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A Design for Testability Method to Improve Test Compaction Efficiency
Using Controller Augmentation and Test Point Insertion

NAOYA OHSAKI™ TOSHINORI HOSOKAWA
MASAYOSHI YOSHIMURA™

SHUN TAKEDA™
HIROSHI YAMAZAKI™

Test point insertion methods to reduce the number of test patterns at register transfer level are required for the adaptability of traditional
VLSI design flows and the reduction of time to search test point locations. In this paper, we propose a design-for-testability method at
register transfer level to enable operational units as many as possible to be tested in parallel on scan testing. Using controller augmentation
and test point insertion, the proposed design-for testability method assigns input test registers and an output test register to inputs and an
output of each operational unit in a data path, respectively. Test compaction efficiency becomes high by enabling effective parallel testing for
operational units. Experimental results on high-level benchmark circuits show that our proposed method reduced the number of test patterns
by 20% with 6.5 % area overhead on average.
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1. Additional state derivation(D, W, ET,)
2. D:Data path, W:Weight,
3. ET:Estimated Number of Test patterns
4. |
5. I/0 REG = 1/0O REG Analysis(D, W);
6. STATE INFO = Weight Priority Allocation
(1/O REG, ET);
7. STATE INFO = Allocation Exchange(STATE INFO, I/O REG);
8. STATE INFO = State Marge(STATE INFO, I/O REG);
9. return(STATE INFO);
10. }

X.4 2&E&ET7LITY XA
RIAHAVPRZEE K27 X MEDRE
WHEHEA | AHH |RO|[R1|R2 |R3 | TV | | WHSEE | AHA [RO|R1|R2|R3[TVE
EAH @] EAN (o]

A0 AR [®) 15 A0 HAN O 15
Hh [e] Hh (e]
EAN | O o] EAH | x o

Al aAAR O 15 Al HAN ] 15
Hh 0|0 Hh x | O
EAN | O EAH |O

Mo | BAR [®] 50 Mo |BAAD x M| 50
Hh O Hh (0]

TARRA L NSHWDAREERELS 8D, £, TA D
MENRIBA ROTBFICRIE D VT A MZ = I TR

KRG — BN E L IR D AR FET . 2 DHRE, R
LT A MY = HEROTBEORIL TE b LITT A
NMESRIRIEZ RO D, #.2 127 A MMESRIRIEDH &R T
F.1 LEEE TA0J, TALl, TMOJ IXFNFNHARL 2R
L, AT THEATI THII 32 EnOEEROLEN
H, BN, WhERY. TR0 775 R3] 1ZRTLF—4#
NAEEEF DL ASFZRL, T[OJIFTARNLIRAFTH
D, IXIETA NP RZITEIRENR DT VU AFT
HB. M IFEESRO AT & VR 2 B BR 3 A
L72WEEIZT A R A ¥ hOFAIL X - THRAZROAH
N VR EOBHBEBR AR LT A LY A FEY T
ZEERT. TV X 23 TER LT A M —
BThHhd. T, TAME—VEWIIATITARLTR
X OEREEZBETHHEOHKE LTHHERT L. WKIZ,
T A NEIRBERSH STATE INFO, AtH L P X Z #4110
REG #{EH L, HEAMOT A h 3% — O RNEI E R 4
ERGUTT A N VU A X E TR AT 5 (Line7). F&IL,
T A NMENIREERSH STATE INFO, AHH L P2 #4410
REG #HWC, 7 % MEZMREED~— Y %% Z 72 9 (Line8).
T A MENIREERSH STATE INFO 2#HH L TT7 LY XA
ERETTH.

K527 A b LU RAZEY TREEOH ZRT. FlIEAN
TARNVRAZEYTCORTHIT D, BEOTA LY
AZEYTIIH DL P AZIH L THOANT A LY RH
FLCLRIFEOLEET 5. R1IDAD LU AZELSITRE
LCTA MR =BT AR L URAZEL CTERB I
HFERSD@DEIRT AL VAFEY LD, TR
FRA » FHIE O 7= DIZIEBEZRO T A b 3% — D RENE

2016 Information Processing Society of Japan

DAS2016
2016/9/15

(b)T RAFBERIER(ANDH)

R#tYTAH
m INB—H

T BHBA | AAH [Ro |R1|R2 [R3 [TVH
g A0 EAD g 15
) Al HAD O Mt M
| Mo | mo | Al p
5) = a & (MUX) Al EAD | % o 15
b 2o | 20 HAN O [¢mf m
N a AN | O
Ik = (mux) Mo A7 O b v 50

RO 'TR1 TR2 TRr3

AhLors
() ANTFRARL U R 484 TR
B5 L YRS HIYTIHRO P
(c)pKB2T AMEIHKB(H D DHA)

7 RELUTAN A 2—2H MHEF/A | AtHA |RO |R1 | R2 |R3 | TV
# whE2 A0 Hh x 15
E=S n Al Hh Oy O 15
|\ MO -‘.Q;J | MO | [¢} 50
o
< CEL (bR 817 R MR h D)4
X A0 iKAE1| | mE®H4 | AiA |RO |R1|R2 |R3 |TVE
~ iz A0 | o 15

