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Figure 1 Three existing scan architectures. (a) Conventional single scan architecture; (b) circular scan architecture; (c)
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Figure 3 The control illustration of the representative scan architecture
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Figure 4 An example of representative scan testing
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Table 1 An operation example of representative scan
Value of sel Time Operations of V1 Operations of RO
(V10 V20 V30 V11 V21 V12 V22) (R11 R21 R12 R22 R10 R20 R30)
sel=0 2cycle V12 V22 shift in R30 R20 shift out ,
(Representative scan mode) representative chain (FF10 FF20) R10 shifts in FF30
sel=1 lcycle V12 V22 shift in ring shift register =~ R12 R22 shift in representative scan chain
(Ring shift scan mode) (FF10 FF20)
sel=0 2cycle V11 V21 shift in R22,R10 shift out,
(Representative scan mode) representative chain (FF10 FF20) R12 shifts in FF30
sel=1 leycle V11,V21 shift in R11,R21 shift in
(Ring shift scan mode) ring scan chain representative chain (FF10,FF20)
sel=0 3eycle V30,V20,V10 shift R11,R21,R12 shift out

(Representative scan mode)

in representative chain

Scan out

Smﬁ FFIM FFZM FF3‘—ﬁ FF4‘—ﬁ FFS‘—ﬁ FF6‘—ﬁ FF7H FFSH FF9‘ -ﬁ Fquﬁ FFIIH
)
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can in
€))

(b)
I FF7 FF9
d (0) d 0) d (0)
) FF2 FF6 FF8 FF10 Scan out
Scan in ® ) ) 1
(©)

5 Bf 11 MR =MERAMEENREE
Figure 5 The illustrates of three scan architecture with 11 flip-flops. (a) Conventional single scan chain architecture;
(b) circular scan architecture; (c) representative scan architecture
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PRI S AR BB AR WTCout = 10X 04+9x 148X 1+7x 146X +5x14+4x14+3x1+2x14+1x0 = 44,
Ttr=0, FT DL P24 (R S B AS 5 WTC = 44 + 44 = 88; % T [E1RE A % vy 2 S8 FH 30 S 1R 416 B 41 4 e
(tn B 5(b) Fraw), A DIFES EEEAS M DhAEAH 2, s QR sit (B 5(c)) ¥ EREH S5 1)
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R B B M, HEARE RN R e 5 A E AR I B R A X, K R L A A s
AR 10000 AARKSREE, BRI 11111 B, EAEERAE T 1A (L
B — M E R AE) +6 DN (I ) A B2 (AR AE). BT 1 AN AR A AR A R AL
R, B K 10000 BARIALE FF1, FF3, FF5, FE7 M FF9, XM FEAR KA. Ha B4 6
A AR A4 B X, KA B 100001 % AR F 14 BLRE, FFAEAR R AOMRA & 111111 8
NHEBE, XANRFE R A 1 AN (R SR AE) +5 x 1 MBS (IR Ay A B2 B R AR, IR R R
52 X AR 1A B N, BT LS RS EON 64-6=12. AT LLE Y, ARG MAA AR B EAC
T35 2 5 MR BEE AL, D T WHKEAR MR ALRR AR, T H TR AL 4, TRt —
WIS FEALTIFE, B AR KRN T SRS A D #E.
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Figure 6 Timing cycle diagram of representative scan
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Table 2 Control of work and scan mode of representative scan

SE sel Work mode

1 0 Representative scan mode
1 1 Ring shift scan mode

0 X Functional mode

3 RETWEHEX S

BEHLBR AL IR S ITH N 0 DR o BITEAR RS AL A A a5 AN R B m DNEETT (m < @),
R AL AL A A7 A AR AR A AR AN m AN TE R AR BE. A1 B &5 M B — NIl A
ol Fr AR 6 s th, HREsE S AR 2 hat, mEERR, sel 557 7 LA™ AE,
To RGNS I ) (test pins). X TAERMNREASE KRN, HLPT n AR AR TR A5
1 AN AR AL T3 A7 2 RS AR, P A sel 155 7 UR S 5 BT n A48 8 117 A4 — Mk
MR (TP 2 — 1 NIRRT, SR8 m+ o AN EIIRACR IR EERS AR 1 E
a5 M F, Scan_Enable {5 5 R LM il A 20R B B D REA N5 5. X
B, B AR 2 BN A IE 48 MUX HIBS ZEXT I B clock A2 WA fEMA K. R, Xf AR 4
FEISRUL, 5 A% GEI B X R IS 1) 153 D RERR AR 417 R XIS ST A [

FERSIA]_E, bR A R U, ARSI I B8 m +n + 1+ (2 — 1) x (n+1)
AN B R YD, A% R IS T R TR m o +m AN BRRLYD, BT AASSCHE I 1 88 @ — 1 AN B
JEY, I AR R AT IR B A

i AR A 5 A — A TR S5 M BT, BRI A T R A AR SR A ot 2 T
—ANEFESE, TLVEAR BB AR EDA T H BT IR 24, (H 0T — & B0 it4s
FBeTt, i CA I EDA THRIT G 44E.

