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A Static Test Compaction Method of Capture Safe Tests Set
Using Don't Cares
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In recent years, the number of test patterns has increased due to VLSI circuit density and complexity. A test compaction technique can reduce
the number of test patterns without losing test quality. However, the number of transitioned signal lines per one test pattern increases since
each compacted test pattern detects more faults. Therefore, excessive capture power consumption at scan testing cause the excessive IR-drop
and it might induce unnecessary yield loss. In this paper, we propose a static test compaction method taking capture power consumption into
account. The method calculates the estimated values of the capture power consumptions after the compaction for the combinations of
compactable test patterns and prohibits the test compaction for the combinations when the estimated values are more than the threshold value.

Experimental results for capture-safe test sets of ISCAS’89 benchmark circuits show that our proposed method was effective.
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1. input C:Circuit, T:TestSet

2. output Tpyinimar - MinimalTest Set

3. Static Test Compaction Based on Don’t Care Identification (C, T)
4, {

5. Timini = double_detection_fault_simulation(C, T);

6. while(1){

7. Tyia = x_identification(C, Tpmini);

8. G = uncompactability_graph_generation(Ty;, );
9. Teomp = graph_coloring_compaction (G, Tyiq );
10. Tt comp = X Filling(Teomp,  O);

11. Tninimar = double_detection_fault simulation(C, T _comp);
12. if(chompl == |Tyial){

13. return( Tminimal);

14. }

15. }

16.}

K 1. TAMEESHO R M T HIEICESL
BT A MNEMEOT VY X

4, RV M TE2BWEdxy P Fre—T T4
B DEHT A NEMLE
AT, RETFETHS Ky b o7 &M%y 7F

YE—7T A MEADOHIT A MNEMIEIZCOWTHBAT 5.

BRERFEETIE, ¥ T FXE—TICRDETAINE—0D
HTHERR &I, TE BT A IR NhEZNT R MEGER
b5 EDEDOIL, £T, EfMELXF ¥ 7T r -T2 5
TARRE = OMAEREINIFET D, RIZ, FI% ST EE
BOTAMEALEMEINTRWT A MEAOTES 15
D, BT, TG D ORI R A MR 5 72 DI B
W hoDt—7 7 2 MEG &/ MEME & 27 L TR .

4.1 MR
“RUMFrTEHAVWEXRY 7 F Yy —T75 2 MEAOH
7 A MNEME N X oM E b 2Rt

(FEER1L)

AT): TVAXy R, E—T T A MES

Hh : Efghrt—77 2 MEA

HA B EAE—T7 T A NEEPFDOT A MR —D
WSA fEA WSA BIMELLT

B#flb : Bt O —7 82— 8

42 REFEDHE
K2z, 7 A MEGOELHI Z RS, EERTFIETIE, CHk
[I0]CAEM LI 2HEDOF ¥ FF v &—77 A MEA (K 2(a))

ID|FARPNE= ID|FAFNEZ—> ID | FRAFNE=>

001000 6 [00XXX0 c,[000010
\

(00011 1|=\[t,[000X1X[\|lct[111101

D|FAbra—> ID| 7R bsis—>

yoo1110] A[nfo00110
\Meooo110|| J[p[11o0101

- .
(=

110011 1xxxxxH/ago1111o ;110101 /
(110101 £ [X1X1XX ""\

(001010 ts [0X 1 X 1X ct 01001 1

(010110 t [0 X X 11X 5000110

;000011 t; [0X X X 1X 000111

tg (111001 tg [X X X X 1 cty;/110101

ctig 001011
(M7 z rES B FY Fr THERO (c)EHEATRE A @I Y—oHERD  ()ENT R MES
TRLEE FAINRZ=—vD FALES
HEEIEROT R MES

X 2. 7 A MEAEOELH

(© 2017 Information Processing Society of Japan

DAS2017
2017/9/1

ID| 7RI EZ—>
t, |00 X X X0
t,b {000 X1X
t3 [1 X X XXX
t [ X1 X1XX
ts [0 X 1 X1X
ts |0 X X 11X
t; [0 X X X 1X
tg [ X X X X 1

(@) Ky M PHIERD
FRIES

(b)E#ERIEES T 7

X 3. EMETEES T 7 OBl

WX LT, EHBRENEEE LR R M7 HIEE B
%5 (H20b)). &Iz, R T E2EAREIEOT A NES
WZxt LT, JEMERIRER T A b XZ — v OMEREINIZET D
(B 2(c)). Wiz, K2 (c) THIZELLT A MEMOMEAYE
R L TR/ 2 R &, 2 [EOJEMGL7=T 2 MES
AT S (K2d). K&, “EREEZERTS L
ThvNT A MEEEART S (K 2(e).

