
Epitaxial heterostructures. MSE7531 and ECE7531 
 
Credit hours: 2 
Contact hours: Two one-hour lectures per week for 14 weeks. 
Course type: Graduate Elective 
 
Prerequisites: Graduate standing in engineering or mathematical and physical science, with a working 
knowledge of solid state physics. 
 
Instructor: Roberto C. Myers, Materials Science and Engineering / Electrical and Computer Engineering 
/ Physics, Office: 476 Watts Hall, Phone: 614-547-9771, Email: myers.1079@osu.edu 
 
Description: This course reviews the science and techniques behind thin film growth and engineering for 
combining different materials, altering chemical composition at the nanometer scale, while controlling 
defects and strain. Specific inorganic materials to be discussed include III-V compounds, oxides, and 
metals. This course will be attended by MSE and ECE students, Chemistry, and Physics in the areas of 
functional materials, solid state electronics, and photonics. The fundamentals of epitaxial crystal growth 
will be explained. Students will gain an understanding of the kinetics, thermodynamics, and technology 
involved in epitaxial heterostructures and self-assembled nanostructures. 
 
Textbook/Materials:  

Epitaxy of Semiconductors: Introduction to Physical Principles, Udo W. Pohl (Author) (free e-
book access from library) 

Reference textbooks: 
Molecular Beam Epitaxy: Fundamentals and Current Status  
Marian A. Herman (Author), Helmut Sitter (Author)  
Materials Fundamentals of Molecular Beam Epitaxy  
Jeffrey Y. Tsao 
Doping in III-V  
E. F. Schubert 
Thin Film Materials 
L. B. Freund and S. Suresh 

Use Carmen to access additional supplementary reference material in each module. 
 
Class hours/Location: KL 330, Mon/Wed 11:30 to 12:25pm 
Grading: The course will have weekly graded quizzes (50%). Students will review a topic in the field of 
epitaxial heterostructures. In class presentation (25%) and final report (25%). Make up quizzes will be 
provided to students out of town for professional reasons, if instructor is informed ahead of time. If 
notified after the fact, no make-up quiz except for valid emergencies 
 
Course Goals / Learning Objectives: 
1) Develop a technical knowledge of vacuum science 
2) Develop a working knowledge of thin film characterization techniques 
3) Students will gain an understanding of kinetics and thermodynamics of thin film / epitaxial growth 
4) Introduce students to advanced impurity doping techniques and limites therein 
5) Students will gain a working knowledge of advanced electronic and optical design tools especially 



quantum confined and nanostructures. 
6) Students will demonstrate analyitical ability in reviewing case studies from scientific literature on the 

topic of epitaxial heterostructures. 
 
Course Topics:  
 
Introduction to Epitaxial Methods 

• What is heteroepitaxy? 
• Oil on water, Ben Franklin, and Langmuir-Blodgett 
• Vacuum evaporation: Knudsen law of cosine 
• LPE 
• Vapor phase epitaxy 
• Basic epitaxy processes 
• Adsorption/desorption 
• Physisorption versus chemisorption 
• Surface migration and incorporation 
• Subcritical to Critical Nuclei (Droplet Model) 
• Epitaxial growth modes 

 
Ultra High Vacuum Science and Technology 

• MBE 
• What pressure do we need? 
• Why bake your vacuum chamber? 
• UHV pumps, and the “wake shield flyer” 
• Measuring flux 

 
Thermodynamics of Crystal Growth 

• Heterogeneous vs homogeneous nucleation 
• Predicting growth modes 
• Surface energy and crystal facets 
• Equilibrium crystal shape 
• Surface energy of vicinal surface 
• Wulff plot 
• 2D nucleation 
• Growth and coalescence 
• Growth without nucleation 
• Ostwald ripening 

 
Atomistics in Epitaxy and Adatom Surface Kinetics 

• Kossel crystal surface sites 
• Surface relaxation and reconstruction 
• Electron counting model for reconstruction 
• Reconstruction nomenclature 
• Examples 
• Atomistic kinetics of growth 
• Adatoms on a terrace 
• Step advance 
• Ehrlich-Schwoebel Barrier 



