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Course Objectives and Overview
This course will give participants a fundamental understanding of discrete-time 
systems, digital controller design techniques, and hands-on experience working 
with digital controls in high frequency switching power converters. The three day 
short course begins with a short summary of standard analog techniques in 
switched mode power supplies, followed by an introduction to discrete-time 
system analysis and modeling. Practical digital controller design techniques are 
presented, together with hands-on laboratory experience. The laboratory sessions 
include simulations (Matlab/Simulink) and experiments using a development 
system consisting of an FPGA control platform and a synchronous buck 
converter. The hardware lab also addresses loop gain identification, high 
resolution DPWM techniques and high performance controller design. The final 
day is dedicated to more advanced topics, including auto-tuning techniques, 
nonlinear control, multi-phase solutions, application to LED lighting systems and 
examples of practical hardware realization. 

Prerequisites
Basic knowledge of converter operation and standard analog controller design will be assumed, at the level 
presented in the two-day Introduction to SMPS Modeling and Control course offered the same week. Matlab, 
Simulink, ModelSim, Xilinx and PSPICE tools will be used and referenced in the course. However, prior 
experience with these tools and languages is not required to gain an understanding of digital control techniques 
and work with the laboratory examples provided. For those who are interested, software tutorials will be made 
available to attendees prior to the course for working in the Matlab/Simulink environment, modeling of SMPS, 
and design of digital compensators.

Day 1: Theory
• Summary of standard analog techniques in switched 

mode power supplies
• Discrete-time system basics
• Digital controller design methods

– Overview discrete equivalents
– Emphasis on direct digital converter modeling 

and controller design techniques
• Practical digital controller design illustration

Day 2: Hands-on Application
• Simulation models in Matlab/Simulink
• Hardware realization overview
• Compensator and controller realization in fixed-

point arithmetic and Verilog coding
• Lab Session I: hands-on digital controller design 

using an FPGA platform and synchronous buck 
converter

Day 2 Continued:
• Lab Session II: hardware identification of the system 

loop gain, bandwidth and stability margins, high 
resolution DPWM techniques and high performance 
compensator design

Day 3: Advanced Topics
• Auto-tuning techniques applied to digital control in 

SMPS applications
• Nonlinear control approaches and results
• Application to LED lighting systems
• Examples of practical hardware implementation of 

digital control in SMPS
• End by 1:00 pm

Course Outline



Digital Control in Switched Mode Power Supplies
Schedule, Location and Registration
The hands-on short course will be held at the conference and laboratory facilities at the Colorado Power 
Electronics Center (CoPEC), University of Colorado at Boulder. Enrollment is limited to make best use of the 
hands-on experimental laboratory facilities. Note that this course is offered in the same week following the 
two-day Introduction to SMPS Modeling and Control course, allowing participants to take both courses.

Session Date: August 13 – 15, 2008 (Wednesday to Friday)

Registration fees are given below. Participants employed by CoPEC sponsor companies receive a member 
discount. Please feel free to contact either instructor to determine whether your company is a current CoPEC 
sponsor, or for information on becoming a CoPEC sponsor. Participants can register on-line at 
http://ece.colorado.edu/~pwrelect and pay by credit card.

Included in registration: Participants will receive a bound copy of all presentation materials and a CD 
containing presentation materials and Matlab/Simulink and Verilog code used for simulation and hardware 
examples. Continental breakfast and buffet lunch will be provided each day and a dinner social will be 
provided on Thursday evening (August 14).

Instructors
Professor Dragan Maksimovic, Phone: 303-492-4863, Fax: 303-492-2758, e-mail: maksimov@colorado.edu
Dragan Maksimovic received the Ph.D. degree from the California Institute of Technology in 1989. In 1992 he joined the University 
of Colorado, Boulder, where he is currently an Associate Professor of Electrical Engineering and Co-Director of the Colorado Power 
Electronics Center with research focus on digital controls in power electronics. He received an NSF CAREER Award in 1997, an 
IEEE Power Electronics Society Transactions Prize Paper Award for 1996, and the 2006 Inventor of the Year award from the 
University of Colorado. He is the co-author of the textbook Fundamentals of Power Electronics, 2nd edition.

Professor Regan Zane, Phone: 303-735-1560, Fax: 303-492-2758, e-mail: zane@colorado.edu
Regan Zane received the B.S., M.S., and Ph.D. degrees from the University of Colorado at Boulder in 1996, 1998 and 1999, 
respectively, with a research focus on development of custom mixed-signal ICs for PFC applications.  From 1999 to 2001, he worked 
for GE at their Corporate Research and Development Center (GE-CRD), where he developed custom ICs for switching power 
converters, primarily for GE-Lighting.  Since 2001 Dr. Zane has been an Assistant Professor of Electrical Engineering at the 
University of Colorado at Boulder.  His research interests are in modeling and mixed signal IC control of power converters. Dr. Zane 
received the NSF CAREER award in 2004 for research on intelligent controls in energy efficient lighting systems, the 2006 IEEE 
MTT Microwave Prize for best paper, and the Inventor of the Year and Provost Faculty Achievement awards in 2006 from the 
University of Colorado.
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