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Master of Science Degree
in Electrical Engineering

Advanced education is the best way to keep up with advanced technology. That’s why
a master’s degree is such a valuable advantage to an engineer’s career. It’s also why RIT offers
a full range of graduate programs in engineering.

The Department of Electrical Engineering encourages practicing engineers in the
greater Rochester and Buffalo industrial community to pursue the Master of Science degree.
Since many of the courses in the graduate programs in engineering are scheduled in the late
afternoons or early evenings, the master’s program can be pursued without interruption of the
student’s work assignment at their place of employment.

Students employed full-time in industry can register for two courses or eight credits
each quarter. A student who wishes to register for more than eight credits while employed full-
time in industry must obtain the permission of his or her advisor and the approval of the
department head. It is possible for a student to obtain the MS degree in two academic years (or
six academic quarters) by taking courses in late afternoons or early evening only.

In order to enable the practicing engineer to take graduate courses with the minimum
amount of inconvenience, courses for RIT credit can be offered in selected industrial locations,
provided there is sufficient demand.

The Electrical Engineering Department offers experienced faculty and excellent
facilities.

For additional information contact:

Department of Electrical Engineering Dr. Sohail Dianat, Chair, Graduate Program
Rochester Institute of Technology Phone (585) 475-2164

Rochester, NY 14623

Phone (585) 475-2164



Steps Towards Earning Your Master Degree in Electrical Engineering

V. v v Vv V V

Contact the EE department for information regarding the Masters program

Contact Patti Vicari in the EE department at 585/475-2164 if you have any questions
Complete the graduate application and submit it to the admissions office at the Institute
Decide on your focus area

Register for your first quarter

After completing approximately 12 credits, begin to consider a topic for your graduate paper or
thesis

While completing your remaining 24 to 28 credits, continue to develop your paper or thesis idea and
discuss your thoughts with the advisor of your choice from the EE department

Register for your graduate paper or thesis.

When you register, make sure that you register depending upon your ability to complete your thesis
or paper. There is a five credit minimum for registration of a graduate paper, so you may register
for the paper in increments of two and three, one at a time, or all five at once. Registering for all
five credits at once means that you will be charged for the total amount of credits and have only
three quarters to complete your paper. However, if you register one credit at a time, you will be
charged one credit a quarter and will have seven to fourteen quarters to finish your work. The same
can be said for the thesis option, which requires a minimum of 9 credit hours. However, most
students register for nine credits for the thesis option.

Once you have registered for your graduate paper or thesis, you must KEEP REGISTERING for the
paper and thesis for as long as your work is still in progress. This allows you to stay in the system.
You are allowed one free quarter in which to complete your paper or thesis AFTER you have
registered for all five or nine credits respectively. For example, if you are completing a graduate
paper, and you have already registered for all five credits, you must then register for Completion of
Graduate Paper (0301-800-99) for one credit. You will be allowed one free credit the following
quarter of which you will not be charged. After that, you will be charged for one credit until you
complete your thesis or paper. Summer quarters are free as well.

During the quarter prior to the one you intend to graduate in, complete an application for graduation
and turn it in to the EE department.

Following completion of your graduate paper or thesis, retain the required approval and turn in the
necessary copies to the EE department.

Following completion of your coursework and graduate paper or thesis, please stop into the EE
office so we may say good-bye and wish you well!



GENERAL INFORMATION

Admission
Requirements

Graduation

Focus Areas

Plan of
Study

Policies

Admission into the graduate studies leading to an MS degree in electrical

engineering requires a BSEE degree from an accredited program. An applicant with a strong
undergraduate record and a Bachelor of Science degree in another branch of engineering
(mechanical, computer, industrial, etc) will also be considered for admission. In this case the
student must complete a certain number of undergraduate courses in order to bridge over to
electrical engineering. Additional information in this regard is available from the department.

The Master of Science degree in electrical engineering is awarded upon the successful
completion of an approved graduate program consisting of a minimum of 45 credit hours.
Under certain circumstances a student chooses or is required to complete more than the

minimum number of credits.

Within electrical engineering, a student can specialize in six separate areas for the MS degree.
These areas are:

> Control Systems
Communications
Digital Systems
Integrated Electronics

Signal & Image Processing

vV VYV VYV VYV V

MEMS

The boundaries between some of the areas are not as sharp or pronounced as they were in the
past. Therefore, students are urged to discuss the significance of their choices with graduate
advisors in the department.

Every matriculated student must arrange to have a Plan of Study
prepared in consultation with the student’s advisor at the beginning of the program.

The following general rules apply to all students:

All students seeking the MSEE degree must satisfactorily complete one core course, 0301-703:
Matrix Methods in EE. Students will be expected to take the required core courses
immediately after entering the program since these courses are prerequisites for many of the
other graduate courses.

Those students who have selected the focus areas in Control Systems, Communications, Signal
& Image Processing, and MEMS must also take 0301-702: Random Signals and Noise.
Students who want to develop a minor in any of the above areas are also encouraged to take
Random Signals and Noise.

Each student must take four courses from the EE department in their chosen focus area. The
student is expected to perform the research needed for a graduate paper or thesis in the same

area.

Each student must take three courses from a related area within the EE department.



Transfer
Credits

Graduate
Student
Advising

Graduate
Teaching
Assistant

The academic student advisor must approve all course selections. All courses must be 700-
level or above with one exception: a student is allowed to take a maximum of two 600-level
courses for full credit in the graduate program.

All student must satisfy a research component by one of the following activities:
> Graduate Thesis (9 credit hours)
> Graduate Research Paper (5 credit hours)

All the graduate work must be completed within a seven-year period starting from the first
course applied towards the MSEE degree. Also, a student who is pursuing the thesis/graduate
paper options may be required to register for a continuation of thesis credits if he or she is not
enrolled for any credits in a given quarter. For complete details, please consult the
Continuation of Thesis Credit requirements discussed in the beginning section of the RIT
Graduate Catalog.

A maximum of 8 credit hours can be earned from courses available from other

departments within RIT with the prior approval of the faculty/department advisor. For students
transferring credits from other universities, the total number of credits transferred from outside the
Electrical Engineering Department from all sources may not exceed eight.

All new students will be assigned a graduate advisor. The student generates a plan of study in
consultation with his or her faculty advisor. That Faculty member will continue to be the student’s
advisor until a research topic has been chosen. From that time, The Thesis/Paper advisor assumes
the role of academic advisor as well.

The EE Department offers teaching assistantships to limited number of students during student’s
first academic year of study. Subsequently, however, students are encouraged to seek support as
research assistants (RA) with one of the research faculty. Full time graduate teaching assistant (TA)
are awarded to limited number of outstanding incoming first year graduate students.

Good Academic

Standing

A 3.0 GPA or higher is required to graduate. All graduate courses taken after matriculating into an
MS program at RIT are counted toward your grade-point average (GPA). To be in good academic
standing, a graduate student at RIT must maintain a cumulative GPA of 3.0/4.0 or better throughout
program of study. Students would be placed on probation if the cumulative GPA falls below 3.0. If
this continues for another quarter, students will be suspended from the program. RIT institute
policy states ““D’ or ‘F’ grades do not count toward the fulfillment of the program requirements for
a graduate degree.” However, they are calculated in your GPA.



Schedule of Graduate Courses (700- and 800-levels)

Scheduled Course Offerings for 2008-2009

Fall 2008-1

Winter 2008-2

Spring 2008-3

Core Courses

0301-702 Random Signal and
Noise

0301-703 Matrix Methods in
EE

0301-702 Random Signal and
Noise

0301-703 Matrix Methods in
EE

Focus Area

Communication

0301-693 Digital Data
Communication

0301-729 Antenna Theory
and Design.

