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Brittle materials are used in a wide variety of advanced technologies based on nano-scale
structures: microelectronic, photonic, magnetic storage and micro-electromechanical systems. In
many cases, optimizing the desired functional characteristics of such materials is in conflict with
their role as structural elements in the intended application. Thus, in order to optimize
manufacturing yield and operational reliability of advanced devices, or even make materials
selections, measurement of the mechanical properties of brittle materials at ultra-small scales is
crucial. Instrumented indentation testing (IIT, “nanoindentation”) provides a way of measuring
mechanical properties at the nano-scale—although the methodologies have developed considerably
from their origins in the traditional hardness test: Modern instrumentation and techniques now
allow routine measurement of elastic and plastic properties as a function of depth beneath a material
surface with nm resolution. More recent developments are extending these techniques to measure
viscous and creep properties in ductile materials and fracture and densification properties in brittle
materials and foams. After some historical context, this presentation will provide an overview of
nanoindentation behavior of metals, ceramics and polymers. This will be followed by presentation
of recently-developed methods to determine the toughness and deformation characteristics of
organosilicate nanoporous low-k dielectric films and macroporous three-dimensionally ordered
silica foams. A feature of the toughness measurements is the use of cube-corner probes to extend
indentation cracking into the nano-scale. The presentation will conclude by considering what it
means to be brittle.
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