4.3 EMETIREYT 52

X 31Z, JEMEVRE Y 7 7 Ol Z 7. IRETIETIE, EHE
WRES T 7 BT 5. EMEFIRE Y T 71X, £ THAE Ko b
FTHIEBRD IEDT A MY — o, TRET S, £, &
THAMODIE, TOBEEANT A MNEMAREETHDHZ &
ERETSH. K3 (2 OFTAE =it lt0E, Enb I
vy hHTEOEZENEAETSH. Z07H, K3 (b) OX
IITTEAL, Lt ONTIIIFE LY. —J, K3 (a) OF
A RRE =t i, By MTBWTEOEZENREA L
RN, ERMEFIRE L AZe A, K3 (b)) DX DT ke, D
fmlizin%zs<.

44 FLITYRXL

BEFETIE, ¥ 7 Fry—757 2 MEAIH LT, &
HWEENEEE LR M TICESLS T A MNEREITD
LT, Trk—=TRE = EARLRNT A MEADAE

L. input C:Circuit, Ty, * Capture Safe Test Set, th:wsa_threshold

2. output Tonin comp_safe - Minimum Compacted Capture Safe Test Set

3. Procedure_low_power test_compaction (G Tsyf, )

4.

Tyiq = identification(C, Tqpe);

G,s = compactability_graph_generation(T,;4 );

Teomp._safe = compaction_clique_enumeration(Gys , Tyig, th, O);
Tom_comp_safe = minimum_clique_cover(Teomp sorer Tsape)s
Thnin_comp_safe = double_detection_fault_simulation(C, Ty comp safe);
0. retum(Tmin_comp_safe);
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1. input C:Circuit, T,;4:X Identification Test Set

th: WSA_threshold, G, : Compactability Graph
output Teomy safe: Compacted Capture Safe Test Set
compaction_clique_enumeration (Ty;q, th, Gy, C)
=0;
Ttwo_safe =0;
Tn,safe =0;
Tiwo = two_size_compaction_enumeration(Gy,g, Tyiq);
9. Two_rin = low_power_x filling(C, Tyy0);

Ttwn_unsaf e

10.  foreach testpattern ty,o; in Toyo i {

11. wsa; = calc_wsa(C, tiwoi);

12. if(wsa; > th){

13. Ttwo_unsafe = Ttwn_unsafe Ut_two;;
14. Jelsef

15. Ttwo,safe = Ttwo,safe Ut_twog;

16. }

17. 3}

18. G, = addition_edge(Tryo unsafer Gus)s

19. T, =n_size_compaction_enumeration(Gy, Tyiq);
20. Ty gy =low_power x filling(C, T,);

21.  foreach testpattern tp; in Tp,_gyy; {

22. wsa; = calc_wsa(C, ty;);

23. if(wsa; < th{

24. Tn,safe = Tn,safe U t—ni;

25. }

26,  }

27. Tzomp_safe= Ttwo_safe U Tn_sufe;

28. return(Tmmp_Safe);

29.}
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1. input Teomp_safe : Compacted Capture Safe Test Set, Ty, : Capture Safe Test Set
Tyia * X Identification Test Set

2. output Ty comp_safe * Small Compacted Capture Safe Test Set

3. Minimum_Clique_cover(Teomyp_safer Tsafe> Txia)

4 {

5 M = matrix_generation(Teomp sage> Tsafer Txia)s
6. while(M){

7. if(Less= essential_row(M)){

8. M= essential_row_deletion(M);

9. M = singular_column(M);

10. Jelsef

11. Lynay = max_compaction_row(M);
12. M= max_compaction_row _deletion(M);
13. M = singular_column(M);

14. }

15. M = dominated_row_deletion(M);

16. M = dominating_column_deletion(M);

17. }

18. Tsm_mmp_safe = Less u Lmux;
19. return(Tsm’compimfe);

7. 7 V= WET T XA

19). Fi7z, KFHXTIE, 3 [l EDOT R F3F — 2 2 [EHE
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B AT 5. ty I LT, WSA 28 H Lwsa, 2K 5
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1716 54T 23 T TOLEDHFINK 6 (d) 725, X6 (d)
1%, n A AT A NEMGEAT - 2RI B E RN X
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— VBT =T RE = bl o Tl BRI, 2 A AT A
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Ty safe ZMZI6(e) DK DT eomp sare e TAT 2 (1T 27).
Teomp_sape 2T (17 28).
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tx, DIEREFER TH DT, 15IH, 2 FH Dtxy & tay \ZHED
DA WIT, 75 TERLEZZ V=0 8T — 7 A MDAT
BIFETDHIRY, 477 57 16 O ZWEHAT 5. 475 T
R LTEMIZHR LT, RETONEENTWAHEL,
EENTODEHA, RETERAL, UHEHI Y — 7 HEh L
EEHTDL (T7). WAL, HDFOEH (X8 DA,

