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Latent Reliability Defects

1. The defect types that impact reliability are generally the same as those that impact yield. They are
distinguished primarily by size and proximity to critical design features.
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Latent Reliability Defects

1. The defect types that impact reliability are generally the same as those that impact yield. They are
distinguished primarily by size and proximity to critical design features.
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Latent Reliability Defects

2. There is a direct correlation between yield and reliability at the lot, wafer, and die level. Total

defectivity can be used as a proxy for LRD’s.
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Riordan et al. (Intel) “Microprocessor Reliability Performance as a Function of Die Location for a .25um, Five Layer Metal CMOS Logic Process”
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Latent Reliability Defects

3. The best way to reduce the possibility of latent reliability defect escapes is to reduce the fab’s overall
level of random defectivity.
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Die-Level Screening for Latent Reliability Defects?

Rationale: Challenge:
* On-wafer random defectivity is one of the * Only a very small fraction of defects
main culprits for Okm and field failures. produce latent reliability failures.
* Fabs already use of inline defect inspection P
for yield improvement and line S e m;
monitoring. S
S
};} .:::'

Need a statistical approach that can use machine learning to improve as we improve our understanding of
latent defects.
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Part Average Testing

Is there a statistical difference in chip reliability between

Chip A and B?
Chip A Chip B
LSL USL
A 54 E A __a A
Outliersi : Outliers
Part Averaae
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Inline Defect Part Average Testing (I-PAT)

Is there a statistical difference in chip reliability between Chip A and B?

Inspection Layer 1 (LS) Stacked-defect die map created by adding together
Inspection Layer 2 (LS) the defects from multiple inline inspection steps

Inspection Layer 3 (macro)
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Inspection Layer 7 (LS)
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Inspection Layer N
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Inline Defect Part Average Testing (I-PAT)

I-PAT is the process of using inline defect data to selectively ink-off
(i.e., map downgrade) die which have an elevated risk of latent
reliability failures.

Key Elements

. Requires 100% inspection at key steps for the product(s) being
screened. Results automatically = ink and scrap.

. Leverages the observed correlation between defectivity and
reliability.

. Defect attributes, statistical filters, and advanced correlation
engines are employed to improve capture and reduce overkill.
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Simple |-PAT Implementation

Predicated on the observation that the
probability distribution of latent defectivity
roughly follows the distribution in total

defectivity T
P LRD i - N m ‘e _ - ‘e i
( )I | ol -
The probability The total The ratio of latent Sk G
of dieihavinga — numberof y reliability defects to Ll
latent reliability defectsin total defectivity HE >
defect die . (0<m<<1)

Chip A ChipB

Chip B has a 15x higher statistical probability of a latent

reliability failure than Chip A
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Global
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Smart |-PAT

Uses advanced correlation engines to weight defect probability based on defect attributes

Semi Fab :
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Smart |-PAT
Random Distribution
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Feed-Forward to Traditional P-PAT
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Feed-Forward to Traditional G-PAT
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Summary

1. The defect types that impact reliability are generally the same as those
that impact yield. They are distinguished primarily by size and proximity
to critical design features.

2. Reducing overall defectivity is the best way to reduce the potential for
latent reliability defects. However, die-level screening is becoming
necessary to meet the new standards for reliability.

3. Part Average Testing methodologies are now being applied to inline

defect data (e.g., “I-PAT”) to improve capture of outlier die and reduce
overkill from traditional PAT methods.
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