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“A 10-GHz high-efficiency lens amplifier array,” E. W. Bryerton, M. D. Weiss, Z. Popovic, IEEE
MTT-S International Microwave Symposium Digest, pp. 1461-1464, June 1998, Baltimore.
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“A method for determining noise coupling in a phased array antenna,” J. Peeters Weem, Z. Popovic,
2001 IEEE International Microwave Symposium Digest, pp.271-274, Phoenix, Arizona, May 2001.
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“An experimental and theoretical characterization of a broadband arbitrarily polarized rectenna
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Shino, R. Lee, Z. Popovi¢, IEEE 2003 Intern. Microwave Symp. Digest, Philadelphia, June 2003.
“Rectenna arrays for recycling statistical broadband radiation,” J. A. Hagerty, Z. Popovic, 2003
Antennas Application Symp. Diges., Allerton, Sept 2003.
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“Multibeam spatially-fed antenna arrays with amplitude-controlled beam steering,” S. Rondineau, S.
Romisch, D. Popovic, Z. Popovic, 2003 Antennas Application Symp. Diges., pp. , Allerton, Sept
2003.

“70% efficient switched-mode microwave power amplifiers,” Z. Popovic, S. Pajic, N. Wang, P. Bell,
Invited paper, IEEE GaAs IC Symposium Digest, pp. 125-129, San Diego, Nov 2003.

“Smart antennas with optical processing for broadband blind source separation,”P. Smith, E.
Fotheringham, D. Anderson, Z. Popovic, IEEE Topical Conf. Wireless Comm. Techn. Digest,
Honolulu, Oct 2003.

“Smart and multibeam diversity antenna arrays with high-bandwidth analog signal processing,” D.
Anderson, E. Fotheringham, D. Popovic, Z. Popovic, S. Romisch, P. Smith, IEEE Topical Conf.
Wireless Comm. Techn. Digest, Honolulu, Oct 2003.

“High-Resolution Small-Aperture Angle of Arrival Detection using Nonlinear Analog Processing,”
Zoya Popovic, Christi Walsh, Paul Matyas, Charles Dietlein, Dana Z. Anderson, IEEE 2004 Intern.
Microwave Symp. Digest, Fort Worth, June 2004.

“Holographic blind signal separation,” Smith, P.C.; Popovic, Z.; Baylor, M.-E.; Anderson, D.Z.;
Lasers and Electro-Optics (CLEO). Conference on Vo 1, 16-21 May 2004 Page(s):2 pp. vol.1

“A monolithic reconfigurable tuner with ohmic contact MEMS switches for efficiency optimization
of X-band power amplifiers,” Zheng, G.; Kirby, P.L.; Pajic, S.; Pothier, A.; Blondy, P.;
Papapolymerou, J.; Popovic, Z.; Silicon Monolithic Integrated Circuits in RF Systems, 2004. Digest
of Papers. 2004 Topical Meeting on 8-10 Sept. 2004, pp:159 — 162

“Thick FSSs for large scan angle applications,” Loui, H.; Kuester, E.F.; Lalezari, F.; Popovic, Z.;
Antennas and Propagation Society Symposium, 20-25 June 2004 pp:2171 - 2174 Vol.2

“Packaging of multibeam spatially-fed antenna arrays,” Rondineau, S.; Perotoni, M.B.; Lopez, N.;
Popovic, Z.; Antennas and Propagation Society Symposium, 20-25 June 2004, pp:1435 - 1438 Vol.2
“High-resolution small-aperture angle of arrival detection using nonlinear analog processing,”
Popovic, Z.; Walsh, C.; Matyas, P.; Dietlein, C.; Anderson, D.Z.; Microwave Symposium Digest,
2004 IEEE MTT-S International, 6-11 June 2004 pp:1749 - 1752 Vol.3

“Digitally controlled DC-DC converter for RF power amplifier,” Yousefzadeh, V.; Wang, N.;
Maksimovic, D.; Popovic, Z.; Applied Power Electronics Conference and Exposition, 2004. APEC
'04. Nineteenth Annual IEEE, pp:81 - 87 Vol.1

“Load-Pull Based Design of Ultra-Linear W-CDMA Base-Station Power Amplifiers,” S. Pajic, W.
McCalpin, Z. Popovic, IEEE MTT Power Amplifier Topical Symp. Digest, San Diego, 2004, pp.

“A Low-Power Low Phase Noise Local Oscillator for Chip-Scale Atomic Clocks,” A. Brannon, J.
Breitbarth, Z. Popovic, IEEE 2005 IMS Digest, Long Beach, June *05, pp.

“A Conformal 10-GHz Rectenna for Wireless Powering of Piezoelectric Sensor Electronics,” C.
Walsh, S. Rondineau, M. Jankovic, G. Zhao, Z. Popovic, |IEEE 2005 IMS Digest, Long Beach, June
’05, pp.

“Comparison of X-band MESFET and HBT Class-E Power Amplifiers for EER Transmitters,” S.
Pajic, N. Wang, Z. Popovic, IEEE 2005 IMS Digest, Long Beach, June ’05, pp.

“MEMS Switched Class A-to-E Reconfigurable Power Amplifier,” P. Bell, C. Dyck, Z. Popovic,
2006 IEEE MTT Radio and Wireless Symposium, San Diego, 2006

“Additive Phase Noise in Linear and High-Efficiency X-band Power Amplifiers,” J. Breitbarth, S.
Pajic, N. Wang, Z. Popovic, IEEE 2006 IMS Digest, San Francisco, June 06, pp.

“Modeling, Design, Fabrication and Performance of Rectangular micro-Coaxial Lines and
Components,” D. Filipovic, Z. Popovic, K. Vanhille, M. Lukic, S. Rondineau, M. Buck, G. Potvin,
D. Fontain, C. Nichols, D. Sherrer, S. Zhou, W. Houck, D. Fleming, E. Daniel, D. Wilkins, V.
Sokolov, J. Evans, IEEE 2006 IMS Digest, San Francisco, June *06, pp.

“Wirelessly powered wireless sensor platform,” T. Paing, J. Morroni, A. Dolgov, J. shin, J. Brannan,
R. Zane, Z. Popovic, 2007 European Microwave Conference Digest, Munich, Germany, Oct. 2007.
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“Electromagnetic modeling of wafer-level silicon electro-optical packages for 10 & 40 Gb/s
communications,” K. Vanhille, J. O’Brien, D. Sherrer, W. Hogan, C. Gaebe, Z. Popovic, 2007
European Microwave Conference Digest, Munich, Germany, Oct. 2007.

“Linearity of X-band class-E power amplifiers in a digital polar transmitter,” N. Wang, N. Lopez, V.
Yousefzadeh, J. Hoversten, D. Maksimovic, Z. Popovic, IEEE 2007 IMS Digest, Honolulu, Hawaii,
June 07, pp.

“Dual-polarization large scan angle broadband thick metallic FSS,” N. Ehsan, H. Loui, Z. Popovic,
IEEE AP Intern. Symp. Digest, June 2007, pp. 4537 - 4540

“Steerable space fed lens array for low-cost adaptive ground station applications,” Lee, R.Q.;
Popovic, Z.; Rondineau, S.; Miranda, F.A.; IEEE AP Intern. Symp. Digest, June 2007 Page(s):2136 —
2139

“Chip-Scale ~ Atomic Devices Based on Microfabricated Alkali  Vapor Cells,”
Kitching, J.; Knappe, S.; Moreland, J.; Liew, L.-A.; Shah, V.; Gerginov, V.; Schwindt, P.D.D.;
Hollberg, L.; Brannon, A.; Lindseth, B.; Popovic, Z.; Lasers and Electro-Optics and Intern.
Quantum Electron. Conference Digest, CLEOE-IQEC 2007, June 2007.

“Self-Injection Locking of a Microwave Oscillator by Use of Four-Wave Mixing in an Atomic
Vapor,” Brannon, A.; Shah, V.; Popovic, Z.; Gerginov, V.; Knappe, S.; Hollberg, L.; Kitching, J.;
IEEE Intern. Frequency Control Symp., 2007 and 21* European Frequency and Time Forum, May
2007, Page(s):275 — 278

“Integrated Microbolometer Antenna Characterization from 95-650 GHz,” Dietlein, C.; Chisum,
J.D.; Ramirez, M.D.; Luukanen, A.; Grossman, E.N.; Popovic, Z.; IEEE IMS Digest, June 2007,
Honolulu, Page(s):1165 — 1168

“A high-efficiency linear polar transmitter for EDGE,” N. Lopez, X. Jiang, D. Maksimovic, Z.
Popovic, 2008 IEEE RWS Conference Digest, Orlando, pp. 199-202.

“Miniature 3D micro-machined solid state power amplifiers,” Immorlica, A.A.; Actis, R.; Nair, D.;
Vanhille, K.; Nichols, C.; Rollin, J.-M.; Fleming, D.; Varghese, R.; Sherrer, D.; Filipovic, D.;
Cullens, E.; Ehsan, N.; Popovic, Z.; COMCAS 2008 IEEE International Conference, pp.1-7, Tel
Aviv, Israel, May 2008.

Hardware photographs and main results, along with pdf versions of the papers can be seen or downloaded
from http://charon.colorado.edu/microwave

RESEARCH OVERVIEW

Graduated 31 Ph.D. students over the past 18 years, with 14 Ph.D. students currently working in the
following areas of microwave/millimeter-wave engineering: (1) high-efficiency PAs and adaptive
PAs; (2) three-dimensional heterogeneously integrated millimeter-wave circuits; (3) multibeam and
diversity antenna arrays for satellite and wireless communications; (4) wireless powering for
batteryless sensors; (5) ultra-wideband radar; (6) Josephson Junction voltage standards; (7) near-
field microwave probing; and (8) millimeter-wave quasi-optical techniques focused on THz
imaging for concealed weapons detection. The funding for these projects comes from DARPA,
NSF, DARPA, ONR, NIST, BAE Systems, Sandia National Laboratories, Nuvotronics LLC,
MicroSat Corp., National Semiconductor, and the Coleman Institute. Prof. Popovic is also PI or
Co-PI on several graduate fellowships (GAANN-Hybrid Systems Engineering, IGERT- Optical
Science and Engineering Program, Sandia Fellowship, Lincoln Labs Fellowship).

Research interests statement

I am interested in continued work in reducing power consumption in analog front ends with new

circuit topologies that give higher efficiency. Our results in X-band and UHF power amplifiers had record



published efficiencies, and we are continuing a strong effort in this direction at lower microwave
frequencies with increased output power. In this area, my group collaborates with the power electronics
and analog electronics group at the University of Colorado at Boulder. A new direction that we are
expanding in is in maintaining linearity with high efficiency, and this work has gained a lot of industry
attention. We are also working on broadband and low additive phase noise power amplifiers. My ultimate
long-term goal is to address efficiency, linearity and bandwidth in a single transmitter component.
Another interesting are is in intelligent front ends, which involves sensing, control algorithms, dynamic
tuners and dynamic biasing. The tuners can be based on existing electronic technology, or on micro-
electromechanical components (RF MEMS) and their packaging and hybrid assembly, and it is a
considerable challenge to make these devices practical.

An area in which we have some promising initial results, as well as a best paper award, is in RF
energy harvesting and wireless powering of wireless sensors. This is another area with a strong
collaboration with the Colorado Power Electronics Center (CoPEC), with strengths in low-power
management design. The work resulted in a comprehensive patent application and licensing of the IP by
several companies. The applications are for low-maintenance batteryless sensors for manufacturing
environments, structural monitoring, and healthcare. We have shown that broadband statistically varying
randomly polarized background microwave radiation can be efficiently rectified and the stray energy
stored over time for useful electronic applications. We have also shown that compliant low-power
transmitters can be strategically placed to enable constant very low power density energy delivery and
storage. My goals of this research is to improve the integration of our current hybrid demonstrations, and
to expand the circuit-antenna library so that we can address many concrete applications with an optimized
architecture. This work is mostly industry funded with a small NSF component.

Another active area of research has been in collaboration with Nuvotronics LLC and BAE
Systems in the area of wafer-scale microfabricated coaxial lines and passive and active coaxial-based
components. The advantages of these lines, fabricated by Nuvotronics, is extremely low loss into the
millimeter-wave range, extremely good isolation of neighboring lines enabling high density circuits,
broad bandwidth and low dispersion, and amenability for integration with passive and active surface-
mount components. Our research goals are focused on design of completely new components in this
technology, in order to push the bandwidth, power handling and flexibility for various communications
and sensing applications.

I am interested in continuing the work in mulibeam arrays for communication systems, especially
taking advantage of the increase in dynamic range, increase in transmitter power with simultaneous
increase in reliability, and decrease in sensitivity to multipath fading. Recently, the group has
demonstrated multibeam antenna arrays with greatly reduced cost and increased reliability as compared to
standard phased arrays, funded by NASA. We hope to continue this work and combine it with micro-
coaxial lines for a millimeter-wave JPL satellite active antenna (proposal pending).

Other current areas of research include:

(1) voltage standards using Josephson Junctions, in collaboration with NIST (Dr. Sam Benz),

(2) near-field electromagnetic passive probing for defect diagnostics in collaboration with NIST (Dr.
Pavel Kabos),

(3) ultra-wideband (UWB) radar for national security in collaboration with Sandia National Lab,

(4) low-phase noise microwave circuits for miniature atomic clocks,

(5) RF photonics, in particular optical processing of microwave-bandwidth signals for radar and wireless
scenarios, in collaboration with Profs. Dana Anderson (physics and JILA) and Bob McLeod (ECEE).

(6) Another area of interest that I do not have current funding for, but have some results, is antenna and
receiver design modeled after animal hearing systems. For example, we have demonstrated a dual-
frequency dual-pattern antenna scaled after the acoustical model of bat ears that behaved at 2 and 10
GHz exactly like the bat ear at 10 and 50 kHz. Combined with signal processing, this could yield a
very effective two-element direction finding (angle-of arrival) system.
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TEACHING

Courses developed at the University of Colorado

- ECEN 3400, Electromagnetic Fields and Waves I, 1st semester junior, 5 credit (lectures, labs,
recitations) core course. Annual enrolment about 120. Wrote a textbook (about 450 pages) and workbook
(about 200 pages) for the course published by Prentice Hall in 2000. Developed a series of 12 labs.
Formed partnership with the Motorola Cellular Infrastructure Division, Fort Worth, for internships, class
project competitions and lab maintenance funded by Motorola. Obtained funding ($12,000) for the lab
from Spectralink, Inc.

- ECEN 4363, Microwave (Transmission) lab, senior lab, annual enrolment about 50. Developed most of
the labs, wrote the lab manual and notes, obtained equipment donations from HP (about $500k). Lab
emphasis on communications. A design final project is part of the course, ending with a mini-conference
with paper presentations. A digest of the conference is available on request.

- ECEN 5104, CAD of Microstrip Circuits, Re-designed completely an existing course in Fall 2003. 20
graduate students completed 8 design projects using commercial CAD tools (Agilent ADS, Ansoft
Advanced Designer): directional couplers and filters, small-signal amplifiers, broad-band amplifiers,
resonators, three-port oscillators, low-noise amplifiers, mixers and a final larger project in an area of the
student’s choice. All material was prepared and posted on the class web page.

- ECEN 5014, Active Microwave Circuits, graduate class with strong design component, taught every
other year, enrolment about 25/semester. Wrote a lab manual and lecture notes. Presented conference
paper on the class. Class includes six two-week design projects using industry-standard software, circuits
are fabricated and measured. Obtained software donations for class. Each student also does an
independent MMIC design final project. Obtained free MMIC TriQuint GaAs foundry fabrication (a
$35,000 value per run). The design and final projects from several semesters available on CD ROM in
IEEE publication format. Taught a version of this course at the Technische Universitat Muenchen,
Munich, Germany in Summer semester 2003.

- Special topic, Practical antenna design, graduate lab, taught irregularly, enrolment about 20/semester.
The students use pc-based CAD to design about 15 different kinds of wire and printed antennas that they
fabricate and measure. A part of this course is a field trip to the Very Large Array (VLA), the radio
telescope in Socorro, New Mexico.

- Special topic, RF/optical techniques, graduate course, taught irregularly. Covers some common methods
and components used at both RF and optical frequencies (wavelengths). The objective of the course is to
present two different views of the same electromagnetic technique, phenomenon, or circuit component.
Examples of methods that are compared include: Fourier optics and antenna analysis; Gaussian beams at
optical and millimeter waves; diffraction theory; and basic field theorems. Examples of components that
are compared include polarizers, lenses, waveguides, directional couplers, retrore ectors, phase
conjugators, and soliton transmission structures. The course concludes with a conference at which
students present projects they have worked on during the last month of the course. Industry members
judged the presentations, and Best Paper Award was given. A digest of this mini conference was
published for assessment purposes. Taught a version of this course at the Technische Universitat
Muenchen, Munich, Germany in Spring 2001.
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New Course Development schedule for the Spring 2010 semester

Electrical Engineering Sophomore Elective: Radio. This course will cover basics of wireless
communications and the electronics of radio. Students have not yet had circuits and linear systems, so this
will be the first time they learn about circuit elements and how they come together in a working device.
The course is designed to have a practical part in which the students slowly build up a 7-MHz radio with
Morse code. I plan to have all the students get radio amateur licenses as part of the course requirement,
and as a concrete outcome they can tell their friends about. The goal of the class is to get students
interested in electrical engineering through an applied project, and in the process teach them some
fundamentals and give them an overview of topics they will learn during the rest of their studies. I plan to
use the text “Electronics of Radio” by Dave Rutledge (Caltech) as a starting point.

Teaching Statement

My main teaching philosophy is to combine practical and fundamental theoretical knowledge.
This is nothing new, but is becoming increasingly difficult to implement, with new students being much
more familiar with computers and not interested in hardware or fundamental principles. There is also a
trend in education to make classes “fun”, whereas my goal is to provide a good learning process so that
they can use the knowledge effectively in the future. I believe the students will gain confidence and
enjoyment through true accomplishments, and by receiving respect from their peers. I do not think that
anything can replace hard work on the students’ part, combined with competent and dedicated technical
guidance on the instructor’s part. Therefore, I strive to improve as a professional constantly so that I can
be a better teacher. I also feel that it is very important for teachers to be good role models. My goal is to
show the students that having a passion for learning and being excited about one’s field goes a long way
towards becoming an expert, and a happy and productive person.

SELECTED SERVICE

— Technical Program Co-Chair (with K.C. Gupta) for the IEEE MTT-S International Microwave
Symposium in Denver, June 1997 (about 8000 attendees).

— Member of Technical Program Committee, IEEE MTT-S International Symposium, 1994 to present.

— Organized numerous URSI, IMS, AP conference sessions.

— Associate Editor, IEEE Transactions on Antennas and Propagation, 1997.

— Organizer of workshops: WARC '95, Denver; 1997 ARO/DARPA Workshop on Quasi- Optical
Combiners, Santa Barbara; Optical and Microwave Packaging Workshop, Estes Park, 1993.

— University of Colorado Chancellor's Committee on Conflict of Interest, 1996 to present, Chair in
1997.

— College of Engineering Dean’s FLAG (Future Leaders) committee, 2002-present

— ECEN department Executive Committee, 1995 to 2000, and 2002-present. Hiring committee 2001-
present.

— University of Colorado at Boulder Faculty Teaching Excellence Program, coordinator/mentor for new
faculty, College of Engineering, 2004 to present.

— Associate Editor, IEEE Transactions on Microwave Theory and Techniques, January 2005 —
December 2007.

— Member of National Academies panel on ARL, Sensors and Electronics, 2006 and 2007.

— Member of Sandia National Laboratories Microsystems (Division 1700) review panel, 2007 and
2008.

Personal tidbit: Prof. Popovic is a mother of three daughters (ages 9 to 17) who can all solder.
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