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Fig. 5. Illustration for fault ratio detection
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Table 1. Characteristic of early fault period

Screening and shakedown before shipment

\/

Full quantity Inspection

\

Elimination of early fault samples
(pinhole, layout pattern collapse, et al.)

v

Estimation of fault ratio (ppm:1/10°)

Fig. 7. OpM image of pattern collapse
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Table 2. Characteristic of random fault pe-
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Quality maintenance by reliability after shipment
Sampling test

Based on Exponential distribution
Estimation of fault ratio( A (t)) (1FIT=1/10%r)

Estimation of fault ratio and Improvement measure

Thermal Stress Usage Environment
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Thermal Stress
(Fatigue) 1%
Thermal Stress

(Self Heating) 3%' /
Latent Electrostatic

Discharge Electrostatic Discharge -
5% Electrical Overload 46%

Electrical Overstress
I/V) 17%

Fig. 8. Distribution of fault mode coursed by
outer environment



Fig. 9. OpM image of ESD damage
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Table 3. Characteristic of wear out fault
period

Specialized item test
using TEG_LSI and acceleration condition

Determination of breaking
and degradation mechanism

Estimation of life time and quality improvement

Fig. 10. SEM image of EM fault
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Table 4. Definition of reliability and it’s in-
terpretation

Reliability )
Under specified requirement Evaluatlon
item
During the prescribed period
: Operation certification ----LSI
Requested capability
: Function certification  ----Element
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Table 5. Operational
stipulated period

certification in

For operational certification
in shipment field

Screening (Full quantity Inspection)
Observational analysis of normal sample
Environmental test
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Fig. 12. SEM image of defects detected by
environment testing
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Table 6. Assurance flow of functional capa-
bility

Improvement of
functional capability

I: High speed

Low power consumption| | Establishment of
¥ basic specification
Larg@ scaled circuit _ | F-Process design
Multi metal layers, »| | Layout design
Nano scaled design Packaging design
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Fig. 15. EM generation mechanism
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Fig. 16. Fault example of Electro Migra-
tion(EM)
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(a) SEM image of SM fault

Fig. 17. Fault example of Stress Migra-
tion(SM)
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Fig. 18. Cross section SEM image of
sandwich structure for countermeasure of
EM, SM
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Fig. 20. Illustration of Percolation model

Fig. 21. SEM image of TDDB defect on gate
SiO.
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Fig. 22. Illustration of acceleration test
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Fig. 23. Illustration of acceleration stress
model
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Fig. 24. Comparison of pdf(f(t)) between
Weibull and lifetime distribution
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Fig. 25. Comparison of reliability (R(t))
between Weibull distribution and lifetime
distribution
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Fig. 26. Comparison of fault ratio( A (t))
between Weibull distribution and lifetime
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Table 7. Confrontation of parameters
between weibull distribution and lifetime
distribution

(a) Weibull Distribution (b) Lifetime Distribution

f(z)=%(§)’""exp{-(§)m} J0)=20exp(-[Aar}

R = expi- [

R(t) = exp{-(%)’"}

m .
ﬂ(l)—;(;) A1) R(1)

PLE, $IOHES/RT A —F ZREHICOW TR
TEIRZ IS DFEEFE IR K5y — b LT
T A TIOVEERM (il : Inln{ 1/(1-F(t)} Kifh ot
Xixin(t) »BH5 (Fig. 1928),

1 1

=m-In(t)—-m-In(n)

B L R R O BREM R E T r Y b5 2L T
BHCmEEHFEETE, WEHZHETE 2,

Inin(

4.1.3 ¥R

T A T AAEERIC BT 2 m=1IX % DL E
HTHLRFPTOMEZH LI L 725, Ta-
ble 8IZIREDHFITH/3T XA —H ZRT,
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How is the Quality of LSI Guaranteed?
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Abstract: After exposure to numerous severe stresses, such as diffusion and implantation of
imparity atoms in Si substrate, and thermal expansion and compression in it, LSI (Large Scaled
Integrated Circuit) is fabricated. The LSI is a lump of defects. How is the quality of the LSI
guaranteed? Policy of quality assurance is introduced based on each defect mode of three fault
periods indicated by bathtub curve. The failure periods are judged by shape parameter value
drew from Weibull distribution function. “L’essential est invisible pour les yeux” the little

prince is taught from fox. Quality brought by the invisible exertion is management itself.



