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Abstract

As the density of VILSI increases, the conventional logic testing is not sufficient to
completely detect the new faults generated in design and fabrication processing. Recently,
IDDQ testing becomes very attractive since it can overcome the limitations of logic testing. In
this paper, G-ATPG(Gyeongsang Automatic Test Pattern Generator) is designed which is able
to be adapted to IDDQ testing for combinational CMOS VLSI. In G-ATPG, stuck-at, transistor
stuck-on, GOS(gate oxide short) or bridging faults which can occur within primitive gate or
XOR is modelled to primitive fault patterns and the concept of a fault-sensitizing gate is used
to simulate only gates that need to sensitize the faulty gate because IDDQ test does not
require the process of fault propagation. Primitive fault patterns are graded to reduce CPU
time for the gates in a circuit whenever a test pattern is generated. The simulation results in
bench mark circuits show that CPU time and fault coverage are enhanced more than the
conventional ATPG using 1DDQ test.
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Fig. 2. Bridging faults in 3-input NAND gate.
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Fig. 6. Overview of G-ATPG.

- AAe] A

I*F el YA dze|Es HEslr] Aol sl=
FARZRE Pedh HRE PAsle] HAs] Folok
o} o] e AAe] Aozt spv], CUTSl ¥,
sl 2o @3}, Aol Axk ol saxich

G-ATPGY CUTS] 3|2 5ol digh 9 dloly
2A 3R 7]Eale] & qled o7 whi=c} HAEZ 3
g7} AX=Epd 8 2o digh Uiy ARt s sk,
e el A el Faziel wAk Ao] =g
wapAelel Alel= Al dedh ARE AFEr] 9
slo] 329 dsb} sEn e HAE S
Aoz AMElr] $18led SCOAP, CAMELOT,.
COP ¥ FDe| Hl~E fo|v s Felay FHow A}
3] 11 IDDQ Hl2mE WS Al g Als
2 FEH7R ARAld "er) glend Alolmnk A
|t A2 g ARkl e FHE 2 s
= golxo| B me} ok ghow 27]3HA7]aL
3| 2o ddel] wepr] zb Alo|=el it Eﬂ&E 2%101
L5 AR olegl HIAE Alows
st A AR ARE AFsle] Fs Zlo] ofY

2.
==

R 3R

CMOS VLSI®] IDDQ = ~8-S $& ATPG 79

e s

o, B sze] ojslaR ok kel Fel wlsted ¥
& 7w QA Ak,

3. dlE e A4 4Ay
AAe] o] HFpd
a4 AR 34E gl

A Aol =5 Aldaha #HE
Foll cUTell 4838 frelx

10

i

g 738 Adgc) 12]3 vAk AlolEe oidt =g
ey wAbfele. Adlsle] wAbsAl Aleleel I
TAEA Aol SE gelxat wEdo|~
(backtrace), =] A&l W wed] wAsE
aHeld & 4eight)

2 glamelld M arge] EAlERY shedt W
sl aelleld s alsk] flaiM T2
7Whg shtel Ak Ale|EE AR ﬂl°lE9¥
7t qleell eddule Qliz whE &F wkel AlelES
T s AlelER AAAT]EL, olE EFIRE
Aol e5e g Ale|lER FEARIY Sy
=9] #(type) s} 3J3 ol e} sejuleln sy
elo]Hell4] Ze|rle s Adeiatar,
b Aol o] Edelli= Alels) sfgiol met Aahx)
gt adstel olF gl Addeleh ek W4
e Alemel U gromyel gelzge 4
safe] wlsE sidle] EAsls] el Ha v
oot shiz alsalel ghe viel AU, Yelxat A
o §Eo] Ashd Wae] elnlely agsEE W
A7 e bl of
s s sfElo] 3

Aolze] &
MaAde]l BAF & glore Polx
Aelszel 1 ke fdabA) 293
2fel ol3o] A=
o] HAAw|ojo} slr g L b,
gzl Aolg s
el FHe 2gshl sk, o) HUe
2} gheh wlmeo] i Aojue] olsle] 42E A
o} AR ke el S QomE sl F
o] AAEH =u| Al EHl S sl
gl =e] ARl AAeA wiA glo] Aaal
AlEAeL Fgel sk wEdE S=aisio]
918 |4 FHZol ZAAY e
w2 AlBdel e Rt
Fodge] oz Almsllx

