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A Study on Time Dependent Variations Caused Rare-Event Fail Bit Count Prediction
Analysis Methods for Nano-Meter Scaled SRAM Reliability Designs
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Thanks to the sustained CMOS scaling in four decades, the element device has
been made smaller by orders of magnitude and enabled to pack over 10 billions of
them on the one chip. This allows to design and ship a high-performance commodity
smartphone to our society. The scaling treadmill will have to sustain to fulfill the
demand of the performance per cost for ever. However the size of element device has
approached to an atomic size and conventionally ignored time-dependent (TD) atomic




behavior cased variations will pose as a major challenge and barrier to a secure
device screening design for avoiding any reliability troubles in the market.
TD-margin variations (MV)-caused failures will become no longer ignored and cannot
be precisely predicted using the ordinary Gaussian-based convolution analyses
because (1) TD-MV will become much larger than the non-TD-MV, resulting in the
TD-MV dominating over the overall MV. This leads to a rapid increase in pressure to
determine the unknown factors by solving the inverse problem, even though SRAM
designers are unfamiliar with such a methodology, and (2) the tail distribution of the
convolution results of the TD-MV and non-TD-MV no longer shows Gaussian
behavior but more complex mixtures of Gamma distributions. Thus, in this study, the
non-Gaussian inverse problem to be solved based on the pre-defined hypothesis of the
unknown factors or final target specifications will be more intensively discussed. The
algorithms for solving those problems are proposed and demonstrated compared with
the conventional ones, while devoting more pages to highlight its originalities that

are appreciated as the best paper award by IEEE conference.

This thesis is organized into the following nine chapters. Critical issues posed by
further sustained scaling are introduced first followed by discussing the background
and objectives behind this study in Chapter-1. Segmented EM algorithm is proposed
to increase the accuracy of fitting a non-Gaussian long tail distribution with the
Gaussian mixtures in Chapter-2. Table-lookup based algorithms are proposed to
expand the versatility of type of distributions in Chapter-3. Potential applications of
solving the forward problems/inverse problems, i.e., convolutions/non-blind and blind
deconvolutions in VLSI design flows are introduced and discussed in Chapter-4. The
proposed algorithms and its verification results are discussed and demonstrated in
Chapter-5 following the verifications of the issues facing the conventional algorithms
in Chapter-6. In Chapter-7, the proposed algorithms are further evolved to overcome
some obstacles still facing the proposed ones when adopting the some unique
distributions. Blind deconvolution algorithms and its verification results are
proposed and demonstrated while comparing with the results for the non-blind cases
in Chpter-8. To summarize this thesis, a brief summary for main achievements is
given followed by describing the prospective challenges and future work in Chapter-9.
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