EECS 312 - Electronics Circuits I (Spring ‘99)

MWF 9:30-10:20 

Room 1046  Learned


Instructor:
Prof. Jim Stiles


Office:
1013-E Learned Hall
864-8803
310 Nichols Hall
864-7744


E-mail:
jstiles@rsl.ukans.edu

Website:
rsl.ukans.edu/~jstiles/eecs312.html


Office Hours:
10:30 - 12:20 MWF,  or by appointment.


Catalog Listing:
EECS 312 Electronic Circuits I (3).  Introduction to diodes, BJTs and MOSFETs, and their use in electronic circuits, especially digital circuits.  Prerequisite: EECS 213, PHSX 313, and 300-level EECS eligibility.


Course Objective:
To provide an introduction to electronic devices and digital electronic for both EE and CoE majors.


Required Text:
Microelectronic Circuits, by Sedra & Smith, 4th Edition, (1998


Suggested Text:
KC’s Problems and Solutions, by K.C. Smith


Grading:
The following factors will be used to arrive at the final course grade
Homework 
10 %
Exam I
20 %
Exam II
20 %
Exam III
20 %
Final Exam
30 %


Grading Scale:
Grades will be assigned to the following scale: 

A
90 - 100 %
B
80 - 89 %
C
70 - 79 %
D
60 - 69 %
F
< 60 %


These are guaranteed maximum scales and may be revised downward.


Homework:
Homework will be collected at the beginning of class on a roughly weekly basis.  Collaboration with classmates is permitted.  Copying is not permitted. 


Exams:
No make-ups for (excused) missed exams will be given.  The first missed exam will be scored by taking 90% of the average of the other exams.  Subsequent missed exams will be scored as zero.


Ethics Policy:
Academic misconduct will not be tolerated.  It will result in a failing grade and may result in further disciplinary action by the University.  For details see the Academic Misconduct section of the Timetable. 


Course Outline:
Chapter
3
Diodes
Chapter
4
Bipolar Junction Transistors (BJTs)
Chapter
5
Field-Effect Transistors (FETs)



Chapter
13
MOS Digital Circuits


EECS 312 - Preliminary Course Schedule (Spring 98)
Period

Date


Material
1

Jan 12 


Introduction


2

Jan 14 


Sec 3.1

3

Jan  16


Sec 3.1

4

Jan 19


No Classes

5

Jan 21


Sec 3.2

6

Jan 23


Sec 3.3

7

Jan 26


Sec 3.4

8

Jan 28


Sec 3.5

9

Jan 30


Sec 3.5

10 

Feb 2


Sec 3.6 (Last material on exam I)

11

Feb 4


Sec 3.7

12

Feb 6


Sec 3.8

13

Feb 9


Sec 3.8,9

14

Feb 11


Sec 4.1

15

Feb 13


Exam I

16

Feb 16


Sec 4.1

17

Feb 18


Sec 4.2

18

Feb  20


Sec 4.3

19

Feb 23


Sec 4.4

20

Feb 25
 

Sec 4.5

21

Feb 27


Sec 4.6




22

Mar 2


Sec 4.6 (Last material on exam II)

23

Mar 4


Sec 4.12

24 

Mar 6


Sec 5.1

25

Mar 9


Sec 5.2

26 

Mar 11


Sec 5.3

27

Mar 13


Exam II

28

Mar 16


Sec 5.4

29

Mar 18


Sec 5.4

30

Mar 20


Sec 1.4, 5.5

31

Mar 23


Spring Break

32 

Mar 25


Spring Break

33

Mar 27


Spring Break

34

Mar 30


Sec 5.5

35

Apr 1


Sec 5.8

36

Apr 3


Sec 5.8

37

Apr 6


Sec 5.9 (Last material on exam III)

