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Course Proposal

1. Details:

a) Course Title: Digital Design w/ VHDL (0909.483)

b) Sponsor: Dr. John L. Schmalzel, Electrical and
Computer Engineering (ECE) and ECE
Curriculum Committee

¢) Credit Hours: 3 credit hours

d) Course Level: Undergraduate (UG)

¢) Curricular Effect: Elective course for UG students

f) Prerequisites: Digital 1T (0909.242).

g) Suggested Time/ Fall 1999 and beyond

Scale of Implementation One section
h) Resources No additional faculty are needed to meet this

requirement. Laboratory equipment will be
obtained consistent with College of
Engineering multi-year budget. No additional
library acquisitions will be required.

2. Rationale:

The proposed course is a revision to part of the Engineering Curriculum Proposal
approved by the College Senate in December, 1994. The proposed course is consistent with the
establishment of the School of Engineering approved by the Board of Trustees in February, 1995.

Digital system design has moved almost exclusively into the domain of descriptive
hardware language modeling for system design. VHDL (Very High Speed Integrated Circuit
(VHSIC) Hardware Description Language) was originally developed for the military to support
advanced IC development for next-generation avionic and munition systems. It has since found
widespread acceptance in commercial industry and has spawned similar languages such as
Verilog. VHDL not only supports behavioral description of complex digital systems but also
supports detailed timing descriptions. This allows very complex systems to be fully modeled.
Additional tools are available to allow compilation of VHDL designs into field programmable
gate arrays (FPGAs). Other tools support silicon compilation that can generate complete IC
layouts.

3. Essence of the Course:
a) Objectives:

The proposed course has a number of objectives:
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(1) Provide a working knowledge of fundamental constructs of VHDL.

(i)  Provide a structured design methodology appropriate to behavioral modeling of
digital systems.

(ii)  Explain the relationship between behavioral modeling and verification.

(iv)  Provide opportunities to apply didactic principles in a representative complex
digital system design applications.

b) Topical Outline:
The content of the course will be designed to reflect current practice.

Review of logic design fundamentals. Combinational logic; sequential logic. Moore and one-
hot state machines. Hazards, timing, setup and hold times.

Introduction to VHDL. Combinational networks. Modeling F/F’s using VHDL processes.
Modeling sequential machines. VHDL operators, functions, and procedures. Packages and
libraries. VHDL language tools (tools from Xilinx, Mentor Graphics, etc.).

Design of networks for arithmetic operations. Serial adder with accumulator. Design of a
binary multiplier, divider.

Digital design with state machine (SM) charts. Derivation and realization of SM charts.
Example application using SM charts. Relationship between microprogramming and SM
charts. Linked state machines.

VHDL design compilation. Using FPGAs. Comparison of available industry FPGA offerings.

Floating-point (FP) arithmetic. Floating-point representation. Design and implementation of
FP operations.

Advanced VHDL. Attributes. Transport and inertial delays. Multivalued logic and signal
resolution. IEEE-1164 standard logic. Generate statements.

VHDL models for memories and buses. Static RAM memory. Processor bus models.
Memory to bus interfacing.

Hardware testing and design for testability. Combination and sequential logic testing. Scan
Testing. Boundary scan. Built-in Self-Test (BIST). ANSI/IEEE 1149.1.

VHDL design examples. Communication interface (e.g., UART). Eight-bit microcontroller
design.

Design project.



c) Evaluation and Grading Procedures:

Student grades will be based on projects, examinations, homework, and written and oral
technical communication.

d) Course Evaluation:
The proposed course will be evaluated based on student evaluations and critical review by

engineering faculty.

e) Texts:
A large number of texts are available. Strong possibilities for this course include:

C.H. Roth, Jr. Digital System Design Using VHDL. PWS Publ, 1997.

P.J. Ashenden, Designer’s Guide to VHDL. Morgan Kaufman, 1995. (A student guide is also
available, 1998.)

D.L. Perry, VHDL, 3" ed. McGraw-Hill, 1998. (This is the classic text in the area, although it
may not be the best written text for student use.)

4. Results of Consultations:

a) Consulted Departments: Computer Science.

b) Consultants and Consultant Statements:

¢) Written Consultations:

5. Additional Supporting Information:
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6. Catalog Description:

TITLE: Digital Design with VHDL // (¢ /(',c/ /7/ 5 >

The course uses VHDL to model and simulate digital systems. Specialized features of the
language are presented to allow getting optimum results from simulations. Example VHDL
applications are explored and a project is used to complement the course.

Prerequisite: Digital 11 (0909.242)
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