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ABSTRACT

This paper describes recent advancements

made at the University of South Florida for edu-

cating undergraduate electrical engineering stu-

dents in the �elds of wireless circuits and sys-

tems. The foundation for the program is an in-

novative lecture/laboratory course which guides

students through wireless component and sub-

system analysis and design using a case-study

approach. While providing a broad exposure to

the wireless arena, students also gain hands-on

experience with state-of-the-art instrumentation

and computer-aided engineering software.

INTRODUCTION

A clear and growing need exists for skilled

electrical engineers in the wireless industry.

There has been, by all accounts, a rapid expan-

sion in this �eld that is expected to continue

into the next century. Fierce industry compe-

tition, greater consumer demands, and an in-

creasingly crowded frequency spectrum fuel this

growth. In order to support the \wireless rev-

olution", well-trained engineers are needed with

expertise in system, circuit and antenna design,

and the challenge falls squarely upon the shoul-

ders of the academic community. However, the

supply is not yet keeping up with demand. For

various reasons, a large number of potential elec-

trical engineers have apparently been migrating

to other discplines1 , particularly computer sci-

1In the U. S. there were 27,000 BSEEs awarded in

1987-88, compared to only 21,000 in 1996-97 (Source:

ASEE).

ence. While enrollments historically ebb and


ow, continued growth in the wireless industry

requires a near-term correction.

In the University of South Florida's Electri-

cal Engineering Department, a new wireless ini-

tiative has begun with the aim of creating an

intense, exciting curriculum to attract and ed-

ucate students. The focal point is the Wireless

and Microwave Instructional (WAMI) Labora-

tory. This lab houses state-of-the-art microwave

test instrumentation, industry-standard circuit

and system simulation software, a network of

Pentium PCs and a circuit prototyping capa-

bility. A new undergraduate lecture/laboratory

course, called Wireless Circuits and Systems De-

sign, has been developed around theWAMI facil-

ity to teach students about the interplay between

circuit and system aspects of wireless technology.

Following this broad introduction to the �eld,

students are able to choose from several electives

which are o�ered at the undergraduate and grad-

uate levels. In this paper we describe the overall

wireless program at USF with regard to organi-

zation, content, sponsorship and dissemination.

A WIRELESS EDUCATIONAL FOCUS

The two main hurdles overcome in develop-

ing the new wireless program were generating a

strong interest among the student population,

and �nding room in an already crowded cur-

riculum for the relevant courses. A solution to

the latter problem came about in part by reduc-

ing the existing two-course sequence in electro-

magnetics to one course, in which the coverage

1
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of electro- and magneto-statics is minimal. In

parallel, the long-standing undergraduate lab-

oratory on electromagnetic principles was re-

placed by the two credit hour, lecture/laboratory

course called Wireless Circuits and Systems De-

sign. This is a required course that is taken by

all electrical engineering students.

The matter of student interest is being ad-

dressed by rapidly evolving the WAMI facility

into a high-pro�le focal point for the microwave

and wireless activity at USF. The salient features

of this development are as follows:

State-of-the-Art Laboratory - The WAMI Lab

is a dedicated facility comprised of six ba-

sic work-stations and a Senior Project bench

(Figure 1). The software available in the lab

includes industry-standard circuit and system

modeling software (HP Series IV/PC and Om-

nisys/CDS), numerical electromagnetic model-

ing software (Ansoft Strata and HFSS), and an

antenna design package.

Along with realizing a laboratory with ex-

ceptional resources, an e�ort has been made to

lead students to form an a�litation with the

WAMI Lab that exceeds the conventional un-

dergraduate experience. One of the steps taken

in this direction is the formation of student-led

\E" (Evaluation) Teams, which are assembled

each semester to assess the Wireless Circuits and

Systems Design course and provide feedback to

the faculty.

Diverse Wireless Curriculum - A comprehensive

o�ering of elective courses supports the Wire-

less Circuits and Systems Design course, many

of which are o�ered at the undergraduate and

graduate level. These include courses in passive

and active RF/microwave design, MMIC design,

microwave measurements, communications sys-

tems, mobile and personal communications, sig-

nal processing and others. Each electrical en-

gineering student is also required to complete

a Senior Design Project, and several students

each semester utilize the WAMI Lab to conduct

projects on a wide variety of wireless-related top-

ics.

Faculty Involvement - A consistent faculty pres-

ence in the lab during class hours not only im-

proves student learning, but also demonstrates

our enthusiasm for the Wireless Circuits and

Systems Design course. A team-teaching ap-

proach has also been adopted, wherein three

to four faculty members, with expertise ranging

from microwave circuits to communication sys-

tems, rotate duties in the lecture and lab.

