MAE 580 – Crystallography and Crystal Analysis

Fall 2018
COURSE SYLLABUS

Credits:
3 Hours

Prerequisites:
 Basic knowledge in Materials Science, Physics, Chemistry, Chemical Engineering, and Nanotechnology.
Textbook: David B. Williams and C. Barry Carter, Transmission Electron Microscopy: A Textbook for Materials Science, Plenum Press, NY (2007). (Required)

Instructor:


Dr. Xueyan Song: 


Room 737 ESB, Phone: (304) 293-3269

E-mail: xueyan.song@mail.wvu.edu
Office Hours: TR 10:00 - 11:30 AM, or by appointment.

	1. Course Description


This course is an introduction to the principles of structure of materials, and theory and applications of diffraction and imaging techniques for materials characterization using X-ray diffraction and transmission electron microscopy (TEM).
	2. Course Outline


This course is organized into following sections.

(1) Structure of materials
· Crystal structure of the elements
· Closed-packed metals-cubic and hexagonal packed structure
· Crystal structure of some simple inorganic compounds
· Crystals with general formula AXm
(2) Formal description of crystal structures
· Crystal structure: lattices, unit cell.

· Definition of the crystal lattice and unit cell
· Lattices, lattice parameters, and symmetry: The seven crystal systems
· Conventional and primitive lattices: The 14 Bravais lattices
(3) Crystal defects: point defects, dislocations and stacking faults
(4) X-ray Diffraction Physics and Analysis
· Diffraction geometry: Bragg’s law
· Diffraction Intensity: Scattering from atoms, from the contents of a unit cell; structure factor function
· Application to polycrystal diffraction: powder diffraction and crystal structure determination.

· Diffractometer measurements
(5) Basics of TEM
· TEM instrumentation: electron sources; electromagnetic lenses; geometric and wave optics applied to TEM; lens aberrations and resolution
· Interaction between fast electron and thin crystal (TEM sample)
· TEM sample preparation
(6) Electron diffraction
· Electron diffraction from a crystal: reciprocal lattice, structure factors
· Kikuchi diffraction and zone axis electron patterns
· Electron diffraction from amorphous, polycrystals, Electron diffraction fine structure such as double diffractions
(7) TEM imaging
· Mass-thickness contrast, amplitude contrast, and high resolution phase contrast imaging
· High resolution scanning transmission electron microcopy (STEM) Z-contrast imaging
(8) TEM microanalysis
· Physical background for microanalysis: energetic excitations of solids, atomic wave functions and spectroscopic notation
· Electron energy-loss spectroscopy (EELS)
· Energy dispersive x-ray spectroscopy (EDS)
· STEM spectrum imaging and energy-filtered TEM
(9) Typical examples of comprehensive TEM investigations of materials microstructure, chemical composition and electronic structure
· Dislocation and stacking faults
· Grain boundaries
· Interfaces
· Precipitates and unknown secondary phases
(10) Review of the most recent advances in TEM instrumentation
	3. Course Audience


This course is designed for a broad range of audience including students and future scientists and engineers in Materials Science, Physics, Chemistry, Chemical Engineering, and Nanotechnology.

	4. Course Objectives


Materials are of technological interest for their properties - electrical conductivity, strength, magnetization, toughness and numerous other properties for various applications.  All of these properties originate with the type of the atoms in the materials, their local configuration, and their arrangement into microstructures.  The characterization of materials structure is often best performed by XRD and TEM.  Especially, under TEM, one can utilize imaging, diffraction, chemistry and electronic structure analysis to characterize important features such as crystal structure, grain size and orientation, presence of different phases, defect distribution and character at different scale down to atomic level.

This course is tailored to acquaint students the basic of materials structure, crystallography, as well as the materials structure analysis using X-ray diffraction and TEM.  Along this way, students will learn some broadly applicable diffraction physics, materials science and condensed matter physics.