0301-717 Microwave Circuit
Design
0301-794 Information Theory

0301-710 Advanced
Electromagnetic Theory @
0301-802 Wireless
Communication

0301-816 Design & Charac
Micro Sys

Control Systems

0301-769 Fuzzy Logic &
Applications

0301-761 Modern Control
Theory

0301-815 Multivariable
Modeling

0301-733 Robust Control®
0301-765 Optimal Control

Signal & Image
Processing

0301-887 Digital Signal
Processing

0301-768 Adaptive Signal
Processing

0301-779 Digital Image
Processing

0301-749 Speech & Image
Compression

0301-770 Pattern Recognition®
0301-803 Digital Video
Processing

Integrated Electronics

0301-713 Solid State Physics
0301-821 High Performance
Semiconductor Devices

0301-712 Advanced Field
Effect Devices

0301-726 Mixed Signal IC
Design

0301-711 Advanced Carrier Inj
Transtr
0301-730 Advanced Analog IC
Design

Digital Systems 0301-650 Design of Digital 0301-732 Advanced Topics 0301-741 Design for Testability
System in Digital System Design 0301-810 Advanced Computer
0301-651 Physical Architecture
Implementation

MEMS 0301-789 Fundamentals of 0301-798 Microfluidic MEMS

MEMS @
0301-799 Nano &
Microengineering @

0301-804 MEMS Evaluation

1. 0301-703 Matrix Methods in EE is a required course for all focus areas

0301-702 Random Signal and Noise is a required course for Communication, Control and Signal& Image

processing focus areas.
2. Offered every other year.




Scheduled Course Offering for 2009-2010

Fall 2009-1

Winter 2009-2

Spring 2009-3

Core Courses

0301-702 Random Signal
and Noise

0301-703 Matrix Methods
in EE

0301-702 Random Signal
and Noise

0301-703 Matrix Methods
in EE

Focus Area

Communication

0301-693 Digital Data
Communication.
0301-729 Antenna Theory
and Design

0301-717 Microwave
Circuit Design
0301-794 Information
Theory

0301-710 Advanced
Electromagnetic Theory
0301-802 Wireless
Communication

0301-816 Design & Charac
Micro Sys

Control Systems

0301-769 Fuzzy Logic &
Applications

0301-761 Modern Control
Theory

0301-815 Multivariable
Modeling

0301-733 Robust Control®
0301-765 Optimal Control

Signal & Image 0301-887 Digital Signal 0301-768 Adaptive Signal 0301-749 Speech & Image
Processing Processing Processing Compression
0301-779 Digital Image 0301-770 Pattern
Processing Recognition®
0301-803 Digital Video
Processing
0301-713 Solid State 0301-712 Advanced Field 0301-711 Advanced Carrier Inj
Integrated Physics Effect Devices Transtr
Electronics 0301-821 High Performance | 0301-726 Mixed Signal IC 0301-730 Advanced Analog IC
Semiconductor Devices Design Design
Digital Systems 0301-650 Design of Digital | 0301-732 Advanced Topics | 0301 —741 Design for
System in Digital System Design Testability
0301-651 Physical 0301-810 Advanced Computer
Implementation Architecture
MEMS 0301-789 Fundamentals of 0301-798 Microfluidic MEMS

MEMS @
0301-799 Nano &
Microengineering ®

0301-804 MEMS Evaluation

1.  EEEE-703 Matrix Methods in EE is a required course for all focus areas

EEEE-702 Random Signal and Noise is a required course for Communication, Control and Signal&

focus areas.

2. Offered every other year.

Image processing



A selected number of 700-level courses and 600-level courses will be available during the summer quarter.

Summer Quarter

Consult the department for details.

0301-610  Analog Electronic design 0301-664 Embedded Microcontroller Systems
0301-615  State Space Control 0301-677 Digital Filters & Signal Processing
0301-621 Microwave Engineering 0301-679  Analog Filter Design

0301-650  Design of Digital System 0301-685  Principle of Robotics

0301-651  Physical Implementation 0301-686  Microelectromechanical Devices
0301-655 Microcomputer Software | 0301-692 Communication Networks
0301-662  Neural Networks 0301-693  Digital Data Communication

Additional courses may be developed and offered periodically.
Course offerings are subject to minimum enrollment requirements.

Graduate Paper & Thesis Policies and Procedure

INTRODUCTION

OBJECTIVES

PROCEDURES

When to Start?

In order to obtain an MSEE degree all students must complete a Graduate Paper or a Graduate
Thesis. Of the minimum 45 credit hours needed to earn the degree, a typical student earns 36 to
40 credit hours from course work and the remaining credit hours from the Paper or Thesis.

Thesis and Graduate Paper credits do not affect the GPA. A grade of 'R’ is given upon registration.
At completion, the advisor approves the paper with his or her signature.

The Graduate Paper mandates a minimum of 5 credits while the Thesis credit amount to 9. You
may register for these all at once or by increments of 1 credit.

NOTE: If you register for your Paper or Thesis one credit at a time, you will only be charged for
one credit for five to twelve quarters, thus allowing you seven to fourteen quarters to complete
your Paper or Thesis. If you register for the total amount of credits all at once, you will be
charged for the total amount of credits and will have only 3 quarters to complete the Paper or
Thesis. After you register for the five credits allotted for the graduate paper, you are allowed 1
free quarter in which you can register for 0301-899: Continuation of Graduate Paper. You register
for 1 or 0 credit hours. After this free quarter, if you are still not done with your paper, you must
register for 0301-899: Continuation of Graduate Paper for 1 or 0 credit hours. You will be
charged for one credit hour. You are not charged for summer quarters. Always register for 0301-
899: Continuation of Graduate Paper after you have already registered for your five credits and
have not completed your paper. This is to ensure that you stay in the system.

The purpose of both the paper and thesis is identical: to allow the student independent research
experience in electrical engineering. Topics selected for these activities could include:

. Theoretical development,

. Simulation,

. Design and fabrication of circuits or systems and
. Software development.

The most advantageous time to start thinking about the research work is when you have completed
about two thirds of the course work.



How to Get Started?
If you have a topic that you would like to explore, please give the office a call. We will match you
with a professor who has similar interests.

Before approaching the professor, prepare a one to two page summary of your ideas. This can be
presented to the professor.

Upon mutual agreement on the topic and the scope of your work, the professor becomes your
advisor. If you do not have a firm idea about a topic, please call us; we will be able to arrange a
professor to talk to you. The professor may have a research topic that you could be interested in.

REGISTRATION
If you are registering for a Graduate Paper, register for course 0301-800, Section 1, the same way
you would register for a course.

If you are registering for a Thesis, register for 0301-890 Section 1.

If your work is not completed by the end of the quarter for which you registered for your final
credit, you have one “free” quarter to finish during which you do not need to register for any
credits. If your work is not completed at the end of this quarter, you are required to register for a
continuation of Thesis/Graduate Paper, course 0301-800 section 99 (Paper) or course 0301-890
section 99 (Thesis). You will be charged tuition for one credit hour.

Once your work has been completed and your Thesis/Paper is approved and accepted, the EE
department will certify you for graduation internally, provided all other graduate requirements
have been met.

GRADUATE PAPER
The Graduate Paper differs from the Thesis mostly in formatting requirements. However, a Paper,
unlike a Thesis, need not be approved by a faculty committee; the Advisor alone approves or
disapproves the paper. The final document need not be leather bound, but should have a soft
binding. A copy is not kept in the library.

