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Design methodologies for quality-

enhancing miniaturization

m Statistical device modeling under
process variation

m Statistical analysis and optimization

m Variation-aware circuit design
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Array-based device-variation evaluation
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m Array based sub-threshold current /
channel-length measurement and opti-
mal systematic trend determination

m Non-parametric statistical static timing
analysis for arbitrary delay distribution
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DUT: Device under test, LCS: Leakage cutoff switch
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Variation decomposition for accurate modeling
W=15um o 1=010um Too complex model may result in overfit problem
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Proposed flow based
on Akaike information
criteria (AIC) suggests
% the 1-st order polyno-
20 mial is sufficient to

10 model systematic com-
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Optimal model order for a chip

Non-parametric statistical static timing analysis
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Timing graph and critical path
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A priori determination of necessary iterations
Delay vector propagation

Determ.
STA

Determini
stic val.

Statistical
Conventional SSTA

Parametric probability
distribution

Non-parametric STA
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Two fundamental operations for STA
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Y = max{N(0, 1), N(0, 23}
/\Normal approx{ = Max: nonlinear func.
‘J’ LN(l-GSV 2.417)1. Approx. using parametric
AN\ distribution is inaccurate
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Fundamental ops. for vectors

Probability densi
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Iteration-free Monte Carlo STA
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both mean and variance
to max(A, B)Y

Prob. variables add
(convolution)

Tightness? , etc.

op. max Mann-Whitney U

Scalar Element-wise add

sum

sum

Criticality Mann-Whitney U,

P-value

= Normal distribution

» Canonical delay model

« Repetition of 2-input
procedure

Memo < Arbitrary distribution
 Arbitrary delay model
= Single procedure for

multiple input

Ua=0
Ub=9

1) Clark (1961), 2) Visweswariah (2004)




