DEPARTMENT OF PHYSICS

The Ohio State University

Course Syllabus

Physics 8820

Physics of Electronic Material Surfaces and Interfaces
Spring 2017
Course Description: Provides the fundamental physical basis at the atomic scale for designing, processing, and characterizing the electronic material interfaces controlling the next generations of microelectronic and optoelectronic device structures.
Prerequisite:
Physics 1250 (132) or 1250H; Physics 5400 or 5500; Grad standing in Engineering, Biological Science, or Math and Physical Sciences, or by permission of the instructor.
Objectives:
Understand the fundamental physical principles governing electronic, chemical, and structural properties of semiconductor interfaces and the atomic-scale techniques available to characterize them. Learn to communicate in essay form the role of surfaces and interfaces in solid state physics. Provide students with necessary background to understand the principles of new electronic devices as new technologies develop.

Text:
L.J. Brillson, An Essential Guide to Electronic Material Surfaces and Interfaces (John Wiley & Sons, New York, 2016) 298 pages. http://www.wiley.com/WileyCDA/WileyTitle/productCd-111902711X.html 
Instructor:
Prof. Leonard J. Brillson

Class:
9:35 – 10:55 am, WF, Smith 1150; 10-LEC (22234)
Office:
387 Caldwell Laboratory and 2176 Physics Research Building
E-Mail:
Brillson.1@osu.edu 
Telephone:
292-8015

Office Hours:
 Mondays and Wednesdays from 4:30 – 5:30 p.m. or by appointment

Grading:
Midterm Paper: 
40%



Final Term Paper: 
50%



Homeworks (3):
10%

Course Philosophy: Surfaces and interfaces are a cross-disciplinary area of science and engineering.  This course will emphasize principles common to physics, electrical engineering, materials science, and chemistry, as well as the links between fundamental and practical issues.  For graduate students working with electronic materials, this course provides a basis for designing, processing, and characterizing the interfaces that control the next generations of microelectronic and optoelectronic device structures.  The course also highlights the interplay of materials growth and surface analysis leading to the development of advanced electronic materials properties.


Term Paper and Homework Rules:  
Grading: Student grades are not based on the grades of others in the class. Rather they depend on the student’s ability to demonstrate an understanding of the material and to use the principles learned to think creatively and critically. Term papers, homework, and discussion can all contribute to the aggregate grade. Homework will generally be assigned and posted on the ECE 5033 Carmen website to be due in class or at 5:00 pm on the day indicated at 387 Caldwell Lab. Homework solutions will be provided shortly thereafter.  NO LATE HOMEWORKS WILL BE GRADED. You are encouraged to work with your classmates on the homework assignments. 
COURSE OUTLINE

	Week
	                                           Topic
	   Reading

	1
Jan.9
	Overview, motivation, and historical background, Electrical measurements of semiconductor-metal contacts; 
	Chapters 1, 2, 3

	
	Martin Luther King Day, Monday, January 16: No class
	

	2

Jan.16
	Interface states  
	Chapter 4

	3

Jan.23
	Extrinsic states; UHV technology; Surface and interface analysis: electron, photon, and ion spectroscopy overview 
	Chapters 4, 5, 6

	4

Jan.30
	X-Ray, UV, and Soft X-ray Photoemission Spectroscopies 
	Chapter 7 

	5

Feb. 6
	Particle-solid scattering: electrons; Auger electron spectroscopy, electron energy loss; RBS, SIMS introduction 
	Chapters 7, 8

	6
Feb. 13
	Particle-solid scattering: ions,  secondary ion mass spectrometry; LEED, RHEED & TEM; Scanned probe microscopy 
	Chapters 8, 9, 10

	7
Feb. 20
	Optical Spectroscopies: modulation, ellipsometry; Low Energy Cathodoluminescence Spectroscopy; GaN/Al2O3
	Chapter 11

	8
Feb. 27
	Nanoscale Electronic Structures; Depth-Resolved CLS; Electronic Material Surfaces: growth, diffusion, etching, bonding, epitaxy
	 Chapters 11, 12

	9
March 6
	Adsorbates on Semiconductor Surfaces, Overlayers; Adsorbate Electronics; Adsorbate-Semiconductor Sensors
	 Chapters 12,13

	March 10
	Midterm Paper Due
	

	March 13
	Spring Break: March 13-17, 2017
	

	10
March 20
	Heterojunction Epitaxy; p-n Junctions; Heterojunction Band Structure
	 Chapter 14

	11
March 27
	Heterojunction Experiment; Heterojunction Theory; Heterojunction Interlayer
	Chapter 14

	12
April 3
	Metals on Semiconductors Overview; Schottky Barrier Models 
	 Chapter 15

	13
April 10
	Metals on Semiconductors Results, Schottky Barrier Control; ZnO Contacts 
	 Chapter 15

	14
April 17
	Metal / ZnO Defect Characterization and Control; New Electronic Material  Surface & Interface Directions
	Chapter 16

	April 21
	Final Term Paper Due
	

	April 24
	Last Day of Class
	


Academic Misconduct Statement: It is the responsibility of the Committee on Academic Misconduct to investigate or establish procedures for the investigation of all reported cases of student academic misconduct. The term “academic misconduct” includes all forms of student academic misconduct wherever committed; illustrated by, but not limited to, cases of plagiarism and dishonest practices in connection with examinations. Instructors shall report all instances of alleged academic misconduct to the committee (Faculty Rule 3335-5-487). For additional information, see the Code of Student Conduct
Disability Services: Students with disabilities that have been certified by the Office for Disability Services will be appropriately accommodated and should inform the instructor as soon as possible of their needs. The Office for Disability Services is located in 150 Pomerene Hall, 1760 Neil Avenue; telephone 292-3307, TDD 292-0901.
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