• Step bunching 
• Surface step roughening 
• Si (111) growth 
• GaAs (001) growth 
• Stranski-Krastanov nanoisland growth 
• In-situ RHEED 

 
Strain and Strain-induced Defects in Epitaxial Heterostructures 

• Basic crystallography 
• Hooke’s Law 
• Strain in pseudomorphic epilayers 
• Critical Thickness 
• Strain Relaxation 
• Misfit Generation 
• Dislocation networks 
• Strain relaxation in nanostructures 
• Measuring strain relaxation HRXRD 
• Reciprocal space mapping 
• Anisotropy of strain relaxation and inconsistencies 
• Modeling strain in nanostructures 
• Strain effect on band diagram 

 
Doping in Epitaxial Heterostructures 

• Doping in semiconductors 
• Doping limitations 
• Diffusion and surface segregation 
• Deep defects 
• Dx centers 
• Heterostructure basics 
• Quantum structures 
• Doping in heterostructures 

 
Heterostructure Design Tools 

• Quantum wells 
• Coupled quantum wells 
• Digital alloys (superlattices) 
• Piezoelectric and polarization doping 
• Polarization doping, generalized? 
• Effect of strain on band structure 
• Compliant substrates 

 
Case Studies 

• Epitaxy of dissimilar materials: ErAs/GaAs 
• Limited solubility: GaMnAs 
• Strain Accomodation: nanowire heterostructures 

 
 



Academic integrity is essential to maintaining an environment that fosters excellence in teaching, 
research, and other educational and scholarly activities. Thus, The Ohio State University and the 
Committee on Academic Misconduct (COAM) expect that all students have read and understand the 
University’s Code of Student Conduct, and that all students will complete all academic and scholarly 
assignments with fairness and honesty. Students must recognize that failure to follow the rules and 
guidelines established in the University’s Code of Student Conduct and this syllabus may constitute 
“Academic Misconduct.” 

The Ohio State University’s Code of Student Conduct (Section 3335-23-04) defines academic misconduct 
as: “Any activity that tends to compromise the academic integrity of the University, or subvert the 
educational process.” Examples of academic misconduct include (but are not limited to) plagiarism, 
collusion (unauthorized collaboration), copying the work of another student, and possession of 
unauthorized materials during an examination. Ignorance of the University’s Code of Student Conduct is 
never considered an “excuse” for academic misconduct, so I recommend that you review the Code of 
Student Conduct and, specifically, the sections dealing with academic misconduct. 

If I suspect that a student has committed academic misconduct in this course, I am obligated by 
University Rules to report my suspicions to the Committee on Academic Misconduct. If COAM 
determines that you have violated the University’s Code of Student Conduct (i.e., committed academic 
misconduct), the sanctions for the misconduct could include a failing grade in this course and suspension 
or dismissal from the University. 

If you have any questions about the above policy or what constitutes academic misconduct in this course, 
please contact me. 

Other sources of information on academic misconduct (integrity) to which you can refer include: 

• The Committee on Academic Misconduct web pages (COAM Home) 
• Ten Suggestions for Preserving Academic Integrity (Ten Suggestions) 
• Eight Cardinal Rules of Academic Integrity(www.northwestern.edu/uacc/8cards.html) 

 
Disabilities: The University strives to make all learning experiences as accessible as possible. If you 
anticipate or experience academic barriers based on your disability (including mental health, chronic or 
temporary medical conditions), please let me know immediately so that we can privately discuss 
options.  You are also welcome to register with Student Life Disability Services to establish reasonable 
accommodations.  After registration, make arrangements with me as soon as possible to discuss your 
accommodations so that they may be implemented in a timely fashion. SLDS contact 
information: slds@osu.edu; 614-292-3307; slds.osu.edu; 092L Baker Hall, 113 W. 12th Avenue. 
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