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Abstract

As cross—coupling capacitance generated in transmission line has been an important issue in
VLSI world, a couple of ATPG algorithms has been proposed. However they were studied only for
a simple single-line effect problem, so it cost so much time for an unsatisfying test generation
efficiency. In this paper, we studied a noise model for multiple affected lines and generated test
patterns in a short time. This paper proposes a crosstalk model affected by multiple tranmission
lines and implemented an ATPG algorithm for detection of crosstalk noise faults. We modeled the
crosstolk noise fault as a static hazard and not applying a cost function. We set a logic condition
generating a crosstalk noise by multiple transmission line and made a truth table for this. We
implemented an ATPG algorithm based on PODEM and revealed the results.
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Fig. 4. Truth tables of basic gates.

[UNDETECTED}®IY $338k}

1.

EE SR =R R, B/ HEgleH o
7H =eigke] wlel AR eApHe] Wellx Fd
& ElolmlalA] AR} o] xZe] wkEEchH
go]E [P2]2 AlaPhc}. ey o] s
st sEEe 2] sRdEs = A
#<d R, Fe 27 BEPOE AMEEY, Aol

(814)

- HA R 2R

o olel BEwAe] Gl s A

=k i

Hol¥ [SIONSelect Initial Objectives)Z 747t
ot B R =& FE 5548 U1 5 9ot
7 Ao [BTI(Back Track)2 ©]ER¥ch

. AR $5ARe ==t R, Fell di$3h=

=gk 0, 1o] =] AARe) =3 Elo]
2 vl A ea i Welld 55xEY =
23t Wslec} w2 A Zolo} g} o] 27
HE Al E HolE [PIE olF3la, &
& WA gevi HdiEe 2] B84
2, e =23t 0, 1& 27] ZEghe] =
#o]& [SIO)E AllE o]5git} sz =
A =gk GO, GIE AN 4 Svkd Aol
[BTI(Back Track)® °]53ch

Wt A e ¢

AT QO =E Glo] 3RY F ¥ F o

L 3 xeE HuuEleA] AHrARIL ghge] Agl
Hodchd Aeli= [DETECTEDIE o)%ahd, s}
HA gkt & o § 4k 2] Ex4
22 A% F #HolE [SIOKSelect Initial
Objectives)2 A& ol5dlc}l 2}, 324ls
£ A9 F FYgo]| A & S A
[BTIZ ol&3ich

dr

. 27| BRAzRRE] FJEd)] 24¥ o 77

FA(back trac)d B PPAEA XY
Hol=g Hegeh 7Y Aol=r} A= )
3 Aolzel gt ol BE 29 wghe
ARekz Aol POl ol ek

- A2e] A" F4Y e E=Rigel AR A

3354 (forward implication)& =83tk o] =}
Ao] A} SFARe) ARy 2r|E w3l
old o AME 7IFEH Aol [BTIZ ol
o}

. Al=Asl(back track)E AH ¢ oHlA A (Hle]

2 [Po))o] ukaEch 2E FglEtelld =2)gte]
BAAEA Zal dAaE e Asska Aleje
[UNDETECTED]Z ©]%3ic}k

Aol Amlyl FEHY
(Primary output& ¥ ¥Jv]'d(observation
terminal) & &0, o] Wl FIHe] JHAES
H2E seiog g}

8
s



20024 9F WMTIBABHLE $39% SDE FHIM

(w= )

R =

[P1]

FOA 2E s8H
Z0 XZE EBX
S0 2YF=I}

Y

N S
/ LR == \
clgt 0 £= 101 &

el A=t

33

[p2]

Y [P3}]

Z&0! PO
OIS A=t

[si0]

I NEE FYHQU2E
ZIREEZE HEE &
U=t

I
Y

i /
Eyeful]
JISBHZ= IIHEZ0I0, 242 0
l8Rd2= 58H20/04, &2 R
JgEdgE
L & A ER

PAr |
~

=
=
=
=

[T xwe =
T ot o

1
F

HSANSE FEHUHCE M

|
!

[Pa]

[DETECTED]

Crosstalk0ff 28 &8 2 &,
Ol HEI & Test HEE HE

[BT]

=y

H 2
iE

ANEc#3UEE 60

ELIEHEEE

[UNDETECTED]

— Bl Test & EOt

[P5]

Implication

a8 b, Akl duHE
Fig. 6. Flowchart of proposed algorithm.