You must work out a plan for frequent interactions and consultations with your advisor during the
course of the research. A document generated without such consultation faces almost certain
rejection.

What Are The Formalities?
The Graduate Paper is complete when your advisor approves it. He or she may ask you to give a
presentation before faculty and students or may simply accept the written document. The final
copy must also be signed by the Department Head.

Format for Graduate Paper
You must write a final report describing your research work. It must be printed double-spaced on
one side of a standard 8-1/2 x 11 sheet of paper. You are encouraged to bind the document.
(Comb Binding is available at the Hub Crossroads).

How Many Copies?
One copy of the final document, signed by your advisor and department head, must be submitted
to the Electrical Engineering office.

You and your advisor should each have a copy.

Thus, the minimum number of copies is three though your supervisor at work or colleagues may
want a copy as well.



THESIS

Filing of Subject
The candidate must select the subject of the Thesis in consultation with a faculty member who
agrees to act as the Thesis advisor. The candidate must report the subject of the Thesis and the
name of his advisor to the graduate-committee chairman.

Style Format for the Thesis

1. The default style format for your thesis is the Chicago Manual of Style. Your thesis must meet
the minimum requirements for correct sentence structure, spelling, punctuation and technical
accuracy.

2. The Library requests that you leave a margin of 1 inch on all sides of the paper to
accommodate the bindery process.

3. The thesis should be 1.5 or double-spaced. Footnotes and long quotations should be single-
spaced.

4. Font size must be no smaller than 10-point or larger than 12-point.

5. All preliminary pages should be numbered with Roman numerals.

6. The main text, illustrations, appendices and bibliography should use Arabic numbering.

Presentation to Committee
The advisor for the Masters candidate submits the final Thesis to a Faculty Committee for
examination and approval. This committee is appointed by the Thesis advisor and consists of
three members of the graduate committee of the Department of Electrical Engineering. Its
approval is indicated by signatures on the title page of the original and the two required copies of
the thesis.

The thesis must be defended and accepted in final form at least 30 days before the completion of
the quarter in which it is expected the degree will be conferred. The original and two copies must
be given to the Department Office after signed approval by the student’s advisor. Two of these
copies are for transmittal to the Institute Library and one to the faculty advisor.

Binding and Publication
All copies must be signed by the Department Chair, Graduate Advisor and Committee Members
before binding may take place.

Permissions, Copyright, & Embargoes
Permissions
You are required to include a Thesis Author Permission Statement for the RIT Archives. In this
state, indicate one of the following options: permission for others to photocopy or reproduce all or
any part of your print thesis, or your denial of photocopying (reproduction) privileges of all or any
part of your print thesis. (As of March 1, 2008, this permission statement will not be used. See the
Proquest/UMI section for more information).
Copyright
Each student is responsible for obtaining any necessary permission (s) for including previously
published material within his or her thesis. For information about using intellectual property and its
inherent copyright, please visit: http://www.umi.com/products umi/dissertations/copyright/.
Your thesis is automatically copyrighted when completed.
If you would like another level of protection, you can apply either to the U.S. Copyright Office or
have ProQuest/UMI officially copyright it for you. The U. S. Copyright Office charges $45 (hard
copy) or $35 if sent electronically. The ProQuest/UMI cost $65.
Embargoes
Any student who desires an embargoed thesis must make a request through the Office of the Dean
of Graduate Studies to Dean Andrew Moore. Contact the Dean at: andrew.morre@rit.edu or
(585)475-4476.
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Preparation of the Thesis for Binding

Your thesis should include the following:
The paper for RIT Archives copy must be 100% cotton bond (acid-free).
The title page-Please include the following information:

1. Title: the spine title of your bound copy needs to be 96 or fewer characters in length (including
spaces). If your title is longer than 96 characters, please create an abbreviated title that will be
used for the spine only.

Author’s name
Type of degree
Name of department and college
. Date approved: month, day, year
Committee Signature page
1. The printed names and signatures of the committee members
2. The thesis must be signed and dated by the Department Chair and/or your Graduate Advisor
before binding takes place.
3. An unsigned thesis will not be processed.
Abstract
The abstract should summarize the entire manuscript and its arguments for readers. It should be
a single typed page, approximately 300 words.
The Thesis Author Permission Statement includes print reproduction and submission to the RIT
Digital Media Library.
1. A copy of this form can be found at: http://wally.rit.edu/userservices/ETDPermissionForm.pdf
2. The completed statement will be permanently bound into the library copy.
3. Your department will determine if this form should be included in the other copies of your print
thesis.
4. A PDF of the form should accompany the electronic version of your thesis.

R

How to get your Thesis Bound
Bring the following to the Publishing and Scholarship Support Center when dropping off your thesis for binding:
1. 1 copy of your thesis is required for the RIT Archives (Library).
2. Copy/copies of your thesis for yourself
3. Copy/copies of your thesis for your department.
4. Paid receipts (1 pink, 1 white) for the Bursar’s Office.
Note:
You are responsible for paying the binding fee for any copies other than the RIT Archives copy and
those that are paid for by your department.

The current binding fee is $13.00 per copy. The Library pays for the binding of its copy. The binding fee(s)
must be paid at the Bursar’s Office.

Slides and CD-ROMS(optional)
Slides are bound with the thesis. All slides must be placed in a slide preserver sheet (provided
by student).
CD-ROMS are placed in back with an adhesive pocket (provided by student) when returned
from bindery.

Name, phone number or e-mail of individual picking up your copies.

Binding Process
The binding of your thesis copies takes approximately 2-4 weeks.
Bindery shipments are sent and received on alternate Thursdays.
The designated pickup person will be notified when your copies return from the bindery. Please arrange
to have them picked up promptly.
Master’s thesis copies are bound in black and gold lettering and doctoral dissertations are bound in blue
with gold lettering. Only the spine is lettered. The spine lettering includes the title, the author’s last
name and the year of acceptance for degree requirements.
The RIT Archive’s copy will be catalogued in Einstein (RIT Libraries Catalog), World Cat, and shelved
in the RIT Archives.
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Publish Your Thesis in ProQuest/UMI

Currently, the submission of your thesis to the ProQuest/UMI database is optional. As of March 1, 2008, it is
required that all thesis be submitted to ProQuest/UMI. This data base includes citations for materials ranging from
the first U.S. Dissertation accepted in 1861, to those accepted last semester. RIT offers this database to members of

the RIT community through a paid subscription each year. To include your thesis in the database, a standard fee of
$45 for a thesis is charged.

NOTE: THE ELECTRICAL ENGINEERING OFFICE HAS COPIES OF ACCEPTED THESIS AND

GRADUATE PAPERS. YOU ARE ENCOURAGED TO CONSULT THESE DURING THE COURSE OF
YOUR WORK.

12



Appendix A: MSEE Credit Requirements

45 credits
minimum for
MSEE

Graduate Paper

10 courses (minimuim)
4 credits/course
Total Course Credits =
40

!

Graduate Research
Paper
5 credits

Total 45 credits

MSEE

13
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Thesis Option

9 courses (minimum)
4 credits/course

Total Course Credits =
36

Graduate Thesis
9 credits

Total 45 credits

MSEE



Appendix B: Focus Areas

> DIGITAL SYSTEMS
> INTEGRATED ELECTRONICS

For the above focus areas, (0301-703) Matrix Methods in Electrical Engineering is a required
core course.

COMMUNICATIONS

CONTROL SYSTEMS

MEMS

SIGNAL AND IMAGE PROCESSING

YV VYV

For the above focus areas, (0301-703) Matrix Methods in Electrical Engineering AND (0301-
702) Random Signals and Noise are required core courses.