N

L

=0
e

3§

CUNE

10 m

1.
L

X

]o

E

[V

A

e

e E 1

Aoles A A<

el ehsch
7le] 745}]132]\—:]- 01951 /Lo] U‘[;MJ_
ko i
& sk

OHZJI];L__ 0. Bl X

= =

[SAREE
BN L

=
K=

5}

=

E] 57
BEE

==Y

Lo uAElH

-
c=N

7}E 2,

4
BA 2

H

o el =

Ouaﬂl



19964

A7 % lek & sARle) salds
AepA) epert enAE g BE EAT)E F
U ol AT AWY Ao EEe] R
sejelen wARE el RRbc),

dae] FY e Has sjEoz sl 94
shelol A4t ¥, ohg evleln srgsEe A
of sajaieh olar 4 Ael=el ojg zze] wejw)
B psele] dhal i HaE sRe] AdEge.
e} s gsiel Amea o g Al

HAE &l

o] &

L

EE gapd oz sulsle] 99 AL wbE gkl
4, %"*?‘1*’4 24
BE 3% Ae|ELe sl vlaE dEE A
Fof| "B HEle] 42 Fol= AL HAE ¥
MM (test pattern compaction)elg} el glA

spalel] Ao} ol AR RE d2E GHE F
oA A A HAE e Aol thla] Hlae
ARgel dal AUug 4 ol RS 2o shi
o Wl sRoz Z;M“i*lﬂ ol g sl
o AA}. ez AR o AES oA 5
o T P

F9do] eigict

P

Al
=

al

*74

V. Ay 24 1}

G-ATPG € ooz paiEjglon] ofare]Ee] A
Y712 913 Pentium-662] Linux“delA IS(‘AS
85 Wzt 325 Agsisdcl. o] o, 35 71E <
ool &k T (parser)E UNIX AollA] X]%J.Ell:‘
LEX(scanner)?} YACC(Yet Another
<‘omp11er) feeEE *F&%}“L‘}

o e A3 3eE 10022 3te], WAk
§L‘r-°‘l tfale] AF3E @*FE* Ro Fu glrh Al 3
el 42} 'zr—‘#- AN = WED g 35
°ﬂ 75*‘&]1] oo ARl o) T 3|2 el b

T olvs A 5 A4t L}EN‘P}. &7
7d & (pure fault cover ’TﬂﬁHE*
g HEE ARl
AEEE A A A 3,
e} T8 w3 5 gkt 7ol o
o}, W AR shie] wAeE
AbgAZtelw | g e

\,

Compiler-

=
e

3T:9
E]

il

A
H g

It= H|AE

38 BTFIBEHRX

3+
B

£33 % AR % 3% 183
Qe wpE 3 W= ol iR 3 gsiReE A
ssjo] shtel AR A W= B5E
ehdict G-ATPGE (267034 (35408 *ﬂ-ﬂﬁb_
100%2} 1A 73588 A}

E:3 3. G-ATPGS A3 Az (Ex A

g4 = 100)
Table 3. Experimental results of G-ATPG
(Backtrack Limit = 100)
T

N E - N "
F\\; Ty elne 121 zji S igﬁ 3371:.
AN R e ] P R e S Bt
LN T 4= . = (ms) | -7
S N T~ T

¢4320 496 30 |0 |0 [100.00| 100.00| 1.61] 0.01
¢499; 610} 99 0 0 100.001 100.00]11.96| 47.20
¢880| 1112] 30 |0 |0 ]100.00|100.00| 2.24] 0.04
¢1355 16101 97 10 10 |100.00]100.00| 3.85] 0.35
c1908| 2377 168 0 0 100.00] 10C.00| 3.53] 0.15

|
26700 3268 43 | 11 (17 | 99.14| 95.66) 5.75 1.44
3540 4605|106 |32 17 | 98.94| 99.31| 7.55( 3.06
¢h315) 6693] 81 0 | 2 . 99.97| 100.00] 6.97] 0.43
f

06288 7216126 | 0 |35 | 99.51|100.00| 7.92] 0.63
7552 9656\136 Lo |20 | 99.79|100.00| 7.53| 0.26
% 4% IDDQ H==®EE& 38 7|28 ATPGS}
G-ATPGY o 24 7588 vepdd slojr}, [7]

of 413 stuck-at. stuck-on®} Hg]®] wA R of
Ao shte] mAb Alo)Eel Wiyt wA H 2§
RFEA17]7] $sted FqlEolA] qlejHew HIAE A
BlS 27}8ledS w2l random test set® FUe
/\1 stuck-at test setZ &7Fste] IDDQ Hl2® 71
& AMERE S AlEdelElR Al EHeld’t A AHE
g 72t neia sk
[81-5 IDDQ HIz=®& 3l7] $18 zEsiea, A
= At w9 2185} 51 ot} A e A= o]]/{-]
2212 # 2dg ARgsted dolol(layout) &
2Re] HE)A o] WAE vlgAdel sl A
Hopfjo] W= AZ 355 2008 o] HAE
JAgE AxE welFEch [9] ellM+e stuck-on
#F 2ejAl wARe [1DDQ HIAE 7|HE AHSl] AlE
o] xdgt 3 AE-go|, 2]

o o

=

rlr ol

O
I =

stuck-at



184 CMOS VLSISl IDDQ ¥ ~® & $18 ATPG +& LW A

A8 s|HE AR 23 HEHSE el gl & Ak #5290 i A mdgsiy,
40148} 7ol G-ATPGE 71&2 ATPG Wt} o IDDQ El~E 7]He AREE 7]Ee] ATPGEF 2 =
A AEEo] wrke A oF 4 slvh ko] Z3FE] AREAITRS: wlazgh Zloleh AFE ARS-

