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15.  #ZH#F Course Objectives

This course covers the underlying theories and operation principles of some modern materials characterization
techniques, including ion beam techniques, surface analytical techniques, mass spectroscopic techniques, etc., which
are of prime importance in unveiling and understanding different properties of materials (e.g. chemical composition,
electrical properties, and electronic structures).

16. Pk 2% Bk Learning Outcomes

After the course, the students are expected to be able to

B Master the basic knowledge (both principle and operation) of commonly used materials characterization and
analytical techniques

B Interpret experimental results obtained by the materials characterization techniques covered in the course

B Apply the concepts and methodology in materials characterization in realistic problems and cases

B Analyze, judge and solve realistic problems and cases in relation to materials characterization

B Develop an analytical mind towards materials characterization and

B Develop and establish methodology and experimental techniques for analyses of different properties of
materials
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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Lecture 1: Sample preparation and related techniques (1 week)
Week1: Lecture 1: Sample preparation and related techniques

1, Sample preparation: An analytical perspective

2, Sample preparation for specific material characterization

3, Vacuum

Lectures 2-5: Spectroscopic techniques (6 weeks)
Week2: Lecture 2 X-ray photoelectron spectroscopy
1. Background

2. Instrumentation

Week3: Lecture 2 X-ray photoelectron spectroscopy
3. Spectral Interpretations: The XPS spectrum and the calibrations, and the primary
structures

Week4: Lecture 2 X-ray photoelectron spectroscopy
3. Spectral Interpretations: secondary structures

4. Quantification

5. Chemical mapping

Week5: Lecture 3:Auger electron spectroscopy
1.Background

2. Instrumentation

3. Spectral Interpretations

Week6: Lecture4:Photoemission Spectroscopy

1. Nomenclature

2. Principles

3. Instrumentation: UV source

4. UV Photoemission analysis, Angle-resolved UPS, Angle-integrated UPS
5*.Synchrotron radiation

Week7: Lecture5:Proton (or particle)-Induced X-ray Emission (PIXE)
1. Background

2. Instrumentation

3. Data interpretation

4. PIXE analysis and applications

Lectures 6-7: Mass spectroscopic techniques (3 weeks)
Week8: Lecture 6: Mass Spectrometry (MS)

1. Background

2. Principles: sample introduction and ionization methods

Week9: Lecture 6: Mass Spectrometry (MS)
3. lon separation and detection

4.Data interpretation

5. Applications

Week10: Lecture 7 Secondary ion mass spectrometry (SIMS)
1. Types of SIMS

2. Basic principles

3. Instrumentation

4. SIMS analysis

Lecture 8-9: Diffraction techniques (6 weeks)

Week11: Lecture 8: Transmission electron microscopy
Part | An introduction to TEM

1. What is TEM

2. The instrument and some basic concepts

3. TEM operation modes

Week12: Lecture 8: Transmission electron microscopy
Part Il, Crystal structures and TED

General experimental
procedures and guidelines
for sample preparation

Spectroscopic techniques
for study on surface
composition, chemical
environment, and surface
electronic properties

Mass spectroscopic
analytical techniques for
study on chemical
composition (MS) and
atomic composition (SIMS)

Diffraction techniques for
study on crystal structure
(TEM) and surface
structure (LEED)
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1. Transmission Electron Diffraction (TED)
2. Diffraction pattern and indexing of diffraction patterns

Week13: Lecture 8: Transmission electron microscopy
Part 1ll, TEM Image Contrast

Week14: Lecture 8: Transmission electron microscopy
Part IV, High Resolution Imaging

Week15: Lecture 9:low energy electron diffraction(LEED)
1. Background

2. Instrumentation

3. Principles

4. Qualitative LEED

Week16: Lecture 9:low energy electron diffraction(LEED)
5. Quantitative LEED

6. Example of analysis

7. A brief introduction of RHEED

it R ESEE A Textbook and Supplementary Readings

No textbook.

Supplementary readings:

* P.E.F. Flewitt and R. K. Wild, “Physical Methods for Materials Characterization”, Institute of Physics (IOP)

Publishing Ltd., 2nd ed. 2003
* C.R.Brundle, C. A. Evans Jr., and S. Wilson, “Encyclopaedia of Materials Characterization”, Butterworth-
Heinemann & Manning Publications Co., 1992,
* J. C. Riviere, “Surface Analytical Techniques”, Clarendon Press, Oxford, 1990

* D. A. Skoog,, F.J. Holler, and T. A. Nieman, “Principles of Instrumental Analysis”, 5th ed.,Saunders College

Publishing, 5th ed. 1998

* B. D. Cullity, “Element of X-ray Diffraction”, 2nd ed., Addison-Wiley Publisher, 1978

* P.B. Hirsch, H. Howie, R. B. Nicholson, D. W. Pashley, and M. J. Whelan, “Electron Microscopy of Thin
Crystals”, Butterworths, 1965

* H. E. Duckworth, R.C. Barbar, and V.S.Venkatasubramanian, “Mass Spectroscopy”, 2nd ed. Cambridge
University Press, 1986

* C.N.Banwell, E. M. McCash. “Fundamentals of Molecular Spectroscopy”, 4th ed. London, New York :
McGraw-Hill, 1994

* W. Czanderna, T. E. Madey, and C. J. Powell, “Beam effects, surface topography and depth profiling in surface

analysis, Kluwer Academic, New York, 2002
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PR it REVIEW AND APPROVAL
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This Course has been approved by the following person or committee of authority

MHE ARSI ERS

Education Instruction Committee of Physics department




