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ENMA 441  
Nanotechnology Characterization 

 
This course covers techniques to characterize the properties of materials whose 
characteristic dimensions are a few to a few hundred nanometers, including 
ÒconventionalÓ nanocrystalline materials, but concentrating on ÒnovelÓ nanomaterials: 
carbon nanotubes, quantum dots, quantum wires, and quantum wells.  The emphasis is on 
recent results from the scientific literature concerning those properties that make 
nanostructures interesting: quantum effects, novel transport phenomena, enhanced 
mechanical properties associated with localization and with small crystallite size. 
 
Instructor 

Prof. Ray Phaneuf 
e-mail address: phaneuf@eng.umd.edu 
phone (301) 935-6472 
FAX (301) 935-6723 
Office:  CHE 1106 
Office Hours: to be announced. 
 

 
Textbook: 

1. Scanning Probe Microscopy and Spectroscopy, Theory Techniques and 
Applications, 2nd ed., ed. Dawn Bonnell (Wiley-VCH, New York, 2001).  

 
Review Articles 

1. ÒLocal Probe Techniques for Luminescence Studies of Low-Dimensional 
Semiconductor Surfaces,Ó Anders Gustafson, et al., J. Appl. Phys. 84, 1715 
(1998). 

2. ÒLow Energy Electron MicroscopyÓ, E. Bauer, Rep. Prog. Phys. 57, 895 (1994). 
3. ÒForce Measurements With the Atomic Force Microscope: Technique, 

Interpretation and ApplicationsÓ, H.-J. Butt, et al., Surface Science Reports 59 1 
(2005). 



4. ÒPhotoelectron Microscopy and Applications in Surface and Materials ScienceÓ, 
S. GŸnther, B. Kaulich, L. Gregoratti and M. Kiskinova, Prog. Surf. Sci 70, 187 
(2002). 

 
Suggested References 

1. Any good textbook on quantum mechanics.  The physics department is using 
ÒIntroduction to Quantum MechanicsÓ, D. J. Griffiths, (Prentice-Hall, New York, 
1994).  Another good choice is ÒQuantum Mechanics,Ó vol. 1, C. Cohen-
Tannoudji (Wiley, New York, 1977). 

2. ÒIntroduction to Solid State Physics,Ó 7th  ed., C. Kittel, (Wiley, New York, 
1996). 

3. ÒIntermolecular and Surface Forces,Ó 2nd ed., J. Israelachvili, (Academic Press, 
London, 1992). 

4. ÒTransmission Electron  Microscopy,Ó David Williams and C.Barry Carter, 
(Plenum Press, New York and London, 1996) 

5. ÒDiffraction Physics,Ó 3rd ed., J. Cowley (North Holland, Amsterdam, 1995). 
 

Website Ð Virtual Journal of Nanoscience and Technology 
 http://www.vjnano.org/nano/ 
 
Approach 
 
The course is taught from lecture notes and readings from the current literature, as well as 
guest lectures given by several scientists from the University of Maryland and area 
laboratories about their own research characterizing materials at the nanoscale; these 
lectures will include lab visits where you will see working instruments.  
 
Topics 
 
Review of Quantum Mechanics of Confined Systems 
 Confinement in 1D, 2D, 3D 
 Tunneling 
Scanning Tunneling Microscopy 
Scanning Tunneling Spectroscopy 
Interatomic Forces 
Atomic Force Microscopy 
Electrostatic Force Microscopy 
Scanning Tunneling Luminescens 
Near Field Scanning Optical Microscopy 
Magnetic Force Microscopy  
Low Energy Electron Microscopy 
Diffraction/Scattering 
Transport 
 
Learning Objectives 
 



Students taking this course learn: 
 
1. Elements of quantum mechanical confinement and tunneling, and how these are 
used in scanning tunneling microscopy and spectroscopy. 

 
2. About surface forces and potentials, and how these are used in scanning force 
microscopy and force curve interpretation. 

 
3. About scattering phenomena and their application to characterizing nanostructured 
materials. 

 
4. To analyze current research results critically, and to communicate a critique in both 
written and oral formats. 
 
5.  About the need for lifelong learning. 

 
 
Course Documents 
 
Course documents, including assignments will be posted on https://bb.eng.umd.edu 
   
You need a wam account to access this.   
Contact the office of information technology if you do not have one:  
Address: 1122 Patuxent Building, 
Email:: helpdesk@helpdesk.umd.edu 
Website: http://www.oit.umd.edu,  
Phone: (301)405-1500 
 
Grading Method 
 

Homework     20% 
Journal Article Analysis   30% 
Final Project: Research Proposal  50% 
     
 
 

Each member of the class will give a 20 minute presentation during the semester, 
analyzing results of a published article from the recent literature which will be assigned 
by the instructor.  In addition each member of the class will write a 5 page research 
proposal, based upon one of the techniques covered in class for a new project-this might 
build upon results from one of the speakers or from the literature, but must be deemed as 
not having been done before.  The proposal is to cover the scientific or technological 
interest of the research, underlying scientific principles, how the research will be carried 
out, and the expected impact.  We will schedule a 20 minute oral presentation of each 
proposal at the end of the semester.  
 