AR g 3lse] nE 7S HEshed gag A
B 47129 ATPQS) G-ATPG 44 o o =
ARk XY 7he vl Aew *‘éﬁ‘ A7 el 2 TR del 5B
Table 4. Fault coverages of conventional ¥l AAkskdcl (9] & stuck-on A 2Hld)
ATPGs and G-ATPG. gk Aupibg vhepdl Aolok G-ATPGR: 3% 7o)
f o - e T BEVRS A9)A] oA malzlsly vpR] Ao B
! \]i . ' 'TZZ@ ' ( T S AolE #Hdlell4] =8] AlgdeldS F-fsisdivt. e
!§l ‘\ {ATPG lmd()m‘ at ~ B stuck | stuck hridg- O DARREA] Alo]lEL] yglo g jA} Ao]|Eof dikS-
b test set] te -on -at ing . ; . o e o
* (l \d‘ e . nz)4z Alo|Ente] i=e] AlgHlelAde] ARG sh}
[ B R B T 9, ]l A~ JjE /\‘] r vabe) =] g LT =
432 100001 96.10 ’ 96.10 1 99.16 I elnr sisle] A sefulels. Srgsfsle] o
T S et & T dolrwle] 3R] AFE-A7ke] 7]E2] ATPG Hr} &
910000, G443 0175 9753 - -
' S e A S R AES-& o 4 2lvk
B8O 10000 | 99.98 ] 00,00 1 9997 | 62,45 98.80 1
1455 100 >‘ 99,61 | 9956 i'm o1lan 16 98 450 9103 ¢
el bl el Sl Ll KL vz e
105 100,00 G863 1 U863 1 00.80 0 80T 9556 50 1()‘
S R s S R — B mFold [DDQ EHAEA AlOlE el BEa
‘l()h 0l 99, 14‘ 98.3: QR%(J‘QHRU ‘)3H;t3’)8)‘m‘42 ’ - ]1 Q l ]‘1 ] ] LH ] B
R o e S DU S 0] 7FsgF Beld GOS. stuck-on E stuck-at &
25401 GR 94 9872 1 98,72 199,45 95 04 \ 91.10] 98.19 - Rl A B B
ST RS R M Bt R U SE S B o P L
D315 H0.07 . 99.20 | 9920 5962 }% 23718l G-ATPGE &sladvt. G-ATPGx XOR Al
T N Bt e o o ) N
CB28R 9051 9980 | 99.80 96 031‘ ‘ oled ¥glalel zmu|vle|B. sejeL dirten Aol
A ‘ B el Fiake gAsHA: Y 23 w1 A
j

WCTADE B9 0826 ' o888 9!),59}‘:’ ()Q\ )6, l()J‘ 985

———————— e LT a1 1A slmel ik el Aselolde 4
sl e Al Bws 29z dMel] mdlgdlk 7w
£ 5. A4FE AH8-A 2t (sec) ke &8 ZhA skgclh cela b =elvleld 3%
Table 5. (C'PU time(sec).
o Aol chafr] s Alo)Efell Al 1A
I

R L Qe vle] eleldslel A 4o Ham e A
! AR A4 ?’( ntium bfw 1‘ )P( .I(JO \Uf\j bp e 1 AR slojon] pASEA] AlP|EES HHxspdd 1
L om | 080 0l | g AR EAAR e AlEdelds Sdetuis A
| 0499 ‘ 730 | 9o ‘ FeE] AREAIZRS sEEAT . A 58S A F
(880 1 240 179 34,24 vl B omdeld] 88 G-ATPGR: WAvt= 32
LC1sn 8.20 516 73,86 gk Agg Bl 7)E] elar AR AgAdr)Hc
e wae 220 Csssr Ak AEgo] IEGA. ElaE AAAIRNe] Fhagt

o 3 A% walal
i{ : B mfollAs Zejulelu Ale]Es}t A CMOSE

4% XOR Aol &4 iifo mdgsiglont oo

2= B3k Alel=, E3 CMOS S22 Faslr] 913
dlole}l o] ~7} F-FEojot 3 Flojr} ge]w Ale]r

Atol(inter-gate) 9] ¥ kel tisled B2 vz

ko) Sl AREX] FStElel v]edFRvE AR A 5 sl daeiEst 1IDDQ HAEAAM 2E

Cheoe 2] AREAl7R) djal MAEel wamt of  oF] 18 stuck-open el gk Rbxel wdl

(554)



