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W. Edwards Deming (1900 —1993)

“Statistical theory has changed practice in almost
every [discipline].”




Topic 1. Analysis
What type of variability should we worry about? How?

Topic 2: Analysis for robustness
How can we measure robustness in our designs?

Observation: Critical path is not unique

Topic 3: Optimization for robustness
How can we ensure robust designs?

Observation: New type of fault model is important f or testing
Topic 4: At-speed test

Path selection for good process coverage

Margin selection

Conclusions
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Increasing and inevitable parametric variability

*D. J. Frank et al, Symp. VLSI Tech., 1999




What type of variability should we worry about?

Largest component
RSS across process space

Systematic

Reduce early/late RSS down a path
split or “derating”
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Statistical timing
provides a clean
framework to handle
all types of variability

IBM has adopted a
statistical timing
requirement for sign-
off of all 65 nm ASICs

Chip-to-chip, within-
chip systematic and
within-chip random
variations are handled

Main benefits
Full process coverage
Pessimism reduction
Fully incremental
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90-day M3 resistance: the need for robustness
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Robustness and sensitivity: 2 faces of the same coin
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Critical path is not unique

[—
P

Z50)
@




Parametric yield
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The lasso method: a scalar at any cost!
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Canonical parameterized slack

single value?
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Sample result




Routing: changing metal levels

Metal: buffering, double wide wires

N/P mistracking: resynthesis

Gate replacement based on sensitivity signature

Layout tricks to bring capturing/launching paths
closer

Vt families: balanced use in data and clock

Voltage and NBTI: silicon vs. wire delay in path






Testing is difficult in the presence of variations
Critical path is not unique

Union of critical path(s) at all points in the process space must
be covered

New notion of process coverage
Fault model is different

Subtle parametric delay changes can accumulate along a path
At-speed test is required

Structural test

Permits targeting of specific paths

Permits use of inexpensive tester

Patterns scanned in/out at tester frequency
Testing at product frequency with on-product clock generation
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Process coverage during at-speed test

Critical
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Critical

Define criticality of a path as the probability tha  t
the path is critical

— If I were to manufacture 100 chips, in how many of those
would this path be critical?

Choose the most critical path based on this metric

Then choose the next most critical path
conditional _upon the first path passing test




Margin optimization for at-speed test
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Bad chips




Sample results from margin optimization

SPQL Shipped Product Quality Loss




Variability is addressed in timing by statistical m ethods

Need to address chip-to-chip, within-chip systematic and
within-chip random variability

Critical path is not unique

Need to invest in robust design methodology
Check sensitivities from an analysis point of view

Tame sensitivities from an optimization point of view

Use various clever projections on the way to full-blown statistical
treatment

At-speed test poses new challenges due to variabili  ty
New fault model
Process coverage

Yield improvements by margin optimization or by trading off a
few yield points for performance in a controlled manner