Students must take at least 4 courses in addition to core courses from a chosen focus area (with concurrence from

the advisor.) The remaining courses may be electives selected from any graduate level offerings from the EE
department.
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Appendix C: Course Descriptions
600 Level Courses - only 2 may be taken from this list toward the MSEE degree

0301-601 Modern Optics for Engineers

This course provides a broad overview of modern optics in preparation for more advanced courses in the rapidly
developing fields of lasers, fiber optics and non-linear optics. Topics covered: propagation of light, geometrical
optics, polarization, interfermoetry, diffraction and laser resonators. Introduction to non-linear optics: harmonic
generation, optical parametric oscillators and amplifiers. At the end of the quarter, the students should have a firm
foundation in classical optics. Lasers and non-linear optics will be introduced from a semi-classical perspective and
will not require a quantum mechanical background. Students will write a paper on a topic of current research
interest in the field. (0301-474) class 4, Credit 4

0301-610  Analog Electronic Design

Enhances the student's skills in designing analog circuits. Subjects covered include nonideal characteristics of op-
amps; op-amp applications; A/D and D/A conversion; multipliers and modulators; phase-locked loop, and frequency
synthesis. Students meet in the classroom three hours each week and three hours in the laboratory. The laboratory
time is used to discuss and troubleshoot circuits. Students are expected to work on design projects at their own pace
outside of class hours. Class 3, Lab 3, Credit 4

0301-612 Semiconductor Devices 111

Continuation of an undergraduate professional elective sequence in semiconductor device physics. Coverage of four
major topics: (1) bipolar junction transistor (BJT) fundamentals, including carrier injection, current gain, modes of
operation, Ebers-Moll model; (2) BJT advanced topics, including Early effect, high-level injection, Kirk effect,
charge-control model, and small-signal models; (3) MOSFET transistor fundamentals, including charge-control
analysis, current-voltage characteristics, threshold voltage, and CMOS; (4) MOSFET advanced topics, including
channel-length modulation, sub-threshold current, velocity saturation, scaled MOS devices, drain-induced barrier
lowering (DIBL), hot carrier effects and scaling issues. (0301-360) Class 4 Credit 4 (W)

0301-615 State Space Control

In this course students are introduced to MIMO systems and their designs using state space techniques. Linear
algebra: Vectors, linear independent of vectors, vector space and null space, rank of a matrix eigen values and eigen
vectors, transformation of matrices, functions of matrices, matrix polynomials, cayley Hamilton theorem state space
formulations, canonical forms, controllability and observability, relations between state space and transfer functions
models, solution of state equations, state space design (pole placement), comparison with conventional design, and
introduction to other forms of state space designs. (0301-514) Class 4, Credit 4

0301-621 Microwave Engineering

Studies of the theory and design of microwave components and circuits. Reviews basic EM theory, TEM waves in
transmission lines, TE and TM waves in rectangular waveguides. microstriplines and striplines, TE and TM waves
in cylindrical waveguides; the scattering matrix description of multiport microwave circuits; wave guide tees,
directional couplers and phase shifters; microwave integrated circuit components—branchline couplers, power
dividers, hybrid ring couplers and phase shifters; rectangular, cylindrical and coaxial cavity resonators; wave guide
and coaxial line filters and wave guide frequency meters; microwave integrated circuit high pass and band pass
filters; ferrite components. Laboratory illustrates various microwave component design and measurement
techniques. Class 3, Lab 3, Credit 4 (W)

0301-630  Biomedical Instrumentation

Study of fundamental principles of electronic instrumentation and design consideration associated with biomedical
measurements and monitoring. Topics to be covered include biomedical signals and transducer principles,
instrumentation system fundamentals and electrical safety considerations, amplifier circuits and design for analog
signal processing and conditioning of physiological voltages and currents as well as basic data conversion and
processing techniques. Laboratory experiments involving instrumentation circuit design and test will be conducted.
(0301-382, 482, 554) Class 4, Lab 3 Credit 4 (W)
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0301-631 Biomedical Sensors and Transducers I

Biological entities probably represent one of the most difficult environments in which to obtain or generate accurate
and reliable signals. This course will discuss the techniques, mechanisms and methods necessary to transfer
accurate and reliable information or signals with a biological target. Various biomedical sensor and transducer types
including their characteristics, advantages, disadvantages and fabrication will be covered. Discussions will include
the challenges associated with providing a reliable and reproducible interface to a biological entity, the nature and
characteristics of the associated signals, the types of applicable sensors and transducers and the circuitry necessary
to drive them. (0301-382, 482) Class 4, Lab 3, Credit 4

0301-632 Fundamental Electrophysiology

Investigation and study of the concepts and underlying mechanisms associated with electrical signals in mammalian
biology and physiology with a significant emphasis on methods, techniques and understanding of electrical potential
distribution and current flow derived from circuit analysis. Intended to provide engineers with insight into the
relationship between the study of electricity and its applicability to a wide variety of physiological mechanisms
ranging from intracellular communication and control to cognitive function and bodily movement. Successful
completion of the course will require generation of a significantly in-depth analysis report on some
electrophysiological phenomenon or mechanism. (0301-381, 1026-365) Class 4, Lab 3, Credit4 F, W

0301-633 Biomedical Signal Processing

Discussion and study of the methods and techniques that may be optimally employed for the fixed and adaptive
processing of information with biological and physiological origin. The challenges and unique features of these
types of signals will be discussed and application of known signal processing techniques that accommodate linear,
non-linear and stochastic signals for the purpose of analysis, detection and estimation, monitoring and control will
be studied. Successful participation in the course will entail completion of at least one project involving
incorporation of these techniques in a biomedical application. (Permission of instructor or graduate standing) Class
4 Credit 4

0301-636  Biorobotics/Cybernetics

Cybernetics refers to the science of communication and control theory that is concerned especially with the
comparative study of automatic control systems (as in the nervous system and brain and mechanical-electrical
communication systems). This course will present material related to study of cybernetics as well as the aspects of
robotics and controls associated with applications of a biological nature. Topics will also include the study of
various paradigms and computational methods that can be utilized to achieve the successful integration of robotic
mechanisms in a biological setting. Successful participation in the course will entail completion of least one project
involving incorporation of these techniques in a biomedical application.(Permission of instructor or graduate
standing) Class 4, Credit 4

0301-637 Control Sys/Biomed Apps

Application of control system principles associated with input-output analysis, steady state and transient response,
feedback concepts, system identification and simulation to the study of physiological processes involved in the
regulation and maintenance of homeostasis in a human being. Among areas of interest are coordinated movement,
vision, cardiovascular response, fluid management and metabolism. (0301-514 and permission of instructor) Class
4 Credit 4

0301-646  Power Electronics

The study of a variety of semiconductor devices generally used for purposes other than signal processing, including
thyristors, unijunction transistors, opto-couplers, power MOS and IGBTs. Applications stressed are concerned with
the use of electrical power for control of lighting, motion and heat. Particular attention is given to calculating power
dissipation, heat sinks and thermal management. (0301-545) Class 3, Lab 3, Credit 4

0301-647  Artificial Intelligence Explorations

The course will start with the history of artificial intelligence and its development over the years. This course will
explore a variety of artificial intelligence techniques, and their applications and limitations. Some of the Al
techniques to be covered in this course are intelligent agents, problem-solving, knowledge and reasoning,
uncertainty, decision making, learning (Neural networks and Bayesian networks), reinforcement learning, swarm
intelligence, genetic algorithms, particle swarm optimization, applications in robotics, controls, and
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communications. Students are expected to have any of the following programming skills: C/C++, Matlab, Java, or
any other high level programming language. Class 4. Credit 4.

