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Application of Importance Sampling
using Contaminated Normal Distribution
to Multidimensional Variation Analysis

SHIHO HAGIWARA, 12 TAKANORI DATE, !
Takumi UezoNo, ™ Kazuya Masuf!
and TAKASHI SATO'

Process variation by miniaturization has been inducing yield degradation.
Design-time yield estimation is required. Monte Carlo method, which is one
of the effective yield estimation methods, has a problem that its convergence
becomes slower when analyzing a low probability event. Although importance
sampling can overcome this problem, it is valid only when the alternative prob-
ability density function, g(x), is appropriate. This paper proposes a procedure

to determine appropriate g(x) when g(x) is a mixture gaussian distribution.
In the proposed procedure, clustering result determines the number of nor-
mal distributions constructing g(x) and mean of each gaussian is determined
through bisection method. ¢(x) determined by the proposed procedure can
sample near the boundary of failure region and this accelerates yield estima-
tion by importance sampling. SRAM yield estimations of 6 to 24 dimensions
are also conducted as examples. The number of Monte Carlo trials has been
reduced by 2-5 orders compared to a crude Monte Carlo simulation.
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Fig.2 Definition of solid of revolution Tj.
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Fig.1 Incremental hypersphere sampling.
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1: Tmaz = T1
2! Tmin = 0
3: repeat
40 7= (Tmaz + Tmin)/2

5. St := a set of failure samples found in Dy (r)
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Table 1 Parameters of transistors in SRAM.

Bit Line
#Bit Line

fosd nMOS pMOS
000 0000 | 000 | 0000
accessTr 00 (mV) - 18.0, 22.0 - 30.0
driver tr. 0000 (nm) 65. 1. 65. 1.
000 (mm?/Vs) 4.91 0.50 0.574 | 0.054
GND 0000 (nm) 1.85 0.04 1.950 | 0.042
08 SRAMODDOOOD 0000 (nm) 110, 120 - 80 -

Fig.3 Schematic of SRAM cell.
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Table 2 Comparison of estimation results and number of samples.
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04 OOOOOOOOOOOOOO Fig.5 The relation between standard deviation

Fig.4 Breakdown of number of samples. and the number of samples used for im-

portance sampling.
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Table 3 Speed comparison with other importance sampling techniques.
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