38

Apr 8


Sec 5.12

39

Apr 10


Sec 13.1

40

Apr 13


Sec 13.3

41

Apr 15


Sec 13.3

42

Apr 17


Exam III

43

Apr 20


Sec 13.4

44

Apr 22


Sec 13.7

45

Apr 24


Sec 13.9,10

46

Apr 27


Sec 13.11,12

47

Apr 29


Sec  4.14

48

May 1


Sec 14.2,3

49

May 4


Make-Up/Review


Homework Policy

1.  Homework is assigned each Wednesday.

2.  Assignment is due the following Wednesday at the beginning of class.

3.  Late homework (i.e., turned in after the beginning of class) will receive 2/3 credit.

4.  Each homework problem is worth 10 points.

5.  A problem where a student earns 6 or less points is considered to be a failed problem.

6.  All failed problems must be reworked and resubmitted in the two weeks following its initial return.

7.  If all failed problems are not reworked in two weeks, the student will receive 1/2 credit for the entire homework assignment.

8.  Failed problems must be resubmitted separate from other assignments and must be clearly marked  at the top “Reworked problems 4.1, 4.6,4.7”, for example.

9.  Homework solutions will be available in the library when homework is returned.  
Hints for  EECS 312 Success
1.  Know your circuits - Make sure you remember/understand the material from EECS 213, particularly Kirchoff’s circuit law and Ohm’s law.

2.  Seek insight, not process  -  Try to understand the why and how of  semi-conductor circuits. Don’t merely mimic a process.  Remember, this is physics, not just mathematics.

3.  Be thorough -  As you read through your notes, text, examples, handouts, etc., you will frequently run into a line, paragraph, or entire section that you don’t understand. Do you skip over it, or work at it till you understand?

4.  Get help!  -  I lecture during class; I teach during office hours. 

5.  Be prepared for each lecture -  Attend each class having read the notes from the previous lecture, and having read the relevant text for the current lecture.

EECS 312 Course Outline
Reading:   


Relevant page numbers from course text.

Examples:  


Relevant examples in course text.

Exercises: 


Relevant exercises provided in text. Note these are not the                 

problems in the back of each chapter.  Detailed solutions are on reserve in the library.

Additional Problems:
Relevant problems from KC’s Problems and Solutions.
Handouts:


Fascinating material that I pass-out  during lecture. 

Chapter 3 -Diodes
Section 3.1 - The Ideal Diode
Reading:   


122 - 131

Examples:  


3.2

Exercises: 


3.1, 3.2, 3.4

Additional Problems:
3.1, 3.5
Handouts:  


Non-Linear Devices
The Ideal Diode





Diode Mechanical Analogy





The Ideal Diode Circuit Analysis Guide
Example: A Simple Ideal Diode Circuits

Example: Analysis of a Complex Diode Circuit
Section 3.2 - Terminal Characteristics of Junction Diodes
Reading:   


122 - 137

Examples:  


3.3

Exercises: 


3.6, 3.7, 3.9

Additional Problems:
3.6, 3.7, 3.8
Handouts:


The Junction Forward Bias Equation








A p-n Junction Diode Circuit


Section 3.3 - Physical Operation of Diodes
Reading:   


137 - 153 (exclude section  Depletion Capacitance, pp. 147 -149)

Examples:  




Exercises: 




Additional Problems:


Handouts:


The Silicon Lattice





The pn Junction (open circuit)





The pn Junction with Reverse Bias




The pn Junction under Forward Bias Conditions
Section 3.4 - Analysis of Diode Circuits
Reading:   


155-163 

Examples:  


3.5

Exercises: 


3.16 (b &c), 3.19

Additional Problems:
3.29, 3.30, 3.32
Handouts:


Example: Junction Diode Models





Example: The Piece-wise Linear Model
Section 3.5 - The Small-Signal Model and its Application
Reading:   


163-170 (exclude The Diode High-Frequency Model on p. 170) 

Examples:  


3.6, 3.7

Exercises: 


3.20, 3.21, 3.22, 3.23

Additional Problems:
3.35, 3.37
Handouts:


Small-Signal Analysis





Small-Signal Analysis Steps
Example: Diode Small-Signal Analysis

Section 3.6 -  Operation in the Reverse Breakdown Region - Zener Diodes
Reading:   


172-178 

Examples:  


3.8, 3.9

Exercises: 


3.24, 3.25, 3.26

Additional Problems:
3.42, 3.43
Handouts:


Shunt Regulator Analysis





Example: The Shunt Regulator
Section 3.7 - Rectifier Circuits
Reading: 


179-191  


 

Examples:  


3.10

Exercises: 


3.27, 3.28, 3.30

Additional Problems:
3.46, 3.49
Handouts:


The Full-Wave Rectifier





The Bridge Rectifier
Section 3.8 - Limiting and Clamping Circuits
Reading:   


191 - 194

Examples:  


3.55

Exercises: 


3.31

Additional Problems:

Handouts:


Limiter Circuits





Steps for Analyzing Limiter Circuits





Example: A Diode Limiter





Example: Another Diode Limiter 
Section 3.9 - Special Diode Types
Reading:   


 196 - 199

Examples:  




Exercises: 




Additional Problems:

Handouts:
Chapter 4 - Bipolar Junction Transistors
Section 4.1 - Physical Structure and Modes of  Operation
Reading:   


221 - 223

 

Examples:  




Exercises: 




Additional Problems:
4.1
Handouts:



Section 4.2 - Operation of the npn Transistor in the Active Mode
Reading:   


223 - 231

Examples:  




Exercises: 


4.1

Additional Problems:
4.7, 4.9, 4.12
Handouts:


The npn Transistor in the Active Region





Example: Equivalent Circuit Models
Section 4.3 - The pnp Transistor
Reading:   


232 - 233


 

Examples:  




Exercises: 


4.6, 4.7

Additional Problems:

Handouts:


The pnp BJT in the Active Mode

Section 4.4 - Circuit Symbols and Conventions
Reading:   


234 - 237

Examples:  


4.1

Exercises: 


4.8, 4.9

Additional Problems:

Handouts:


BJT Symbols and Conventions





Example: A BJT Circuit

Section 4.5 - Graphical Representation of Transistor Characteristics
Reading:   


238 - 241

Examples:  




Exercises: 




Additional Problems:
4.23, 4.24
Handouts:


ic vs. vBE




ic vs. vCE




ic vs. vCB
Section 4.6 - Analysis of Transistor Circuits at DC
Reading:   


241 - 253

Examples: 


4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8 




Exercises: 


4.14, 4.15, 4.18, 4.20

Additional Problems:
4.25, 4.27, 4.28, 4.29, 4.31, 4.32, 4.33
Handouts:


Steps for DC BJT Analysis





Hints on Circuit Analysis





Example:  DC Analysis of Transistor Circuit





Example:  DC Analysis of a Transistor Circuit (pnp)

Example:  Another DC Analysis of a Transistor Circuit





Example: Yet Another DC Analysis of a Transistor Circuit
Section 4.12 - The Transistor as a Switch - Cutoff and Saturation
Reading:   


295 - 303

Examples:  


4.13, 4.14, 4.15, 4.16

Exercises: 


4.35, 4.36, 4.37

Additional Problems:
4.68, 4.69, 4.70
Handouts:


The npn BJT in Saturation

Circuit Analysis Procedure for Cutoff and Sat.





Example: BJT Circuit in Saturation




Example: pnp BJT in Cutoff/Saturation





Graphical Analysis of  BJT “Switch”
Chapter 5 - Field - Effect Transistors
Section 5.1 - Structure and Physical Operation of the Enhancement-Type MOSFET
Reading:   


353 -  366

Examples:  




Exercises: 


5.1, 5.2 

Additional Problems:
5.1, 5.2
Handouts:


Structure of an NMOS Enhancement FET


Creating a Channel for Current Flow





Applying a Small VDS




Operation as VDS is Increased
Section 5.2 - Current-Voltage Characteristics of the Enhancement MOSFET
Reading:   


366 - 375

Examples:  




