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Symposium - IMS, Philadelphia, PA, 2018, pp. 304-307.

S. Manafi, M. Pinto, M. Al-Tarifi, G. Lasser, Z. Popovic and D. S. Filipovic, "Enabling Passive
Components for High-Power Wideband Millimeter Wave Repeater Applications," 2018 11th Global
Symposium on Millimeter Waves (GSMM), Boulder, CO, USA, 2018, pp. 1-3.

D. Fishler, T. Cappello, W. Hallberg, T. W. Barton and Z. Popovic, "Supply Modulation of a Linear
Doherty Power Amplifier," 2018 48th European Microwave Conference (EuMC), Madrid, Spain,
2018, pp. 519-522.

A. Ashley, L. F. Marzall, Z. Popovic and D. Psychogiou, "Frequency Selective Ferrite Circulators
with Quasi-Elliptic Transmission Response," 2018 48th European Microwave Conference (EuMC),
Madrid, Spain, 2018, pp. 211-214. Won Best Student Paper Award

M. Pinto, L. Marzall, A. Ashley, D. Psychogiou and Z. Popovi¢, "Design-Oriented Modelling of
Microstrip Ferrite Circulators," 2018 48th European Microwave Conference (EuMC), Madrid, Spain,
2018, pp. 215-218.

M. R. Dufty, G. Lasser, T. Cappello and Z. Popovi¢, "Dual Gate and Drain Supply Modulation of an
X-Band PA," 2019 IEEE MTT-S International Microwave Symposium (IMS), Boston, MA, USA,
2019, pp. 979-982.

T. Cappello, C. Florian, A. Santarelli and Z. Popovic, "Linearization of a 500-W L-band GaN Doherty
Power Amplifier by Dual-Pulse Trap Characterization," 2019 IEEE MTT-S International Microwave
Symposium (IMS), Boston, MA, USA, 2019, pp. 905-908.

T. Cappello, S. Verploegh, C. Florian and Z. Popovic, "Single-DC-Input Multi-Level Envelope
Tracking of a High-Efficiency X-band Power Amplifier," 2019 IEEE MTT-S International Microwave
Symposium (IMS), Boston, MA, USA, 2019, pp. 464-467.

D. Martin, M. Roberg, Z. Popovic and T. Barton, "A 6—12 GHz Reconfigurable Transformer-Based
Outphasing Combiner in 250-nm GaAs," 2019 IEEE BiCMOS and Compound semiconductor
Integrated Circuits and Technology Symposium (BCICTS), Nashville, TN, USA, 2019, pp. 1-4.

A. Duh, M. Duffy, W. Hallberg, M. Pinto, T. Barton and Z. Popovi¢, "A 10.8-GHz GaN MMIC Load-
Modulated Amplifier," 2019 49th European Microwave Conference (EuMC), Paris, France, 2019, pp.
408-411.

M. R. Duffy, G. Lasser and Z. Popovi¢, "Discrete Supply Modulation of a Three-Stage K-Band
PA," 2019 49th European Microwave Conference (EuMC), Paris, France, 2019, pp. 698-701. Won
Young Engineer Award

Megan Robinson, Zoya Popovic. "Scalable microwave waste-to-fuel conversion." In AMPERE 2019.
17th International Conference on Microwave and High Frequency Heating, pp. 210-216. Editorial
Universitat Politécnica de Valéncia, 2019.

D. T. Donahue, M. Roberg, Z. Popovic and T. W. Barton, "An X-Band Sampled-Line Impedance
Sensor in 250-nm GaAs," 2020 IEEE Topical Conference on RF/Microwave Power Amplifiers for
Radio and Wireless Applications (PAWR), San Antonio, TX, USA, 2020, pp. 1-4.

P. Zurek and Z. Popovi¢, "Two-Stage Concurrent X/Ku Dual-Band GaAs MMIC Power
Amplifier," 2020 IEEE/MTT-S International Microwave Symposium (IMS), Los Angeles, CA, USA,
2020, pp. 269-272.
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159.J. A. Estrada, P. de Paco, S. Johannes, D. Psychogiou and Z. Popovi¢, "Co-Designed High-Efficiency
GaN Filter Power Amplifier," 2020 IEEE/MTT-S International Microwave Symposium (IMS), Los
Angeles, CA, USA, 2020, pp. 115-118.

160. A. Babenko et al., "Characterization of a Josephson Junction Comb Generator," 2020 I[EEE/MTT-S
International Microwave Symposium (IMS), Los Angeles, CA, USA, 2020, pp. 936-939.

161. E. Kwiatkowski, C. T. Rodenbeck, T. Barton and Z. Popovi¢, "Power-Combined Rectenna Array for
X-Band Wireless Power Transfer," 2020 IEEE/MTT-S International Microwave Symposium (IMS),
Los Angeles, CA, USA, 2020, pp. 992-995.

162. L. Marzall, S. Verploegh, T. Cappello, M. Roberg and Z. Popovi¢, "Active MMIC Circulator
Performance in a Phased-Array-Like Environment," 2020 50th European Microwave Conference
(EuMC), 2021, pp. 1186-1189.

163. Der, W. Sear, Z. Popovic, G. Lasser and T. Barton, "A S-C- / K-band Reconfigurable GaAs MMIC
Power Amplifier for 5G Applications," 2021 I[EEE MTT-S International Microwave Symposium
(IMS), 2021, pp. 873-876.

164.]. Lee, G. S. Botello, R. Streeter, K. Hall and Z. Popovi¢, "A Hybrid Correlation-Dicke Radiometer
for Internal Body Thermometry," 2022 52nd European Microwave Conference (EuMC), pp. 464-467,
Feb. 2022, London.

165.]J. Molles, M. Robinson, E. Kwiatkowski and Z. Popovi¢, "A 10-GHz Single-Supply GaAs MMIC
Self-Synchronous Rectifier," 2022 17th European Microwave Integrated Circuits Conference
(EuMIC), Feb. 2022, London.

166.C. Nogales, Z. Popovi¢ and G. Lasser, "A 10-W6-12GHz GaN MMIC Supply Modulated Power
Amplifier," 2022 52nd European Microwave Conference (EuMC), 2022, pp. 436-439

167.8S. Stroessner, R. Lucero, J. Kravits, A. Russell, S. Johannes, K. Baker, J. Kasprzyk, Z. Popovic,
"Power Amplifier Design Using Interactive Multi-Objective Visualization," 2022 52nd European
Microwave Conference (EuMC), pp. 500-503, Feb. 2022, London.

168. S. Verploegh, T. Sonnenberg, M. Pinto, A. Babenko and Z. Popovi¢, "On-chip Power Combining with
3-Stage 75-110 GHz GaN MMIC Power Amplifiers," 2021 51st European Microwave Conference
(EuMC), 2022, pp. 890-893, Received Tom Brazil paper award

169. A. Romano, T. Sonnenberg, S. Verploegh, T. Barton and Z. Popovic, "A W-Band GaN MMIC
Continuous 90° Reflective Phase Shifter," 2022 IEEE 22nd Annual Wireless and Microwave
Technology Conference (WAMICON), 2022. Received best student paper award

170.A. A. Babenko et al., "Cryogenic Decade-Passband Superconducting Integrated Diplexer," 2022
IEEE/MTT-S International Microwave Symposium - IMS 2022, pp. 156-159, Denver, June 2022.

Hardware photographs and main results, along with pdf versions of the papers can be seen or downloaded
from https://www.colorado.edu/faculty/popovic-zoya/

RESEARCH OVERVIEW

Graduated 70 Ph.D. students over the past 33 years, with 18 Ph.D. students, 2 MS students, and 4
undergraduate research students and 1 post-doctoral fellow currently working in the following areas of
microwave/millimeter-wave engineering: (1) high-efficiency PAs and adaptive PAs for radar and
communications; (2) three-dimensional heterogeneously integrated microwave circuits; (3) multibeam
active antenna arrays for radar and communications; (4) wireless powering for batteryless sensors; (5)
microwave radiometry for medical applications; (6) microwave waste management; (7) millimeter-wave
circuits and quasi-optical techniques; and (8) atomic quantum sensors.
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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 first publications in this area were in 1995, with the first
demonstrated microwave-frequency class-E power amplifier. Our results for X-band and UHF power
amplifiers had record published efficiencies, and we are continuing a strong effort in this direction with
MMIC PAs implemented in GaN with integrated dynamic supplies and with increased power levels at
higher frequencies. A new direction that we are expanding in is in maintaining linearity with high efficiency
at high power levels, 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 related area is intelligent transmitters, which
involves sensing, control algorithms, and dynamic adaptation to varying loads.

An area in which we have a best paper award and licensed patent is in RF energy harvesting and wireless
powering of wireless sensors. The applications are for low-maintenance batteryless sensors for
manufacturing environments, structural monitoring, green buildings 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
FCC-compliant low-power transmitters can be strategically placed to enable constant very low power
density energy delivery and storage. My goals related to this research are 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 and a new project in low-power large-area microwave rectenna arrays for space power beaming
for NRL.

Another area of increasing interest is in microwave radiometry for internal body temperature measurements
(funded by NSF, state of Colorado, LumenAstra). This approach provides a solution to a problem that has
not yet been solved. We use a very sensitive receiver and near-field probe placed on the skin to measure
the total radiometric power received from a stack of tissues, and then estimate the power emitted (and
therefore temperature) of a buried tissue layer, based on electromagnetic simulations of the tissues. Our
patent in this technology resulted in a Colorado start-up LumenAstra founded by Mr. Jim Pollock, currently
an early-stage technology company. My group at CU Boulder continues research in this area to improve
temperature resolution and spatial resolution.

I am interested in continuing the work in multibeam arrays for communication and radar 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. The group has demonstrated multibeam
antenna arrays with greatly reduced cost and increased reliability as compared to standard phased arrays,
funded by NASA. We are continuing this work for electronic warfare transmit phased array.

Two new areas of interest are in microwave quantum engineering and microwave pyrolysis for converting
waste to useable fuel. Areas of quantum engineering include Josephson Junction dc and AC voltage
standards (with NIST) and room-temperature and laser-cooled Rydberg atom microwave and millimeter-
wave electrometry (ColdQuanta, DARPA, Lockheed Martin).

TEACHING

Radio-Frequency Undergraduate Sequence:

Students who complete this sequence graduate in the “RF track” and can immediately get a job in the RF
industry. An example is the RF' Academy which I have helped institute with Lockheed Martin (as Lockheed
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Martin Endowed Chair), in which students can start an internship after the first sophomore course and
continue with summer internships and/or part-time work that fits their academic schedule during the year,
with a guaranteed job after graduation. Since 2016, over 70 students have passed through this program and
a large fraction are now working at Lockheed Martin Space Systems in Denver.

ECEE 2420, Electronics for Wireless Communications, sophomore elective for electrical and computer
engineering majors. Developed in 2011, offered every Spring semester, 40 students maximum, usually there
is a long wait list and I let more students into the course. The course has an extensive laboratory component
and follows the textbook “The Electronics of Radio” by Prof. David Rutledge which is designed around the
NorCal40A superheterodyne transceiver. The course was revised at CU Boulder for easier de-bugging by
replacing the single >200 component radio board with 9 sub-boards which students can test one at a time
and finally assemble a working radio. The goal of the course is to motivate later courses in circuits,
electromagnetic and communications, while teaching some basic practical and lab skills. The students spend
the semester learning about analog electronics through the building of a pcb-based 7-MHz radio. As a part
of the final exam, they take the Technician and General Amateur Radio test and get their licenses. In 2016,
for example, all students (over 50) received their amateur radio licenses. Presented at IMS workshop, 2017.

ECEN 3400, Electromagnetic Fields and Waves, 1st semester junior course, was taught for many years as
a 5-credit class (lectures, labs, recitations) core course. Currently it is a 3-credit core class for all EE and
most ECE majors, with an annual enrolment of about 100. I wrote a textbook (about 450 pages) and
workbook (about 200 pages) for the course published by Prentice Hall in 2000. The book was translated to
Korean and Portuguese. After the death of my co-author (also my father), I have negotiated to own the
copyright and the text is distributed free to students. I developed a series of 12 labs, which are used as
practical homework projects and demos. Over the years, partnerships with Texas Instruments, SpectraLink,
Keysight, Rhode and Schwartz and Qorvo have enabled equipment, parts and student project awards.

ECEN 3410, Electromagnetic Waves, 2nd semester junior course, developed the theoretical background
and a set of practical problems and laboratory exercises that cover EM wave topics in the radio and optical
parts of the spectrum, as pre-requisite for the microwave lab. Class projects, which are in part theoretical
and in part self-paced experimental (requiring only equipment in our standard undergraduate circuits lab)
start and end with uniform plane waves, closing the circle through nonuniform waves in a coaxial line,
quasi-TEM waves in microstrip, TE/TM waves in metal waveguides, evanescent waves in dielectric
waveguides including fibers, Gaussian beams, antennas and propagation. The experiments are designed to
be in-part open ended with a significant practical design component.

ECEN 4363/5634, Microwave Lab, senior/beginning graduate level lab, annual enrolment over 40.
Developed most of the labs, wrote the lab manual and notes, obtained equipment donations from
HP/Agilent, Qorvo, FIRST RF and Rhode and Schwartz over the years (over $2M). Labs include artificial
transmission lines in time and frequency domain, power measurements in X-band waveguide, network
analysis and calibration (6GHz), multi-port networks (waveguide and microstrip), Gunn diode oscillators
in waveguide, linear and power amplifiers, antenna measurements, superheterodyne link with voice (FM,
single upconversion) and digital data (including SDRs), and radar (FMCW and Doppler).

Courses developed for the graduate program in microwave engineering

ECEN 5104, CAD of Microstrip Circuits, Re-designed completely an existing course in Fall 2003. Typical
enrolment is 15-20 graduate students who completed 6 design projects using commercial CAD tools
(Agilent ADS, Ansoft Advanced Designer, AWR Microwave Office): matching circuits, couplers, filters,
resonators, bias networks and a final larger project in an area of the student’s choice.

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. Class includes six two-week
design projects using industry-standard software, circuits are fabricated and measured. Obtained software
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donations for class from AWR. Each student also does an independent MMIC design final project which
can be fabricated in the TriQuint GaAs pHEMT TQPED process. The design and final projects from several
semesters available electronically in IEEE publication format.

ECEN 5004, MMIC design and measurements, graduate class with strong design component, taught every
other year, enrolment about 25/semester. Obtained free MMIC TriQuint GaAs foundry fabrication (a
$35,000 value per run, since 2006) and WIN Semiconductor GaAs and GaN fabrication ($100k/year for
2018-2021). Students spend the semester designing a MMIC in the 10-30GHz range, the MMIC is
fabricated during the summer and they test it in the fall semester. Several papers have been published as a
result of this class at IMS and EuMW.

ECEN 5024, Advanced Electromagnetics, developed in Fall 2020, with 20 graduate students. The class
does not follow a textbook, but is rather focused on theoretical topics that the students will need in their
research. It is centered on electromagnetic theorems, starting from equivalence, duality and reciprocity and
including compensation and electrodynamic similitude. Through the theorems, various types of EM waves
are studied: uniform and non-uniform plane waves in lossless and lossy media, quasi-TEM, TE and TM in
metallic waveguides, waves in dielectric waveguides including optical fibers, and Gaussian beams.

Other undergraduate course development

ECEE 1500, Sustainable energy, for non-engineering majors. The class has been taught since 2010 and is
approved as the Arts and Sciences QRMS (quantitative reasoning math and science) elective. The course
material was shared with and is currently being used at the University of Washington (Prof. Peyman
Arabashahi) and Ohio State University (Prof. Betty Lise Anderson). The course includes experimental
group projects focused on energy issues related to engineering.

ECEN 2010, Electrical Engineering in Biology and Medicine, sophomore elective seminar course.
Developed course with Prof. Meyer, including lectures, homeworks, practical design problems and about
10 visits from local companies during the semester. The course covers three components: electrical
processes in the body (signaling), electrical engineering diagnostics and treatment (including MRI, EEG),
and effects of electromagnetic fields on the body (e.g. heating).

Other graduate course development

- 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. Colleagues from industry judged the
presentations, and Best Paper Award was given. A digest of this mini conference was published for
assessment purposes.
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Fellowships obtained for my students at CU Boulder

“Radio Frequency Research Fellowship", to fund one graduate student (Jacques Hung Loui) for a
year, funded by FIRST RF, Fall 2003-Fall 2004, $32,202

- Sandia National Laboratory, "Excellence in Science," Fellowship to support graduate student,
Nicola Kinzie, 8/04 - 8/05, $25,000

- MIT Lincoln Laboratories Fellowship - $15K per year for support of exceptional graduate student,
yearly for 5 years (2005-2010)

- Rohm and Haas Electronics, 1-year graduate fellowship, John O’Brien, $33,500, 2006 - 2007

- NSF Graduate Fellowship for Alan Brannon, 2005-2008

- NIST PREP for Ph.D. advisee Alan Brannon, $50,000/year for 3 years, 2006 — 2008

- NIST PREP fellowship for PhD advisee Jonathan Chisum, August 2006 - June 2007

- NIST-PREP for Michael Elsbury, Voltage standards, 2007-2010, $50,000/year

- NIST-PREP, Bryan Babcock, 2009-2010, $50,000

- NSF, International supplement (with Finland and Argentina), $20k, 2008-2009

- NSF, REUs totaling over $150,000

- NSF AGEP Minority Fellowship for PhD advisee Mabel Ramirez Velez, August 2006 - June 2007

- NIST/CU MSE Graduate Fellowship for Robert Scheeler, 2011 and 2012

- NIST PREP graduate fellowship for PhD advisee Dan Kuester, 2008-2012

- NSF, International supplement (with Switzerland), William Haines and Patrick Bluem, $20k, 2016

- NIST PREP graduate fellowship for PhD advisee Akim Babenko, quantum electronics, 2018-2022

- NIST PREP graduate fellowship for PhD advisee Amy Robinson, quantum electronics, 2019-2023

- NDSEQG Fellowship for PhD advisee Paige Danielson, phased array, 2018-2023

- NSF Graduate Fellowship for PhD advisee Kaitlin Hall, microwave thermometry, 2021-2024

International Teaching

I believe it is very important to expose my students in Colorado to a variety of cultures and have worked
hard on enabling many visiting students from Europe (Italy, Spain, France, Germany, Finland, the
Netherlands, