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            Electrical and Computer Engineering (ECEN) 1 ELECTRICAL AND COMPUTER ENGINEERING (ECEN) Courses ECEN 1030 (1-4) Special Topics Special topics class. ECEN 1100 (1) Exploring ECE Introduces students to areas of emphasis with the ECE department through seminars presented by faculty and outside speakers. Emphasizes career opportunities, professional ethics and practices, history of the profession, and resources for academic success. Several sessions promote team building and problem solving, and provide opportunities for freshmen to meet their classmates. Additional Information: Departmental Category: General ECEN 1310 (4) C Programming for ECE Introduces fundamental programming concepts with engineering applications using C at a lower level of abstraction and MATLAB at a higher, application-focused level. Teaches the use of pointers, control flow, and data types. Example engineering applications include signal processing and the numerical computations. Includes a weekly computer lab session. Equivalent - Duplicate Degree Credit Not Granted: CSCI 1300 or CSCI 1310 or CSCI 1320 Requisites: Restricted to College of Engineering (ENGRU) undergraduates only. Recommended: Prerequisite APPM 1350. Additional Information: Departmental Category: General ECEN 1400 (3) Introduction to Digital and Analog Electronics Introduces fundamental concepts in electrical and computer engineering such as Ohm's Law, capacitors, LEDs and 7-segment displays, transformers and rectiﬁers, digital logic, Fourier decomposition, frequency analysis. Lab work exposes students to commonly used instrumentation. Includes a ﬁnal project. Skills in wiring, soldering and wire-wrapping are developed. Additional Information: Departmental Category: General ECEN 1500 (3) Sustainable Energy Explores how energy is generated and used in today's society. Through collaborative discussion and hands-on data collection, students will analyze the engineering challenges, fundamental limits, and potential solutions to meeting our energy needs sustainably. Students will learn to analyze numerical data, estimate orders of magnitude, and apply mathematical methods in their own lives and in the ongoing energy debate. Basic algebra required. Requisites: College of Engineering majors are excluded from this course. Additional Information: Arts Sci Core Curr: Quant Reasn Mathmat Skills Arts Sci Gen Ed: Quantitative Reasoning Math Departmental Category: General ECEN 1840 (1-6) Independent Study Provides an opportunity for freshmen to do independent, creative work. Department consent required. Repeatable: Repeatable for up to 6.00 total credit hours. Additional Information: Departmental Category: General ECEN 2010 (1-5) Special Topics Repeatable: Repeatable for up to 6.00 total credit hours. Additional Information: Departmental Category: General ECEN 2020 (1-5) Special Topics Repeatable: Repeatable for up to 6.00 total credit hours. Additional Information: Departmental Category: General ECEN 2050 (1-5) Special Topics Additional Information: Departmental Category: General ECEN 2060 (1-5) Special Topics Repeatable: Repeatable for up to 6.00 total credit hours. Additional Information: Departmental Category: General ECEN 2250 (3) Introduction to Circuits and Electronics Introduces linear circuit analysis and design, including OP-Amps. Presents DC networks, including node and mesh analysis with controlled sources. Analysis of RL and RC circuits for both transient and sinusoidal steady-state responses using phasors. Requisites: Requires prerequisite course of APPM 1360 or MATH 2300 and PHYS 1120 (all minimum grade C-), and corequisite course of APPM 2360. Restricted to College of Engineering majors only. Recommended: Prerequisite ECEN 1310 or CSCI 1300. Additional Information: Departmental Category: General ECEN 2260 (3) Circuits as Systems Continues basic circuit analysis of ECEN 2250: Laplace transform techniques, transfer functions, frequency response, Bode diagrams, resonant circuits, Fourier series expansions, and convolution. Requisites: Requires prerequisite course of ECEN 2250 (minimum grade C-). Restricted to College of Engineering students only. Recommended: Corequisite ECEN 2270. Additional Information: Departmental Category: General ECEN 2270 (3) Electronics Design Lab Provides an introduction to analysis, modeling, design, and testing of analog electronic circuits in a practical laboratory setting. The laboratory is centered around a robot platform and includes design, SPICE simulations, prototyping and testing of circuits necessary to drive and remotely control the robot. Requisites: Requires prerequisite course of ECEN 2260 or corequisite course of ECEN 2260. Restricted to College of Engineering majors only. Additional Information: Departmental Category: General ECEN 2350 (3) Digital Logic Covers the design and applications of digital logic circuits, including both combinational and sequential logic ciruits. Introduces hardware descriptive language, simulating and synthesis software, and programming of ﬁeld programmable arrays (FPGAs). Requisites: Requires prerequisite course of ECEN 1310, CSCI 1300, or CSCI 1310 (minimum grade C-). Restricted to College of Engineering majors only. Additional Information: Departmental Category: General ECEN 2410 (3) Renewable Sources and Efﬁcient Electrical Energy Systems Introduces electrical power generation and renewable energy, including solar, wind, micro, hydro, coal, nuclear and natural gas and some of the issues in integrating renewable energy sources in the grid. Requisites: Requires prerequisite course of PHYS 1120 (minimum grade C-). Requires corequisite course of ECEN 2250. Restricted to College of Engineering majors only. Additional Information: Departmental Category: General 
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Electrical and Computer Engineering (ECEN)           1
 ELECTRICAL AND COMPUTERENGINEERING (ECEN)CoursesECEN 1030 (1-4) Special TopicsSpecial topics class.
 ECEN 1100 (1) Exploring ECEIntroduces students to areas of emphasis with the ECE departmentthrough seminars presented by faculty and outside speakers.Emphasizes career opportunities, professional ethics and practices,history of the profession, and resources for academic success. Severalsessions promote team building and problem solving, and provideopportunities for freshmen to meet their classmates.Additional Information: Departmental Category: General
 ECEN 1310 (4) C Programming for ECEIntroduces fundamental programming concepts with engineeringapplications using C at a lower level of abstraction and MATLAB at ahigher, application-focused level. Teaches the use of pointers, controlflow, and data types. Example engineering applications include signalprocessing and the numerical computations. Includes a weekly computerlab session.Equivalent - Duplicate Degree Credit Not Granted: CSCI 1300 or CSCI1310 or CSCI 1320Requisites: Restricted to College of Engineering (ENGRU) undergraduatesonly.Recommended: Prerequisite APPM 1350.Additional Information: Departmental Category: General
 ECEN 1400 (3) Introduction to Digital and Analog ElectronicsIntroduces fundamental concepts in electrical and computer engineeringsuch as Ohm's Law, capacitors, LEDs and 7-segment displays,transformers and rectifiers, digital logic, Fourier decomposition,frequency analysis. Lab work exposes students to commonly usedinstrumentation. Includes a final project. Skills in wiring, soldering andwire-wrapping are developed.Additional Information: Departmental Category: General
 ECEN 1500 (3) Sustainable EnergyExplores how energy is generated and used in today's society. Throughcollaborative discussion and hands-on data collection, students willanalyze the engineering challenges, fundamental limits, and potentialsolutions to meeting our energy needs sustainably. Students will learnto analyze numerical data, estimate orders of magnitude, and applymathematical methods in their own lives and in the ongoing energydebate. Basic algebra required.Requisites: College of Engineering majors are excluded from this course.Additional Information: Arts Sci Core Curr: Quant Reasn Mathmat SkillsArts Sci Gen Ed: Quantitative Reasoning MathDepartmental Category: General
 ECEN 1840 (1-6) Independent StudyProvides an opportunity for freshmen to do independent, creative work.Department consent required.Repeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 2010 (1-5) Special TopicsRepeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 2020 (1-5) Special TopicsRepeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 2050 (1-5) Special TopicsAdditional Information: Departmental Category: General
 ECEN 2060 (1-5) Special TopicsRepeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 2250 (3) Introduction to Circuits and ElectronicsIntroduces linear circuit analysis and design, including OP-Amps.Presents DC networks, including node and mesh analysis with controlledsources. Analysis of RL and RC circuits for both transient and sinusoidalsteady-state responses using phasors.Requisites: Requires prerequisite course of APPM 1360 or MATH 2300and PHYS 1120 (all minimum grade C-), and corequisite course ofAPPM 2360. Restricted to College of Engineering majors only.Recommended: Prerequisite ECEN 1310 or CSCI 1300.Additional Information: Departmental Category: General
 ECEN 2260 (3) Circuits as SystemsContinues basic circuit analysis of ECEN 2250: Laplace transformtechniques, transfer functions, frequency response, Bode diagrams,resonant circuits, Fourier series expansions, and convolution.Requisites: Requires prerequisite course of ECEN 2250 (minimum gradeC-). Restricted to College of Engineering students only.Recommended: Corequisite ECEN 2270.Additional Information: Departmental Category: General
 ECEN 2270 (3) Electronics Design LabProvides an introduction to analysis, modeling, design, and testingof analog electronic circuits in a practical laboratory setting. Thelaboratory is centered around a robot platform and includes design,SPICE simulations, prototyping and testing of circuits necessary to driveand remotely control the robot.Requisites: Requires prerequisite course of ECEN 2260 or corequisitecourse of ECEN 2260. Restricted to College of Engineering majors only.Additional Information: Departmental Category: General
 ECEN 2350 (3) Digital LogicCovers the design and applications of digital logic circuits, includingboth combinational and sequential logic ciruits. Introduces hardwaredescriptive language, simulating and synthesis software, andprogramming of field programmable arrays (FPGAs).Requisites: Requires prerequisite course of ECEN 1310, CSCI 1300, orCSCI 1310 (minimum grade C-). Restricted to College of Engineeringmajors only.Additional Information: Departmental Category: General
 ECEN 2410 (3) Renewable Sources and Efficient Electrical EnergySystemsIntroduces electrical power generation and renewable energy, includingsolar, wind, micro, hydro, coal, nuclear and natural gas and some of theissues in integrating renewable energy sources in the grid.Requisites: Requires prerequisite course of PHYS 1120 (minimum gradeC-). Requires corequisite course of ECEN 2250. Restricted to College ofEngineering majors only.Additional Information: Departmental Category: General
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2        Electrical and Computer Engineering (ECEN)
 ECEN 2420 (3) Electronics for Wireless SystemsExplores fundamental principles behind the operation of a radio, includinga practical introduction to circuit elements. Covers the componentsand operation of a radio (transmitter and receiver) with simple signals.Students learn lab exercises the operation principles behind componentsof a complete practical radio system.Requisites: Requires prerequiste course of PHYS 1120 and APPM 1360or MATH 2300 (all minimum grade C-). Requires corequisite course ofECEN 2250. Restricted to Electrical and Computer Engineering (ECEN) orElectrical Engineering (EEEN) majors only.Additional Information: Departmental Category: General
 ECEN 2440 (3) Application of Embedded SystemsIntroduces embedded systems and key computer architecture conceptsthrough a variety of projects involving programming a microcontrollerin C. Provides students hands-on projects that combine the knowledgegained in their digital and analog coursework in order to engineerhardware, firmware and application software design solutions. Includes aweekly lecture and two weekly laboratory sessions.Requisites: Requires a prerequisite course of ECEN 1310 (minimum gradeC-). Requires corequisite course of ECEN 2250.Additional Information: Departmental Category: General
 ECEN 2703 (3) Discrete Mathematics for Computer EngineersEmphasizes elements of discrete mathematics appropriate for computerengineering. Topics: logic, proof techniques, algorithms, complexity,relations, and graph theory.Requisites: Requires prerequisite courses of ECEN 1310 or CSCI 1300and APPM 1360 or MATH 2300 (all minimum grade C-). Restricted toCollege of Engineering students only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 2830 (1-5) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: General
 ECEN 2840 (1-6) Independent StudyOffers an opportunity for sophomores to do independent, creative work.Department consent required.Repeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 3002 (3-5) Special TopicsAdditional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 3003 (3-5) Special TopicsAdditional Information: Departmental Category: Computer and DigitalSystems
 ECEN 3004 (3-5) Special TopicsAdditional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 3010 (3) Circuits and Electronics for Mechanical EngineersCovers analysis of electrical circuits by use of Ohm's law, networkreduction, node and loop analysis, Thevenin's and Norton's theorems, DCand AC signals, transient response of simple circuits, transfer functions,basic diode and transistor circuits, and operational amplifiers. Includesintroductory digital electronics and microprocessors/microcontrollers.Equivalent - Duplicate Degree Credit Not Granted: MCEN 3017Requisites: Requires prereq course of PHYS 1120 (min grade C). Requiresa prereq or coreq course of APPM 2360. Restricted to students with57-180 credits (Jr or Sr) Mechanical Engr (MCEN) or Electrical Engr(ECEN) or Engineering Plus (GEEN) majors only.Additional Information: Departmental Category: General
 ECEN 3030 (3) Electrical/Electronic Circuits Non-MajorFor students not majoring in electrical engineering. Covers analysis ofelectric circuits by use of Ohm's law; network reduction; superposition;node analysis; Thevenin's and Norton's theorems; sinusoidal signals;phasors; power in AC circuits; transient response, operation of simplecircuits; rectifiers; transformers; 3-phase circuits; motors and generators.Requisites: Requires prereq course of APPM 2360 (min grade C-).Electrical Computer Engineering (ECEN), Electrical Engineering (EEEN),Electrical Computer Engineering and Electrical Engineering ConcurrentDegree (C-ECEN/EEEN) mjrs are excluded from this courseAdditional Information: Departmental Category: General
 ECEN 3070 (3) Edges of ScienceExamines the evidence for paranormal phenomena, reasons forskepticism, and physical models that could account for the data. Reviewscontroversial scientific theories that overcame barriers to acceptance,and how worldviews shift. Considers the scientific method and waysuncontrolled factors might influence experiments. Develops skills instatistical analysis of data. Includes group projects testing for anomalousand parapsychological effects. Not accepted as a technical elective forengineering majors.Additional Information: Departmental Category: General
 ECEN 3170 (3) Electromagnetic Energy Conversion 1Real and reactive power in single phase circuits, power triangle,balanced three-phase circuits, wye and delta connections, introductionto electromagnetic machines, transformers (single and three-phase)and their equivalent circuits, AC-machinery fundamentals, synchronousgenerator from a magnetic field point of view, synchronous motors andcondensers, three-phase induction motors, DC machinery fundamentals,DC motors, single phase motors. Matlab/Simulink will be used.Requisites: Requires prerequisite courses of ECEN 2260 and PHYS 1120(minimum grade C-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Power
 ECEN 3250 (3) MicroelectronicsDevelops a basic understanding of active semiconductor devices.Focuses on building an understanding of BJT and CMOS devices in bothdigital and analog applications.Requisites: Requires prerequisite course of ECEN 2260 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: General
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Electrical and Computer Engineering (ECEN)           3
 ECEN 3300 (3) Linear SystemsCharacterization of linear time-invariant systems in time and frequencydomains. Continuous time systems are analyzed using differentialequations and Laplace and Fourier transforms. Discrete time systemsare analyzed using difference equations, Z-transforms and discretetime Fourier transforms. Sampling and reconstruction of signalsusing the sampling theorem. Applications of linear systems includecommunications, signal processing, and control systems.Requisites: Requires prerequisite course of ECEN 2260 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: General
 ECEN 3303 (3) Introduction to RoboticsIntroduces students to fundamental concepts in autonomous, mobilerobotics: mechanisms, locomotion, kinematics, control, perception andplanning. The course consists of lectures and lab sessions that aregeared toward developing a complete navigation stack on a miniaturemobile robotic platform.Equivalent - Duplicate Degree Credit Not Granted: CSCI 3302Requisites: Requires prerequisite courses of CSCI 2270 and (CSCI 2824or ECEN 2703 or APPM 3170 or MATH 2001) and (APPM 2360 orAPPM 3310 or CSCI 2820 or MATH 2130 or MATH 2135) (all minimumgrade C-).Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 3320 (3) Semiconductor DevicesHighlights the fundamentals of semiconductor materials and devices.Topics include the electrical and optical properties of semiconductors,the theory of Pn junctions, bipolar and field-effect transistors, andoptoelectronic devices.Requisites: Requires prerequisite course of ECEN 3250 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: General
 ECEN 3350 (3) Programming Digital SystemsExplores how computers and programmable hardware in general areused to implement digital systems by looking at the capabilities ofcentral processing units, the use and control of various input/output(I/O) devices, memory organization, and concurrency management.Topics include computer architecture, instruction sets, I/O deviceprogramming, interrupts, data transfer mechanisms, semaphores, andmemory management.Requisites: Requires prerequisite course of ECEN 2350 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 3360 (3) Digital Design LaboratoryIntroduces digital system design, including system software andhardware building blocks, and system software-hardware integration.Emphasizes hands-on system development and debugging. Usesmainstream electronic system design platforms, including FPGAs,embedded and mobile computing platforms, and Assembly/C/Java/Verilog programming languages.Requisites: Requires prerequisite course ECEN 3350 (minimum grade C-)or corequisite of ECEN 3350. Restricted to College of Engineering majorsonly.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 3400 (3) Electromagnetic Fields and WavesElectromagnetic fields are covered at an introductory level, startingwith electrostatics and continuing with DC current, magnetostatics,time-varying magnetic fields, waves on transmission lines, Maxwell'sequations and the basics of plane waves. The use of fields in inductors,capacitors, resistors, transformers, and energy and power concepts arestudied.Requisites: Requires prerequisites (APPM 2350 or MATH 2400) andAPPM 2360 and PHYS 1120 and ECEN 2250 (all minimum grade C-).Restricted to College of Engineering majors only.Additional Information: Departmental Category: General
 ECEN 3410 (3) Electromagnetic Waves and TransmissionCovers reflected and transmitted plane waves in layered media,Poynting's theorem of electromagnetic power, two-conductortransmission line theory and practice, Smith chart usage and impedancematching, waveguides, and elements of antenna theory.Requisites: Requires prerequisite course ECEN 3400 (minimum grade C-).Restricted to College of Engineering majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 3810 (3) Introduction to Probability TheoryCovers the fundamentals of probability theory, and treats the randomvariables and random processes of greatest importance in electricalengineering. Provides a foundation for study of communication theory,control theory, reliability theory, and optics.Equivalent - Duplicate Degree Credit Not Granted: MATH 4510 orAPPM 3570Requisites: Requires prerequisite course of APPM 2350 or MATH 2400(minimum grade C-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: General
 ECEN 3840 (1-6) Independent StudyOffers an opportunity for juniors to do independent, creative work.Department consent required.Repeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 3841 (1-6) Independent StudyOffers an opportunity for juniors to do independent, creative work.Repeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 4000 (3) Special TopicsRepeatable: Repeatable for up to 9.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 4001 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: Bioengineering
 ECEN 4002 (1-4) Special TopicsCredit and subject matter to be arranged. Department enforcedprerequisite: variesRepeatable: Repeatable for up to 6.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
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 ECEN 4003 (1-4) Special TopicsCredit and subject matter to be arranged. Department enforcedprerequisite: variesRepeatable: Repeatable for up to 12.00 total credit hours. Allows multipleenrollment in term.
 ECEN 4004 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.
 ECEN 4005 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.
 ECEN 4006 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours.Additional Information: Departmental Category: Optics
 ECEN 4007 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.
 ECEN 4009 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: VLSI CAD Methods
 ECEN 4011 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5011Repeatable: Repeatable for up to 9.00 total credit hours.Additional Information: Departmental Category: Bioengineering
 ECEN 4012 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 4013 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4016 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Additional Information: Departmental Category: Optics
 ECEN 4017 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Additional Information: Departmental Category: Power
 ECEN 4018 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 4021 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours.Requisites: Restricted to students with 87-180 credits (Senior, Fifth YearSenior) College of Engineering majors only.Additional Information: Departmental Category: Bioengineering
 ECEN 4024 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5024Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 4028 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 4031 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.
 ECEN 4033 (3) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.
 ECEN 4043 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.
 ECEN 4053 (1-4) Special TopicsSpecial topics course.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5053Repeatable: Repeatable for up to 4.00 total credit hours.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4106 (3) PhotonicsDeals with the generation, transmission, modification and detection oflight. Applications include fiber optics communications, data storage,sensing, and imaging. Leads to understanding of fundamental physicalprinciples used in the analysis and design of modern photonic systems.Requisites: Requires prerequisite course of ECEN 3400 (minimum gradeC-). Requires a corequisite course of ECEN 3300. Restricted to College ofEngineering majors only.Additional Information: Departmental Category: Optics
 ECEN 4116 (3) Introduction to Optical CommunicationsGiven data rates, distance, reliability or bit error rates, the informationrequired to specify the type of fiber, the source, the wave length, typeof modulation, repeater or optical amplifiers, and detectors will bepresented.Requisites: Requires prerequisite course of ECEN 3400 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Optics
 ECEN 4133 (3) Fundamentals of Computer SecurityPractice thinking like an attacker by exploring several modern computersecurity attacks and defenses through hands-on programming projects.Topics include applied cryptography (encryption, authentication), websecurity (XSS, CSRF, SQL Injection), network security (TLS, MITM attacks),application security (shell injection, buffer overflows), and other currentevents and trends (government surveillance, botnets, cryptocurrencies).Grading Basis: Letter Grade
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 ECEN 4138 (3) Control Systems AnalysisAnalysis and design of continuous time control systems using classicaland state space methods. Laplace transforms, transfer functionsand block diagrams. Stability, dynamic response, and steady-stateanalysis. Analysis and design of control systems using root locus andfrequency response methods. Computer aided design and analysis.Department enforced prerequisite: background in Laplace transforms,linear algebra,and ordinary differential equations.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5138Requisites: Requires prerequisite course of ECEN 3300 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 4167 (3) Electromagnetic Energy Conversion 2Introduction to electric machine drives, basic electric machinemechanics, structure and modeling of electric machines (DC,Synchronous, Linear, Induction), reference frame theory using d-q modeling based on the complex space vector and on matrixtransformation, transient and steady state analysis of three-phasemachine, design of speed regulators, vector control. Matlab/Simulink willbe used.Requisites: Requires prerequisite course of ECEN 3170 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Power
 ECEN 4224 (3) High Speed Digital DesignCovers fundamentals of high-speed properties of logic gates,measurement techniques, transmission lines, ground planes and layerstacking, terminations, vias, power systems, connectors, ribbon cables,clock distribution and clock oscillators.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5224Requisites: Requires prerequisite course of ECEN 3400 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 4242 (3) Communication TheoryCovers modern digital and analog communication systems. Analysis anddesign of communication signals, transmitters, channels, and receivers.Amplitude and angle modulation and demodulation are treated as wellas theory and application of digital data transmission. Emphasis is alsoplaced on the analysis and mitigation of the effects of noise throughsignal design at the transmitter and signal processing at the receiver.Requisites: Requires prerequisite course of ECEN 3300 and ECEN 3810 orAPPM 3570 or MATH 4510 (all minimum grade C-). Restricted to Collegeof Engineering majors only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 4313 (3) Concurrent ProgrammingIntroduces the theory and practice of multicore programming. The firstpart of the course presents foundations of concurrent programming:mutual exclusion, wait-free and lock-free synchronization, spin locks,monitors, memory consistency models. The second part presents asequence of concurrent data structures and techniques used in theirimplementations (coarse-grained, fine-grained, optimistic and lock-freesynchronization).Requisites: Requires a prerequisite course of ECEN 1310 or CSCI 1300 orCSCI 1310 (all minimum grade C-).Grading Basis: Letter Grade
 ECEN 4324 (3) Fundamentals of Microsystem PackagingIntroduction to the fundamentals of microsystems packaging. A seminarstyle course which surveys topics in microsystem packaging such aselectrical package design, design for reliability, thermal management,multichip packaging, IC Assembly, sealing and encapsulation, and boardassembly.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5324Requisites: Requires prerequisite course or corequisite course ofECEN 3410 (minimum grade C-). Restricted to College of Engineeringmajors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 4341 (3) BioelectromagneticsEffects of electric and magnetic fields on biological systems aredescribed with applications to therapy and safety. The complexity ofbiological systems is described to provide a better understanding of thedistribution of fields inside the body. Risk analysis is also introduced.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5341Requisites: Requires prerequisite courses of ECEN 3400 and ECEN 3810or APPM 3570 or MATH 4510 (all minimum grade C-). Restricted toCollege of Engineering majors only.Additional Information: Departmental Category: Bioengineering
 ECEN 4375 (3) Microstructures LaboratoryOffers experience in monolithic silicon integrated circuit fabricationtechniques, including Ic layout, pattern compiling and generation, maskmaking, oxidation, photolithography, diffusion, implantation, metallization,bonding, process analysis and testing. Includes design project.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5375Requisites: Requires prerequisite course of ECEN 3320 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 4423 (3) Chaotic DynamicsExplores chaotic dynamics theoretically and through computersimulations. Covers the standard computational and analytical tools usedin nonlinear dynamics and concludes with an overview of leading-edgechaos research. Topics include time and phase-space dynamics, surfacesof section, bifurcation diagrams, fractal dimension and Lyapunovexponents.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5423 andCSCI 4446 and CSCI 5446Requisites: Requires prerequisite courses of APPM 1360 or MATH 2300and ECEN 1310 or CSCI 1300 and PHYS 1110 (all minimum grade C-).Restricted to College of Engineering majors only.Recommended: Prerequisites PHYS 1120 and CSCI 3656 andMATH 2130.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4517 (3) Power Electronics and Photovoltaic Power SystemsLaboratoryFocuses on analysis, modeling, design and testing of electrical energyprocessing systems in a practical laboratory setting. Studies powerelectronics converters for efficient utilization of available energy sources,including solar panels and utility. Experimental projects involve design,fabrication and testing of a solar power system.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5517Requisites: Requires prerequisite course of ECEN 4797 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Power
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 ECEN 4532 (3) Digital Signal Processing LaboratoryDevelops experience in code development, debugging and testing ofreal-time digital signal processing algorithms using dedicated hardware.Applications include filtering, signal synthesis, audio special effects andfrequency domain techniques based on the Fast Fourier Transform.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5532Requisites: Requires prerequisite course of ECEN 4632 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 4553 (3) Compiler ConstructionIntroduces the principles and techniques for compiling high-levelprogramming languages to assembly code. Topics include parsing,instruction selection, register allocation, and compiling high-level featuressuch as polymorphism, first-class functions, and objects. Students builda complete compiler for a simple language.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5523 andCSCI 4555 and CSCI 5525Requisites: Requires prerequisite courses of ECEN 2703 and ECEN 3350(all minimum grade C). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4555 (3) Principles of Energy Systems and DevicesDevelops principles underlying electronic, optical and thermal devices,materials and nanostructures for renewable energy. Provides afoundation in statistical thermodynamics and uses it to analyze theoperation and efficiency limits of devices for photovoltaics, energystorage (batteries & ultra-capacitors), chemical conversion (fuel cellsand engines), solid state lighting, heat pumps, cooling and potentiallyharvesting zero-point energy from the vacuum.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5555Requisites: Requires prerequisite courses of ECEN 3810 or APPM 3570or MATH 4510 and PHYS 2130 or PHYS 2170 (all minimum grade C-).Restricted to College of Engineering majors only.Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 4583 (3) Software System DevelopmentLectures deal with techniques for product requirements definition, projectplanning, coding, verification, validation, performance evaluation, andmaintenance of medium-scale (2-3000 line) systems. Primary emphasisis on practical application of these techniques to a specified softwareproject. Students work in teams to produce appropriate documents foreach phase and are responsible for project completion according tospecification and schedule. Course project is written in C on a Unix look-alike system; prior knowledge of C or Unix is not required.Requisites: Requires prerequisite course of CSCI 2270 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4593 (3) Computer OrganizationStudies computer design at the gate level. Discusses instruction setarchitecture design, arithmetic and logic unit design, control logic,memory design and caches, simple pipelining, I/O and peripheral devices.Briefly covers aspects of modern computer architecture, such asmulticore processors and cache coherence for these.Equivalent - Duplicate Degree Credit Not Granted: CSCI 4593Requisites: Requires prerequisite course of ECEN 3350 or CSCI 2400(minimum grade C-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4606 (3) Undergraduate Optics LaboratoryIntroduces fundamental concepts, techniques, and technology ofmodern optical and photonic systems. Individual labs cover particularfields of optical technology, including light sources such as lasers andLeds, interferometers, fiber-optic communications, photodetection,spectrometers, and holography. Practical skills such as how to align anoptical system will also be emphasized.Requisites: Requires prerequisite course of ECEN 3400 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Optics
 ECEN 4610 (3) Capstone Laboratory Part 1Hands-on laboratory experience utilizing teams in the systematicproposal, design, integration, and testing of an electronic/computerbased system. Results will be the prototype of a stand-alone analog/digital system. Must have completed all required Advanced AnalogCore courses for major, except one course may be taken concurrentlyby petition. Must take ECEN 4620 to complete the sequence. Minimumrequired grade for this course and ECEN 4620 is C-.Requisites: Requires prereq of ECEN 3360 either ECEN 3250 3300; orECEN 3250 3400; or ECEN 3300 3400 (min grade C-). Restricted to Elect/Comp Engr (ECEN) or Elect Engr (EEEN) or Elect/Comp Engr or Elect EngrConcurrent Degree (C-EEEN or C-ECENEEN) mjrs onlyAdditional Information: Departmental Category: General
 ECEN 4616 (3) Optoelectronic System DesignExamines optical components and electro-optic devices with the goalof integrating into well design optoelectronic systems. Sample systemsinclude optical storage, zoom lenses and telescopes.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5616Requisites: Requires prerequisite course of ECEN 3400 (minimum gradeC-).Additional Information: Departmental Category: Optics
 ECEN 4620 (3) Capstone Lab, Part 2Hands-on laboratory experience for teams in the systematic proposal,design, build integration, test and documentation of an electronic/computer based system. Results will be a reliably operating, stand-aloneanalog/digital system, with publication quality technical documentation.Department enforced prerequisite: advanced analog core courses.Requisites: Requires prerequisite course of ECEN 4610 (minimumgrade C-). Restricted to Electrical and Computer Engineering (ECEN)or Electrical Engineering (EEEN) or ECEE concurrent (C-EEEN or C-ECENEEEN) majors only.Additional Information: Departmental Category: General
 ECEN 4632 (3) Introduction to Digital FilteringCovers both the analysis and design of FIR and IIR digital filters.Discusses implementations in both software and hardware. Emphasizesuse of the FFT as an analysis tool. Includes examples in speechprocessing, noise canceling, and communications.Requisites: Requires prerequisite course of ECEN 3300 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
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 ECEN 4633 (3) Hybrid Embedded SystemsIntroduces system hardware and design techniques for embeddedand hybrid reconfigurable systems. Intended for those interested indeveloping projects using hardware description languages to buildapplication-specific computing systems. Industry standards are used fordesign, development and debugging.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5633Requisites: Requires prerequisite courses of ECEN 3350 and ECEN 4593(all minimum grade C-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 4634 (3) Microwave and RF LaboratoryIntroduce RF and microwave measurement methods. A laboratorycourse whose experiments build on material learned in ECEN 3410:electromagnetic waves, transmission lines, waveguides, time-domainreflection, frequency-domain measurement, microwave networks,impedance matching, antenna pattern measurement, radar and simplenonlinear concepts such as harmonics, square-law detection, mixing andtransmitter/receiver applications.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5634Requisites: Requires prerequisite course of ECEN 3410 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 4638 (3) Control Systems LaboratoryProvides experience in control system design and analysis, usingboth real hardware and computer simulation. Covers the entire controlsystem design cycle: modeling the system, synthesizing a controller,conducting simulations, analyzing the design to suggest modificationsand improvements, and implementing the design for actual testing.Requisites: Requires prerequisite course of ECEN 4138 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 4643 (3) SW Engineering of Concurrent SystemsAddresses engineering of applications requiring multiple softwareprocesses running concurrently, sharing data, and communicating as asystem in a single environment. Topics include performance analysisof architecture design; analysis of requirements, design and testing ofsynchronization and communication; the interplay of system design andperformance with the impact of memory management, input/output, andfile system support.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5643Requisites: Requires prerequisite course of ECEN 4583 or ECEN 5543(minimum grade C-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4652 (3) Communication LaboratoryAnalysis and design of realistic communication signals in a moderndigital signal processing environment. Covers both analog and digitalcommunication signals with and without noise and distortion. Pulseamplitude modulation is used initially at baseband and then combinedwith amplitude and phase/frequency modulation to produce the kindof bandpass signals that are used in cell phones and wireless datanetworks.Requisites: Requires prerequisite course of ECEN 4242 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 4653 (3) Real-Time Digital MediaLearn how to design and build Linux-based real-time system applicationsfor digital media encode/decode and transport. Course focus is on theprocess as well as fundamentals of designing, coding, and testing Linux-based real-time systems often used in industry for digital media systems.Students use POSIX kernel-mapped threads and drivers to implementreal-time digital media solutions.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5653Requisites: Requires prerequisite course of ECEN 1030 or ECEN 1310or CSCI 1300 (minimum grade C-). Restricted to College of Engineeringmajors only.Additional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 4743 (3) SW Engineering of Distributed SystemsAddresses engineering of networked applications and self-containedembedded system products involving multiple processors. Thefundamental concepts of software engineering are complicated by anapplication running simultaneously and asynchronously on multipleprocessors over a network. Topics: specification, analysis, design,and testing of distributed components including concerns of security,synchronization, transaction coordination, data replication, web services,and service oriented architectures.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5743Requisites: Requires prerequisite course of ECEN 4583 or ECEN 5543or CSCI 5548 (minimum grade C-). Restricted to College of Engineeringmajors only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4753 (3) Computer Performance ModelingPresents a broad range of system modeling techniques,emphasizingapplications to computer systems. Covers stochastic processes, queuingnetwork models, stochastic Petri nets and simulation (including parallelprocessing techniques). Also requires second-semester calculus.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5753 andCSCI 4753 and CSCI 5753Requisites: Requires prerequisite course of CSCI 3753 (minimum gradeC-). Restricted to College of Engineering majors only.Recommended: Prerequisite a course in statistics.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 4797 (3) Introduction to Power ElectronicsAn introduction to switched-mode converters. Includes steady-stateconverter modeling and analysis, switch realization, discontinuousconduction mode and transformer-isolated converters. Ac modeling ofconverters using averaged methods, small-signal transfer functions,feedback loop design and transformer design.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5797Requisites: Requires prerequisite course of ECEN 3250 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Power
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 ECEN 4811 (3) Neural Signals and Functional Brain ImagingExplores bioelectric and metabolic signals generated by thenervous system from two stand points: 1) their biophysical genesisand role in neural integration and 2) neurotechnologies such aselectroencephalography, magnetoencephalography, deep brainstimulation and functional magnetic resonance imaging.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5811 andASEN 4216 and ASEN 5216Requisites: Requires prerequisite course of ECEN 2260 or ECEN 3030or ASEN 3300 (minimum grade C-). Restricted to College of Engineeringmajors only.Additional Information: Departmental Category: Bioengineering
 ECEN 4821 (3) Neural Systems and Physiological ControlA biophysical exploration of human physiology from the standpointsof control systems and neural information processing. Topics include:neural control of movement and cardiovascular performance, tissuegrowth and repair, carcinogenesis, and physiological responses tomicrogravity.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5821 andASEN 4426 and ASEN 5426Requisites: Requires prerequisite course of ECEN 2260 or ECEN 3030or ASEN 3300 (minimum grade C-). Restricted to College of Engineeringmajors only.Additional Information: Departmental Category: Bioengineering
 ECEN 4827 (3) Analog IC DesignCovers the fundamentals of transistor-level analog integrated circuitdesign. Starting with motivations from application circuits, the coursedevelops principles of dc biasing, device models, amplifier stages,frequency response analysis and feedback and compensation techniquesfor multi-stage operational amplifiers.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5827Requisites: Requires prerequisite course of ECEN 3250 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Power
 ECEN 4831 (3) Brains, Minds, and ComputersProvides background for the design of artificially intelligent systemsbased upon our present knowledge of the human brain. Includessimilarities and differences between the brain and computers, robots andcommon computer models of brain and mind. Emphasizes the neuron asan information processor, and organization of natural as well as syntheticneural networks.Equivalent - Duplicate Degree Credit Not Granted: ECEN 5831 andASEN 5436Requisites: Requires prerequisite course of ECEN 2260 or ECEN 3030(minimum grade C-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Bioengineering
 ECEN 4840 (1-6) Independent StudyOffers an opportunity for seniors to do independent, creative work.Department consent required.Repeatable: Repeatable for up to 6.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: General
 ECEN 4841 (1-6) Independent StudyOffers an opportunity for seniors to do independent, creative work.Repeatable: Repeatable for up to 6.00 total credit hours.
 ECEN 5000 (3) Graduate Professional SeminarGrading Basis: Letter GradeAdditional Information: Departmental Category: General
 ECEN 5005 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 5008 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Requisites: Restricted to graduate students only.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5009 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Requisites: Restricted to graduate students only.Additional Information: Departmental Category: VLSI CAD Methods
 ECEN 5011 (1-4) Special TopicsEquivalent - Duplicate Degree Credit Not Granted: ECEN 4011Repeatable: Repeatable for up to 9.00 total credit hours.Requisites: Restricted to graduate students only.Additional Information: Departmental Category: Bioengineering
 ECEN 5012 (3) Special TopicsRequisites: Restricted to graduate students only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5013 (1-4) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.
 ECEN 5016 (1-4) Special TopicsAdditional Information: Departmental Category: Optics
 ECEN 5018 (1-4) Special TopicsRequisites: Restricted to graduate students only.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5021 (1-4) Special TopicsRepeatable: Repeatable for up to 9.00 total credit hours.Requisites: Restricted to graduate students in Electrical Engineering(EEEN) or in Electrical/Computer Engineering (ECEN) or to Electrical orElectrical/Computer Engineering BS/MS Concurrent degree students or toGraduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Bioengineering
 ECEN 5023 (3) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering,Embedded Systems.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Additional Information: Departmental Category: Embedded SystemsEngineering
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 ECEN 5024 (1-4) Special TopicsEquivalent - Duplicate Degree Credit Not Granted: ECEN 4024Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5028 (1-4) Special TopicsAdditional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5032 (3) Special TopicsAdditional Information: Departmental Category: Bioengineering
 ECEN 5053 (3) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering -Embedded Engineering.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4053Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Additional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5104 (3) Computer-Aided Microwave Circuit DesignEmphasizes the design of strip-line and microstrip circuits, using aCAD package. Discusses design of impedance transformers, amplifiers,switches, phase-shifters, etc. Assignments include design of typicalcircuits and their analysis using a microwave circuit analysis program.Laboratory includes measurements using a network analyzer facility on atypical circuit designed and fabricated by students.Requisites: Requires a prereq course of ECEN 3410 (min grade D-).Restricted to EEEN or ECEN graduate students or Electrical EngineeringConcurrent or Electrical/Computer Engineering Concurrent Degreestudents only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5107 (3) Electric Power GridExamines the electrical grid, including conventional generation,transmission/ distribution, and new renewable generation technologies.Issues including grid stability, the increase in variable generation onthe grid, and how the electrical grid will change in the future will beaddressed. Intended for students with an engineering background fromoutside electrical engineering who desire an introduction to the powergrid.Requisites: Excludes graduate students in Electrical Engineering orElectrical Engineering Concurrent degree plans.Additional Information: Departmental Category: Power
 ECEN 5114 (3) Waveguides and Transmission LinesIntermediate course dealing with guided-wave systems at HF, microwave,and optical frequencies. Modern waveguiding structures, includingcircular metallic waveguides, microstrip transmission lines, and opticalwaveguides are treated. Additional material may include waveguidelosses, excitation of waveguides, microwave network theory, coupled-mode theory, resonators, and pulse propagation in waveguides.Requisites: Requires a prereq course of ECEN 3410 (min grade D-).Restricted to EEEN or ECEN graduate students or Electrical EngineeringConcurrent or Electrical/Computer Engineering Concurrent Degreestudents only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5120 (3) Neural Network DesignIntroduces basic (artificial) neural network architectures and learningrules. Emphasizes mathematical analysis of these networks, methodsof training them and application to practical problems such as patternrecognition, signal processing and control systems. Shows how toconstruct a network of "neurons" and train them to serve a usefulfunction.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4120Additional Information: Departmental Category: General
 ECEN 5122 (3) Wireless Local Area NetworksExamines small-scale wireless networks particularly personal andlocal area networks. Covers licensed and unlicensed spectrum, indoorand small-scale radio propagation, modulation techniques, networktopologies, ad hoc and infrastructure networks, protocol design, TCP/IP-wireless interactions and protocol standards.Equivalent - Duplicate Degree Credit Not Granted: TLEN 5520Requisites: Requires prerequisite course of ECEN 3810 or APPM 3570 orMATH 4510 (minimum grade D-).Recommended: Prerequisite TLEN 5430.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5126 (3) Computational Optical ImagingCovers the fundamentals of computational optical imaging modalities,namely systems in which the hardware (optics, sensors, illumination)is designed in conjunction with algorithms (implemented optically,electronically and via software) to deliver information about a scene.Students learn the analysis and design of modern imaging systems.Covers a variety of applications including biomedical imaging, nanoscopy,photography and space imaging.Requisites: Restricted to graduate students only.Grading Basis: Letter Grade
 ECEN 5128 (3) Game Theory and Multiagent SystemsProvides an overview of game theory with a special emphasis on itsapplication to multiagent systems, i.e., systems that are comprisedof a collection of interacting and possibly competing decision makingentities. Examples drawn from engineered, economics and social models,including multivehicle robotics, data networks, sensor networks andelectronic commerce.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5133 (3) Fundamentals of Computer SecurityPractice thinking like an attacker by exploring several modern computersecurity attacks and defenses through hands-on programming projects.Topics include applied cryptography (encryption, authentication), websecurity (XSS, CSRF, SQL Injection), network security (TLS, MITM attacks),application security (shell injection, buffer overflows), and other currentevents and trends (government surveillance, botnets, cryptocurrencies).Grading Basis: Letter Grade
 ECEN 5134 (3) Electromagnetic Radiation and AntennasCovers elementary sources and antennas, cylindrical wire antennas,loop antennas, radiation patterns and antenna gain, aperture sourcessuch as horns and dishes, specialized antennas such as microstrippatches, linear and circular arrays, mutual coupling and ground effects,ray and numerical formulations, transmission formulas, and antennaapplications.Requisites: Requires a prereq course of ECEN 3410 (min grade D-).Restricted to any graduate students or Electrical/Computer Engineeringor Electrical Engineering Concurrent Degree majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
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 ECEN 5138 (3) Control Systems AnalysisAnalysis and design of continuous time control systems using classicaland state space methods. Laplace transforms, transfer functionsand block diagrams. Stability, dynamic response, and steady-stateanalysis. Analysis and design of control systems using root locus andfrequency response methods. Computer aided design and analysis.Topics covered in this course will be investigated in more depth, requireexternal readings, additional homework will be assigned, and the examswill be more difficult.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4138Requisites: Restricted to graduate students in Electrical Engineering(EEEN) or in Electrical/Computer Engineering (ECEN) or to Electrical orElectrical/Computer Engineering BS/MS Concurrent degree students or toGraduate Certificate Engineering (CRTGE) students.Recommended: Prerequisite ECEN 3300.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5139 (3) Computer-Aided VerificationCovers theoretical and practical aspects of verification of finite-state systems (hardware) and infinite-state systems (programs).Model checking: temporal logics, explicit-state and symbolic search,BDDs. Constraint solvers: SAT solvers, decision procedures. Programverification: invariants, partial vs. total correctness, abstraction.Department enforced requisite: general proficiency in discretemathematics and programming.Equivalent - Duplicate Degree Credit Not Granted: CSCI 5135Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Recommended: Prerequisite CSCI 2824.Additional Information: Departmental Category: VLSI CAD Methods
 ECEN 5154 (3) Computational ElectromagneticsProvides a computational study of microwave circuits and antennas,using finite-difference, finite-element, and moment methods. Requiresstudents to develop algorithms, write and execute programs, and preparereports analyzing results. Circuits include waveguides, microstrip lines,and center-fed dipole antennas.Requisites: Requires a prereq course of ECEN 3410 (min grade D-).Restricted to any graduate students or Electrical/Computer Engineeringor Electrical Engineering Concurrent Degree majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5156 (3) Physical OpticsCovers the application of Maxwell's equations to optical wavepropagation in free space and in media.Topics include polarization,dispersion, geometrical optics, interference, partial coherence, anddiffraction.Requisites: Restricted to graduate students only.Recommended: Prerequisite ECEN 3410.Additional Information: Departmental Category: Optics
 ECEN 5166 (3) Guided Wave OpticsBuilds up the concepts necessary to understand guided wave opticalsystems. Topics include slab wave-guides, semiconductor lasers, fiberoptics, and integrated optics.Requisites: Requires prerequisite courses of ECEN 5645 and ECEN 5156(all minimum grade C-).Additional Information: Departmental Category: Optics
 ECEN 5224 (3) High Speed Digital DesignCovers fundamentals of high-speed properties of logic gates,measurement techniques, transmission lines, ground planes and layerstacking, terminations, vias, power systems, connectors, ribbon cables,clock distribution and clock oscillators.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4224Requisites: Requires a prereq course of ECEN 3400 (min grade D-).Restricted to any graduate students or Electrical/Computer Engineeringor Electrical Engineering Concurrent Degree majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5244 (3) Stochastic / Environmental Signal ProcessingProvides a baseline understanding for research and development insignal processing and analytics for environmental and other data-intensive applications. Topics include parameter estimation, transforms,linear and nonlinear estimation, data assimilation and detection.Applications include numerical weather prediction, GNSS sensing,ionospheric sounding, radar, radiometry, surveillance, target detectionand tracking. Previous coursework in linear systems and electromagneticwaves recommended.Grading Basis: Letter Grade
 ECEN 5254 (3) Remote Sensing Signals and SystemsExamines passive and active techniques for remote sensing withemphasis on fundamental noise and detection issues from radio tooptical frequencies. Emphasis is placed on electromagnetic wavedetection, statistical signal and noise analysis, remote sensing systemarchitecture, and hardware for remote sensing systems. Systems studiedinclude radiometers, radars (real and synthetic aperture), interferometers,and lidars. Applications to detection and surveillance, Earth remotesensing, astronomy, and imaging systems are covered.Requisites: Requires prerequisite courses of ECEN 3300 and ECEN 3400.Restricted to any graduate students or Electrical/Computer Engineeringor Electrical Engineering Concurrent Degree majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5255 (3) Flexible/Stretchable ElectronicsProvides an overview of flexible/stretchable electronics. Topics coveredinclude: material properties, micro/nano fabrication technologies,mechanics and dynamics, polymers and soft lithography, transfer printingand theory of flexible electronics. Lab projects expose students to basicmicrofabrication process. Includes a final project, which requires designof flexible/stretchable devices (sensors and/or actuators) of a variety oftypes. No prerequisites other than graduate standing in Engineering orinstructor permission is required.Requisites: Restricted to College of Engineering graduate students only.Grading Basis: Letter Grade
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 ECEN 5264 (3) Electromagnetic Absorption, Scattering, and PropagationElectromagnetic waves in communication, navigation, and remotesensing systems from radio to optical frequencies, including propagationin deterministic and random media. Topics include absorption andrefraction by gases, discrete scattering by precipitation, clouds, andaerosols, continuous scattering by refractivity fluctuations, earth-spacepropagation and Faraday rotation in plasmas, and radiative transfertheory.Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Recommended: Prereqs are ECEN 3400 and ECEN 3410.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5273 (3) Network SystemsFocusing on the design and implementation of network protocols andalgorithms. Topics covered include the internet's layered protocol stack,TCP/IP, Web/HTTP, email/SMTP, DNS, Ethernet, wireless networks, securenetworking. Students will learn socket-based network programming.Familiarity with C and UNIX required.Equivalent - Duplicate Degree Credit Not Granted: CSCI 4273 andCSCI 5273Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5322 (3) Search Engine & Analysis of High-dimensional DatasetProvides students with an exposition of the novel algorithmic methodsfor searching and analyzing big data. The class includes a project:students design a content-based music information retrieval systemsimilar to those used by Gracenote, Shazam, or Pandora.Requisites: Restricted to graduate students only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5324 (3) Fundamentals of Microsystem PackagingIntroduction to the fundamentals of microsystems packaging. A seminarstyle course which surveys topics in microsystem packaging such aselectrical package design, design for reliability, thermal management,multichip packaging, IC Assembly, sealing and encapsulation, and boardassembly.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4324Requisites: Requires a prereq course of ECEN 3410 (min grade D-).Restricted to any graduate students or Electrical/Computer Engineeringor Electrical Engineering Concurrent Degree majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5341 (3) BioelectromagneticsEffects of electric and magnetic fields on biological systems aredescribed with applications to therapy and safety. The complexity ofbiological systems is described to provide a better understanding of thedistribution of fields inside the body. Risk analysis is also introduced.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4341Requisites: Restricted to graduate students only.Additional Information: Departmental Category: Bioengineering
 ECEN 5345 (3) Introduction to Solid State PhysicsProvides an introduction to the electronic, photonic and phononicproperties of solid state materials and devices. Covers optical constants,free electron gas, plasmons, energy bands, semiconductors and doping,excitons, quantum wells, phonons and electrooptical effects. Makes useof quantum mechanical methods. Department enforced prerequisite:basic quantum mechanics.Requisites: Restricted to graduate students only.Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 5355 (3) Principles of Electronic Devices 1Relates performance and limitations of solid state devices to theirstructures and technology. Examines semiconductor physics andtechnology. Includes Pn-junction, Mos, and optoelectronic devices. Forboth advance circuit and device engineers.Requisites: Restricted to graduate students only.Recommended: Prerequisite ECEN 3320.Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 5358 (3) Optimization and Optimal ControlIntroduces the theory and practice of optimization and optimal control.Topics include basic theory, nonlinear system trajectories and regulation,function space operators and derivatives, optimality conditions, barrierfunctionals and Newton's method in function space.Requisites: Restricted to graduate students in Electrical Engineering(EEEN) or in Electrical/Computer Engineering (ECEN) or to Electrical orElectrical/Computer Engineering BS/MS Concurrent degree students or toGraduate Certificate Engineering (CRTGE) students.Recommended: Prerequisite ECEN 5448.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5375 (3) Microstructures LaboratoryOffers experience in monolithic silicon integrated circuit fabricationtechniques, including Ic layout, pattern compiling and generation, maskmaking, oxidation, photolithography, diffusion, implantation, metallization,bonding, process analysis and testing. Includes design project.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4375Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 5418 (3) Automatic Control Systems 1Coverage of principles of control systems with Multiple Inputs andMultiple Outputs (MIMO). Topics include Mimo state-space theory,applications of the singular value decomposition (SVD), coprimefactorization methods, frequency domain topics, and an introduction toH-infinity design.Requisites: Requires prerequisite course of ECEN 5448 (minimum gradeC-).Recommended: Prerequisites ECEN 3300 and ECEN 4138.Additional Information: Departmental Category: Dynamical Systems andControl
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 ECEN 5423 (3) Chaotic DynamicsExplores chaotic dynamics theoretically and through computersimulations. Covers the standard computational and analytical tools usedin nonlinear dynamics and concludes with an overview of leading-edgechaos research. Topics include time and phase-space dynamics, surfacesof section, bifurcation diagrams, fractal dimension and Lyapunovexponents.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4423 andCSCI 4446 and CSCI 5446Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5438 (3) Robot ControlProvides a comprehensive treatment of the mathematical modeling ofrobot mechanisms and the analysis methods used to design control lawsfor these mechanisms.Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Recommended: Prerequisites PHYS 1110 and ECEN 4138 (minimumgrade C-).Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5448 (3) Advanced Linear SystemsOffers a state space approach to analysis and synthesis of linearsystems, state transition matrix, controllability and observability, systemtransformation, minimal realization, and analysis and synthesis of multi-input and multi-output systems.Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Recommended: Prerequisites ECEN 3300 and ECEN 4138.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5458 (3) Sampled Data and Digital Control SystemsProvides an analysis and synthesis of discrete-time systems. Studiessampling theorem and sampling process characterization, z-transformtheory and z-transferfunction, and stability theory. Involves dataconverters (A/D and D/A), dead-beat design, and digital controller design.Requisites: Restricted to College of Engineering graduate students only.Recommended: Prerequisites ECEN 3300 and ECEN 4138.Additional Information: Departmental Category: Dynamical Systems andControl
 ECEN 5503 (3) Computer Systems Design and ArchitectureCovers digital logic circuits, assembly language programming, andgate-level computer design and architecture. Also discusses computerarithmetic algorithms, I/O, peripheral device performance, networking,and the Internet. Limited to graduatestudents. For ECE/CS majors withnontraditional backgrounds.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5515 (3) NanophotonicsIntroduces the latest developments in nanophotonics. Students willgain an understanding of the fundamental physics governing theinteraction between light and nanostructures. Students will be exposedto the various novel optical phenomena observable in the nanoscaleand their applications. Students will conduct numerical simulations toinvestigate the optical properties of nanostructures. Previous courseworkin electromagnetics is recommended.Grading Basis: Letter Grade
 ECEN 5517 (3) Power Electronics and Photovoltaic Power SystemsLaboratoryFocuses on analysis, modeling, design and testing of electrical energyprocessing systems in a practical laboratory setting. Studies powerelectronics converters for efficient utilization of available energy sources,including solar panels and utility. Experimental projects involve design,fabrication and testing of a solar power system.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4517Requisites: Requires prerequisite course of ECEN 5797 (minimum gradeC-).Additional Information: Departmental Category: Power
 ECEN 5523 (3) Compiler ConstructionIntroduces the principles and techniques for compiling high-levelprogramming languages to assembly code. Topics include parsing,instruction selection, register allocation, and compiling high-level featuressuch as polymorphism, first-class functions, and objects. Students builda complete compiler for a simple language.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4553 andCSCI 4555 and CSCI 5525Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5532 (3) Digital Signal Processing LaboratoryDevelops experience in code development, debugging and testing ofreal-time digital signal processing algorithms using dedicated hardware.Applications include filtering, signal synthesis, audio special effects andfrequency domain techniques based on the Fast Fourier Transform.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4532Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5533 (3) Fundamental Concepts of Programming LanguagesConsiders concepts common to a variety of programming languages--how they are described (both formally and informally) and how they areimplemented. Provides a firm basis for comprehending new languagesand gives insight into the relationship between languages and machines.Equivalent - Duplicate Degree Credit Not Granted: CSCI 5535Requisites: Requires prerequisite course CSCI 3155 (minimum grade D-).Additional Information: Departmental Category: Computer and DigitalSystems

Page 13
                        

Electrical and Computer Engineering (ECEN)           13
 ECEN 5543 (3) Software Engineering of Standalone ProgramsApplies engineering principles to phases of software productdevelopment, project planning, requirements definition, design, designpatterns, validation and maintenance. Emphasizes practical methodsfor communicating and verifying definitions and designs: prototyping,inspections, and modeling (primarily UML). Includes relation to embeddedsystems and object-oriented design.Equivalent - Duplicate Degree Credit Not Granted: CSCI 5548Requisites: Restricted to graduate students only.Recommended: Prerequisites CSCI 1300 and CSCI 2270 (minimum gradeC-).Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5553 (3) Parallel ProcessingExamines a range of topics involved in using parallel operations toimprove computational performance. Discusses parallel architectures,parallel algorithms and parallel programming languages. Architecturescovered include vector computers, multiprocessors, network computersand data flow machines. Department enforced prerequisite: backgroundin computer organization, introduction to programming languages andelementary numerical analysis.Equivalent - Duplicate Degree Credit Not Granted: CSCI 5551Recommended: Prerequisites ECEN 4593 and CSCI 3653.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5555 (3) Principles of Energy Systems and DevicesDevelops principles underlying electronic, optical and thermal devices,materials and nanostructures for renewable energy. Provides afoundation in statistical thermodynamics and uses it to analyze theoperation and efficiency limits of devices for photovoltaics, energystorage (batteries & ultra-capacitors), chemical conversion (fuel cellsand engines), solid state lighting, heat pumps, cooling and potentiallyharvesting zero-point energy from the vacuum.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4555Requisites: Restricted to students with 57-180 credits (Juniors orSeniors) or Graduate students only.Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 5573 (3) Advanced Operating SystemsIntended to create a foundation for operating systems researchor advanced professional practice. Examines the design andimplementation of a number of research and commercial operatingsystems and their components, system organization and structure,threads, communication and synchronization, virtual memory,distribution, file systems, security and authentication, availability andInternet services.Equivalent - Duplicate Degree Credit Not Granted: CSCI 5573Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5593 (3) Advanced Computer ArchitectureProvides a broad-scope treatment of important concepts in the designand implementation of high-performance computer systems. Discussesimportant issues in the pipelining of a processor, out-of-order instructionissue and superscalar designs, design of cache memory systems forsuch systems, and architectural features required for multicore processordesigns. Also studies current and historically important computerarchitectures.Equivalent - Duplicate Degree Credit Not Granted: CSCI 5593Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Recommended: Prerequisite ECEN 4593.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5603 (3) Software Project ManagementPresents topics and techniques critical to the management of softwareproduct development, including estimating, planning, quality, tracking,reporting, team organization, people management and legal issues. Givesspecial attention to problems unique to software projects.Requisites: Requires prerequisite courses ECEN 4583 and ECEN 5543 andCSCI 4318 (all minimum grade D-). Restricted to graduate students only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5606 (3) Optics LaboratoryProvides advanced training in experimental optics. Consists of opticsexperiments that introduce the techniques and devices essential tomodern optics, including characterization of sources, photodetectors,modulators, use of interferometers, spectrometers,and holograms andexperimentation of fiber optics and Fourier optics. Department enforcedprerequisite: undergraduate optics course (e.g. PHYS 4510).Equivalent - Duplicate Degree Credit Not Granted: PHYS 5606Additional Information: Departmental Category: Optics
 ECEN 5612 (3) Random Processes for EngineersDeals with random time-varying functions and is therefore useful in thebroad range of applications where they occur. Topics include review ofprobability, convergence of random sequences, random vectors, minimummean-square error estimation, basic concepts of random processes,Markov processes, Poisson processes, Gaussian processes, linearsystems with random inputs, and Wiener filtering. Applications rangefrom communications, communication networks, and signal processingto random vibration/stress analysis, mathematical finance, physics, etc.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5613 (3) Embedded System DesignIntroduces system hardware and firmware design for embeddedapplications. Students independently design and develop a hardwareplatform encompassing a microcontroller and peripherals. Firmwareis developed in C and assembly. A significant final project is designed,developed, documented and presented. Prioritized for EEEN graduatestudents with ESE (Embedded Systems Engineering) sub-plan.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Additional Information: Departmental Category: Embedded SystemsEngineering
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 ECEN 5616 (3) Optoelectric System DesignExamines optical components and electro-optic devices with the goalof integrating into well design optoelectronic systems. Sample systemsinclude optical storage, zoom lenses and telescopes.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4616Requisites: Restricted to graduate students only.Additional Information: Departmental Category: Optics
 ECEN 5622 (3) Information Theory and CodingCovers fundamental limits of data compression, reliable transmissionof information and information storage.   Topics include informationmeasures, typicality, entropy rates of information sources, limits andalgorithms for lossless data compression, mutual information, and limitsof information transmission over noisy wired and wireless links. Optionaltopics include lossy data compression, limits of information transmissionin multiple-access and broadcast networks, and limits and algorithms forinformation storage.Requisites: Restricted to Electrical/Computer Engineering, ComputerScience, Applied Math or Physics graduate students only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5623 (3) Real-Time Embedded SystemsDesign and build a microprocessor-based embedded system applicationrequiring integration of sensor/actuator devices, a real-time operatingsystem and application firmware and software. Real-time rate monotonictheory and embedded architecture are covered. Prioritized for EEENgraduate students with ESE (Embedded Systems Engineering) sub-plan.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Additional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5626 (3) Active Optical DevicesAnalysis of active optical devices such as semiconductor laser, detectorand flat panel display by clearly defining and interconnecting thefundamental physical mechanism, device design and operating principlesand device performance.Requisites: Restricted to graduate students only.Recommended: Prerequisite ECEN 5355.Additional Information: Departmental Category: Optics
 ECEN 5632 (3) Theory and Application of Digital FilteringDigital signal processing and its applications are of interest to a widevariety of scientists and engineers. The course covers such topics ascharacterization of linear discrete-time circuits by unit pulse response,transfer functions, and difference equations, use of z-transformsand Fourier analysis, discrete Fourier transform and fast algorithms(FFT), design of finite and infinite impulse response filters, frequencytransformations, study of optimized filters for deterministic signals.Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5633 (3) Hybrid Embedded SystemsIntroduces system hardware and design techniques for embeddedand hybrid reconfigurable systems. Intended for those interested indeveloping projects using hardware description languages to buildapplication-specific computing systems. Industry standards are used fordesign, development and debugging.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4633Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5634 (3) Graduate Microwave and RF LaboratoryIntroduce RF and microwave measurement methods. A laboratorycourse whose experiments build on material learned in ECEN 3410:electromagnetic waves, transmission lines, waveguides, time-domainreflection, frequency-domain measurement, microwave networks,impedance matching, antenna pattern measurement, radar and simplenonlinear concepts such as harmonics, square-law detection, mixing andtransmitter/receiver applications.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4634Requisites: Requires a prereq course of ECEN 3410 (min grade D-).Restricted to any graduate students or Electrical/Computer Engineeringor Electrical Engineering Concurrent Degree majors only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 5643 (3) SW Engineering of Concurrent SystemsAddresses engineering of applications requiring multiple softwareprocesses running concurrently, sharing data, and communicating as asystem in a single environment. Topics include performance analysisof architecture design; analysis of requirements, design and testing ofsynchronization and communication; the interplay of system design andperformance with the impact of memory management, input/output, andfile system support.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4643Requisites: Requires prerequisite course of ECEN 5543 (minimum gradeC-). Restricted to College of Engineering majors only.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5645 (3) Introduction to Optical ElectronicsIntroduces lasers, Gaussian optics, modulators, nonlinear optics, opticaldetectors, and other related devices.Requisites: Restricted to graduate students only.Additional Information: Departmental Category: Nanostructures andDevices
 ECEN 5652 (3) Detection and Extraction of Signals from NoiseIntroduces detection, estimation, and related algorithms. Topics indetection include simple/composite hypothesis testing, repeatedobservations and asymptotic performance and sequential detection.Topics in estimation include Bayesian estimation including minimummean-square estimation and non-random parameter estimation. Topicsin algorithms vary. Examples include algorithms for state estimationand smoothing in Hidden Gauss-Markov models and the expectation-maximization algorithm. Applications include communications, radar/sonar/geophysical signal processing, image analysis, authentication, etc.Requisites: Restricted to Electrical/Computer Engineering, ComputerScience, Applied Math or Physics graduate students only.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
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 ECEN 5653 (3) Real-Time Digital MediaLearn how to design and build Linux-based real-time system applicationsfor digital media encode/decode and transport. Course focus is on theprocess as well as fundamentals of designing, coding, and testing Linux-based real-time systems often used in industry for digital media systems.Students use POSIX kernel-mapped threads and drivers to implementreal-time digital media solutions.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4653Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5672 (3) Digital Image ProcessingCourse objective is to present the fundamental techniques availablefor image representation and compression (e.g., wavelets), filtering(e.g., Wiener and nonlinear filter), and segmentation (e.g., anisotropicdiffusion).Requisites: Requires prerequisite course ECEN 5632 (minimum grade C-).Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5673 (3) Distributed SystemsExamines systems that span multiple autonomous computers. Topicsinclude system structuring techniques, scalability, heterogeneity,fault tolerance, load sharing, distributed file and information systems,naming, directory services, resource discovery, resource and networkmanagement, security, privacy, ethics and social issues.Equivalent - Duplicate Degree Credit Not Granted: CSCI 5673Recommended: Prerequisite CSCI 5573 or a course in computernetworks.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5682 (3) Theory and Practice of Error Control CodesIntroduces error control coding techniques for reliable transmissionof digital data over noisy channels. Topics include algebraiccharacterizations of cyclic codes, convolutional codes, moderngraph codes, decoding algorithms for block codes, Viterbi algorithmand iterative decoding on graphs. Applications include moderndigital communication and storage systems including deep spacecommunications, satellite broadcasting, cellular networks, and opticaldisk storage.Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5683 (3) Programmable Logic Embedded System DesignLearn to design programmable systems on a chip for the purpose ofcreating prototypes or products for a variety of applications. Explorescomplexities, capabilities and rends of Field Programmable Gate Arrays(FPGA) and Complex Programmable Logic Devices (CPLD). Implementsynchronization and timing closure in these devices. Projects will involvethe latest software and FPGA development tools and hardware platforms.Grading Basis: Letter GradeAdditional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5686 (3) Optical Communications SystemsEmphasizes the elements that optical communication systemshave in common with other communication systems. Works from ageneral communication system model toward fiber optic applications.Emphasizes the statistical nature of electronic based communication.Topics include 1) general system models, 2) detectors and receivers,3) optical channels with emphasis on the single mode fiber channel,4) coherent and incoherent systems: a) sources, b) modulation and c)detection, 5) special topics ranging from optical sensing to quantumcommunications.Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Optics
 ECEN 5692 (3) Principles of Digital CommunicationIntroduces fundamental principles of efficient and reliable transmissionof information used in wired and wireless digital communication systemsincluding cable modems, smart phones/tablets, cellular networks, localarea (wi-fi) networks, and deep-space communications. Topics includebandwidth and power constraints, digital modulation methods, optimumtransmitter and receiver design principles, error rate analysis, channelcoding potential in wired/wireless media, trellis coded modulation, andequalization.Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Digital Signal ProcessingCommunications
 ECEN 5696 (3) Fourier OpticsIntroduces a system level approach to the analysis and design of opticalsystems. Topics include holography, Fourier transform properties oflenses, two-dimensional convolution and correlation functions, spatialfiltering and optical computing techniques. Also covers coherent andincoherent imaging techniques, tomography, and synthetic apertureimaging.Requisites: Restricted to graduate students only.Recommended: Prerequisites ECEN 3300 and ECEN 3410.Additional Information: Departmental Category: Optics
 ECEN 5737 (3) Adjustable-Speed AC DrivesPresents unified treatment of complete electrical drive systems:mechanical load, electrical machine, power converter, and controlequipment. Emphasizes induction, synchronous, and permanent-magnetdrives. Uses simulation programs (e.g., SPICE, Finite Element/DifferenceProgram) to simulate drive system components (e.g., gating, inverter,electric machine).Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Recommended: Prerequisite ECEN 3170.Additional Information: Departmental Category: Power
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 ECEN 5743 (3) SW Engineering of Distributed SystemsAddresses engineering of networked applications and self-containedembedded system products involving multiple processors. Thefundamental concepts of software engineering are complicated by anapplication running simultaneously and asynchronously on multipleprocessors over a network. Topics: specification, analysis, design,and testing of distributed components including concerns of security,synchronization, transaction coordination, data replication, web services,and service oriented architectures.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4743Requisites: Restricted to College of Engineering (ENGRU) undergraduatesonly.Recommended: Prerequisite ECEN 4583 or ECEN 5543 or CSCI 5548.Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5753 (3) Computer Performance ModelingPresents a broad range of system modeling techniques, emphasizingapplications to computer systems. Covers stochastic processes, queuingnetwork models, stochastic Petri nets and simulation (including parallelprocessing techniques). Also requires second-semester calculus.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4753 andCSCI 4753 and CSCI 5753Additional Information: Departmental Category: Computer and DigitalSystems
 ECEN 5763 (3) Embedded Machine Vision and Intelligent AutomationIntroduces students to machine vision and machine learning methodsused in automation, autopilots and security and inspection systems.Embedded and automation topics include implementation of algorithmswith FPGA or GP-GPU embedded real time co-processing for autopilots(intelligent transportation), general automation and security includingmethods for detection, classification, recognition of targets forinspection, surveillance, search and rescue, and machine visionnavigation applications.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Grading Basis: Letter GradeAdditional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5797 (3) Introduction to Power ElectronicsAn introduction to switched-mode converters. Includes steady-stateconverter modeling and analysis, switch realization, discontinuousconduction mode and transformer-isolated converters. Ac modeling ofconverters using averaged methods, small-signal transfer functions,feedback loop design and transformer design.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4797Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Power
 ECEN 5803 (3) Mastering Embedded Systems ArchitectureAcquire an understanding of embedded systems architectures for thepurpose of creating prototypes or products for a variety of applications.The salient issues in the decision making process will be examines,including trade-offs between hardware and software implementations,processor and operating system selection and IP creation or acquisition.Projects will involve the latest software development and tools andhardware platforms.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Grading Basis: Letter GradeAdditional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5807 (3) Modeling and Control of Power Electronic SystemsStudies modeling and control topics in power electronics. Averagedswitch modeling of converters, computer simulation, ac modeling ofthe discontinuous conduction mode, the current programmed mode,nulldouble injection techniques in linear circuits, input filter design, andlow-harmonic rectifiers.Requisites: Requires prerequisite course of ECEN 5797 (minimum gradeC-).Additional Information: Departmental Category: Power
 ECEN 5811 (3) Neural Signals and Functional Brain ImagingExplores bioelectric and metabolic signals generated by thenervous system from two stand points: 1) their biophysical genesisand role in neural integration and 2) neurotechnologies such aselectroencephalography, magnetoencephalography, deep brainstimulation and functional magnetic resonance imaging.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4811 andASEN 4216 and ASEN 5216Additional Information: Departmental Category: Bioengineering
 ECEN 5813 (3) Principles of Embedded SoftwareIntroduces principles around embedded software elements and softwaredevelopment needed for the Embedded Systems Engineering corecurriculum. Student will write C program applications hat employefficient, high performance and robust software design techniques.Topics include bare-metal firmware, c-programming optimization andintroductions to underlying embedded architecture. Sound testingand debug practices will be instilled and utilized in several applicationprojects.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Grading Basis: Letter GradeAdditional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5817 (3) Resonant and Soft-Switching Techniques in PowerElectronicsCovers resonant converters and inverters, and soft switching; sinusoidalapproximations in analysis of series, parallel, LCC, and other resonantdc-dc and dc-ac converters; state-plane analysis of resonant circuits;switching transitions in hand-switched and soft-switched PWMconverters; zero-voltage switching techniques, including resonant, quasiresonant, zero voltage transition, and auxiliary switch circuits.Requisites: Requires prerequisite course of ECEN 5797 (minimum gradeC-).Additional Information: Departmental Category: Power
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 ECEN 5821 (3) Neural Systems and Physiological ControlA biophysical exploration of human physiology from the standpointsof control systems and neural information processing. Topics include:neural control of movement and cardiovascular performance, tissuegrowth and repair, carcinogenesis, and physiological responses tomicrogravity.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4821 andASEN 4426 and ASEN 5426Additional Information: Departmental Category: Bioengineering
 ECEN 5823 (3) Internet of Things Embedded FirmwareAcquire firmware development skills to meet low energy and internetconnectivity demands of embedded systems. Event-driven firmwaretechniques will be explored through programming assignments,transitioning to programming an Internet of Things RF Network Protocolsuch as Bluetooth Low Energy or Thread. The coursework will align withthe latest industry firmware and embedded wireless protocol trends.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Grading Basis: Letter GradeAdditional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5827 (3) Analog IC DesignCovers the fundamentals of transistor-level analog integrated circuitdesign. Starting with motivations from application circuits, the coursedevelops principles of dc biasing, device models, amplifier stages,frequency response analysis and feedback and compensation techniquesfor multi-stage operational amplifiers.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4827Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Power
 ECEN 5830 (3) Special TopicsExamines a special topic in Electrical, Computer and Energy Engineering.Repeatable: Repeatable for up to 9.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: General
 ECEN 5831 (3) Brains, Minds, and ComputersProvides background for the design of artificially intelligent systemsbased upon our present knowledge of the human brain. Includessimilarities and differences between the brain and computers, robots andcommon computer models of brain and mind. Emphasizes the neuron asan information processor, and organization of natural as well as syntheticneural networks.Equivalent - Duplicate Degree Credit Not Granted: ECEN 4831 andASEN 5436Requisites: Restricted to Electrical/Computer Engineering (EEEN)graduate students or Concurrent Degree students in ElectricalEngineering (C-EEEN) or Electrical/Computer Engineering (C-ECENEEEN)or to Graduate Certificate Engineering (CRTGE) students.Additional Information: Departmental Category: Bioengineering
 ECEN 5837 (3) Mixed-Signal IC Design LabSoftware laboratory course extends the concepts developed inECEN 5827 to full design and layout of mixed analog and digital customintegrated circuits. Assignments explore implementation of analog todigital and digital to analog converters, and final project developes a fullcustom IC for a target application.Requisites: Requires prerequisite course of ECEN 5827 (minimum gradeC-).Additional Information: Departmental Category: Power
 ECEN 5840 (1-6) Independent StudyOffers an opportunity for students to do independent, creative work at themaster's level. Numbered ECEN 5840-5849. Department consent required.Repeatable: Repeatable for up to 6.00 total credit hours.Additional Information: Departmental Category: General
 ECEN 5863 (3) Programmable Logic Embedded System DesignLearn to design programmable systems on a chip for the purpose ofcreating prototypes or products for a variety of applications. Explorecomplexities, capabilities and trends of Field Programmable Gate Arrays(FPGA) and Complex Programmable Logic Devices (CPLD). Implementsynchronization and timing closure in these devices. Projects will involvethe latest software and FPGA development tools and hardware platforms.Requisites: Campus section restricted to graduate students in EEEN orBS/Professional MS concurrent degree students with BS portion in EEENor ECEN.Grading Basis: Letter GradeAdditional Information: Departmental Category: Embedded SystemsEngineering
 ECEN 5907 (3) Special TopicsSpecial topics class.Repeatable: Repeatable for up to 3.00 total credit hours. Allows multipleenrollment in term.
 ECEN 6016 (1-3) Special TopicsAdditional Information: Departmental Category: Optics
 ECEN 6139 (3) Logic Synthesis of VLSI SystemsStudies synthesis and optimization of sequential circuits, includingretiming transformations and don't care sequences. Gives attentionto hardware description languages and their application to finite statesystems. Also includes synthesis for testability and performance,algorithms for test generation, formal verification of sequential systems,and synthesis of asynchronous circuits.Recommended: Prerequisites ECEN 5139 and CSCI 5454.Additional Information: Departmental Category: VLSI CAD Methods
 ECEN 6144 (3) Electromagnetic Boundary ProblemsProvides mathematical and physical fundamentals necessary for thesystematic analysis of electromagnetic fields problems. Covers basicproperties of Maxwell's equations, potentials and jump conditions;scattering and diffraction by canonical structures; Green's functions,integral equations and approximate methods. Requires some maturity inelectromagnetics.Requisites: Requires prereq course of ECEN 5114 or 5134 (minimumgrade C-). Restricted to graduate students in Electrical Engr (EEEN)or Electrical/Computer Engr (ECEN) or Electrical Engr Concurrent orElectrical/Computer Engr Concurrent Degree students only.Additional Information: Departmental Category: Electromagnetics andRemote Sensing
 ECEN 6800 (3) Master of Engineering ReportAdditional Information: Departmental Category: General
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 ECEN 6940 (1) Master's Degree CandidateGrading Basis: Pass/FailAdditional Information: Departmental Category: General
 ECEN 6950 (1-6) Master's ThesisRepeatable: Repeatable for up to 6.00 total credit hours. Allows multipleenrollment in term.Additional Information: Departmental Category: General
 ECEN 6960 (3) Master of EngineeringAdditional Information: Departmental Category: General
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