Industry Presence - One of the precepts of the

WAMI Lab is to form a close link with the

wireless industry, and in so doing make stu-

dents fully aware of the varied career opportu-

nities. Activities in this area include inviting

guest lecturers from industry, widely publicizing

job openings via the web page2 and in-class an-

nouncements, and bringing industry representa-

tives into the lab during class hours. A WAMI

Advisory Board, currently consisting of thirteen

members from several nationally-based compa-

nies, has also been formed to help keep pace with

the rapidly changing wireless environment.

WIRELESS DESIGN COURSE

The Wireless Circuits and Systems Design

course presents the �rst opportunity to expose

students to the world of wireless engineering. It

uses a lecture/laboratory format, in which a 1-

hour tutorial is used to present the relevant theo-

retical background, followed by a 4-hour labora-

tory session on a subsequent day. It is normally

taken in the junior year, following the Introduc-

tion to Electromagnetics lecture course.

Along with a technically advanced learning

environment, the course incorporates carefully

planned teaching methodologies. In order to

experience the teaming that is consistent with

industry practices, the students work together

in pairs and the team members are rotated 3-4

times during a given semester. We believe that

it is important to limit the groups to two, so

as not to dilute the learning process. The labo-

ratory experiments are built around a model for

2The WAMI web page is found at

http://www.eng.usf.edu/WAMI.
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new product development, with assignments tar-

geted toward individual components of the block

diagram for a modern receiver/transmitter (Fig-

ure 2). Given the inexperience of the students

and the relatively complex nature of the topics,

the laboratories have been written with great at-

tention to detail. At the same time, students are

challenged to develop their critical thinking and

problem solving skills.

One of the objectives of the wireless course is

to convey the concept of the modern engineering

design cycle, as exempli�ed in the Lumped El-

ement Filter Laboratory. In the lecture which

precedes this lab, the importance of �ltering

in a wireless subsystem is described along with

the prototype �lter design approach. A pre-

laboratory assignment requires students to de-

sign a lumped element �lter to a given cut-o� fre-

quency (between 100 and 500 MHz) and simulate

the ideal response using Mathcad. During the

lab session, students assemble the �lters using

circuit boards and surface-mount inductors and

capacitors, and then measure the S-parameters

using a vector network analyzer. The limitations

of the ideal model beyond 1 GHz become readily

apparent, and a more realistic circuit represen-

tation is developed using Series IV/Libra. This

re�ned model includes parasitic elements for the

surface mount components, as well as the ef-

fects of the interconnect lines. The experiment

thus incorporates the design-simulate-measure-

simulate methodology, and further prompts stu-

dents to o�er a plausible �nal-design improve-

ment.

The �nal experiment of the semester focuses

on the characterization of a complete wireless-

receiver subsystem. Using o�-the-shelf coaxial

components, students perform swept-signal mea-

surements of the system and investigate issues

such as the e�ects of interference signals. System

simulation using Omnisys/CDS is done to com-

pliment the experimental work. This lab helps to

reinforce the myriad concepts covered through-

out the semester and closely links the circuit and

system aspects of wireless sytems.

1 LABORATORY SPONSORS

The WAMI Lab was initiated with strong

support from industry, government and acad-

emia. The �rst major funding was received

from Hewlett Packard's Educational Grants Pro-

gram. Soon thereafter a grant was obtained from

the National Science Foundation's Instrument

and Laboratory Improvement (ILI) Program,

through the Division of Undergraduate Educa-

tion (grant DUE-9650529). The NSF award

was matched by the University of South Florida.

This funding was used toward the purchase of

the instrumentation and computers, while sev-

eral companies continue to participate through

the contribution of microwave components and

simulation software.

DISSEMINATION

The WAMI Lab and the educational mate-

rial associated with the wireless design course

are being made available to the academic

and industrial community through two chan-

nels. The �rst is the WAMI web page

(http://www.eng.usf.edu/WAMI), which pro-

vides a description of the instrumentation and

supplies and a summary of each laboratory ex-

periment, among other items. A complete li-

brary of the lecture material and laboratory ex-

periments is available, although at this time ac-

cess is limited to the students in the course; plans

are currently being made regarding the gener-

ation of a published laboratory manual. The

second means of dissemination is through recent

conference papers [1, 2], with a more complete

journal paper planned for the near future.

SUMMARY

From their earliest stages of development,

the WAMI Lab and the Wireless Circuits and

Systems Design course were envisioned as an ed-

ucational model that could be adopted by other

educational institutions. The hands-on labora-

tory experience, preceded by an abridged lecture
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Figure 1: The Wireless and Microwave Instruc-

tional (WAMI) Laboratory.

on supporting theory, is proving to be a sound

approach for arousing student interest. This in-

terest is sustained with strong industry aware-

ness and involvement, a dedicated facility with

ample student access, and a curriculum that al-

lows for two or more elective courses to follow

the required introductory course. Feedback from

students who have recently taken jobs in the mi-

crowave/wireless �eld con�rms that the experi-

ence with industry-standard tools and practices

allows rapid integration into mainstream engi-

neering activities.
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Figure 2: Topics covered in the Wireless Circuits

and Systems Design course.
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