SEMICONDUCTOR DEVICES AND NANOSTRUCTUES (ECE 4211)

Textbooks/Notes:
F. C. Jain, Semiconductor Devices and Nanostructures (Supplementary Notes, 2017 Edition, Part I and Part II).

Additional References: (1) B. G. Streetman and S. Banerjee, Solid State Electronic Devices, 7th Edition, Prentice Hall, 2014. (Available in UConn COOP)
(2) S. M. Sze and K. Lee, Physics of Semiconductor Devices, John Wiley 2012. 

(3) B. Anderson and R. Anderson, Fundamentals of Semiconductor Devices, McGraw-Hill, 2005.

Prerequisites: ECE 3201 or consent of the instructor.
Course Outline: The number in parenthesis represents the weeks devoted on a topic.
Semiconductor Physics: Wafer characterization (p- and n-type), crystal orientation, energy bands, extrinsic and intrinsic carrier concentrations in semiconductors, carrier mobility, drift and diffusion transport processes. (1.5)

P-n Junctions and Heterojunctions: Junction under zero bias, carrier distribution under forward and reverse bias conditions, voltage-current equation, capacitance-voltage behavior; energy band diagrams for homo and heterojunctions under forward and reverse biasing.  (1.5)

Bipolar junction transistors, design of n-p-n BJTs (1), 
Optoelectronic Devices: Light-emitting diodes (1.5), laser diodes (1.5-2), solar cells (1.5-2), and photodetectors (2/3 optional). Nanostructure devices will also be introduced.

Field-Effect Transistors (FETs): Fundamentals of MOS interfaces including flat band and threshold voltage, MOS capacitors (C-V plots) and charge-coupled devices (CCDs), Current transport in Si FETs and logic gates. Modulation doped FETs (MODFETs), FINFETs, emerging CNT and Quantum Dot gate FETs. Short channel effects and scaling laws. NanoFET design.
FET sizing for NMOS and CMOS logic gates, and propagation delay calculation in digital dates. Nonvolatile/flash memories. (4 weeks)

SCRs and Triacs: P-n-p-n devices, silicon controlled rectifiers (SCRs) and Triacs (0.5) TBD.

IN-LAB demo involves two sets of experiment: (1) wafer characterization (measurement of resistivity, doping type, orientation, and carrier concentration), and (2) device processing (p-n junction formation and various measurements, MOS capacitor fabrication and determination of flat-band and threshold voltages).  

Laboratory work will be divided among various groups who will share their results via short presentations. 

Homework will include about 11-12 HW sets with emphasis on: (1) analytical understanding of operation of devices, and (2) designing of devices. 

*QUIZ and Final /EXAM

1. Six Pop Quizzes 1.5 Quiz  
2. Quiz #1 in seventh week……………………………..
 
3. Quiz #2 (or two take home design sets)…………………….
4. Homework Sets will be weighted as 0.5 Quiz
5. Final examination may be weighted as two Quizzes 
Four Popquizzes are equivalent to one full Quiz.

Quiz 2 may comprise of two Take Home exams involving two device design sets. In design sets, students may work in groups.  However, everyone submits their own Design Set including their name first followed by names of group members. 

