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ECE250 Electronic Device Modeling
Course Policies and Overview

Dept. of Electrical and Computer Engineering

Rose-Hulman Institute of Technology

Fall 2010 
General Information:

Instructor:


Keith E. Hoover
Office:


C-210 Moench  Hall
Office Phone:

877-8290

Home Phone: 

877-3920

Email:


keith.e.hoover@rose-hulman.edu
Schedule: 


MTR/7/C115; F/7-9/C115
Required Text:
Microelectronic Circuits, 6th Edition, Adel Sedra & Kenneth Smith, Oxford University Press, 2009.
Required Software:
Maple or MathCad, Microsoft Word and Excel, and Orcad Lite (PSPICE) Version 9.2 (Orcad Lite 9.2 is freeware that is available for download from the class AFS folder.  Please use this version of Orcad, not the one that comes with your textbook)  Each student is expected to install this software on their institute-standard laptop PCs.
Lab Kit:
Each 2-person lab team is required to have one prototyping breadboard, a pre-formed wire kit, or else a wire cutting/stripping tool (hookup wire will be provided at the front desk, but it will need to be cut and stripped to size.)
                                   
a long nose pliers or surgical forceps (hemostat), and several small screwdrivers.  Parts for each lab will be available from the instrument room (available at our cost) on the day of the lab.

Catalog Description: Modeling, analysis, and simulation of electronic circuits that contain two-terminal and three-terminal semiconductor devices. Large-signal, biasing, and small-signal analysis models. Introduction to wave shaping circuits, switch circuits, and amplifiers. Integral Laboratory.

Course Objectives:
The main objective of this class is to introduce electrical and computer engineering students to the modeling and application of basic electronic circuit components, including diodes, bipolar junction transistors (BJTs), and metal oxide semiconductor field effect transistors (MOSFETs).

After successfully completing this course the student should be able to:

· Characterize 2 and 3 terminal devices by means of I-V plots.

· Derive a linearized small-signal model given the large signal model.

· Use simulation tools to model a circuit and discuss the difference between the DC, time-domain, and frequency-domain analyses.

· Measure the DC characteristics of a 2 or 3 terminal device in the laboratory.

· Construct and test small rectifier and transistor circuits in the laboratory.

· Use elementary troubleshooting techniques and critical error analysis in the laboratory.

· Use standard written and oral formats to report laboratory/computation results.

· Understand the similarities and differences between 3 terminal devices that can be used as amplifiers or switches

· Show how three terminal devices can be used as switches or amplifiers.

· Understand single-stage amplifiers using topologies found in integrated circuits.

· Understand the impact of thermal and optical effects on semiconductor devices.

· Be familiar with basic properties of semiconductor materials such as doping, carrier concentrations, conductivity, drift and diffusion current.
Prerequisite Course: ECE-200
Prerequisite Knowledge 
The student is expected to be familiar with concepts such as those listed below:
1) Use of Maple.

2) KVL, KCL.

3) Mesh and node analysis.

4) Circuit elements R, L, and C.
5) RC and RL time-domain transient analysis
6) AC sinusoidal steady-state (phasor) analysis.
7) Thevenin and Norton equivalents.

8) Independent and also dependent voltage and current sources.

9) Bode frequency response plots

Skills: Use of computers and instruments.  Preparing weekly lab reports.  Teamwork!
Course Contents (Most of these topics are covered in Part I of the Sedra and Smith textbook):

1. PN Junction Diode Theory and Models)
1.1. Intrinsic and extrinsic semiconductors; drift and diffusion currents; excess charge carriers (Text)
1.2. PN junction at equilibrium;  reverse and forward bias; i-v relationship (Text)
1.3. Diode modeling: graphical, piecewise-linear large signal dc models  (Text)
1.4. Diode circuits: AC small-signal linear diode model (Text)
1.5. Special types of diodes: solar cell, photodiode, LED, Schottky, and Zener diodes (Text)
1.6. Lab #1.  Circuit Analysis Review Problems and SPICE Verification of result

