% 4 33.33% 2 66.67%
¢2670 85 233 83.36% 56 34.12% 12 85.88%
s5378 6 214 92.06% 3 50.00% 2 66.67%
c7552 107 207 70.71% 80 25.23% 51 52.34%
s9234 142 247 86.74% 94 33.80% 28 80.28%
s13207 6 700 97.76% 3 50.00% 1 83.33%
s15850 179 611 96.17% 64 64.25% 37 79.33%
s38417 441 1664 97.94% 348 21.09% 304 31.07%
s38584 58 1464 98,52% 20 65.52% 5 91.38%

29,58 4 7020 R BRI 1 B TR G He
RFTEMHAME SR AR AR, F5FINRAE
BEVREWEABNK. BOTINBEEGEFENERR,
BROIERYH, £20RE, IHEBNEHRENHFRER.
Hep/he B 713 BB R4 RIEF T 88. 89%, K A B
s15850 F1 s38584 HyE4E RWAMAL T 60%, XL EEFE
V. BREEAARRZMNEERGBHTES, BRH
.

#2087 I AERREENER L ERAERE R
RENMEN. B FMBAESREEXGITERE.
Hep, A B RS R E R, KB 38584 B IEGEROCR
EMBE, BEBMGHESERZL 9. 38%, 5H—Lmp,
HFREEHEXSEH THRE AHBEESRERERY
B RITRALELEN  RAERAE,

M2 2 BB 4.6.8 BRI 1, A COF RIESE R 5 By T %
SIAR GBI RRPER LR . BB s38417 BTLRALFT &
LB TF 538584, (HFEAE AR 15 N FrieE s b B AK
I

Bk 538417 MR B EERHMBNEFEREAT, XRHE
SR B A O 2 W I BN R E . SRR A
o, BN E TR R F S BG4 R R ER T EREE
FRER FEEEBAIES.

GRIE BUT-WHRBEAEHHFENBZSBAESE

e 35



B S, A AR — AR E R A B> ROM
FFE MR R A 0 B B . TIEHE AL IR ek I b B 5 A0 1]
B, BTEHR. XRERERTREBMERRNARE. *
R TR AEB AL, TR A R IR B Rt ok Y
TR AL R4 RIRR .

2 % X W

[1] Semiconductor Industry Association (SIA). Test and Test E-
quipment, International Technology Roadmap for Semiconduc-
tors(ITRS ) 2011 Update [OL]. http; //www. itrs, net/Links/
2011ITRS. htm

[2] Zearfd, A5 WO 2T RE 8 WA BB A TS0 A B0R

07, BB S B ¥4, 2003,15(6) : 662-666

Han Yin-he, Li Xiao-wei, Li Hua-wei, et al. Embedded Test Re-

source for SoC to Reduce Required Tester Channels Based on

Advanced Convolutional Codes[J]. IEEE Transactions on In-

strumentation and Measurement. 2006, 55(2) : 389-399

[4] Conroy Z,Li Hui,Balangue J. Built In Self Test(BIST) Survey-
an industry snapshot of HVM component BIST usage at board

3]

and system test [C] // Electronic Manufacturing Technology
Symposium(IEMT), 34th IEEE/CPMT International. Melaka,
2010:1-6

[5] Swaminathan S, Chakrabarty K. On Using Twisted-Ring Coun-
ters for Test Set Embedding in BIST[] . Journal of Electronic
Testing, 2001,17(6) :529-542

[6] Hellebrand S, Liang H-G, Wunderlich H-]J. A Mixed Mode BIST
Scheme Based on the Reseeding of Folding Counters[C] // At-

7]

L8]

(9]

[10]

f11]

[12]

{13}

lantic City. Proceedings IEEE International Test Conference.
2000:778-784

Liang Hua-guo, Hellebrand S, Wunderlich H-J. Two-Dimension-
al Test Data Compression for Scan-Based Deterministic BIST
[J]. Journal of Electronic Testing,2002,18(2):159-170
Hashempour H, L.ombardi F, Compression of VLSI test data by
arithmetic coding[ C] // Cannes, France. Defect and Fault Tole-
rance in VLSI Systems, 2004;150-157

