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        In this review some critical and even paradoxical, i.e., a-priori non-obvious, situations encountered in microelectronics and photonics materials science and structural analysis are addressed using analytical (“mathematical”) modeling, mostly based on the application of Boltzmann-Arrhenius-Zhurkov (BAZ) constitutive equation. The general concepts are illustrated by practical examples. Our objective is double-folded: to show materials scientists not involved in electronics and photonics engineering what kind of value they could bring to this important area of “high-tech” engineering, as well as to demonstrate to electrical and optical reliability engineers how they could benefit from the application of what has been developed, for many years, by materials and mechanical engineers in the general field of physical design for reliability (DfR) of materials and structures and what could be effectively applied to their fields. The emphasis is on the application of the physically meaningful and flexible BAZ equation and its role in the probabilistic design for reliability (PDfR) of microelectronic and photonic materials, devices, and structures. It is concluded that analytical modeling should always complement computer simulations, such as, e.g., finite element analyses (FEA), and should always precede experimental investigations and reliability testing: analytical modeling and computer simulations use, as a rule, different assumptions and different calculation techniques, and if the computed data obtained using these two major modeling tools are in agreement, then there is a good reason to believe that these data are accurate and trustworthy. The role, attributes and challenges of failure oriented accelerated testing (FOAT) is also addressed and discussed in connection with the application of the BAZ equation.
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