3. e =24
e Rol] F83] A =2l@ 0 = 10] 52

ao9g w FTEAEe] Az dse sz
crosstalk 3H8-& d.ozich =l slaxze] Alsr) o

el Akl vig eEdRe] A% Wt weE A
+ Haldzel A7 3HSo] B AF Alo)EAA
AALE7E A=A oA ol Age] A o
< % Utk 2B FHdEe SRR As
st} w2 22 Azkel] AW A3E #4138t
I glefof @t =y A s ZHE S

(815)

?

o2

3] Hl8 mE SEARAA dofuhs Alswshe F
A3 Aztelefol & daAde] itk e} ol dA
Hog ofg Brbsd Afolmg ojx Axe A%
ARS8k 231 e VLSI Al we} et
¥ dernE & e AR 228 209
TR BAAYE T3 AR AL F AHE
sastsir.

Hejd 2ol crosstalk SIS EAAFIZ] S%
=23k A Y el 222 gzt et



o] eloluo] FiEl AuE o & ¢lr] wiel o
AEES UEY] T Rl Zeadls s 5
22| 2 crosstalk A A E AAsGoH 1A 5
329 00705 7Hdsiedch elel z|Aele Ao
U-glaee] | e 1 A7 unit time) 2.8
he whel-elolw) A% WMH(unit timing method)-& A}
_9.{5],03\;],

Sede] g7} oz 7R #slehs 492 "
E A ASE 3 20 FASK) ISCAS '8 wl=|ot
32 F TSR e A eEdRY
Il 670704 S22 HAES AR ATe)

.
oy
E

et N

c}. jo]E [DETECTEDIoA B9 3%
Detected &5l 71A3Ig A, B~ Ao Er)ste]
#o]8 [UNDETECTEDIolA] darz]Es #d 45
DAEAS AP 952 2Hsle] HAE Ae] F
¥l 79 Aborted 35, QHAE H&lS -2 £ )
E:d 2. 5EARY gl WE HoE A A
3}
Table 2. Experiment results according to
number of affecting lines.
Affecting line | Detected | Undetected | Aborted TG Time
] Rate (s)
3 2 177 41 91.8% 32
4 243 223 R 93.2% 3B
5 1R 4 R 904% 42
6 18 27 %5 89.0% 4

(816)

34 th3 A4 Qe dhE Crosstalk 448 98 sl~s A il W
x 3. ISCAS'& Wlx|vtzr 3| Zof djgl el
Tu/fe'(ffll,u = Ti’)'(‘ll'mv Z’< n, n% E‘: o O L_i"‘] i Zr_ E /\g}g gj’,}.
Table 3. Experiment results for ISCAS ‘&
AZNH, SFAR T e = XS 1ol sl Benchmark circuits.
. 6 |,
T woting = 7= T apcting, < T agpecting, + 7 Circuit Detected | Undetected | Aborted Rate Time(s)
cl3% 166 32 12 | g% | 2
o}
clog 27 163 0 | M% | 15
<670 30 R 5 | 82% | 19
AlS 2D
V. o9 23 3540 106 208 %6 | 08% | W
B el A HaE QY duEEe GB5 | 39 2| 0 | 20% | 2
o5 ) Falsled ISCAS 'S5 Wixviz 3126 A4 6283 1% 311 M| B | B
dljon] =Zgodle 512MBel Helvlm]E e T M 174 2 | B6% | B
Sun Sparc 5 MAldA Adsladc}. Foixl wWixul=
3|27} 7MA|e crosstalk A AH, 3]2e] #Heolohy, L N
=7t 7 =4 A, of ueles WY A9E Undetected FE02 T

F3to] r)stgdtk TG Rate(Test Generation Rate)
FES HaE A AgAS HrisP] s AR
A FaeE [7]9] WS o438t oleks Fe, oY
7} 1SCAS '8 Hﬂle}a 32E gies Y 5

FA RS 7RG ASE F 29 B3 dreg #
3ol EABFAT)
V. 248 4 &% o7 A
B =TolxE 8] $5olA] crosstalk &g TAHS

g9 whE 4

=

AE3he ATPG €& A2e =
Aslsia, AAR TR gaE QY ARE FHs)
Ak Mgl o] AR AsE ADsh= obF
Az AbllA] crosstalk 2ol 2AE &Eo) Erhe
WSl ztokgto 24 vl Aol 79 ¥ 483
o $HE Fau AIsHd daelEe AEAs
PODEM Az 2 dee B
X125 ¥3hs oy 2)EEE SO 2R 5
U=E AJAds1sct

