
Introduction 

Unlike elemental and compound semiconductor devices, which are manufactured 
mainly on single-crystal substrates, electronic ceramics are instead built using 
polycrystalline materials. 

Therefore, all their physical properties are, in principle, strongly influenced by the 
microstructure and, indeed, by microstructure induced-disorder. 

Furthermore, electronic ceramics undergo high-temperature treatments which 
influence not only the bulk stoichiometry but also the local composition of 
constricted regions along grain boundaries. Quite often, improperly designed thermal 
cycles may also result in the presence of trace amounts of second phases, which, 
while inducing unexpected, albeit possibly beneficial properties, make the system a 
strictly heterogeneous one. Moreover, impurities added as sintering aids may add 
further chemical and physical complexity to these systems, and further disorder 
variables. 

In spite of their complexity, these systems offer a variety of challenging opportunities 
for a vast number of technological applications, provided one is able to manage 
properly all the variables, which is not an easy task however. 

The only possible way is to use defect engineering procedures which are, however, 
only useful if one combines firm chemical and physical backgrounds with the 
capability to use computer modelling procedures and the proper experimental 
facilities. 

The original aim in publishing this book was to present a few examples of how defect 
engineering procedures could be applied to the solution of some crucial issues in 
ceramic science. 

It was really a privilege to have the immediate assistance of a number of talented 
people working in the area as, without their collaboration, this book would never 
have had the chance to appear. 

High-temperature superconductors were chosen at first not because they rank highly 
in the modern world of ceramics, but because they provide very spectacular examples 
of disorder-induced physical properties. Three chapters of this book are therefore 
dedicated entirely to them, with the explicit aim of discussing the correlation between 
their physical properties and microstructures, local structure modulations and the 
distribution of cations and oxygen vacancies. 

As the reader wil1 immediately learn, complementary approaches are used to discuss 
the same problem, thus leaving only a few obscure areas. 
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The chapter dedicated to the use of transmission electron microscopy in ceramic 
science, while specificaJly oriented to the discussion of the correlations between 
microstructure and properties of several selected classes of materials, also takes 
account of the microchemistry of the segregation processes at extended defects in 
ceramics. This is a crucial issue in defect engineering procedures, as the local 
properties of a buried surface depend intimately upon the interface states induced by 
the presence of impurities, point defects and precipitates. 

The study of the microscopic features of buried surfaces and of their evolution with 
temperature or as a consequence of the segregation of foreign species is therefore the 
subject of another chapter, which also deals with the thermodynamics of segregation. 

The next chapter deals with microstructure-related effects in typical electronic 
ceramics. It illustrates a possible application of defect engineering procedures to 
multicomponent ceramics, where only rnicrostructural considerations might help, at 
the present stage of electronic ceramic technology, in the manufacture of improved 
materials. 

The two last chapters of the book are devoted to an exhaustive discussion of the 
potentialities of the electron spin resonance (EPR) techniques in ceramic science, and 
to a thorough study of the thermodynamics of defects in concentrated distributions, 
where they might interact very strongly. Both topics cover very important aspects of 
ceramic science. 

Currently, EPR is systematically used in semiconductor science, but only recently bas 
it been extensively applied to ceramics. Its application was triggered by the need to 
unterstand the role of spin-spin interactions in catalysts and in superconducting 
oxides. There, the EPR technique has an unique ability to explain not only the 
complicated features of buried surfaces which do not exhibit superconducting 
coupling but also to clarify, in a very general fashion, some other typical properties of 
surfaces and interfaces. 

Last but not least, the study of the thermodynamics of concentrated solutions of 
defects offers challenging opportunities to understand how the physical properties of 
ceramics are influenced by defect-defect interactions. 

I am grateful to all of the contributing authors for their hard work; especially the 
overseas authors, Profs. Wang and Moran-Lopez. 

Finally, I am particularly indebted to one of my post-doc students, Maurizio Acciarri, 
who filled in during my frequent absences from the lab over the last six months. 
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