Application of Microbeam in Material Characterization
This is a survey of microbeam analysis techniques for chemical and structural analysis of materials. It starts by briefing physical processes involved in the interaction of ions, electrons and photons with solids; characteristics of the emergent radiation in relation to the structure and composition. Then, generation of vacuum, electron, ion, and photon sources, and the working principle of energy analyzer will be explained. Examples based on the application of electron beam include Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), Energy Dispersive X-ray Spectroscopy (EDS), and Electron Energy Loss Spectroscopy (EELS). For the technique based on X-ray, X-ray Photoemission Spectroscopy (XPS) will be introduced. Ion Scattering Spectroscopy (ISS) and Secondary Ion Mass Spectroscopy (SIMS), Time-of-Flight ISS (TOF-ISS), and Focused Ion Beam (FIB) will be the example techniques based on ion beam. Because of the variety of techniques covered in this class, the advantages and disadvantages of different techniques can be compared in an objective manner. After this class, students are expected to make the right judgement when they face a real world problem.

Structure of the Course

Chapter 1
The interaction of ions, electrons and photons with solids; characteristics of the emergent radiation in relation to the structure and composition. 

Chapter 2
The generation of vacuum, electron, ion, and photon sources, and the working principle of energy analyzer 

Chapter 3
Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS) 

Chapter 4
Transmission Electron Microscopy (TEM), Electron Energy Loss Spectroscopy (EELS).
Chapter 5
Auger Electron Energy Spectroscopy (AES) 
Chapter 6
X-ray Photoemission Spectroscopy (XPS)
Chapter 7
Ion Scattering Spectroscopy (ISS) and Time-of-Flight ISS (TOF-ISS)

Chapter 8
Secondary Ion Mass Spectroscopy (SIMS)
Chapter 9
Focused Ion Beam system

Chapter 10
Comparison of Different Techniques, Summary (Presentation)
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