19965 38 BFILEEH

ol gt A7t sE A olch

(1]

(21

[4]

(5]

{71

(81

FS B ]
Thomas M. Storey and Wojciech Maly,
“CMOS Bridging Fault Detection,” Proc.
Int. Test Conf.. pp.842-851, Sept, 1990.
V. H. Champac. A. Rubio and J.
Figueras, “Electrical Model of the
Floating Gate Defect in CMOS IC’s:
Implications on IDDQ Testing,” IEEE
Trans. on Computer-Aided Design.
Vol.13, No.3. pp. 359-369, Mar.1994.
Marek Syrzycki., “Modeling of Gate
Oxide Shorts MOS Transistors,”
IKEE Trans. Computer~Aided Design,
Vol. 8, No. 3, pp.193-202, Mar. 1989.
AR, Aedd, o7}, olF<r, "HF HIAH
7198 AREEE CMOS 109 A" Az}
Fats s Fg gt dlE =83, Aled.
A3, pp.484-488, 19934 74

F. J. Ferguson and J. P. Shen,
“Extraction and Simulation of Realistic
CMOS Faults Using Inductive Fault
Analysis,” Proc. Int. Test Conf.. pp.
475-484, 1988.

A%, "VLSIZ RS 34 &S $3 HaE
el e BE A Ak w9 =
, 19923 64

U. Mahlstedt, M. Heinitz, and J. Alt.
"Test Generation for 1DDQ Testing and
Leakage Fault Detection in CMOS
Circuits.” Proc. EURODAC 92, 1992.
S.Wayne Bollinger and Scott F.Midkiff,
"Test Generation for IDDQ Testing of
Bridging Faults in CMOS Circuits,”
IEEE Trans. Comput., vol.13, pp.
1413-1418. Nov. 1994

in

=
o

(555)

FIBHE MR B IR

9]

{101

(111

[12]

[13]

[14]

[15]

[16]

[171

(18]

185

Kuen-Jong Lee, "SWIiTEST: A Switch
Level Test Generation System
CMOS Combinational Circuits,”
Trans. Comput., vol.13.
May 1994,

2744 g8 "CMOS 329 AF HAEL
A WAY ARAA]7] A chgbd=-2s}s)
A, Al 329 BH 11%, pp. 70-80. 1995
124

for
IEEE
pp.625-636,

Rochit  Rajsuman, Iddg Testing for
CMOS VLSI. Artech House, 1995
Rochit Rajsuman, Digital Hardware

Testing: Transistor-Level Fault Model-
ing and Testing. Artech House, 1992.

K. Baker, A. Bratt, A. Richarddon and
A. Welbers, "Development of a Class 1
QTAG Monitor,” ITC, pp.213-222, 1994
P. C. Maxwell, R. C. Aitken, V.
Johansen, and I. Chiang, “The
Effectiveness of IDDQ., Functional and
Scan Tests: How Much Fault Coverages
Do We Need?,” Proc. Int. Test Conf.,
pp.168-177, 1992.

W. Maly and P. Nigh. "Built-in Current
Testing—Feasibility Study,” Proc. Int.
Conf. Computer-Aided Design. pp.340-
343, 1988.

M. Keating and D. Meyer, "A New
Approach to Dynamic [dd Testing”
Proc. Int. Test Conf., pp.316-321, 1987.
Al olEA, 23 A7k, Y e
£ "CMOS VLSI® A7 H=EL 213 A%
Hae aled YAdrje] " A=l sl
Zaeds] =74, A18d. AllE pp635-
638, 1995

Hideo Fujiwara, Logic Testing and
Design for Testability, MIT press, 1985,



186 CMOS VLSIS IDDQ dl 288 93 ATPG +d§ LT A

- e X Kp 2 I -

2 % B(EEER)

1958 124 1344 19814
28] Azdejeta QxRS &
Az, 19834 29 A%
dfehi cistel AAEE £9
(EEAD. 19924 39 ~ 4

gtdabgal el mbwA]l ol 19894 79
ARl drAlzE s 19904 39 A
FEdAist Akt 19936 7Y~ dA

74k ks A ek} s

%% BIEER) £ 32% Bk $ 113% 28
A Aot A3t

- A~
P

(556)

05 )

19679 29 29 A 19904 29
Anbdheta ARLEs &9 (3o
). 19954 89 ArelEL ojst

A AR FE} EI(TID.



