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Error modeling in semiconductor memory of computers
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Defects in semiconductor memory chips and errors of their functioning are of interest to
both manufacturers of memory and their consumers [1]. Memory errors can be classified into
soft errors, which randomly corrupt bits but do not leave physical damage; and hard errors,
which corrupt bits in a repeatable manner because of a physical defect. Some time ago
numerous studies concerning the distribution of failures and bit errors in chips and
semiconductor memory systems were conducted (eg [2,3]).

Due to the increasing role of memory modules for the reliability of information systems in
the last time, experts are turning more and more attention to this problem [4]. The research
results led to a very important conclusion: memory errors are strongly correlated. This
conclusion, in turn, allows to suggest that the distribution and interdependencies of defects
over the area of memory chips, the time distribution of errors in telephone channels [5] and the
distribution and types of errors in semiconductor memory systems have much in common.
This means that in addition to the density of defects per unit area of a chip or the intensity of
bit errors (the number per unit of time), the parameter of grouping (clustering) of defects and
errors can be used for modeling of distribution of the bit errors in chips and in memory
modules respectively.

The Poisson distribution and the Generalized Negative Binomial Distribution are used to
simulate the distribution of defects both in individual chips and on whole semiconductor
memory plates [1,2]. Such defects can be correlated with the corresponding types of bit errors
in computer memory systems [4]. Based on these mathematical dependencies, it is possible
to determine the degree of defects clustering in a chip. If we assume that defects in a chip
(orits parts) with area AS are characterized by density D (per unit area), then the calculation
of the average value of area (mathematical expectation) with x defects for the Poisson model
can be calculated by the formula

aSy = fom ;1—, (DS)*exp(—DS)dS .

Following the logic of reasoning, we can identify the parameter AS with time, t, and the
parameter D — with the probability of occurrence of bit errors, p. On this basis, it is
possible to model the distribution of bit errors with regard to their clustering [1].
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