Balakrishnan K J, Touba N A, Relating entropy theory to test
data compression[ C] // Test Symposium, ETS 2004. Proceed-
ings. Ninth IEEE European, IEEE Press, Corsica, France, 2004 ;
94-99

Chandra A,Chakrabarty K, System-on-a-chip test data compres-
sion and decompression architectures based on Golomb Codes
[J]. IEEE Trans. on Computer-Aided Design, 2001, 20(3); 355-
368

Chandra A, Chakrabarty K. Frequency-Directed Run-Length
Codes with Application to System-on-a-chip Test Data Compres-
sion [C]//Proc. VLSI Test Symposium. IEEE Computer Socie-
ty. California,2001;42-47

Gonciari P T, Al-Hashimi B M, et al. Variable-Length Input
Huffman Coding for System-on-a-chip Test{]J]. IEEE Trans. on
computer-Aided Design, 2003,22(6):783-796

Lee H K, Ha D S, On the Generation of Test Patterns for Com-
binational Circuits [R]. Technical Report No. 12_93. Virginia:
Virginia Polytechnic Institute and State University, Department

of Electrical Engineering, 1997

(EB% 237D

1 HCNF B 3:41 b, HIPLTS B 303 e Speedup 351 &
%5 13. 7526 8. 49%, JBE T A Lt SLR 4 BIFEK 4 14. 02%
F9.25%, HIPLTS B R BET TIEFEERE.

~+-HEFT -+~ HCNF --HIPLTS
40 75

--HEFT —+HCNF --HIPLTS

70
35

o 85

.g:m %,sn

55

rnzs :Wﬁﬂ

¥ 2 * s

o 40

B 35

10 30

01 02 05 1 20 50 50 100 01 02 05 10 20
CCR CCR

B9 RIF OCR FHyINE L L B 10 R CCR T#Y SLR $fH

BRI\ NS S RCBIA B B LT AL B AR
BRSEEZRLHEFERNEERE. FCELXFHE
BeAb B AR 55 R B MR IR A S A S B 3E . SR s — Rt o
RAERIIRIEF WERE REERAAEA RN TSI
R ERHT T XM /LB SEEF X, RRAE LR
FIREFFEEEPFERRSAAR, LS S REa R
B 55 B B R F1IX () 38 A B2 R 3 98 BE it AT i — 2B R
. SBRBIFLREN  ZEEARBLO TESAEKE, 2
BT AR AR,

8 0 100

£ X X #

(1] SREZE, R, 030 £ FRMIREEY Out_Tree £ 5B HFBE
a1, THEHUBL,2013,40(4) 1 107-111
L ] 36 L ]

(2]

(3]

[4]

(5]

[6]

7]

f8J

Lol

(10]

Topcuoglu H, Hariri S, Wu Min-you. Performance-Effective and
Low-Complexity Task Scheduling for Heterogeneous Computing
[J1. IEEE Transactions on parallel and distributed systems,
2002,13(3):260-274

Prashanth C, Sai Ran-ga. Algorithms for task scheduling in het-
erogeneous computing environments[ D], Alabama: Auburn U-
niversity, 2006

Ullman ] D. Np-complete scheduling problem [J]. Journal of
Computer and System Sciences, 1975,10(3) :384-393

Hagras T, Janecek J. A high performance low complexity algo-
rithm for compile-time task scheduling in heterogeneous systems
[17]. Parallel computing,2005,31(7):653-670

Daolud M I,Kharma N. A high performance algorithm for static
task scheduling in heterogeneous distributed computing systems
[J71. Journal of parallel and distributed computing, 2008,68(4):
399-409

3%, X8, BA BRTESEHAM RS HERERIT] HH
YLEHR , 2008,31(5) : 733-740

Darbha S, Agrawal D P, Optimal scheduling algorithm for dis-
tributed memory machines[ ]J]. IEEE transactions on parallel
and distributed systems, 1998,9(1):87-95

FENE, . —FE TR BEREM RS SH TeHES EER
WD HHEHIREE, 2007, 34(3) - 256-261

HinA RN A LE, % ABAERREE R RS HE
BB [T ], A42£ 4R, 2012, 23(2) : 240-252



