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(A Study on the Fault Analysis of CMOS Logic Circuit
using IDDQ Testing Technique)
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Abstract

This paper analyzes the faults and their mechanism of CMOS ICs using IDDQ testing
technique and evalutes the reliability of the chips that fail this test. It is implemented by
the three testing phases, initial test. burn-in and life test. Each testing phase includes the
parametric test. functional test, IDDQ test and propagation delay test.

It is shown that the short faults such as gate-oxide short, bridging can be only detected by
IDDQ testing technique and the number of test patterns for this test technique is very few.

After first burn-in. the IDDQ of some test chips is decreased, which is increased in
conventional studies and in subsequent burn-in, the IDDQ of all test chips is stabilized.

[t is verified that the resistive short faults exist in the test chips and it is deteriorated
with time and causes the logic fault. Also.the new testing technique which can easily
detect the resistive short fault is proposed.
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Fig. 1. Logic diagram of NSC 74AC138.
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Fig. 4. Maximum IDDQ for all chips after
first and second burn-in (VDD=5.5V).
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Fig. 5. Maximum IDDQ for all chips after
second and third burn-in (VDD=5.5V).
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Table 1. IDDQ test results for all test runs.

A T %»MTMW iz |
{ a]»-e w-ol | -ql ¥-ql L»E"A( |
Vve was gug ]L T '\ o ]
¥ 25 B 2 I |
601 s ARG f N 0

| ¥ 2y § % \

6 HAE Adg ’ f‘
‘ %3 2¢ I 33 l 26 27 [ 2 27 ;\
s olge qaE | | I‘ R
} 4us 24 2w |V S I
[ + A T 147 i 146 s | s
[, Lv wJ,,, —

3k o] A%el Aol #Y HiEeldE IDDQ
HArEg w5 Fdsigd ot Az 5 %9
production HlAE41> o] HAEE Eulsla]
3} Jog vite] Hol o] FHel At el
o] IDDQ 245 wAte] #Eow gt ngs
o] opul 1 o]F o] oJulo] A x| A Zeofx] uEAY
X agoes F5= Ao ol ¥ Rasi2ulel &
et gd sl wig- =& g a4 gl
dgoz 2 drEge] BAE Aue] G
IDDQ " AE Aag E43td vhgst 3o},

IDDQ H~EE £33x ¥¢ AL = oF 86%
o] Are] HEo] 9.4 glole] % gl AE FHElL lr}a}
of ejgte] mAZZFe] 7hedE Haldh ol ¥
Hl A sielel olsled VDDEYE GND7HA 9 whet
31 27F FAsle] vehds =alzaE W 2
g7h obd & [DDQ el EAEs BoFch
aeleg o) wAe o] imelFE BFoli e
= 2ozl Hrohe ol Y B3Iave oy
o Ego] ”H‘?‘ =op E]a v AL 9 HAE
Aol olato] oleigt mAe asHow AEY 4
vk Aol 4EH A
g, 7t BlaE Aol g IDDQ 3 oiS- W
of wF HIFo] glo] olgjg wAL vl e
A o7 &g vhekst Ak ez Adux]ojel 7



19944 98 ETTHEHLE F31% BR H 9%

o}, TFAY wE IDDQ el #¥= A¥A, A
g4 aeln B3 Ashd e A4 ot
Zo2 Jehdrl 99 "H2ERHE] VDD=5.0V
9} VDD=5.5Velldd #2437 IDDQ 3o $7Hs et
uigic}, ojeidt AR o] Ak wWeleld #E A
(threshold current)#ts 7= FFHst,
9 2% Tyl e o R-271o wislel &t} 1
sl Qlele|el E arAke] a3k fi]le] drh
27] dlEA [DDQ HAES Fohsha Fad

5

|

zoLo

o 3 So] s W-al Fol o] HARE Faihe
FAslgon] o)== H-¢l Fo IDDQ Ftol 23]
Hawe vepdc}, o] Adhs v1Ee] A7 AnE
AR AbkEE QoA o] HlaE ] M-l B3}
72re e AE e A4S DD FamE AR
& 2] IDDQ b S
Wb
o JHE‘_{

o]

27] HlAEA
a %9 HaEs
g vreRlsdch,
A HE A el
ksl on, ofu
IDDQ e W3hA 7] palzy] mAke] o
ol kaEvhes 4 ek