0301-650  Design of Digital Systems

Deals with the design of both synchronous and asynchronous digital systems. The accent is on design methodologies
for final implementation on programmable logic devices. Design techniques are based on top-down design using
ASM charts and bubble diagrams along with microprogramming applications. Students also learn how to rapidly
develop digital systems with VHDL. Design strategies for testability are discussed along with their impact on
performance. The practical aspects of component interconnection (crosstalk, noise, transmission line effects) with
effects on performance are also surveyed. The laboratory portion consists of four distinct projects proposed,
designed, simulated (two projects require actual hardware implementation), and tested by the student. The design
laboratory is supported by the ALTERA MAX+PLUS II VHDL design tools and EPLD/FPGA programmers. (0301-
240, 365) Class 3, Lab 3, Credit 4

0301-651 Physical Implementation

A technical elective that introduces students to the fundamental principles of Application Specific 1.C. (ASIC)
design. Both circuit design and system design are covered. The student also is introduced to CAD tools for
schematic capture, placement and routing of standard cells. The projects are designed and simulated using
commercial CAD tools. Top-down design using a hardware description language (VHDL) is included. (0301-650)
Class 4, Credit 4

0301-655  Microcomputer Software I

Discussion of the use of the C Programming language in generating software specifically for microprocessor based
systems. The tools and procedures necessary for the organized and efficient development of high-level code for a
target microprocessor as well as establishing a compiler, linkers, object code libraries, and symbolic debugging as
well as monitor programs and real-time multi-tasking kernel principles. Programming projects with emphasis on the
applications in electrical engineering are required. (0301-365) Class 4, Lab 3, Credit 4

0301-662  Neural Networks

Artificial Neural Networks (ANN) is the name given to a broad class of processing algorithms that are loosely based
on how the brain processes information. The term "artificial" distinguishes the silicon-based systems from the
biological systems (such as ourselves). ANNs are used in numerous applications from manufacturing controls to
handwriting recognition to optical visual processing, or in any application that can handle some "fuzziness" in the
output. Artificial Neural Networks also form the foundation for artificial intelligence (Al) systems. This course
begins with a discussion of what ANNs are and what features define them, then examines a number of the most
common neural algorithms and techniques such as backward error propagation ("Back-prop"). Software
implementations of the algorithms (requiring C programming skills) as well as hardware implementations (requiring
PSPICE simulations) will be discussed. Credit 4

0301-664  Embedded Microcontroller Systems

Gives the student detailed knowledge of the hardware and software organization of 8-bit microcontroller systems
with an emphasis on design. Peripheral interfacing, serial and parallel I/O, including interrupts, are considered.
Special attention is given to interfacing microcontroller with the analog world, including the use of A/D and D/A
converters. Software organization as well as design tools are discussed. Design case studies of typical
microcomputer-embedded systems are examined. (0301-365) Class 3, Lab 3, Credit 4 (F)

0301-677  Digital Filters and Signal Processing

A continuation of the topics studied in 0301-554. Topics include study of the design methods for digital IIR filters
via s-plane transformations; study of design methods for digital FIR filters, including emphasis on the question of
linear phase response; a review of the discrete Fourier transform (DFT) and an in-depth study of fast algorithms
(FFTs) for implementing the DFT, including radix 2, radix 4 and mixed radix algorithms; quantization effects in
discrete systems; an introduction to digital signal processing computer chips and their use in the implementation of
digital processing systems; and applications of digital signal processing, including speech processing and two-
dimensional image processing. Includes several design projects in the digital signal-processing laboratory. (0301-
554) Class 4, Credit 4
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0301-679  Analog Filter Design

A study of the various techniques for the design of filters to meet given specifications. Approximations to the ideal
filter characteristic through Butterworth, Chebyshev and other polynomials are discussed in detail. The emphasis is
on active network realizations using op amp stages. Topics include review of analysis of op amp circuits and transfer
function of networks; magnitude and frequency scaling; ideal filter characteristics; Butterworth, Chebyshev and
Bessel-Thompson approximations to the ideal filters; determination of transfer functions to meet given
specifications; high-pass to low-pass and band-pass to low-pass transformations; standard op amp circuits for filter
realizations; negative impedance converters; generalized impedance converters; and switched capacitor filters.
(0301-453) Class 4, Credit 4

0301-685 Principles of Robotics

An introduction to a wide range of robotics-related topics, including but not limited to: sensors, interface design,
robot devices and applications, mobile robots, intelligent navigation, task planning, coordinate systems and
positioning, image processing, digital signal processing applications on robots, and controller circuitry design.
Prerequisite of the class in the basic understanding of signals and systems, matrix theory, and computer
programming. Software assignments will be given to the students in robotic applications.

Students will prepare a project, in which they will complete software or hardware design of an industrial or mobile
robot. There will be two-hour lab additional to the lectures. (0301-346, 453) Class 3, Lab 2, Credit 4

0301-686  Mems Design

Microelectromechanical systems (MEMS) are widely used in aerospace, automotive, biotechnology,
instrumentation, robotics, manufacturing and other applications. There is a critical need to synthesize and de-sign
high performance MEMS which satisfy the requirements and specifications imposed. Integrated approaches must be
applied to design andoptimized MEMS, which integrate microelectromechanical motion devices, ICs, and
microsensors. This course covers synthesis, design, modeling, simulation, analysis, control and fabrication of
MEMS. Synthesis, de-sign and analysis of MEMS will be covered including CAD. (fourth or fifth year standing for
undergraduates, or graduate standing) Class 4, Credit 4

0301-688 MEMs Systems Evaluation

This course focuses on evaluation of MEMs, Microsystems and microelectromechanical motion devices utilizing
MEMs testing and characterization.  Evaluations are performed using performance evaluation matrices,
comprehensive performance analysis and functionality. Applications of advanced software and hardware in MEMs
evaluation will be covered. (Senior-standing required) Class 4, Credit 4

0301-692 Communication Networks

A major portion of today's communication takes place over digital networks. This includes communication between
people in the form of voice, facsimile (fax) and e-mail, as well as communication between machines. Digital
networks are most likely to be the dominant element of communication links of the future. The current effort in
ISDN points to such a trend. This course covers key aspects of the structure of present-day digital communication
networks. (0301-534) Class 4, Credit 4

0301-693 Digital Data Communication

Principles and practices of modern data communication systems. Topics include pulse code transmission and error
probabilities, M-ary signaling and performance, RF communications link budget analysis, an introduction to channel
coding, a discussion of modulation/coding tradeoffs and a discussion of digital telephony. (0301-534) Class 4,
Credit 4
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700 & 800 Level Courses (all courses earn 4 credits unless otherwise noted)

0301- 702 Random Signals & Noise

In this course, the student is introduced to random variables and stochastic processes. Topics covered are:
probability theory, conditional probability and Bayes theorem, discrete and continuous random variables,
distribution and density functions, moments and characteristic functions, functions of one and several random
variables, Gaussian random variables, and the central limit theorem, estimation of a random variable, random
processes, stationarity and ergodicity, autocorrelation, cross-correlation and power spectrum density, response of
linear systems to stochastic inputs, introduction to linear prediction, Wiener filtering, elements of detection, matched
filters. (Graduate Standing) Class 4, Credit 4.

0301-703  Matrix Methods in Electrical Engineering

This course deals with the elements of discrete transforms and linear algebra. Topics include: discrete-time signals
and systems, the Z-transform and its application, solution of difference equations, concepts of stability, discrete
Fourier analysis, DFT, FFT algorithms, topics in linear algebra and matrices, eigenvalues and eigenvectors,
functions of matrices, matrix transformations and operations, matrix poly-nominals and the Cayley-Hamilton
theorem, state variables, relation between transfer functions and state variable representation of LTI systems, state
transition matrix, and solution of state equations. Class 4, Credit 4.

0301-710 Advanced Electromagnetic Theory

The primary objective is to provide the mathematical and physical fundamentals necessary for a systematic analysis
of electromagnetic field problems. Topics include potential representations, scalar and vector Green’s functions,
Green’s theorem, reciprocity, duality, equivalence principle, image theorem, and radiation from apertures,
scattering, integral equation solutions, perturbation and numerical methods.

(graduate Standing). Class 4, Credit 4

0301-711 Advanced Carrier Injection Transistors

An advanced-level course in electronic transport in semiconductors and the operation of bipolar devices (pn junction
diodes, bipolar junction transistors and semiconductor controlled rectifiers.) Topics include: electron drift, diffusion
and carrier lattice interactions, energy band diagrams in non-uniformly doped semiconductors, continuity equations,
impact ionization, tunneling, advanced static and dunamic analysis of diodes and bipolar transistors, design of
bipolar devices. Topics also include Heterojunction Bipolar Transistors (HBT), including SiGeHBT. Class 4, Credit
4.

0301-712 Advanced Field Effect Devices

An advanced-level course on MOSFET’s and submicron MOS devices. Topics include: MOS capacitors, gated
diodes, long channel MOSFET, subthreshold conduction and offstate leakage, short channel effects, hot-carrier
effects, ion-implanted channels, MOS technologies. Class 4, Credit 4.

0301-713  Solid State Physics

An advanced level course on solid-state physics, with particular emphasis on semiconductor materials. Topics
include: basic semiconductor properties, elements of quantum mechanics, general and time-independent
formulation of wave mechanics, outcomes and predictions, energy band theory, statistical mechanics and
equilibrium carrier statistics, excess carriers in semiconductors, carrier transport. Class 4, Credit 4

0301- 717 Microwave Circuit Design

The primary objective is to study the fundamentals of microwave engineering with emphasis on microwave network
analysis and circuit design. Topics include microwave transmission lines such as wave-guides, coax, microstrip and
stripline, microwave circuit theory such as S- matrix, ABCD matrices, and even-odd mode analysis, analysis and
design of passive circuits and components, matching networks, microwave resonators and filters. Class 4 Credit 4.

0301-726 Mixed Signal Integrated Circuit Design

This course covers basic analog functional blocks and mixed signal blocks, in CMOS technology. Topics include:
device models, current sources and active loads, precision reference, operational amplifiers, comparators, sample
and hold circuits and data converters design. Course involves circuit design and layout projects. (Graduate
standing). Class 4 Credit 4
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0301-727 VLSI Design

A course in the design of very large scale integrated circuits at the level of Mead and Conway’s VLSI Design.
Topics include MOS devices and circuits, n-channel MOS process, data and control flow in systematic structures,
implementing integrated system design, system timing and examples of LSI computer systems. Class 4, Credit 4

0301-729  Antenna Theory and Design

The primary objective is to study the fundamental principles of antenna theory applied to the analysis and design of
antenna elements and arrays including synthesis techniques and matching techniques. Topics include antenna
parameters, linear antennas, array theory, wire antennas, microstrip antennas, self and mutual impedances, equivalence
principle, Huygen’s principle, aperture antennas, traveling wave antennas, reflector antennas. Class 4, Credit 4

0301-730 Advanced Analog IC Design

An advanced course in analog integrated circuit design. Students will study bipolar and MOS realization of
operational amplifiers, analog multipliers, A to D and D to A convertors, switched capacitor filters, and more. The
students will participate in design projects including circuit design, layout, and SPICE simulation. (0301-726) Class
4, Credit 4.

0301-732 Advanced Topic-Digital System Design

The purpose of this course is to introduce students to advanced topics in digital systems design not covered in depth
in undergraduate classes or topics that are new to the design community. Topics include: design of digital systems
using Hardware Description Languages (VHDL/Verilog), design of digital systems using asynchronous clock
distribution in large digital systems, design of digital systems with threshold gates, multi-valued logic and design of
DSP specific blocks. For specific evaluation and grading policy, contact assigned instructor before registration.
(0301-240,347,365,545) Class 4, Credit 4

0301-733 Robust Control

One of the most useful qualities of a properly designed feedback control system is robustness, i.e., the ability of the
closed-loop system to continue performing satisfactorily despite large variations in the (open-loop) plant dynamics.
This course will provide an introduction to the analysis and design of robust feedback control systems. Topics
covered: overview of linear algebra and linear systems, H, and H,, spaces, modeling and paradigms for robust
control; internal stability; nominal performance (asymptotic tracking); balanced model reduction; uncertainty and
robustness; H, optimal control; H,, control; H,, loop shaping; controller reduction; and design for robust stability and
performance. Software: MATLAB: Robust Control Toolbox, and mu-Toolbox. (0301-703). Class 4, Credit 4.

0301-741 Design for Testability

This course deals with the design systems for testability and for maintainability. A survey of criteria for testability
is given. A discussion of fault simulation and test pattern generation is included. Random test pattern generators
and associated data compression schemes such as signature analysis are also described. Scanning techniques (both
scan path and boundary scan) are discussed. The trade-offs between built in testing capacity and additional silicon
structures are weighed. A small project, usually involving simulation will be required. (0301-650) Class 4, Credit 4.

0301-742 Advanced Topic-Embedded systems SW Design

An introduction to the theory and application of top-down design, structure, abstraction, segmentation, high-level
languages, and operating systems to real-time programs for micro-processors. The students will become proficient
in a structured high level language. Topics include: Structure diagrams, separate module compilation, data types,
data structures, self documenting code, procedures, meaningful variable names, linkage with other languages, object
code libraries, operating system calls, multi-tasking concurrent and re-entrant programs, and symbolic debugging.
(0301-655) Class 4, Credit 4.

0301-749 Speech & Image Compression

Modern compression techniques used in efficient digital transmission and storage of speech and image waveforms
are dealt with in this course. Topics include digital communication channels, sampling and reconstruction of one-
dimensional and two-dimensional signals, coding concepts, bit rate, coder complexity, rate distortion and
information-theoretic bounds, characteristics of speech and image waveforms, quantization techniques, uniform
nonuniform, logarithmic, optimum (Max), entropy coding, adaptive, pulse code modulation (PCM) of audio and
video waveforms, DPCM, ADPCM, and delta modulation, linear prediction, transform coding, optimum (Karhunen-
Loeve) transform and its gain, suboptimum transforms, DFT, DCT, DST, DHT, and DWHT, special coding
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schemes, run-length coding, block truncation coding, sub-band coding, vector quantization, comparative
performance of various schemes. Computer assignments and demonstrations are involved. Class 4, Credit 4.

0301-753 Optimization Techniques

This course provides a rigorous introduction to the principles and applications of optimization techniques.
Optimization has applications in almost every branch of science and engineering. The course aims to present those
aspects of optimization methods that are currently of foremost importance in solving real world engineering
problems. The topics covered include linear optimization, Quadratic models, Descent methods and stability,
Newton's technique, Conjugate direction methods, constrained optimization, Lagrange multipliers, Convexity, and
Duality. Nonlinear programming and integer programming as well as principles of non-smooth optimization are
included. (0301-703) Class 4, Credit 4

0301-761 Modern Control Theory

An advanced course in control theory. Topics covered include: review of state-space formulation of SISO systems,
solutions of state equations, State Transition Matrix and its properties, application of state-space concepts,
state variable design, multivariable systems, preliminaries, systems of least order, stability and control. Class 4,
Credit 4.

0301-764  Digital Control Systems Design

An introduction to the analysis and design of control systems in which the microcontroller plays a principal role.
Topics include: sampled data systems, Z and W-place analysis and design, algorithm generation, and the effect of
computer word length on noise and stability. The student will be expected to make use of the digital computer in the
implementation of design procedures. (0301-703) Class 4, Credit 4.

0301-765 Optimal Control

The course covers different optimization techniques, as applied to feedback control systems. The main emphasis is
on the design of optimal controllers for digital control systems. The major topics are: different performance indices,
formulation of optimization problem with equality constraints, LaGrange multipliers, Hamiltonian and solution of
discrete optimization problem. Discrete Linear Quadratic Regulators (LQR), optimal and suboptimal feedback gains,
Riccati equation and its solution, linear quadratic tracking problem, Dynamic Programming, Bellman’s principle of
optimality, and optimal controllers for discrete and continuous systems. (0301-761 or equivalent) Class 4, Credit 4

0301-768 Adaptive Signal Processing

An introduction to the fundamental concepts of adaptive systems; open and closed loop adaptive systems, adaptive
linear combiner; performance function and minimization; decorrelation of error and input signal. Adaptation
algorithms such as: steepest descent, LMS and LMS/Newton algorithm. Noise and maladjustments. Applications
will include system identification, deconvolution and equalization, adaptive arrays and multipath communications
channels. (0301-702 or permission of instructor)Class 4, Credit 4.

0301-769 Fuzzy Logic & Applications

This course introduces fuzzy logic and its applications in areas like control systems, image processing, decision
making etc. Major topics: fuzzy sets - rule base - generation and combinations of rules - defuzzification. Fuzzy
systems - choice of fuzzy variables - their division into fuzzy sets - choice of membership functions - the effect of
these on system performance. Applications: discussion of published works and student projects using fuzzy logic.
Students are required to research the published literature and/or do projects and take an active part in these
discussions. Class 4, Credit 4.

0301-770  Pattern Recognition

This course provides a rigorous introduction to the principles and applications of statistical pattern recognition. The
topics covered include Bayesian decision theory, nearest-neighbor techniques, linear discriminant functions, and
clustering. Parameter estimation and supervised learning as well as principles of feature selection are included.
(0301-702). Class 4, Credit 4.

0301-772  Special Topics

Topics and subject areas that are not among the courses listed here are frequently offered under the title of Special
Topics. Such courses are offered in a normal format, that is, regularly scheduled class sessions with an instructor.
(No regular course schedule) Class 4, Credit 4
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0301-779 Digital Image Processing

This is an introductory course in digital image processing. The course begins with a study of two dimensional signal
processing and transform methods with applications to images. Image sampling is discussed followed by gray level
description of images and methods of contrast manipulation including linear/nonlinear trans-formation and
histogram equalization and specification. Image smoothing methods are considered including spatial and frequency
domain low pass filtering, AD-HOC methods of noise removal and median filtering. Following this, methods of
image sharpening are studied including derivative methods and high pass filtering. Edge and line detection methods
are discussed using masks and hough transforms and methods of image segmentation are degradation and methods
of image restoration including deblurring. Several extensive computer and DSP lab assignments are required.
(0301-702, 703 or permission of instructor). Class 4, Credit 4

0301-780 Independent Study

This course number should be used by students who plan to study a topic on an independent study basis. The
student must obtain the permission of the appropriate faculty member before registering for the course. Class 4,
Credit 4

0301-786 MEMS Devices

Microelectromechanical systems (MEMS) are widely used in aerospace, automotive, biotechnology,
instrumentation, robotics, manufacturing, and other applications. There is a critical need to synthesize and design
high performance MEMS that satisfy the requirements and specifications imposed. Integrated approaches must be
applied to design and optimized MEMS, which integrate microelectromechanical motion devices, ICs, and
microsensors. This course covers synthesis, design, modeling, simulation, analysis, control and fabrication of
MEMS. Synthesis, design and analysis of MEMS will be covered including CAD. (Fourth or fifth year standing for
undergraduates, or graduate standing) Class 4, Credit 4.

0301-789 Fundamentals of MEMS

This course introduces the student to Microelectromechanical systems (microscale transducers, actuators and sensors
with ICs). Synthesis, design, modeling, simulation, analysis, control and fabrication of MEMS will be covered. The
primary emphasis of the course will be concentrated on development of basic theory to attain fundamental
application of MEMS in robotics, electronics, biotechnology, medicine, avionics, transportation, security, defense,
etc. (graduate standing-for graduate students, 0301-531 for undergraduate students) Class 4, Credit 4

0301-794  Information Theory

This course introduces the student to the fundamental concepts and results of information theory. This is a very
important course for students who want to specialize in signal processing, image processing, or digital
communication. Topics include: definition of information, mutual information, average information or entropy,
entropy as a measure of average uncertainty, information sources an source coding, Huffman codes, run-length
constraints, discrete memoryless channels, channel coding theorem, channel capacity and Shannon's theorem, noisy
channels, continuous sources and channels, coding in the presence of noise, performance bounds for data
transmission, rate distortion theory. 0301-702. Class 4, Credit 4.

0301-798 Microfluidic MEMS

The course begins with an overview of microfluidic technology to provide a framework and to clarify the
relationship of microfluidics to microelectromechanical systems (MEM) and Microsystems in general. Three major
topics comprise the course: 1) selected elements of fluidic dynamics theory, and the scaling and application of that
theory to microscale dimensions, 2) design, fabrication, and characterization of microfluidic devices and
microsystems including exploration of major alternative fabrication technologies, process integration and materials
issues, and device-and system-level packaging; encapsulation challenges; 3) applications, including micro-valves,
micropumps, microflow control sensor, and devices for chemical and biochemical analysis. Class 4, Credit 4

0301-799 Nano & Microengineering

This course focuses on analysis and synthesis of nano- and microelectromechanical systems and devices. Synthesis,
design, optimization, analysis, control and fabrication of nano and microsystems will be covered. Utilizing basic
physical laws of nano and microengineering, distinct systems and devices will be examined. The application of nano
and microengineering in nanocomputers avionics, security and transportation will be emphasized. Specific
applications included are: super-fast data processing and computing, data storage, imaging, molecular intelligent
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automata, etc. (graduate standing for graduate students; permission of instructor for undergraduate students) Class 4,
Credit 4

0301-800 Graduate Paper

This course number is used to fulfill the graduate paper requirement under the non-thesis option for the MS degree
in electrical engineering. The student must obtain the approval of an appropriate faculty member to supervise the
paper before registering for this course. Credit 5.

0301-802 Wireless Communications

The course will cover advanced topics in wireless communications for voice, data and multimedia. Topics covered
are: 1) Channel modeling: Overview of current wireless systems, modeling wireless channels, path loss for different
environments, log-normal shadowing, flat and frequency-selective multipath fading, LS estimation of channel
parameters, and capacity limits of wireless communication channels. 2) Transmission over fading channels, 3)
Techniques to improve the speed and performance of wireless links (adaptive modulation and diversity techniques
such as maximum gain combining to compensate for flat-fading). 4) Techniques to combat frequency-selective
fading 9adaptive equalization, space time coding, multicarrier modulation (OFDM), and spread spectrum). 5)
Applicatons for these systems, including the evolution of cell phones and PDA’s, sensor networks will be discussed.
(0301-693, 702) Class 4, Credit 4

0301-803 Digital Video Processing I

In this graduate level course the following topics will be covered: Representation of digital video - introduction and
fundamentals. Time-varying image formation models including motion models and geometric image formation.
Spatio-temporal sampling including sampling of analog and digital video, two dimensional rectangular and periodic
sampling, sampling of 3-D structures, and reconstruction from samples. Sampling structure conversion including
sampling rate change and sampling lattice conversion. Two-dimensional motion estimation including optical flow
based methods, block-based methods, Pel-recursive methods, Bayesian methods based on Gibbs Random Fields.
Three-dimensional motion estimation and segmentation including methods using point correspondences, optical
flow & direct methods, motion segmentation, and stereo and motion tracking. (0301-779 or permission of
instructor) Class 4, Credit 4

0301-804 MEMS Evaluation

This course focuses on evaluation of MEMS, microsystems and microelectromechanical motion devices utilizing
MEMS testing and characterization. Evaluations are performed using performance evaluation matrices,
comprehensive performance analysis and functionality. Applications of advanced software and hardware in MEMS
evaluation will be covered. (0301-786, senior standing) Class 4 Credit 4

0301-805 Modern Optics for Engineers

This course provides a broad overview of modern optics in preparation for more advanced courses in the rapidly
developing fields of lasers, fiber optics and non-linear optics. Topics covered: propagation of light, geometrical
optics, polarization, interferometry, diffraction and laser resonators. Introduction to non-linear optics: harmonic
generation, optical parametric oscillators and amplifiers. At the end of the quarter, the students should have a firm
foundation in classical optics. Lasers and non-linear optics will be introduced from a semi-classical perspective and
will not require a quantum mechanical background. Students will write a paper on a topic of current research
interest in the field. (0301-474) Class 4, Credit 4

0301-810 Advanced Computer Architecture

This course covers advanced topics in computer and processor architecture. Topics include: pipeline and parallel
processor design, branch tables and prediction algorithms, single issue versus multiple issue processor architectures
(VLIW, SIMD, superscalar), cache architectures, quantitative and qualitative evaluation of instruction set
architectures. For specific evaluation and grading contact the assigned instructor before registration. (0301-240, 347,
365, 545) Class 4, Credit 4

0301-812 Advanced Topic-Physical Implementation

This course covers the analysis and physical design of very large-scale integrated circuits. Topics covered include:
synthesis, cell layout, cell placement and system routing, extraction, layout versus schematic check, signal integrity,
timing and noise immune design techniques. The course will address issues in current state-of-the-art submicron and
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deep submicron CMOS technologies, with an emphasis on digital circuits and systems. For specific evaluation and
grading policy contact the assigned instructor before registration. (0301-240, 347, 365, and 545) Class 4, Credit 4

0301-814 RF I.C. Design

An advanced course in analog RF integrated circuit design. Topics include: accurate modeling of passive elements,
modeling of devices, low noise amplifiers, voltage controlled oscillators, and mixer circuits. Circuits will be
designed using CMOS technology for frequencies up to 5 GHz. (0301-726) Class 4, Credit 4

0301-815 Multivariable Modeling

This course introduces students to the major topics, methods, and issues in modeling multiple-input, multiple-output
(MIMO) linear systems. The course covers methods of creating models and refining them. Modeling topics include
model-order determination, canonical forms, numerical issues in high-order models, numerical issues in broadband
models, methods of creating frequency-response models from time-domain measurements, methods of model-order
reduction, model transformations and information loss, and estimating model accuracy of MIMO models. Use of
MIMO models in controller design will be discussed. (0301-703) Class 4 Credit 4

0301-816 Design & Charac Micro Sys

The primary objective is the design and experimental illustration of the fundamentals of microwave circuits and
antennas. Projects will involve the design, construction and characterization a microwave system to satisfy a set of
specified design criteria. Microwave measurement techniques will involve the use of network analyzers, and
spectrum analyzers in conjunction with the probe station. Simulated results will be obtained using some popular
commercial EM software for the design of microwave circuits and antennas. (0301-717)Class 4, Lab 3. Credit 4

0301-820 Modeling and Simulation of Semiconductor Process and Devices

Semiconductor process and device simulation techniques are introduced. Standard process simulators - ATHENA is
used for modeling and simulation of process technologies - crystal growth, film deposition, oxidation, diffusion, ion
implantation, dry etching, metallization, oxygen implantation, annealing, etc. Physics-based modeling topics -
carrier transport, Poisson's equation, current continuity equation, breakdown phenomena, device scaling, etc. are
covered. Standard multi-dimensional device simulator - ATLAS is used to simulate different semiconductor devices.
In conjunction with ATHENA and ATLAS, UTMOST is used to extract BSIM model parameters for circuit
simulation using SPECTRE. (graduate standing) Class 4, Credit 4

0301-821 Physics and Modeling of High-Performance Devices

Semiconductor devices based on III-V materials are introduced. Basic properties and physics of I1I-V materials and
metal-semiconductor contacts and two-terminal Heterojunction devices are covered. Physical operation, non-
idealities, modeling DC and microwave characteristics of Heterojunction Bipolar Transistors (HBT), Metal-
Semiconductor Field-Effect Transistors (MESFET) and High Electron Mobility Transistors (HEMT) are analyzed.
(0301-360 or equivalent) Class 4, Credit 4

0301-831 Biomedical Sensors & Transducers II

This course will discuss the fabrication and design of sensors and transducers for biomedical applications. It will
include discussion of applicable fabrication processes and techniques including consideration associated with the
utilization of microelectromechanical and nanoelectromechanical structures to allow the integration of sensor and
transduction mechanisms with signal simulation and fabrication design tools will be covered. The course will
involve the design and simulation of an actual transducer suitable to be considered for actual fabrication. (0301-
610,631 and permission of instructor) Class 4, Credit 4

0301-887 Digital Signal Processing

A continuation of the topics studied in 0301-554. Topics include study of the design methods for digital IIR filters
via s-plane transformations, study of design methods for digital FIR filters, including emphasis on the question of
linear phase response, a review of the discrete Fourier transform (DFT) and an in-depth study of fast algorithms
(FFTs) for implementing the DFT, including radix 2, radix 4 and mixed radix algorithms, quantization effects in
discrete systems; an introduction to digital signal processing computer chips and their use in the implementation of
digital processing systems, and applications of digital signal processing, including speech processing and two-
dimensional image processing. Includes several design projects in the digital signal processing laboratory. (0301-
554) Class 4, Credit 4
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0301-890 Thesis

An independent engineering project or re-search problem to demonstrate professional maturity. A formal written
thesis and an oral defense are required. The student must obtain the approval of an appropriate faculty member to
guide the thesis before registering for the thesis. A thesis may be used to earn a maximum of 9 credits.

Former Special Topics Courses

0301-772  Software and Hardware Implementations of Artificial Neural Networks

Artificial Neural Networks (ANN) Artificial Neural Networks (ANN) is the name given to a broad class of
processing algorithms that are loosely based on how the brain processes information. The term artificial is
important because it distinguishes the silicon-based systems from the biological systems (such as ourselves). ANNs
are used in numerous applications from manufacturing to controls to handwriting recognition to optical visual
processing, or in any application that can handle some "fuzziness" in the output. Artificial Neural Networks also
form the foundation for artificial intelligence (Al) systems. In this course, we will begin by discussing what ANNs
are and what features define them, and then we will examine a number of the most common neural network
algorithms and techniques such as backward error propagation ("Back-prop"). We will discuss software
implementations of the algorithms (requiring C programming skills) as well as hardware implementations (requiring
PSPICE simulations
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