Exercises: 


5.3, 5.4, 5.5, 5.6 

Additional Problems:
5.3, 5.5, 5.6, 5.8
Handouts:


Drain Current for Small VDS




The p-channel MOSFET





The Body Effect

Section 5.3 - The Depletion-Type MOSFET
Reading:   


376 -  379

Examples:  




Exercises: 


5.9, 5.10

Additional Problems:
5.12, 5.13
Handouts:


The Depletion MOSFET (NMOS)
Section 5.4 - MOSFET Circuits a DC
Reading:   


380 - 387

Examples:  


5.1 through 5.7

Exercises: 


5.12, 5.13, 5.16

Additional Problems:
5.15, 5.18, 5.19, 5.20, 5.21
Handouts:


Analysis of DC FET Circuits
Example: NMOS Circuit Analysis





Example: Another NMOS Circuit Analysis





Example: PMOS Circuit Analysis

Example: Depletion MOSFET Circuit Analysis
Section 5.5 - The MOSFET as an Amplifier
Reading:   


389 - 395

Examples:  


5.8

Exercises: 


5.17, 5.18

Additional Problems:
5.23, 5.25, 5.28, 5.29
Handouts:


Small-Signal Response of MOSFET Circuit





The MOSFET Small-Signal Model

Steps for  Small-Signal Analysis
Example: Small-Signal Analysis of MOSFET Amplifier

Example: Another Example of Small-Signal Analysis of a MOSFET Amplifier

Graphical Interpretation of MOSFET Gain

Section 5.8 - The CMOS Digital Logic Inverter
Reading:   


425 - 431

Examples:  




Exercises: 


5.31, 5.32

Additional Problems:

Handouts:


VIL and VIH of a CMOS Inverter





The CMOS Model





Noise Margins





The CMOS Transfer Function
Section 5.9 - The MOSFET as an Analog Switch
Reading:   


436 - 438

Examples:  


5.1 through 5.7

Exercises: 




Additional Problems:

Handouts:


Example: FET Switch #1




Example: FET Switch #2
Section 5.12 - Gallium Arsenide Devices - The MESFET
Reading:   


452 - 458

Examples:  


5.11

Exercises: 




Additional Problems:

Handouts:


Gallium Arsenide (GaAs) Devices





The Metal Semiconductor FET (MESFET)
Chapter 13 - MOS Digital Circuits
Section 13.1 - Digital Circuit Design: An Overview
Reading:   


1042 - 1049

Examples:  




Exercises: 




Additional Problems:

Handouts:


Gate Propagation Delay




Characteristics of Logic Families

Section 13.3 - CMOS Logic-Gate Circuits
Reading:   


1058 -  1065

Examples:  




Exercises: 




Additional Problems:
13.18
Handouts:


Synthesis Method for CMOS Logic-Gate Circuits


Example: CMOS Logic Gate Synthesis
Section 13.4 - Pseudo-NMOS Logic Circuits
Reading:   


1070 -  1071, 1077

Examples:  




Exercises: 




Additional Problems:

Handouts:

Section 13.7 - Latches and Flip-Flops
Reading:   


1097 - 1101

Examples:  




Exercises: 




Additional Problems:

Handouts:


The S-R Flip-Flop
Section 13.9 - Semiconductor Memories: Types and Architectures
Reading:   


1113 - 1116

Examples:  




Exercises: 


13.19

Additional Problems:

Handouts:


Computer Memory





Static Ram Data Sheet
Section 13.10 -  Random Access Memory (RAM) Cells
Reading:   


1116 - 1124

Examples:  




Exercises: 




Additional Problems:

Handouts:
Section 13.11 - Sense Amplifiers and Address Decoders
Reading:   


1125 - 1127, 1131 -  1134

Examples:  




Exercises: 




Additional Problems:

Handouts:
Section 13.11 - Read Only Memory (ROM)
Reading:   


1134 - 1140

Examples:  




Exercises: 




Additional Problems:

Handouts:

