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COURSE OUTLINE
I.
CATALOG DESCRIPTION:

ET283 Microprocessor Fundamentals

C-3, P-2, Cr-4


This course presents the microprocessor/microcontroller as the principal component of embedded systems, providing information on the architecture and programming model using the C language. C programming techniques for arithmetic and logic operations along with flow control are introduced. The use of functions, I/O instructions and timers are presented with laboratory experiments.


Corequisite: ET282 Digital Electronics 2

II.
MATERIALS:

Tools:

Scientific calculator, electronic breadboard

III.
STUDENT LEARNING OUTCOMES:
The student will demonstrate an understanding of numbering systems commonly encountered in computer systems.

The student will display an understanding of microcontroller architecture and I/O structure. (a)

The student will demonstrate a basic proficiency in the C programming language. (a)

The student will demonstrate an understanding of the differences between programming a desktop computer and a microcontroller. (a)

The student will demonstrate a basic knowledge of how to use a host computer to program a microcontroller or other external target. (1)
Through the laboratory, the student will demonstrate practical insight and knowledge of interfacing and input/output devices. (1),(2)

() – References ETAC of ABET Student Outcome
IV.
MAJOR TOPICS
1. Introduction to the C Programming Language and Embedded Development

A. Comparison to other languages (Python, Assembler)

B. Familiarization with development environment

1. Editor

2. Compiler/linker

3. Debugger

4. Overview of standard libraries

C. Native vs. non-native development

1. Native PC/Workstation

2. PC/Workstation host with external (downloaded) target

2. Basics of C

A. Language syntax, formation of main() and functions

B. Basic data types: char, short, long int, float, double 

C. Arrays and structures

D. Introduction to preprocessor

1. #include

2. #define

E. I/O using printf/scanf, simple use of address operator, and strings as arrays of type char

3. Math and Logic in C

A. Operators and hierarchy

B. Integer vs. floating point forms (size/speed/accuracy)

C. Library operations

4. Functions in C

A. Proper declaration, use of prototypes, use of casting

B. Passing and returning values

C. Local vs. global variables

D. Auto vs. static vs. register variables

5. Looping and Branching in C

A. if/else

B. switch/case

C. for

D. while and do/while

6. Pointers and Handles in C

A. Proper declaration and pointer math

B. CPU/controller variations: 16, 32, 64 bit pointer sizes

C. Memory mapped I/O - communication with external devices

D. Multiple memory space conflicts in microcontrollers


7. Computer Architecture

A. Microprocessor families and evolution of microprocessors and microcontrollers



B. Organization of a microcomputer system with emphasis on bus structure.




1. Functional block diagram




2. Harvard vs. Von Neumann architecture




3. Little Endian vs. Big Endian




4. RISC vs. CISC



C. Overview of internal architecture of a typical microcontroller (Atmel AVR)



D. Memory




1. RAM




2. ROM





a) EPROM





b) EEPROM





c) Mask ROM



E. Special function registers




1. Use of flag bits




1. Status register




2. Data direction register


8. Digital Input Ports



A. Open collector connection



B. Reading mechanical switches and debouncing


9. Digital Output Ports



A. Output current capacity



B. Current boosting


10. Analog Input Ports



A. A collection of sensors




1. Potentiometer




2. FSR (force sensing resistor)




3. Temperature sensing methods (TDR, LM34, etc.)




4. Light sensing methods (CdS, phototransistor, etc.)




5. Accelerometer



B. Input scaling



C. ADC resolution and speed


11. Achieving Analog Output 



A. Pulse Width Modulation



B. External DAC 


12. Interrupts



A. Internal vs. external



B. Interrupt service routine


13. Timers



A. Precision timing vs. instruction cycle times



B. Prescaler and other settings
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