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	Required/Elective:
	Elective for EE and CompE majors

	Catalog Data:
	20 EECE 628.  Introduction to Nanoelectronics.  Credits 3.  Emerging technologies in nanofabrication and nanoscale electronic devices.  Nanoscale silicon MOSFETs, multi-gate MOSFETs, SiGe bipolar transistors, III-V FETs, carbon nanotubes, spintronics, nanowires and device applications, organic and molecular electronics, nanolithography, nanofabrication, nanoscale imaging.  

Prereq.:  Senior standing 

	Textbook:
	None

	References:
	Instructor slides and articles


	Goals:
	Examine recent developments in nanoscale electronic devices including novel devices, such as transistors based on carbon nanotubes and spintronics, and new approaches to fabrication such as nanoimprint lithography.

	Prereqs by Topic:
	Knowledge of basic operation of electronic devices such as diodes and transistors. 

	Topics:
	1. Introduction to nanotechnology
2. Nanoelectronics and its relationship to nanotechnology

3. Evolutionary and revolutionary developments in electronics

4. Nanoscale silicon-based transistors
5. MOSFET down sizing into the nanoscale

6. Short channel effects in MOSFETs and device innovations

7. Multi-gate and nanowire MOSFETs – structure, operation and performance

8. Silicon germanium bipolar transistors – nanoscale design 
9. Nanoscale III-V FETs – material design at the nanoscale
10. Carbon nanotubes – structure, characteristics and device applications

11. Spin-based electronics (spintronics) – spin injection, detection and use in devices
12. Nanowires – fabrication, characteristics and applications in devices

13. Organic molecules and semiconductors – properties and applications in devices

14. Nanoscale fabrication and new technologies – nanoimprint lithography, nanoscale stamping, printing and writing

15. Nanoscale imaging - atomic force microscopy, electron beam imaging

	Outcomes:
	a2, g1, g2 , i, j 

	Laboratory Projects:
	None

	Contribution:
	Engineering science:  2.5 credits or 83%, Engineering design:  0.5 credit or 17 %

	Prepared by: 
	Kenneth P. Roenker, Ph.D.

	
	

	Committee Approval: 
	Primary: ______________________________ _______ Date: _______________
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Learning Objectives:  
1. Knowledge/Comprehension Objectives:

The student shall know:

1.
What is nanotechnology and what are its applications

2.
What is nanoelectronics and how is it related to nanotechnology

3.
Nanoscale silicon MOSFETs 


a.
MOSFET scaling and short channel effects
b.
Innovations in MOSFET design, e.g. high K gate dielectrics, metal gates,

  strained Si, SGe and Ge channel devices


c.
Multi-gate MOSFETs, FinFET, TriGate and Omega Gate MOSFETs


d.
SiGe High Electron Mobility Transistors (HEMTs)
4.
Silicon germanium bipolar transistors


a.
Epitaxial growth of SiGe, benefits and limitations


b.
Effects of Ge composition on semiconductor material properties  

c.
Use of SiGe in transistor design and effects of SiGe on transistor performance,
                e.g. gain and cutoff frequency

5.
Nanoscale III-VFETs  


a.
Material design at the nanoscale – epitaxy and combining different semiconductors

b.
Use of heterojunctions in device design and operation

c.
High frequency transistor performance capabilities 

d.
Electronic and optical device integration in OEIC’s

6.
Carbon nanotubes 

a.
Structure, size, properties

b.
Metallic and semiconducting characteristics

c.
Device applications

d.
Growth and manipulation

7. 
Spin-based electronics (spintronics)


a.
Spin injection, manipulation and detection


b.
Magnetic materials


c.
Use in devices, prospects and challenges

8.
Nanowires


a.
Fabrication, structure and characteristics


b.
Silicon, germanium, GaN and other nanowires


b.
Electronic devices and applications

9.
Molecular and organic electronics


a.
Organic semiconductors and their use in transistors and other devices


b.
Applications in displays and electronic paper


c.
Organic molecules and their use of individual molecules in devices

10.
Nanoscale fabrication


a.
New emerging technologies for nanoscale fabrication


b.
Nanoimprint lithography


c.
Dip-pen nanolithography


d.
Soft lithography (stamping, printing, embossing)

11.
Nanoscale imaging


a.
Advances in electron beam imaging


b.
Atomic force microscopy
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