Department of Electrical and Computer Engineering

Request for ECE 340

Course Title: Semiconductor Electronics
Catalog Description:  This course is an introduction to modern device electronics, and is designed for first semester Juniors in the ECE Department. Its purpose is to familiarize the students with the basics of solid-state electronics. The course is divided into four major parts: In the first part, semiconductor fundamentals such as crystals and energy bands with the concept of charge carriers (electrons and holes), doping and transport (drift and diffusion) are established to introduce device operations. The second part is devoted to unipolar devices with the MOS field effect transistor as a logic device and circuit consideration. In the third part, basic concepts of generation-recombination and the P-N junction as capacitors and current rectifier with applications in photonics are discussed. The bipolar transistor as amplifier and switching three-terminal device is discussed in the fourth part of the course. The course is designed at a level such that ECE329 is not required but provides a solid foundation for other core courses including ECE441, ECE442 and ECE 488. 

Prerequisites:  Phys 214
Instructor(s): J.P. Leburton

How many times has this course been offered?      0
          . 


Proposed for:
Fall 
x
Spring






Year     
 2009            Year        
           .


Course No:
ECE   340       ECE 498               ECE 598        
.


Credit:

___3__ undergraduate hours     _____ graduate hours

Normally credit of 1 hour results from 3 hours of lab or 1 hour of lecture-discussion per week for ECE 498 level courses.

Please indicate: Lect          x       Disc   
          Lab     
          .


Time of Day: 
            Days of week: 
        MWF

    
Labs:  


  Maximum enrollment
       160       ITS Room    NO              

(please circle)
Course Justification:

a.
Please attach the course syllabus.  The syllabus should include basic and recommended texts (author, title, year of publication) as well as a topical outline, number of examinations, contact hours, work required of students, and basis for determining grade.

b.
Justify the course in terms of new subject matter and how the addition of this course relates to the overall pattern of the courses in your unit.

c.
Explain how the course is different from similar offerings in other units.

Request prepared by:    J.P. Leburton 
                 Date:    
March 30, 2009

Recommendations:              

Area Committee            J.P. Leburton                                   Date   _March 30, 2009______ .

Curriculum Committee                                                             Date                          .

Graduate Committee                                                                Date                          .    

Syllabus

Textbook: 

1. Class notes by instructor(s)

Recommended:
1. R.F. Pierret “ Semiconductor Devices Fundamentals” Prentice Hall, 2d edition

2. Ben G. Streetman and S. K. Banerjee “Solid state Electronics Devices”, Prentice Hall, 6th edition

Course outlines:
Hours

(The time line includes 1 biweekly hour for discussion or topical lecture) 

Part I: Semiconductor Electronics

1. 
Introduction to the course                                                                               2

2.   Semiconductor Fundamentals
5


Crystal Solids, semiconductor materials, energy bands, electrons and holes, 


doping (intrinsic-extrinsic materials)

3. 
Equilibrium Conditions
3


Thermal equilibrium, mass action law, neutrality, Fermi-Dirac distribution 

 
function, carrier concentrations. 

4. 
Non-Equilibrium Conditions
5


Carrier drift in electric fields, mobility, conductivity, diffusion, Einstein 

             Relation, drift and diffusion current, Built-in field.

PART II: Field Effect transistor as logic Devices

     5.     Metal Semiconductor Junctions as Electric Contacts                                    1
     6.     MOS Electronics               
3                                        The ideal MOS capacitor, inversion, depletion, accumulation, threshold                                                   voltage, CV curve.

     7.    Currents in MOSFET                                                                                     3                 Gradual channel approximation, Mobility model, Output characteristics,                                                                 transconductance and gain

      8.
  CMOS inverters and circuits models                                                           1

PART III.a: P-N junction as Current rectifier

       9.    Excess carriers in Semiconductors and Optical absorption                         3

     10.     Equilibrium conditions
3


Currents in P-N junction, Contact potential, space charge region

     11.  Forward and reverse biases
4


Carrier injection, Current flow (minority carrier and majority carrier current),


Reverse bias, junction capacitance, Breakdown.

PART III.b: Light emitting devices   

     12.      Photocells                                                                                                    1                                                               LEDs and photodetectors                                                                            2                                     



PART IV: BIPOLAR transistors as amplifier and switch
 

13.    Bipolar transistors – Basic device theory
4


Short-base diode model, BJT theory, current gain, charge storage model,     

             basic BJT circuit models, common emitter configuration.                                                              

Quizzes (3)                                                                                                                 1

Midterm exam                                                                                                            2


Total                                                                                                                        43 hours

 

Executive Summary

The number of topics present in the old ECE 440 has been reduced to concentrate on the basic concepts in semiconductor electronics, while leaving secondary or more specialized issues such as indirect semiconductors, Hall effect, metal-semiconductor contacts etc… to a second lecture in elective courses. In this context, the course will provide all ECE students with the general background in semiconductor devices with a simple but logic approach that will allow them to understand the field of solid state electronics and its relation to industrial products in an ever-changing world. This new ECE340 course is also designed as the prerequisite course of advanced core courses including ECE441, ECE442 and ECE 488 for students who will pursue a curriculum in Physical Electronics. The course will be taught in 5-6 sections with all sections having common examinations.

This new course should be considered in evolution that will take into account novel teaching methodologies when the instructors or the Area Committee will judge it necessary to adapt to new teaching materials, new topics or the student background. In the present context, the new ECE 340 course will feature the following attributes:

1) Class notes focusing on the essential on the course materials will be made available to the students, in addition to recommended textbooks.

2) The course timetable will schedule one hour of unassigned lecture every other week for each instructor to cover a topic of his choice, illustrate the course concepts by solving problems, catch up on the schedule or discuss relevant device applications and/or commercial products.

3) Use of power point presentations and visualization tools in class may be introduced to help students in assimilating the difficult concepts of device electronics.  

4) To enhance the learning of the course materials, in addition to weekly homework assignments, in-class quiz will be offered bi-weekly.

5) Asides from conventional homework assignment requiring students to solve problems analytically, Web-based homework problems will also be introduced to train students for the use of virtual tools. 