RO TRl TR2 "R3 ! Al |HAh x| x| 15

HALZRAY MO | HA [¢) 50

() ATFARDRASR L TR R

.6 AL TR HZEIYTREDHE

T ARV VRAZER CORMELB 729 MENTT 5. 7
A MRE — VBRI RDOER A MO DEATID LR 2 E|
WCTELUAZX RIDTANLIAFEYLCICERT S.
ZD2ODT ALV RARELTERZMTH LICEY T
A RNRA v M EE 2O 1 DICHIEARETH S, X5 D
OUCHT A P L PR BEL TORMOBIZRT. T AL
CAZEETORBZ LI VERA LR o2 LY A ¥ R3
LHEBEEZ A0 O AT OEEGRBEREVERT 57 X MR A

k& LY AF RS LIRS AL DO NS OB R A ERT
LT A BNRA L FEHIBRL, BICHEEZE M0 045 AT
LURZ R3 & OERBRAIERT D7 A MARA » M &dH
AT BHZETTANRA v MEASE 1 OHIKT 5. KIZ,
T A RRE— U HE DD IR A BRI L [FIRR O AL A fik
9.

.6 |27 A MMERIEEO~— T OHl AR, X.6 D)l
WAL RAZEYToflZRT. REEL LRRE2 12BN T
LYAH R21E 2 DOEFZROHAT A N L P A X DL
BEETNDIDT A MESREOHERENBET DD~
—DIEIARHEETHD. TDRED, TANLIAFEYTO
REFRB 72D 2 & TT A MEERBE DB 2E % MRy LIREE
D~—TERBD HEBALOH NV A RIZERT 5.
A ALIZL VA X RIICK L CH R AR > T\ D
FFOLPAAR2ZNB LY AXRA~DH T A LU RAH
DEPY TORRBMPAHETH 5. 1.6 D(b) L (OITH LT =*
HZEMTOZHE T, LURAXEYTORHUZ L > THY
NT ANV PRAXOBEPMBRE S NIZZLICEY, A
HEZNIRAE DTS2 4 fiEIH SAVIRAE 1 LRHAE 2 07 X M EghiR
BEO~—UNAREL 25, £i2, 1 ODANNTHEEO AT
T AR LY AR BNERY T O NIHESRNEET 2 EA bR

71



DA
Design Automation Symposium

BDOFETT A N PAZEY TORME RS .
PLER, TARLTUARAFXERYCT LI Y LD THH.

RO~ —T2B 5 LR2D L9 T X MESNRAE L
w5,
4, REER

ARETIE, 7NVAX Y VBRGS0 13 {0 RTL [\
BAZxE LT, @R, e TR REE A R, REFE
RS 2 VER LA RISk L CTERZITY, 7 A MR
— 8, AN~y RISk U CEMIi L7z, RTL Bl

DAS2016
2016/9/15

5. B YIC

AR TIL, PERZHERF L722WES]T 2 R D72 DFT
FIEERE L. FHEER T 13 % 12 o RO T A
hN & — B OABIZ R L, 8 {7 {8 DRI o ik A
— =~y ROHBIZE T LTz,

BEE RIS, BAREIR BB BN A AT
1o Bh 4 EAE(C)(FREE 5 26330071,15K06086) DHFFEH) %I
£,

MR 1= b DT AR — LB E BRI LD BI S S5
B — PICTHY 2 L, [ERH0OEy MEIL 32 By [11 s. Kajih.ara, I. P.or.neranz, K. Kinoshita 1”Cost-Effecti\.7e
R & L7e. 3BRA Y — /L1 Synopsys 0> Design Compiler Gener.atlo.n of Mlnlr.nal ’.I‘est. Se”ts for Stuck-at F?ults in
Combinational Logic Circuits,” IEEE Transactions on
%{ﬁ)ﬂ L, ATPG iZ[A U< Synopsys f1:® TetraMAX % {5 Computer-Aided Design of Integrated Circuits and
L, stslEesr WITE—fRiEE L. T2 MEERO Systems , Vol.14, Issue12, pp.1496-1504, Dec.1995.
Ny N5y 2T 10,000,000 EICERE LS . E1, [2] S Kajihara,l. Pomeranz,K. Kinoshita and S. M.Reddy “On
Compaction Test Sets by Addition and Removal of Test
FERR IS4 100.00%IZ3IRE L 22\ ey, ARBR SIS L Vect:rs,” VLSI Test Symiosium, 1994. Proceedings., 12th
TTANERD ANy 7 8T v 7 %% 1,000,000,000 [FIZ5% IEEE, pp.202-207,Cherry Hill,NJ, The USA, Apr 1994.
ELHET A MEREBZ o7z, [3] M. J. Geuzebroek, J. Th. van der Linden, and A. J. van de
%3 1T EBRE B %ﬂ?‘a” rlﬁlﬁﬁﬁj 13EBR % O RTL [H Goor, “Test Point Insertion for Compact Test Sets,” Test
Bt 2o U, Twithout (03 % [E1BE 1S k4 % S2B8 5 2 0 Ezﬁﬁﬁﬁﬁﬁfﬁfﬁﬁxsmw%“ﬂ%%L
L, r[8]J bif‘ﬁﬁ?ﬁ%"ﬁﬂ'ﬁijﬁﬁﬁ [ CORBKERZ R L, [4] Santiago  Remersaro, Janusz Rajski, Thomas
lpropose ] 1EAS F-55E H BIEE D TR A R4~ 3. [farget Rinderknecht, Sudhakar M. Reddy, Irith Pomeranz,
faults| (FxFgeiubEss %z~ L, ldetect) 1T R % R L, “ATPG Heuristics Dependant Observation Point
Fabort) 1Z¥TH) V Bk A7 L, Tarea) 1XEIRERE % L, Inserti(?n for Enhanced Compactif)n and Data .Volume
Reduction,” 2008 IEEE International Symposium on
TATPGtime] (37 A MR 273, TFC) & TFE) I Defect and Fault Tolerance of VLSI Systems, pp.385-393,
FIE IR LR & R R AR L, TETV] 1A Boston MA , The USA, Oct.2008.
WEWINZT AR LIEBEOT A RMZ—UBOREL Y & [6]  EAFIEZ, MR, KEDGER, “ATPG /3% — »H IS )
— . TARRA LB £, & BIE 25 SCEE, Vol
. (TP HRAK A LB A DR ARE R L, (8 T st e angs, R
AARAER) (3= 2 b v — Z RRIRFT B L 7 R 2 7 g [6] Kedarnath J. Balakrishnam and Lei Fang, “RTL Test
TV # Z7 A MR =8 Emd, ) 137 2 MR Point Insertion to Reduce Delay Test Volume,” 25th IEEE
DNy 7 vF w7 \l% % 100,000 [EICERE LT A MR VLSI Test Symposium (VTS'07), Berkeley CA ,
BB frot. £, [ IR EEIC KT S 2 EH O pp.325-332, The USA , May.2007. . .
52 MERT A FERE BT Ao TU \72(/ N [71 B.T. Mjurray .and J.H. Hayes, “Hierarchical tesf
gen-eration using pre computed tests for modules,
AKX OB TH DT A ~XF— U PUTHE ORIk IEEETrans. Computer-Aided Design of Integrated
L“Cq::l:’g“@ﬁ’»j 20%, K TH 82%HIE+ 5 Z &N TxET-. Circuits and Systems, vol.16, no.9, pp.1001-1014, 1990.
COMEILEEDOEE DT A hSF — L RRFEDITY) (8 Jlar ECth IR, | LR S0, B AT IE 28,77 2 b8 — 4K
DEE T A MNE = FOME W LIZbDTHS. | (iz?@i)?;ﬁi?;%gg;gié{]3,6&2312.“ o
BB K& <72 21 ERVEIR DG DI D MBI A3 ERE © [9] H. Fujiwara, Logic Testing and Design for Testability,
&7 F£72, HATHEDT A Mo F — U HHIEER & RISED MIT Press Cambridge, MA, The USA , Sept.1985.
EEAE N, BREEAS—/N—~y RiZlHE oEKIz [10] M. Abramovici, M. A. Breuer, and A. D Friedman, Degital
%t LTI 6.5% & 72 1), SEATREZE 00 B 3K i A — /S —~ ISDysteis Teslt;g(g) and Teaable Design, Computer Science
RIZE LT 6.5%, i AK 3196HI T & 7-. ress, Sept. 1950.
| 5.3 KB R
ElEE% forae® | detect | abort | area '“}’:Eg) Fots) | FE) | Tva | 8 | deteot | abort | area tﬂ;f) F:Ei) FE®) *T”F‘:fézi reg#t | TV | ETVR | Y | deteot | abort | area :;:(2) P'::’(: FE®) g)‘ﬁ& ﬁé’gﬁ TV | ETVE
ARF 42501| 41477 0f 22910 78531.50{ 97.59[ 100.00 661 67| 57504| 57504 0f 31487 5315.58] 100.00[ 100.00 0 1 |M
[BPF 28114| 28109 4| 15379 757420.65| 99.99| 99.99 446 67| 34041| 34041 0f 19026 84930.48[ 100.00[ 100.00 0 1 146 67
ot [izoer| roas—alouri| Gaagnass| sass]" ssas] —ar[ iawaa| opse] o] aser| gaail ieasel ionnol oo o[ st el roimoliross] ] sssrl sssssalonool sanee o <JN o7
TS | T )77 N T ) T 7 7)) Y T ) )T ). ) N )
e A B i S M T e M e e o oo oo
e EmEeae e
fait—Tosese  soieal el sutoel Tammasel sasel” soraliimes: R P - R N AP o ) s -

2016 Information Processing Society of Japan

78