	5. Course Outcomes


With the lectures outlined at section 2 and accompanying TEM laboratory demonstrations, upon the completion of course, the students are expected to:
· Grasp the basic principles of structure of materials, crystallography and crystal defects.

· Understand the physics and application of XRD diffraction.

· Critically read the scientific literature containing applications of TEM to materials and select the appropriate TEM method to solve a given materials problem.

· Index a selected area electron diffraction pattern, interpret the bright field, dark field diffraction contrast images, high resolution TEM images, Z-contrast images, and understand the EDS and EELS principles and interpret the results for microchemistry analysis under TEM.
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	7. Course Requirement


Grading criteria:

Homework
20 % of final grade
Projects

20 % of final grade
Quizzes

20 % of final grade
Final Exam
40 % of final grade
Topic of Projects: (1). Review Report of Structure of Selected Materials and Their Microstructure Characterization using Transmission Electron Microscopy. 

Selected Materials: Audience choose their own material system that they are interested in or they are working on for their thesis.

(2). Summary of Lab-demonstration procedure and results. Demonstration include electron diffraction, Kikuchi diffraction and TEM imaging
Grading scale
90 – 100
A

80 – 89

B
70 – 79

C

60 – 69

D

0 – 59

F
	8. Class Attendance:


Class attendance is required and may be periodically recorded.  Students cannot reasonably expect to master the course material without regular attendance at class. Students are responsible for all material covered and quizzes taken in class regardless of their attendance.  

	9. Quizzes:



Instructors may give quizzes at random classes.  Quizzes will cover the material taught in the pervious lectures as well as the reading assignments given to the students. 

	10. Academic Integrity:


High level of academic integrity and honor is expected from each student. Each student is expected to do his/her own work on homework, quizzes, and exams. You may discuss the problems with other students on homework but not copy solutions.  You should make sure of your ability to solve the problems on your own.

	11. Statement on Social Justice:


WVU is committed to social justice.  The instructor of this course concurs with WVU’s commitment and expects to maintain a positive learning environment, based upon open communication, mutual respect and nondiscrimination.  Our University does not discriminate on the basis of race, sex, age, disability, veteran status, religion, sexual orientation, color, or national origin.  Any suggestions are encouraged as to how to further such a positive and open environment and to anticipate needing any type of accommodation in order to participate in this class.  Please advise us and make appropriate arrangements with Disability Services (293-6700).

	12. Days of Special Concern:


WVU recognizes the diversity of its students and the needs of those who wish to be absent from class to participate in Days of Special Concern, which are listed in the Schedule of Courses.  Students should notify their instructors by the end of the second week of classes or prior to the first Day of Special Concern, whichever is earlier, regarding Day of Special Concern observances that will affect their attendance.  Further, students must abide by the attendance policy of their instructors as stated on their syllabi.  Faculty will make reasonable accommodation for tests or field trips that a student misses as a result of observing a Day of Special Concern.
	13. Schedule of Lecture and Assignments:


	Week of class
	Day
	Topic
	Section
	Homework Assignment

	1
	8/16
	Introduction and course overview
	
	

	
	8/21
	Structure of Materials: Crystal structure of the elements: Closed-packed metals-cubic and hexagonal packed structure
	1.1 - 1.2
	Atomic packing factor calculation

	2
	8/23
	Structure of Materials: Crystal structure of some simple inorganic compounds: Crystals with general formula AXm
	1.3 -1.4
	Crystal structure of inorganic compounds

	
	8/28
	Formal description of crystal structures Formal description of crystal structures: Crystal structure: lattices, unit cell. Definition of the crystal lattice and unit cell
	2.1 - 2.2
	Indexing of point coordinate, crystal direction and crystal planes.

	3
	8/30
	Formal description of crystal structures 
	2.3
	

	
	9/4
	Formal description of crystal structures: Lattices, lattice parameters, and symmetry: The seven crystal systems; Conventional and primitive lattices: The 14 Bravais lattices
	2.3 – 2.4
	Calculation of the indices of crystal zone axis, and calculation of the indices of plane in a zone.  

	4
	9/6
	Crystal defects: point defects
	3.1
	Point defects and non-stoichiometry in the functional ceramics

	
	9/11
	Crystal defects: Line defects
	3.2
	Determination of Burgers Vectors

	5
	9/13
	Crystal defects: Line defects 
	3.2
	

	
	9/18
	Crystal defects: planar defects 
	3.3
	Calculation of the dislocation spacing from the low angle grain boundaries

	6
	9/20
	X-ray Diffraction Physics and Analysis: Diffraction geometry: Bragg’s law 
	4.1
	Concept checking of Bragg’s law and assumptions embedded in the Bragg’s law

	
	9/25
	X-ray Diffraction Physics and Analysis: Diffraction Intensity: Scattering from atoms, from the contents of a unit cell; structure factor function 
	4.2
	

	7
	9/27
	X-ray Diffraction Physics and Analysis: Application to polycrystal diffraction: powder diffraction and crystal structure determination. Diffractometer measurements 
	4.3
	Crystal structure indexing based on XRD

	
	10/2
	Basics of TEM: TEM instrumentation; Interaction between fast electron and thin crystal (TEM sample); TEM sample preparation 
	5.1-5.2
	Due day of the project: “Review Report of Structure of Selected Materials and Their Microstructure Characterization using Transmission Electron Microscopy.

	8
	10/4
	Electron diffraction: Electron diffraction from a crystal: reciprocal lattice, structure factors 
	6.1 - 6.2
	Concept checking: Reciprocal Lattice and Ewald Sphere

	
	10/9
	Electron diffraction: Kikuchi diffraction and zone axis electron patterns 
	6.3
	Indexing of the Kikuchi Pattern

	9
	10/11
	Electron diffraction: Kikuchi diffraction and zone axis electron patterns
	6.3
	

	
	10/16
	Electron diffraction: Electron diffraction from amorphous, polycrystals, Electron diffraction fine structure such as double diffractions 
	6.4
	Summary the difference between the XRD and Electron Diffraction

	10
	10/18
	Lab-Demo: Electron Diffraction
	6.4
	Indexing of the electron diffraction pattern

	
	10/23
	Electron diffraction: Electron diffraction from amorphous, polycrystals, Electron diffraction fine structure such as double diffractions
	7.1
	

	11
	10/25
	TEM imaging: Mass-thickness contrast, amplitude contrast, and high resolution phase contrast imaging
	7.2-7.3
	Concept checking: Diffraction contrast imaging

	
	10/30
	TEM imaging: High resolution scanning transmission electron microcopy (STEM) Z-contrast imaging
	7.4
	Concept checking: HRTEM imaging

	12
	11/1
	Lab-Demo: TEM imaging-Diffraction Contrast, and High Resolution TEM
	7.2-7.4
	

	
	11/6
	TEM microanalysis: Physical background for microanalysis. Electron energy-loss spectroscopy (EELS);
	8.1
	Lab-Summary due

	13
	11/8
	TEM microanalysis: Energy dispersive x-ray spectroscopy (EDS); STEM spectrum imaging and energy-filtered TEM
	8.2
	Concept checking: EDX amd EELS

	
	11/13
	Typical examples of comprehensive TEM investigations of materials microstructure, chemical composition and electronic structure
	9.1
	

	14
	11/15
	Review-electron diffraction 
	
	

	
	11/17
	Thanksgiving-No Class 
	
	

	15
	11/20
	Thanksgiving-No Class 
	9.2
	

	
	11/22
	Thanksgiving-No Class 
	10.1
	

	16
	11/27
	TEM Lab-demo: Comprehensive Imaging and Analysis
	
	

	
	
	
	
	

	17
	11/29
	Review
	Comprehensive 
	

	
	12/11
	FINAL EXAM
	Comprehensive
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