VDDZJ. \/0114' 7% W e
x)ed ®l~xg Expsie] ot VDD=2.0VelA o]

Z7] "HZREA]

~ES Ersba 23 AT 146)0) ApdA -
Ql(& 168417h %2 e~ Axk VDD=5.0Vellxlx=
A4 7% zelz Auxlel HAEE Eslx] -3}
-;: Aol waEigct, meing o el xlelE
YargArg ol gajrizh Alzke] Aol we} el

2 e e o+ 2l
t} o] AFgA wetmae] AR A7kl uheh
2 grol 7hsto] A% stuck Wele) e vhehi
v CMOS 3ol Alzlxe] & g8g vlxA ot

N

2] &}A) e 2ty A}o])

EEEEIARE BT RN L
gtpabe ZEAsk VDD=2.0V &l 75l &7] dlx

e Aol 7% % A HAEC o3t 2
7hsslra wre] w-glelvt 1DDQ H
A groli AAAEE FolapAl & 4 Qlrh ol

23]
sEg s

A

P4 kel Sde) Ge4% o wast
U% 2 vpehis 4Ag ol 8% Zelth,
v.ze

w EEAdE [DDQ HAE WAl 2lste] 2]
¥ CMOS H% HlaEstn 1 dolehd #4isto]

CMOS 3 2ol &ah3he A 2e o] uats

W7 &S #HAske, zela CMOS A9 A%
FAA717] 918 HlmE ALE AgkElar HEs
%-g],oq 1 7(4%_ 7],._H L o 15}0:11;}

HAE Alg Az CMOS el IDDQ &l ~Eo)
s Rt HAEE = e EAT-S skl 2
Bug CMOS 3o HlAEA 75 el aBP) op
g} [DDQ HlAEE HhsA] Weslodol a1 o] ¢
23 AEgo] W AME *F AdA+.
IDDQ 7452 ti-e] 3o AR Foll viepd
Aoz gol EOS/ESD (Electrical Overstress/
Electrostatic Discharge) @4e] olalgk e} &l
ale] Hm o5 1 U &Y wus 2ol &4
& 7psAle] wlg- & Zlo g Azbelr)

o 2 [DDQ 1A-E vehs HE2 °F 86%
o]4}o] alelo] F HlAE el o8 7Fo] e
g wolmm S e o HAE HE] ojate]
o] A5 goldhl HlmER 2SS o 4 Ak
FFAstel 9k IDDQ @el EEs AY, A5

dog vehti &5 54 Hsbusield @A

},« vhehle W5l Eask o) EAe
mafo] B2 A= kel Wale] @ 4 9l
veb Az gl

gy z27] dlaEedrch s -l el
IDDQ #tel #adte 43 vellls FHelle ol Al
77 e A oot MR Hejo] mate] Eald
e AAste) S, A wi-al *Oi} 2E
IDDQ & oi-¢ skgE kg vhehfe],
E spafola] of Awa] wW-<e] wfy F8
gk slo] dF=dch

CMOS A of Alzlze] & |8}
2 A el A 71 2 S kit Eel
new % 137 &2 4 9lge] FHalsle], o]

]APo]] r;}]zi} P28 "HAE ﬁl-/;]_o_
40 Eg}.o:‘ 1 Tr-g_k]o] Z_E]cd
Bd—‘{ HlAE el ofafixy

1. o A2 HAE WA
o 2}3}eq "—1 7%—611214 o] HAE HpAlY
A FFAGTE . v|EY HAE WHE 2
2 AbeE ¢ glors BEWdl S} HRAAY H
2B Ay gA ko] Q7EA] oferh 22 EER
o] WrAle] CMOS 39| AlZ % g ¥ol7] g H2E
uhal o] shig AM-E 5 98 o dabEe

oz B AFHmE uleloz 7t IDDQ 13
a# 7SS ApAE EAEla, o] nA-E §o)s)
A HAER & ol HAE 7|Hol #F 77} o]
Foiadl slejrt,

=
=

KR

iy

T

/‘\

cio o °l>* —ly

E

=
=g ( ¥ oA

|

B

4

e}

(1260)



[1]

(2]

[3]

(4]

(5]

(7]

[8]

IDDQ Hl2E A% o83k CMOS =23 28] 1A ol gt A

2 £ XK

Favalli. M.. P.Olivo. M.Damiani. and
B.Ricco. “Novel Design for Testability
Schemes for CMOS IC's,” IEEE
Journal of Solid-State Circuits. Vol.25,
No.5. pp.1239-1246, Oct. 1990.

