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Boltzmann-Arrhenius-Zhurkov (BAZ) Constitutive Equation, 
and Its Application in Electronics and Photonics  Reliability Physics (EPRP)  Problems

A probabilistic design for reliability (PDfR) concept [1-3] is suggested, addressed, compared and discussed in application to the prediction of the operational reliability and physics-of-failure of electronic and photonic devices and systems. The emphasis is on the use of Boltzmann-Arrhenius-Zhurkov (BAZ) model [4-12] for the probability-of-non-failure. This model enables obtaining a governing relationship for the probability of non-failure after the given time in operation at the given (absolute) temperature and under the given stress (not necessarily mechanical). We discuss how failure oriented accelerated testing (FOAT) [4,5,9] should be organized, planned and conducted, so that the BAZ empirical characteristics (time constant, stress-free activation energy and stressors) are determined. Based on the BAZ model and FOAT data, the expected operational probability of failure can be predicted and, if necessary, even optimized.  This probability cannot be high, of course, but does not have to be unnecessarily very low either (superfluous reliability of an over-engineered product might be too costly): it has to be and could be made adequate for the particular application. We assume that the time-dependent degradation (aging, damage accumulation, flaw propagation) can be viewed and treated as a Markovian process, and show that the BAZ model can be obtained as the steady-state solution to the Fokker-Planck equation for this process [6]. Merits, shortcomings, limitations and possible applications of the suggested approach is discussed in detail. The general concepts are illustrated by practical examples. It is concluded that the addressed formalisms could be helpful in gaining a better understanding of the reliability physics underlying a particular process of interest and when assessing the expected operational reliability of  electronics and photonics in the fields, where high operational reliability is imperative (aerospace, long-haul communications, military, etc.) and therefore the ability to quantify it is a must [7, 8, 11, 12].  
It is shown also that the BAZ equation can be employed also beyond the EPRP field [13].
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