2. Practical Diode Applications and SPICE Analysis

2.1. Half-wave and Full-wave Diode Rectifiers, Capacitive Filter, Diode peak detector, Voltage Doubler, AM envelope detector (Text)
2.2. Zener diode voltage regulator (Text)
2.3. Diode clippers and clampers (Text)
2.4. Circuits containing multiple diodes.  Diode Logic Gates, Diode ROM and PLA arrays. (Text)
2.5. LED/Photodiode Optical Communication Link (Text)
2.6. Diode Suppression of Inductive Transient Voltage Spikes.
2.7. Lab #2.  PN junction diode modeling, Diode parameter determination (n and Is), diode circuit analysis, LED as a photocell.
2.8. Lab #3.  Half-wave and full-wave diode rectifier circuits with and without capacitive filter,  voltage doubler circuit, comparing SPICE simulated results with real circuit performance.

2.9. Lab #4. More diode applications: AM demodulator, diode clipper, small-signal analog switch, Zener diode voltage regulator.


3. The Bipolar Junction Transistor (BJT) 
3.1. BJT Structure and BJT Operation: simplified DC BJT models (operating modes) (Text)
3.2. DC analysis of BJT circuits (Text)
3.3. Basic applications: switching of high current loads, logic inverter, amplifier. (Text)
3.4. Switching high-current loads, Darlington connection, DTL NAND gate.

3.5. Lab #5.  BJT inverter, measurement of BJT βF and βR, BJT NOR gate, Loaded and unloaded voltage transfer curve prediction and measurement.

4. BJT Common-Emitter Amplifier
4.1. Small-signal AC model, BJT common-emitter amplifier (DC bias point analysis and synthesis).  DC (static) load lines.  Constant current source biasing.  SPICE verification.  (Text)
4.2. AC analysis of CE amplifier.  Small-signal voltage, current, and power gains, input and output impedance, (Text)

4.3. AC (dynamic) load lines. Maximum symmetrical output swing.  SPICE Verification. (Text)
4.4. Lab #6. CE BJT curve tracing, CE audio amplifier.  Bias point design and verification.  AC gain analysis and verification.  Load line distortion analysis.

5. BJT Common-Collector & Common-Base Amplifiers
5.1. Common-collector (emitter-follower) amplifier (dc and ac analysis) (Text)
5.2. Common base amplifier (dc and ac analysis) (Text)
5.3. Multi-stage amplifiers. (Text)
5.4. Lab #7. Common-collector (emitter-follower) amplifier. Complementary-symmetry power amplifier, complete public address system design.  


6. MOSFET Transistor and MOSFET Amplifiers
6.1. MOSFET structure; ideal and nonideal models; symbols (Text)
6.2. Common-Source MOSFET circuit; modes of operation; dc analysis of common circuit configurations; constant-current source biasing.  (Text)
6.3. NMOSFET Switch and Inverter (Text)
6.4. Common-Source MOSFET Amplifier (dc and ac analysis), voltage gain,  input and output impedance. (Text)
6.5. Common-Collector (Emitter-Follower) MOSFET Amplifier (dc and ac analysis), voltage gain, input and output impedance. (Text)
6.6. PMOSFET dc model, small signal ac model, common source amplifier.
6.7. CMOS logic and applications (Text)
6.8. Lab #8. Measuring Kn and Vtn of NMOSFET using curve tracer, dc and ac analysis of NMOSFET CS audio voltage amplifier, comparing observed results with PSPICE simulations.  NMOSFET CD power audio amplifier.

Grading Policy:

Your final grade in this course will be based upon the following components:
Homework

10 points each (about 9)

In-class Quizzes          3 points each (about 12)  Always bring a calculator to class,




since these quizzes will be unannounced.  There will be no 




in-class quiz make-ups!  Please make it a habit to be on time

              

for class, as these quizzes will usually begin at the starting




bell and may last for only 5 minutes. You must be present in
 


class to receive points on the in-class quizzes, regardless 
                                    of your reason for missing class.


Two Exams
 
100 points each (exams given in lab during 5th and 9th week





lab periods.  Each exam will be 3 periods long.)


