Fall 2004 
FAIRFIELD UNIVERSITY 


College of Engineering


Fairfield, Connecticut 06430

COURSE NAME:
Digital Electronics Design II – EE 246 / CR 246

Instructor:
Lawrence J. Reed
Evening Contact (till 11PM):
203-929-9728
mailto:reedla@adelphia.com  (2x / week)

Daytime Contact:
203-852-4825 (desk, call this first)
mailto:larry.reed@ngc.com (daily)

203-209-1427 (cell phone, call if no answer at desk)

Daytime Fax:
203-852-7721
Prerequisite:
EE 245 (Digital Electronics I) and EE 245L (Digital Lab)  - - FIRM requirement 

Lecture Hours:
45 hours, 3 credits


Wednesdays,  9/8 through 12/15,  6:15 - 9:30 PM, Bannow 133
Instructor Assistance:
By appointment.   I can usually meet before class if requested.

Required Text:
Charles Roth, Digital Systems Design using VHDL, 1st ed.  




PWS Publishing, 1998,  ISBN 0-534-95099-X

Recommended Text:
J. Bhasker, VHDL Primer, 3rd ed., Prentice Hall, (Get the SOFTcover edition if you can - 

it's $35.00) copyright 1999, ISBN 0-13-096575-8 

Reference Material:
CLASS CD-ROM, containing:


1. Xilinx WEBPack software


2. Xilinx Data sheets for Spartan II and IIE FPGAs and 9500-series CPLDs


3. Digilent Hardware data sheets and schematics for lab equipment


4. Xilinx and Digilent tutorials, including 2 movies.


Class Website - - http://www.connix.com/~reed/      click on CR246


1. Copies of class handouts


2. Homework Assignments, tests and solutions

Class Requirements:
All Homework is to be submitted.  Late homework is docked one grade (A to A-, etc.).  There will be several quizzes, one midterm exam and one comprehensive final exam.  There will also be several Laboratory projects


Course Description:  
This course covers both the theoretical and practical aspects of the modern methods of digital logic design.  After a brief review of classical digital theory, the student is introduced to VHDL (VHSIC Hardware Description Language), and modern design methodology (Design Entry, Synthesis, Implementation [place and route], and Simulation).  Programmable Device Architectures are discussed.  Targeting both FPGA and CPLD devices, structural, behavioral, and dataflow VHDL models are developed for familiar logic and arithmetic circuits, and state machines.  The student learns how to write test benches for simulation.  The differences between Behavioral, Functional, and Timing simulations is discussed.  The difference in coding for synthesis and coding for simulation is stressed.   Further development of VHDL Language skills is performed in the context of an introduction to Computer Architecture.  Memory and Bus models are discussed.  An ALU is designed.  The CPU control logic and data paths are mapped out and implemented for a 6805 CISC 8-bit Microcontroller.  As time permits, the various IO topics will be addressed: Keyboard Scan, PS2 Keyboard input, Multiplexed 7-segment displays, UART Design, and VGA displays.  Homework and design projects apply the theory to practical problems. 
Course Learning goals

G1.  Students will become proficient with VHDL and HDL-based EDA tools

G2.  Students will understand FPGA and CPLD architectures.

G3.  Students will learn the principles of Computer Architecture.

Outcomes

OC1 Students use of Mentor Graphics ModelSim Simulator and XST Synthesis Engine

OC2 Students use Back-end implementation tools (Xilinx Place and Route, User Constraints File, Timing analysis, 
BITgen, Prom File Formatter, JTAG download)

OC3 Students employ Design Entry techniques: Schematics, VHDL, State Machine editor, Test Bencher

OC4 Students design combinatoric logic and finite state machines.
If a student misses a class, he is expected to obtain notes and assignments from another student - or the WEB site.

Homework is important in this class. 

Grade Allocation:
Final Exam – 30%

Midterm Exam – 25%

Quizzes – 10%


Designs and  Homework – 35%

Class Schedule

Week
Date
Class Description


 1
Sept 8
Review Of Logic Design Fundamentals  Combinational Logic / Boolean Algebra and Algebraic Simplification / Karnaugh Maps / Designing with NAND and NOR Gates / Multiplexers / Decoders / Flip-flops and Latches /  Setup and Hold Times / Synchronous Design / Tristate Logic and Busses / State Machines  ROTH Ch. 1

2
Sept 15
Introduction to VHDL - History / Design units / Identifiers / Classes of data objects / Data Types / Arrays / VHDL Operators / Entity / Architecture / Styles of Modeling / Dataflow / Behavioral / Processes / Structural

3
Sept 22
Introduction to VHDL - Entity-Architecture pairs, Introduction to Hierarchical Design, VHDL Description of Combinational Networks / Modeling Flip-flops and Latches using VHDL Processes / VHDL Models for a Multiplexer / Compilation and Simulation of VHDL Code / Modeling a Sequential Machine / Variables, Signals, and Constants / Arrays / VHDL Operators / ROTH Chapter 2
 4
Sept 29
VHDL EDA Tools - Design Entry / Behavioral Simulation / Synthesis / User Constraint files / Implementation / Timing Simulation / BITgen / PROM File creation / Device Download. READ Tutorial and watch movies.
 5
Oct 6
Introduction to VHDL - Shift Registers, Counters and Arithmetic Functions, Arithmetic Functions in predefined packages, Finite State Machines, Tri-State and Bi-directional Signals 
 6
Oct 13
Designing With Programmable Logic Devices - Read-only Memories / Programmable Logic Arrays (PLAs) / Programmable Array Logic (PALs) / Other Sequential Programmable Logic Devices (PLDs) / Design of a Keypad Scanner / Designing with FPGAs / XILINX 4000 Series FPGAs / Using a One-Hot State Assignment / Altera Complex Programmable Logic Devices (CPLDs ) / Altera FLEX 10K Series CPLDs / Spartan FPGA Architecture / Xilinx 9500-series CPLD Architecture, Data Sheets. Skim ROTH Chapter 3, Read ROTH Chapter 6, Handouts

7
Oct 20
Introduction to VHDL - Understanding Hardware Creation / Implicit Latch Inference / Hierarchical Design / Libraries / Packages / Component Configuration. 

8
Oct 27
Design of Networks For Arithmetic Operations - Design of a Serial Adder with Accumulator / State Graphs for Control Networks / Design of a Binary Multiplier / Multiplication of Signed Binary Numbers / Design of a Binary Divider / ROTH Chapter 4  - - Midterm Exam (take home)
 9
Nov 3
Digital Design With SM Charts - State Machine Charts / Derivation of SM Charts / Realization of SM Charts / Alternative Realizations for SM Charts Using Micro programming / Linked State Machines ROTH Chapter 5
10
Nov 10
Additional Topics In VHDL - Attributes / Transport and Inertial Delays / Operator Overloading / Multi-valued Logic and Signal Resolution / IEEE-1164 Standard Logic / Generics / Generate Statements / Synthesis of VHDL Code / Synthesis Examples / Files and TEXTIO / ROTH Chapter 8
11
Nov 17
VHDL Models For Memories And Busses - Static RAM Memory / A Simplified 486 Bus Model / Interfacing Memory to a Microprocessor Bus / ROTH Chapter 9
12
Dec 1
Design Examples - UART Design / Description of the MC68HC05 Microcontroller / ROTH Chapter 10
13
Dec 8
Design Examples - Design of Microcontroller CPU / ROTH Chapter 10

14
Dec 15
Final Exam
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