AED) B—2 L WIGE, ZOFEHET D703 ER
N1 OULPRWHIERA LT ERben. 20Xk
1TH AT E WS, 0%, A LA ITZHIBRL, M %
THT 5 (T 8). Fiz, LAETOERAICLY, Lo LFE
FRIZHEITIZE o THEBE SN T 2 1E0 05 B HEIBRL, M
EEHTD (T9). 175 TERLEMIZH LT, SHETH
BENTWDHEL, WEITHRZRWVEGE, 1T 11 17120
WIS 5. 7, BV A ARRKR2ITERAL, &
KIEHEY A X7V = BB lmax ® BHT5 (T 11). K8 D
LA, M A AN FRK D Dldctyy, ctyy, ctyzR27280,

ZOBITliEcty AT D, 0%k, 17 11 THRHALEZTE
HIBRL, M 25832 (17 12). 7B A XD EKRT
OBRAICEY, ZTOTICHWBEINTHDHZHIBRL, M %
BET 5 (T 13). WIS, HSEATI6]DHIBRE I Z 720,

M ZEHTD (1T15). X8 DA, —ODITi; i il L
T, iy ETHAIRSNTND T RTOFNZIBWTi, LOEFHE
HIHIDB DN TWBIGA, 1Ti 3T, 2 X L TWb. £z,
TTi B WEBAT E VD (T BT DT-DIN IR D5 %
AL CTHRMHIAT, DEEIND Z LIFH LD T,

T IXHIBRTE 5. 512, ZEFI[6]DHIBRE R Z 720,
M 2¥EHTD (T 16). X 8 DFE, —oDFlj, &j ikt
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TRTOTIII, A L CHHBEIN DD T, Flj iZHIBR
T& 5. WkIT, 177 THEM LT Less & Linax & Tsm_comp._safe
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£ 1. 9T 2 MEATE#

circuit | #initial_tps | fault coverage(%) |#detected faults| WSA_th
sb378 228 61.29 4315 1112
s15850 500 65.03 12386 2253
s35932 105 69.41 44076 8741
s38584 1857 71.56 43834 4500
5. REER

RETFEE CHIETHEEL, ISCAS'89 N F~v—7 [EEK
D—8 (Fr TFr—77 X MEADOLTEBWIERH
BNH100% % R T E 12EIE) 2R LTERZITY, 7
AR —=8, T o= T RE =, T o — T R
ZEME L7Z. #1A 2 NESITIE, SCIR[10]0 FiEE A L
TAERLEXYy 7T v =TT A MEEEFHAWD. £ 11
T A FMEAE R AT, Teircuit] 1%, FEBRG S &R
3. [#initial tps] 1%, FIHT 2 MEATHDLF Y 7 F v &—
TTAMEBILEENTNDT A MY = AR,
lMault coverage(%)) 1%, PIHIT A MEAITRT 2 bk H
FoRL, ZOREORHMIES % detected faults] TR
F72, [WSA th] i%, WSA OBEZ 9. £z, WHT R
NMEA DK WSA O 70%% BfE L LTW\5.

F 2 ICERBFERE RT. Teircuit] 1XFEBRRIAIKZ R L,
lnitial TP 1IWIIT X MEGDFE#HEZ R L, [previous] 1%
M7 A MESITR L, ERFELELIHERERL
Iproposed | (FHIHIEE X L, IREFIELE G LR Z2 TR
T D 9B, Tinitial tps| 1IMWT A MEGDT A MK
— %R L, [#tps after Vertex Coloring| |3 TH S (R EHE
[13] &N T- DT A X — 2 B &R L, [#ps after
prposed) (FREFEEAZOT A MRXZ — U HERL,
M#tps_after DD (X —EMRMEHEAH O T A b RF — 43K
% L, T#unsafe_tps) |34 FIEE O WSA BfEAZ B 2 727 X |
INE— 8k L, [Hunsafe faluts] 1%, 7o kB—7/8%—
VET LR T E WV ilsfEE A R L, [reduction rate(%) )
IFREFEEAROERS EWIT A MEGDT A 3 F—
PEELB UL EOHEEREZ TR, £, INAL L, BUE
EBRPTHDHZ EERT.

AKX DO HBTH DEMBEOT A b3xZ —80%, W
T A MEG LB L TROK 40.8%, ¥ 25.6%HIIT 5 2 &
NTET.

6. LIV

BT, ¥¥y 7Ty RERENESBE LN N7
TEHNWEX v I F v —7 T X MESOFHIT A FERE
HEERE L. FHmERTE, ERERESH TV DERKICE

DAS2017
2017/9/1

WTC, #IHIT A MEA &l LTk 40.8%, 1 25.6%Hl
WD ENTE. SBOMEL LT, 7Y XADE
WL ELRDTAME—UEOBIHT 52 & 0N%ETH
na.
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# 2. EBRER

initial _TP previous proposed
#tps_after #tps_after #tps_after | #tps_after reduction
circuit #initial_tps |Vertex Coloring DD #unsafe_tps | #unsafe_faluts prposed DD #unsafe_tps|#unsafe_faluts rate(%)
s5378 228 204 201 0 0 204 202 0 0 11.4
s15850 500 282 281 14 138 296 296 0 0 40.8
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538584 1857 527 527 46 934 NA NA NA NA NA
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