4 SIGERK S

ARSI L A LR, DRI AR SCHRE H AR R I BE AT T 95, SIS TE Intel Pentium
2.13 GHz CPU, W7 N 2.93 GB [ linux C S5 F T, N T 3RkAF@E AN, 5KHETLRN, &7k
ML 27 A7 28 RN, AR SO — NI ) A E A B AT AL B E# =R T —ANBAR, IR a7 A7
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Table 3 Comparison of shifting power

CcuT FF Independent of test set Mintest
T B_sa P_sa sag (%) T B_sa P_sa sag (%)

s5378 179 13 2190 16110 13.59 19 62042 2463756 2.51
9234 228 15 3183 26106 12.19 16 183021 4803390 3.81
513207 669 26 16546 224115 7.38 29 378354 57627660 0.66
535932 1728 42 69961 1493856 4.68 191 131187 24841728 0.53
515850 597 24 13938 178503 7.81 29 365942 23649264 1.55
s38417 1636 40 64430 1339066 4.81 58 1789837 139940562 1.28
538584 1425 38 52156 1016025 5.13 38 1585372 145543800 1.09
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7 S9234 INFERE « AYEILHELZE
Figure 7 S9234’s test power changing curve with z increasing. (a) Independent with test sets; (b) based on mintest test
sets

RN 2 BN RBERIKEE n R TIE R, LIRS S/ N FE A Dhe K s L i AR T i 46
P IXAMBRE I T IR RE (S A T A AN R RS AL 7 A7 38 KNI ), 5 AR AT H13 B e 2 TR A7 75 Bk
AR B A A A EAL BRI BN SRR A SCK ISCASS9 P2 i g b AT 175286, HAEALTh
FEBEE o B3 KR B GRS, AR DR R AR A

N T B AIE SRAT I DO AR S A s AR T WA A R AR, 2 2 N SRIREEXT mintest M4E 231 B
EEIABALBAF RN o BB AT DhRERTH S, BARRE AL ThFERI LA ESR 3 han .

B 7 45T RS S9234 MRS IAERE RS AL T A7 4% o AR ZR, B 7(a) N5 IMREETE R4k
A, M 7(b) SN mintest 23 [RIES AL DIFEAR (AN, Forb pp NGRS M SR AR R, &
RLT BRI A AL ThFE. X 7(a), BRATE B AH ARk 28 2 AETE B AR IRIF 1) 2=15 NI
FER K A, BALIIFEME ps A 3183, SUNAEG B AL IIFEN 12.19%; X TB 7(b), DIFEm AL St H
WAE =16 &b, HXI NI Th#ER ps=183021, AL S HABFERAL pp 1) 3.81%. RAELFEH, MEK
& o MR BAMFE, WK E T &, PR IR B S, AR AN EME. B 7(a)
W RSB AT R AN AR AR (0 fid R 2% 2 T3 P2 A B AR, Tt 1B 7(b) [ BRI AR U, X AHAR
fitk o 5 5 2 A= AR kAR, AT DU IS B 7(a) BB TR B SR, BT DA AR A it 2R AR ABL, ThFE I
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Figure 8 S13207’s test power changing curve with z increasing. (a) Independent with test sets; (b) based on mintest test
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Figure 9 S15850’s test power changing curve with z increasing. (a) Independent with test sets; (b) based on mintest test

RN ¢ PERAAESE. 5B 7 800 Bl 8 44t 1 Hg S13207 B Tl E AL EE R (a) F1
A mintest MHAEEIRIFMALLE I (b) XTI o MIZ5H A RREALDIFERE = MR 1L 26, B AR,
PR AR 4K T AR AR R 1Y), AR SCH HE ST T IR SR SR 1 B TH R S MK s X L) o B 26, T A
mintest WA IRTG K DIFEHAC A o {H9 29, AT WL E DIFER S AR R LY o (B IEHHEER; )
—J5 1, B 8(a) HITHFESAK SRS I DIFE AL SR RE Y 7.38%, T XS T mintest K, FH IIFEHAK A
X R IR SRR 0.66%. B 9 Al 10 43 Hil4h H HLE% S15850 AT S38417 IR ThFEREF AL

TP AN o A il 2, S
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Figure 10 S38417’s test power changing curve with z increasing. (a) Independent with test sets; (b) based on mintest
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Figure 11 S35932’s test power changing curve with z increasing. (a) Independent with test sets; (b) based on mintest
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BAh 2z, B 9(a) A1 (b) H, HLER S15850 [MIhFEmAR AR Hir, 4054 24 A1 29, H mintest A4
ghirh RERRBALFEOONE R RS 1.55%; FFE, B 10(a) A1 (b) FFHEE S38417 (1T
FEm AR Ao A 40 A1 58, H mintest 25 H 1, ERERMIFE A DHFEA L SRS 11 1.28%.

11 45 S35932 MY 2L, W E t, ARFFRSRAFEACH DIHE, (a) BN R S
FEGERIFE L HFENT 4.68%, T (b) B AU GRS MR AL THFEN 0.53%; (EA2, XTI RSk U,
F IR B AR ARG o (A ZEER K, 2050 42 A1 191, 3 2 PR A i) e A% i 1 E Bk 1
RERFEERS, FAAEH0 0 R AR, T BUTRAR AR 1) i 25 AR5 ANAH AR, 17 R R A A AR () fish 2 #8215
AHAR, BRI TR 43 L L D FE B I AN BL ) @ ABLAH Y, AR T30 “RpiR A, 3 DO FE A AR
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R R .

% 3 e AR AL DR E I A5 R LR, Hod sag=B_sa/P_sa, NEHATLLE H, BT ABHEFE AL
BRAR AN, R L HARAS 2 T HBORME BE R/, Xt R $35932, MH] mintest M5, AL AL IHAEN
PEGEEEER 0.53%, MIB/NDHAETS TR B, XA ARFATE LW,

Dy — Tt FH A IRy, AR AR A PR 00 i 11 2 P A K it s/ i
A B A RS A kA, AT AEAS AL AR IR /N, FLRE A AN A B i A s b3 In— A~k — ik %
&, BEAEARO AN eI BE R A s, I A sk, HANZO0 BB (1 Dh REI 1847 P smid; Jf%
A5 5 R 0 LB I B A5 5 3RAG, ORI IR G A i 1. HL e K AR s e 0 ik TR P i, 3
FEARATH T — 20 ZEL g P i) 2 2 )

5 NERT—SIE

AT P ARG, 1245 DL AR AR A A 4% A DA CR IR BE A o il e dle 1 72
RrBgAR, KK TR ALINAE, 2450 B BUNIBEEACT, SRS BUNR AL ZhAE, T H2 —FhiE
S, BARMSLYG 45 R R WRI A R /& — A AR H A R 1, AT FE R AT P Be TS5 4.
AREAA A AL T LI 18] (380, 322 d AR AR AR AL A A 1R Mt i A
FE, AR B AR 5 B A 7] R HE R A oA g/ X 1)
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Representative scan: a low-power DFT architecture
Ling ZHANG!* & Weizheng WANG?

1 School of Computer, Hubei Polytechnic University, Huangshi 435003, China;

2 School of Computer and Communication Engineering, ChangSha University of Science and Technology, Chang-
sha 410004, China

*E-mail: forry1230@126.com

Abstract The scan chains of conventional scans consist of all the scan cells. The path for test-data shifting
is therefore long, which induces a high shifting power. This paper proposes a new design-for-testing (DFT) ar-
chitecture, which transforms the scan cells of a conventional scan chain or sub-chain into circular shift registers.
A representative flip-flop is chosen for each circular shift register, and these are then connected serially to be
set up in the representative scan architecture. In this way, the proposed representative scan reduces the shifting
power and the number of test pins needed. For benchmark circuits of ISCAS89, the shifting power of the best
architecture of a representative scan is only 4.68%~13.59% of a conventional scan. Especially for S35932, the
shifting power is only 4.68% of that for a corresponding conventional scan. Compared with a conventional scan,
a representative scan only needs to add a multiplexer for each scan cell, and the hardware cost is low.

Keywords digital integrated circuit testing, design for testing, scan architecture, low power testing, represen-
tative scan
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