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This paper presents a microscopic description of the strain-reducing chemical bonding self-organizations in intermediate phase (IP) compositional windows for chalcogenide and oxide alloys are [1,2]. Within these IP windows, there are unique properties including i) the elimination of local and macroscopic strain, and ii) reduction of defects and defect precursors to levels required for device applications. For alloy compositions outside of these windows, these properties are markedly different. Two different classes of IP widows with an order of magnitude difference in their compositional widths are identified providing a fresh perspective for understanding strain-relieving chemical bonding self-organizations that enable their unique properties. The larger window for the first class of IPs is bracketed by two transitions: i) one at the beginning of the window from floppy to rigid, but unstressed bonding, and ii) the second at the termination of the window from rigid to a stressed-rigid bonding [1]. This class of IPs has been found in binary chalcogenide alloys such as Ge1-xSe(S)x and As1-xSe(S)x, and their pseudo-binary alloy mixtures. Within these IP windows, chemical bonding self-organizations (CBSOs) can not be described by a mean-field bond-constraint theory. Instead the CBSOs involve i) clustering of competing locally-compliant and locally-rigid bonding arrangements, i.e., competitive double percolation, and ii) nano-scale phase separation resulting in the effective elimination of macroscopic strain. The second class of IPs is based on a confluence of two additive and complimentary contributions to strain reduction occurring in a significantly narrower composition range [2]. The first is from locally-compliant bonding occurring when the average number of constraints/atom equals three, the number degrees of freedom/network atom. This generally requires broken bond-bending constraints on asymmetrically terminated, four-fold coordinated Si or Ge atoms. The second is from a larger and compliant molecular group with a volume concentration approximately equal to the 16% vector percolation threshold; i.e., the Scher-Zallen criterion [3]. The narrow IP window is determined by the width of the percolation transition; i.e., a critical exponent that describes the process. This type of window has been identified exclusively in ternary and quaternary alloys, including chalcogenides, oxides, and nitrides of technological and/or practical importance. These non-crystalline alloys include: Ge2Sb2Te5 for optical and electrical memory cells, transition metal Si oxynitrides such as (Hf(Zr,Ti)O2)0.3(SiO2)0.3(Si3N4)0.4 for high-gate dielectrics in nano-scale electronic devices, pyrex, an Al2O3-B2O3-Na2O-SiO2 alloy for the kitchen, and the Si0.3N0.4H0.3 gate dielectrics in thin film transistor switches in flat panel liquid crystal displays.
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