Lab Reports

10 points each (8 lab projects in all)




Final Exam

200 points (This will be a 4-hour cumulative final exam)

Note that the homework constitutes about 1/5 of your final letter grade.  It is obviously essential that you make a strong effort to turn in (and do an excellent job on) all of your homework.  Final letter grades will be assigned using the following percentage scale:



92 – 100%
A

70 - 77%
C



88 – 92%
B+

66 – 70%
D+



82 – 88%
B

60 – 66%
D



77 – 82%
C+

0   - 60%
F

Please be sure to save all graded material that is returned to you in order to fully document your grade.  Be sure to keep track of your cumulative class score by adding up all points that you have earned on the homework, labs, and tests.  From this, you can calculate your current grade in the class at any time.

Conditions for Passing This Class:  There are several “hard” criteria that each student must meet in order to pass ECE250.  These are listed below.
1. You cannot pass this class if your final cumulative class score is below 60%.  (See the above grading scale.)
2. In addition to Condition 1, to pass this class you must also receive at least 70% of the points on at least 70 % of the of the assigned homework problem sets.  I call this the “70-70 Rule”.  It is there to make sure that you pay the proper attention to homework assignments, which I feel are the most important part of the overall learning process in any engineering course.  I feel that this rule is entirely fair, because you will be given the ANSWERS to most of the assigned homework problems, and therefore, as long as you start on the homework early (the day it is assigned), you will have time to get help on any problem that you are not able to get the answer to on your own.  You can get help from a classmate, the learning center, or of course, from me. Because the answers are given, you really have no excuse not to earn a perfect score on the homework.
3. To pass this class you must have completed all of the assigned lab projects with a grade of 70% or better on each lab project.  
4. As stated in the “Attendance” section of RHIT’s “Academic Rules and Procedures 2002”, (http://www.rose-hulman.edu/academicpolicies/#attendance), you cannot pass this class if you miss more than 2 * 4 =  8 lectures, regardless of the reason for your absences.
Homework Policies:

I encourage you to discuss homework problem-solving approaches among yourselves.  If you are stuck, I encourage you to Email me for hint on how to get started, provided you have first made some preliminary efforts of your own!  But when it comes time to actually work through the problem, you are expected to work INDIVIDUALLY!  Papers that are obviously copied from one or more other students will receive no credit, and the names of the students involved will be reported to the Dean of Students.  

PLEASE, PLEASE, PLEASE DO NOT “SHORT CIRCUIT” YOUR EDUCATON BY USING PIRATED SOLUTIONS MANUALS, HOMEWORK FROM PREVIOUS QUARTERS, OR WORKING PROBLEMS TOO CLOSELY WITH YOUR COLLEAGUES.   THESE “SHORT-CIRCUITING” PRACTICES MAY ARITFICIALLY BOOST YOUR HOMEWORK SCORES, BUT THEY WILL MOST CERTAINLY LOWER YOUR TEST SCORES, WHICH ARE WHAT COUNT THE MOST HEAVILY!  THE ONLY WAY TO DO WELL IN THIS CLASS IS TO WORK OUT THE HOMEWORK BY YOURSELF, IN ISOLATION OF OTHERS!
Because the answers to most homework problems will be given, no credit can be given for homework that simply presents the right answers.   Full credit can only be awarded if the reasoning that led up to the answers is clearly presented using both equations as well as additional explanatory sentences.  When a computer tool, such as MAPLE, MATLAB, EXCEL, or MATHCAD is used in a non-trivial way in solving a problem, you are expected to attach a printout of the computer-generated output, but merely attaching a MAPLE printout is not sufficient for documenting your work, you must also present hand-written equations and textual explanation to fully document your solution.

Late homework will not be accepted, unless you have an acceptable excuse.

Laboratory Policies:

Laboratory projects are to be done in teams of two persons. Each lab team is expected to submit only one lab report, which consists of the lab handout, with all requested sections filled in, and with all of the requested attachments stapled in order to the back of the lab handout.  Although only one lab report is requested per group, it is expected that each lab team member will make a copy of the lab report for their own records.  

Attendance Policy:

Good class attendance is considered mandatory.  One-half letter grade will be deducted from your final letter grade for every three class periods that you miss without a valid (pre-excused) absence.  You cannot pass this class if you miss more than 8 lectures, regardless of the reason for your absence.  
Sleeping or talking out of turn in class is a distraction to the instructor (me) and often to other students.  As a result, you may be asked to leave the lecture if such behavior persists.  Absences enforced due to sleeping in class will count against your attendance the same as any other missed class.