Ay Axe dA43] &% A7Ha]o] vl
L daE A4 588 395 slov) w8
E QA Fgol vl A 24 HEELE a7 =A4

)} O _O
u

° ]/‘\E

S 5 glek HlaE A ARE Helld FhEed
[71e0 wlsl A 57, BAl 15086l o] 2= 7iAde]
olFoiglent, nAARe) T HAEgRS A
734, & #olE [Detectedldll] diz2|Eol F8H 4|

=



20024 9F BFIBEHGE F£3I8 SDE #£IR

9.0

&8 AFEEE (73 vias] -138% T 20% Axe] Jj
o] o}Foizlc) o8] sie] 2/ EEE- M‘Q ‘?_W]
Aok she & =79 iy BAL 3 '
WAE W-obx 22 Q8 gAE WI *E-?'H}*’S
$5 A BB vz e AeE ‘%Z}%F}. o
29| AT Eslo] o)2|gt $AAS #FshuAl gl

31088

[1] W. Y. Chen, S. K Gupta, and M. A. Breuer,
“Analytic models for crosstalk delay and pulse
analysis for non ideal inputs”, Proceedings o
International  Test Conference, pp. 809818,
1997.

A Vittal and M Marek-Sadowska, “Crosstalk
reduction for VLSI", IEEE Transactions on
Computer-Aided Design of Integrated Circuits
and Systems, Vol. 16, pp. 290—~298, March
1997.

K. Rahmat, J. Neves, J. Lee, “Methods for
calculating coupling noise in early design: a
comparative  analysis”,  Proceedings o
International Conference on Computer Design
VLSI in Computers and Processors, pp. 76~
81, 1998.

H Kawaguchi and T. Sakurai, “Delay and
Noise Formulas for Capacitively Coupled
Distributed RC Lines”, Proceedings o the
Asian and South Pacific Design Automation
Corference, pp. 36~43, 1998.

[2]

(3]

(4]

F X (ERR)

1999 Aty HFE R &
AL 20029 SdeEla sk A
Bam Aab 2002d ~5A et
skl A <FAlEek: 3
FElE, VISL AA 2 H2E,
CAD>

A I |

(817

35

[5] A. Rubio, N. Ttazaki, X. Xu, and
“An approach to the analysis
crosstalk faults in digital VLS ¢ 3 ‘.
Transaction on C‘m’puter-Aldd ﬂeszm -{f
Integrated Circuits and Systems m 13, my
387~394, March 1934, =
KTLeeCNordqulst,andJAbmham
“Automatic  Test Pattern  Generation
Crosstalk  Glitches Digital  Circuits”,
Proceedings of IEEE VLSI Test Symposiumn,
pp. 34~39, 1998,
W. Y. Chen, S. K Gupta, and M. A Breuer,
“Test Generation in VLSI Circuits for Crosstalk
Proceedings o Intemational Test
Conference, pp. 641 ~660, 1998,
7148, VLSI Al 3|2d24e] 2835} 2 8
A IDEC A 7t A= 10, Alzwh =z
1999
P. Goel, “An Implicit Enumeration Algorithm to
Generate  Tests Combinational  Logic
Circuits”, IEEE Transactions on Computers,
Vol. C-30, March, 1981.
[10) K T. Lee, C. Nordquist, and J. Abraham, “Test
Generation for Crosstalk Effects in VLSI

[6]

for

in

[7]

Noise”,

[8]

(9]

for

Circuits”, IEEE Intermational Symposium on
Circuits and Systems, Vol. 4, pp. 628~631,
199%6.

R ¥ (E&R)

19991 AWt AR &
AE 1998 A i Aat
Akelat Hato2002 A
ik Rl <FIAEel: ARE
T2, VLSI AA ¥ di=®, CAD>



36 e A4Hel e WE Crosstalk HeE AT d2E A4 S5k b

X

& X HOEHR)

0004 TRk eI %
A} 2o02d Suvheha cek 2%
Elskeh AL 2002 —5AlckElE
ekl wpE. <FRARe}: 3
FEl7E, VIS AA 2 elas,
CAD>

E B(E&R)
1987 Algoiste Axpgat) 3
AL 1989 A&k ARyt
AL 198343 University of Texas
at Austin ¥R} 19919 IBM Inc.
199319 Motorola Inc.  Senior
Member of Technical Staff. 19U
WA~ gAdshr HAFelsht 25 <Fliel:
FE] A28, VLS AA|, VLS dl2%>

(818)