Rochit Rajsuman, Digital Hardware
Testing: Transistor-Level Fault Mod-
eling and Testing, Artech House. 1992,
C.F.Hawkins, J.M.Soden. R.R.Fritze-
meier. and L.K.Horning, “Quiescent
Power Supply Current measurement for
CMOS IC Defect Detection.” IEEE
Trans. on Industrial Electronics. Vol.
36, No.2. pp.211-218, May. 1989.
W.Maly and P.Nigh, “Built-In Current
Testing -— Feasibility Study.” Proc.
1988 International Conference on
Computer-Aided Design. pp.340-343.
1988.

YuKiya Miura and Kozo Kinoshita.
“Circuit Design for Built-In Current
Testing”, Proc. 1992 International Test
Conference, pp.873-881. 1992.

Tung-Li Shen. James C.Daly and Jien-
Chang Lo. “On-Chip Current Sensing
Curcuit for CMOS VLSI". IEEE VLSI
Test Symposium. pp.309-314. 1992,
C.F.Hawkins and J.M.Soden. “Elec-
trical Characteristics and Testing
Considerations for Gate Oxide Shorts in
CMOS ICs.” Proc. 1985 International
Test Conference. pp.544-555, 1985.
R.Rajsuman. Y.K.Malaiya. and A.P.
Jayasumana. "‘On Accuracy of Switch-
level Modeling of Bridging Faults in

(1261}

[9]

[10]

(11]

[12]

boaiy

Complex Gates.” Proc. 1987 Design
Automation Conference, pp.244-250,
1987.

J.Segura, A.Rubio, and J.Figueras,
“Analysis and Modeling of MOS
Devices with Gate Oxide Short
Failures.” Proc. 1991 International
Symp. on Circuits and Systems. pp.
2164-2167, 1991.

J.M.Soden and C.F.Hawkins. “Test
Considerations for Gate Oxide Shorts in
CMOS 1Cs.” IEEE Design & Test, pp.
56-64. Aug. 1986.

H.Hao and E.J.McCluskey. “Resistive
Shorts’ Within CMOS Circuits.” Proc.
1991 International Test Conference. pp.
292-301.. 1991.

H.Hao and E.J.McCluskey. “On the
Modeling and Testing of Gate Oxide
Shorts in CMOS Logic Gates.” Proc.
1991 IEEE International Workshop on
Defect and Fault Tolerance in VLSI
Systems. pp.161-174. Hidden Valley.
PA. Nov. 1991.

[13] Cortes. M.L.. and E.J.McCluskey. “An

(14]

(15]

2. A3 01 7] o) %

experiment of Intermittent-Failure
Mechanisms.” Proc. 1986 International
Test Conference, pp.435-442, Wash-
ington. DC, 1986.
Hnatek. E.R.. Integrated Circuit
Quality and Reliability. Marcel Dekker,
New York, 1987.

=, "R e 7
Hg AHEst CMOS 109 2% 247 dighd
AgEts] sHAS e = Al16d A
13 pp.484-488. 1993 74

o



19944 9F EFIPEWHEE F31E BR F IR

& & W

B B(FEes)
19584 128 8HE. 1982% 2A° #hf
gt Azpgatat FEAL 19844 27
ghokoi gt ojEhd WAt 3k
> A}, 1988% 27 Freroisti ojatd A
‘ Ah2es gehuab 198874 35
19904 2R ZAdistz HaFats A
A7bAb. 19904 38 ~ 1994 27 734eNsta Axh-get
o 24 19947 38 ~ [ At QA
a4 19924 1H ~ 19934 17 vl= Stanford Weha
A7l R AFE s 285+ (Center of Reliable
Computing oA 7). F3A Folx= VISI AA
(CMOS % BiCMOS). VLSIH =¥ CMOS #<
Reliability Testing. Design for Testability. Fault
Tolerance Computing System. VLSI/CAD.ASIC A

A 59,

{

(1262)



