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Seeing is believing, characterization and analysis are essential components for researches in many areas.
Investigation of microstructure by using electron microscopy is one of the most important and challenging part for
characterization. As the advances of materials science, nano-tech, thin films, and precision machining, lots of]
attentions have been drawn to the observation and manipulation of microstructure. For instance, the manipulation of]
point defects can modify the properties of two-dimensional materials, the mechanical properties of materials are
controlled by the distribution and evolution of dislocations, the modification of interfaces structure can change the
property of films and increase the product quality of additive manufactured materials, grain boundary engineering
has been used to strengthen metals, deposition of films can increase the resistance to fracture, corrosion and
irradiation. The ability for characterization and analysis of microstructure is critical for students planned to work in
area of design of structural materials, thin films, semiconductor, micro- and nano- devices, precision machining, and
additive manufacturing.

The objective of this course is to acquaint both undergraduate and graduate students in Mechanical Engineering,
Materials Science and Engineering, Applied Physics, Chemistry, Aerospace Engineering, and Microelectronics
Science and Engineering with fundamental theory, application and analysis methods of microstructure, and enhance
the student’s ability of understanding and using the theory of microstructure formation and evolution to solve
engineering problem. By acquainting student with the basic theory and characterization methods in scanning
electron microscopy, focused ion beam, transmission electron microscopy, and electron back-scattering diffraction
pattern analysis, improve their understanding of microstructure in different scales, and promote their researching and
working ability in the related field.

After the course, the undergraduate students should be able to:

1. Know Miller index and basics of Crystallography. Understand the basic thermodynamics used in analysis of
microstructure, and the connection between energy and atomic arrangement.

2. Know different kinds of defects in solid and their importance in science and engineering.

3. Know the fundamental methods for characterizing microstructure, atomic configuration, roughness, 3D
tomography, and composition distribution of surface and interface, and understand their basic principles.

4. Know the interaction between electrons and solids. Know the usage of different type of signals.

5. Describe the theory of imaging and investigation methods in scanning electron microscope, focused ion
beam and transmission electron microscope. Know the cons and pros of scanning electron microscope and
transmission electron microscope. Know the meaning of contrast, resolution, depth of field in microscope.

6. According to practice in class, know the general requirement, editing method and typical typeset.

After the course, the graduate students should be able to:

1. Master Miller index and basics of Crystallography. Master the basic thermodynamics used in analysis of]
microstructure, and the connection between energy and atomic arrangement.

2. Describe different kinds of defects in solid and their importance in science and engineering. Know different
types of interface, and give the physical meaning of the misorientation, point defects, and coherent/incoherent
relation in interface.

3. Know the fundamental methods for characterizing microstructure, atomic configuration, roughness, 3D
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tomography, and composition distribution of surface and interface, and understand their basic principles.

4. Understand the interaction between electrons and solids. Known the usage of different type of signals.
Know the concept and principle of Abbe diffraction limits and Bragg equation.

5. Describe the theory of imaging and investigation methods in scanning electron microscope, focused ion
beam and transmission electron microscope. Know the cons and pros of scanning electron microscope and
transmission electron microscope. Understand the meaning of contrast, resolution, depth of field in microscope.

6. Make high quality images for publication. According to practice in class, understand the general
requirement, editing method and typical typeset.

Teaching Methods
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1. Classroom teaching. 2. Applying multimedia widely. 3. Case and reference study. 4. Using Python Jupyter

notebook to interact with students. 5. Class project (writing report +oral presentation).
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Section 1 M1 (2 Credit hours)
Introductions

- Historical sketch

- Definition and importance
Applications

Section 2 SEF AR ARSI (4 Credit hours)
Perfect crystal: Basics of crystallography

- Name the atomic configurations

- Bravais lattice in 2-D and 3-D

- Miller indices

- Reciprocal space

- Important crystal structures
Atomic packing

Section 3 SEEmEHIATESE: BEHE (2 Credit hours)
Imperfections in perfect solids: Defects

- 0-D defects: Point defects

- 1-D defects: Dislocations-linear defects
2-D and 3-D defects

Section 4 {3758 (4 Credit hours)
Dislocation
Basics theory of elasticity
History of dislocation theory
Character of dislocation

- Dislocation stress field

- How to move a dislocation
Dislocation interactions

Section 5 FL1HI (4 Credit hours)

Interfaces
- Definitions and classification
- Surface and surfactant
- Coincidence site lattice




- Interfacial energy
- Separation of grain boundary
Grain boundary engineering

Section 6

FAESHT: HFEEAEEIR (2 Credit hours)
Characterization: objective and basics
- Objective for surface and interface observation
- Optical microscopy and Abbe limitation
- Resolution, contrast, depth of field
Distortion in optics

Section 7

L~ 5% )53 () AH BLAE (2 Credit hours)

Interactions between electrons and solid
- Elastic scattering
- Inelastic scattering

Irradiation damage

Section 8

L7 5 BR824l (2 Credit hours)
Electron diffraction

- Bragg Equation

- Reciprocal space and Ewald sphere

- Structural factor

- Diffraction pattern and orientations
Kikuchi pattern

Section 9

T BB RERE (4 Credit hours)
scanning electron microscope and energy spectrum
- Schematic Diagram for scanning electron microscope
- Instruments for electron microscope
- How to see electrons
- Different detectors and their functions
- Electron channeling effect
EDS: chemical composition analysis in electron microscope

Section 10

WA L BEHYE (4 Credit hours)
Class presentation and discussion

Section 11

FHEBE TR (4 Credit hours)
Characterization: Focused ion beam
- Schematic Diagram for focused ion beam
- Difference between electrons and ions
- Instruments for focused ion beam
- lon channeling effect
- Damage induced by ion beam
How to make TEM sample by using focused ion beam machining

Section 12

BEWHE TR (4 Credit hours)
Transmission electron microscopy
- Schematic Diagram for transmission electron microscope
- Bright field and dark field image
- How to see dislocations
- Scanning transmission electron microscopy
Atomic image and dislocation image in STEM

Section 13

T HUH AT 550 #7 (4 Credit hours)
Electron back scattering diffraction (EBSD) pattern
- Stereographic projection
- From Wulff net to standard projection
- Representation of orientation
- Pole figure and inverse pole figure




11.

12.

- Kikuchi band and EBSD
- EBSD: How it works
Interpretation of EBSD data

Section 14

HABFRAE D HTHAR (2 Credit hours)
Other characterization and analysis approaches
- XRD
- ST™M
- SIMS
- AFM
- ATP

Section 15

FETH AU (1) 57 & (2 Credit hours)
Improve quality of images
- Softwires you should know
- Requirement of journals
- Concept of pixels
- Modify the size of images
- Change contrast and brightness
- Fonts and typeset
Output of images

Section 16

SRR IELTHE 7V (2 Credit hours)

Calculation methods of defects

- Introduction to molecular dynamics and optimization of atomic

structure

- Introduction to the first principle calculation and its application on

surface and interface research
Hybrid methods: QMMM

Note

Lectures slots could be swapped around
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ANSIE S 0 0
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Assignments
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Class Presentation
WRERE 30 40
Project report
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“Transmission Electron Microscopy-- A Textbook for Materials Science” David B. Williams, C. Barry Carter.
(Springer, 2008)

“Electron Microscopy of Thin Crystals” Peter Bernhard Hirsch. Edition 2, R. E. Krieger Publishing Company,
1977.




