MTSE 3020 – MICROSTRUCTURE AND CHARACTERIZATION OF MATERIALS

MTSE 5600 – MATERIALS CHARACTERIZATION

Professor Vijay K. Vasudevan
Room: DP C136H; (O): 940.565.2031; (C): 513.885.1357; E-mail: vijay.vasudevan@unt.edu
Office Hours: Wednesday 3:30 PM–4:30 PM; or by appointment
The course will be in-person, but the Office-Hours are over Zoom.

Course Outline
[bookmark: OLE_LINK1]	The objective of this course is to introduce engineering students to the theoretical and practical aspects of the techniques employed for the characterization of materials at all length scales (from nano to micro) in terms of atomic composition, structure, bonding, and broadly microstructure. The student will be presented with descriptions of the basic operation and capabilities of the principal characterization methods used in materials science. A broad range of topics will be covered to give exposure to all areas of materials science and all types of materials, to the extent possible. The class will emphasize the central aspects of materials characterization, namely, materials structure, composition, microstructure, microchemistry, and bonding, especially by diffraction and spectroscopy. Methods to characterize the thermal, electrical, and magnetic properties will also be described. The students will also learn to appreciate the importance of characterization to gain a better understanding of composition-microstructure-properties-performance relationships. 
Specific Course Information
Reference Texts
· Y. Leng, Materials Characterization, Wiley (2010); ISBN 978-00-470-82298-2
· C. R. Brundle, C. A. Evans, Jr., S. Wilson, Encyclopedia of Materials Characterization, Butterworth-Heinemann (1992), ISBN 0-7506-9168-9
· J. B. Wachtman, Characterization of Materials, Stoneham (1992), ISBN-10:0750692154; ISBN-13: 978-075692151
· ASM Handbook on Materials Characterization, vol. 10, ASM International (1986), ISBN-10 0871700166, ISBN-13 9780871700162
· B. D. Cullity and S. R. Stock, Elements of X-ray Diffraction, 3rd Ed, Prentice Hall, Upper Saddle River, NJ (2001).
· J. I. Goldstein, D. E. Newberry, J. R. Michael, N. W. M. Ritchie, J. H. J. Scott, D. C. Joy, Scanning Electron Microscopy and Microanalysis, 4th Edition, Springer (2018)
· D. B. Williams and C. B. Carter, Transmission Electron Microscopy of Materials - A Textbook for Materials Science,  2nd Edition, Plenum Press, New York, NY (1996/2009).
Lecture Notes:  Vijay K. Vasudevan on CANVAS (www.canvas.unt.edu)
Prerequisites: MTSE 3000, 3001


[bookmark: OLE_LINK2]Topics to be Covered

1.	Introduction: Materials, Microstructure, Characterization
	Brief overview of materials, processes, microstructure, materials tetrahedron, role of characterization	
	
2.	X-Ray Diffraction Methods	
	Properties, production and detection of x-rays; continuous and characteristic spectrum, absorption and filters
	Geometry of crystals (will not be covered), stereographic projection
	Diffraction and the Bragg Law, diffraction methods, structure factor and intensity of diffracted beams; applications of x-ray diffraction (single crystal orientation, crystal structure determination, phase analysis, phase diagram, crystallite/grain/particle size, strain, stress, long range order, texture, chemical analysis, etc)
3.	Optical Microscopy 	
	Sample/metallographic preparation techniques; wavelength, resolution, contrast formation, digital imaging, image analysis/quantification; applications of OM

4.	Scanning Electron Microscopy
	Electron sources, electron-specimen interactions; secondary/backscattered electrons, imaging, energy dispersive x-ray spectroscopy, fractography; applications of SEM

[bookmark: OLE_LINK3]5.	Transmission Electron Microscopy
	Wavelength, resolution, aberrations; layout and operational modes; reciprocal lattice and electron diffraction; intensity of diffracted beams; analysis of diffraction patterns; structure and phase analysis; image contrast and defect/dislocation analysis; x-ray spectroscopy/composition analysis; applications of TEM
6.	Vibrational Spectroscopic Methods
	Infrared (IR) and Raman spectroscopy; principles, data analysis and applications
8.	Electron spectroscopy for Surface Analysis
	X-ray photoelectron spectroscopy (XPS) and Auger Electron Microscopy (AES)

9.	Ion Beam Spectroscopies
	Rutherford Backscattering Spectroscopy (RBS) and Secondary Ion Mass Spectroscopy (SIMS)

10.	Scanning Probe Microscopy	

11.	Thermal Analysis

12.	Electrical and Magnetic Properties Characterization

Administrative Matters

Assignments/exams credit allocation
	Attendance and In-class participation	5%
	Quizzes					5%
	Homework + Group project			30%
	Mid-term exams (2)			40%
	Final exam			20%

Final Grade Basis

	A	90+
B	80-<90
	C	70-<80
D	60-<70
	F	<60


Class Policies
1. Office hours: Attending office hour sessions is entirely voluntary. It will be used for homework help and answer/clarify doubts. I will also help with any conceptual questions related to the course.
Historically, students who ask questions during office hours (or listen to others with questions) tend to understand concepts better. This correlates well with their much better performance in the class.
2. CANVAS will be used primary for posting announcements, lecture slides, assignments and solutions.
3. Homework and exams due dates will be posted on CANVAS. Students will upload their Homework solutions on CANVAS on or before their due dates. Emailed answers will NOT be accepted.
4. TA for this class is Anil Mandal. He will grade your homework and quiz assignments. Grading exams and answering class-related questions is solely my responsibility.
5. Lectures: Attendance is mandatory and will cover concepts and example problems. Often, I will present a problem that illustrates the theory during a lecture and encourage students to solve it on their own. I will present a discussion and solution during my office hours. The lectures will be held mostly in-class. The students will be notified if they move to Online mode in rare cases.
6. Seven-Eight Homework Assignments: Will involve conceptual and numerical questions. 
Homework due dates are posted on CANVAS. Late homework will get partial credits only until I post their solutions on CANVAS. I will not accept late homework after solutions are posted.
7. Quizzes: There will be pop quizzes and will be based on recent class lectures. Quizzes will be administered in class after due announcement. They may contain multiple choice, short answer, and/or quantitative questions/problems.
8. Three Exams: Will be administered in class after due announcement. They may contain multiple choice, short answer, and quantitative questions/problems. There will be a review prior to each exam.
a. Midterm Exam-01: In the week of September 28/October 5, 2026, during your class period. 
b. Midterm Exam-02: In the week of November 9, 2026, during your class period.
c. Final Exam: Monday, December 8, 2026 from 3:30 PM – 5:30 pm in the lecture hall.
d. I will make a good effort to return your graded exams within two weeks after they are given. In rare cases, this may not happen due to other faculty related commitments. 
e. You may use only a non-programmable calculator, pencils, pens, and eraser in quizzes and exams. 
f. Earphones, cell phones, laptops, smart watches, and other devices are banned in exams.
Exam Makeup Policy
Makeup exams will be allowed only for mitigating circumstances such as business travel, serious illness of student or a close family member. A student missing her/his exam due such unavoidable situations must notify the instructor in writing and provide necessary documentation such as doctor’s note, supervisor’s note, conference talk abstract, etc. UNT student athletes must talk to the professor to discuss accommodation.
I will not allow for a makeup exam if you plan to travel before your final exams.
Authorized Absences and Extenuating Circumstances
Absences to participate in UNT-sponsored activities must be officially verified and approved by me. Consideration of such absences will be made for quizzes and exams, but not homework. For absences due to extenuating circumstances, you must contact the instructor within 1 week of such absence.
Class Attendance Policy
Class attendance is Mandatory. Please notify the instructor if you must miss a class or will be late. Excused absences include illness, conference travel, family emergency, religious holiday, and any other unplanned difficulty as determined by the instructor. Unexcused absences will invite penalty. One point per absence will be deducted from the final course grade (up to 9 absences) of students with five or more unexcused absences. Ten or more unexcused absences will lead to a student being dropped from the class. 
Entering the class during a lecture is disruptive. Habitual latecomers will be asked to leave.
Absence for Religious Holidays 
In accordance with state law, a student absent due to the observance of a religious holiday may take examinations or complete assignments scheduled for the day(s) missed, including those missed for travel, within a reasonable time after the absence. The student is responsible to notify the instructor of the date of the anticipated absence early in the semester. Only holidays or holy days observed by a religion whose place of worship is exempt from property taxation under Section 11.20 of the Tax Code may be included. A student who is excused under this provision may not be penalized for the absence. 
Cell Phone Usage Policy
Cell phones and other such devices cannot be used during class for texting, online activity, electronic messaging, playing games etc. Violators of this policy will be asked to leave the class.
AI Usage Policy
Use of AI tools for research purposes or help understand concepts related to characterization techniques and analyses is acceptable but cannot be used to solve homework and exams
Specific Goals for the Course 
a. Specific outcomes of instruction
b. Explicitly indicate which of the student outcomes listed in Criterion 3 or any other outcomes are addressed by the course.

	a) Specific Course Learning Outcome


	1. Understand the types of data that may be obtained when using the four primary techniques discussed in class, specifically: optical microscopy, electron microscopy, x-ray diffraction, and spectroscopic techniques.

	2. Ability to manipulate the data and obtain quantifiable metrics to describe aspects of the material, such as structure, volume fraction and size of phases, lattice parameter, and composition

	3. Demonstrate ability to understand the fundamentals of materials characterization techniques, applications and limitations as they pertain to composition-processing-microstructure-properties relationships

	4. Exhibit awareness of societal implications associated with various materials, characterization techniques, including specifically occupational safety and health and global availabilities of materials.



b) This course addresses ABET Student Outcome 7 (an ability to acquire and apply new knowledge as needed, using appropriate learning strategies).

Disabilities Accommodation
UNT provides reasonable accommodation to individuals with disabilities, as defined by law – Section 504 of the 1973 Rehabilitation Act and the Americans with Disabilities Act of 1990. Contact the Office of Disability Accommodation at 940-565-4323 during the first week of semester to learn more on this.
Expectations for Student Conduct and Academic Integrity
The students must conduct themselves in a professional manner and be honest and ethical in their work. Academic dishonesty such as plagiarism and cheating will NOT be tolerated. Such dishonesty is defined as an intentional act of deception in one or more of the following, disallowed, actions:
· Assisting – helping another commit an act of academic dishonesty.
· Cheating – use or attempted use of unauthorized materials, information or study aids.
· Fabrication – falsification or invention of any information.
· Plagiarism – presenting the work or words or ideas of another person as one's own. 
· Tampering – altering or interfering with evaluation instruments and documents.
· AI Usage – Using artificial intelligence (AI) tools such as ChatGPT and others.
Any student violating these Academic dishonesty policies will receive a Failing course grade. Furthermore, they will be referred to UNT honors committee for additional sanctions. Consult UNT’s academic manual for relevant policies and processes. When in doubt, please ask me.
Course Evaluation
Student Perceptions of Teaching (SPOT) is the student evaluation system for UNT and allows students the ability to confidentially provide constructive feedback to improve the quality of learning in the course. Please fill out the evaluations at the end of the semester.
Syllabus Change Policy
Any changes to the syllabus (in an extraordinary situation) will be clearly communicated to the students.
Prohibition of Discrimination, Harassment, and Retaliation (Policy 16.004)
The University of North Texas (UNT) prohibits discrimination and harassment because of race, color, national origin, religion, sex, sexual orientation, gender identity, gender expression, age, disability, genetic information, veteran status, or any other characteristic protected under applicable federal or state law in its application and admission processes; educational programs and activities; employment policies, procedures, and processes; and university facilities. The University takes active measures to prevent such conduct and investigates and takes remedial action when appropriate.
Emergency Notification & Procedures
UNT uses a system called Eagle Alert to quickly notify students with critical information in the event of an emergency (i.e., severe weather, campus closing, and health and public safety emergencies like chemical spills, fires, or violence). In the event of a university closure, please refer to Canvas for contingency plans for covering course materials.

Email me on or before12:00 noon 08/19/2026 that you have read this document to get partial credit for homework-1.
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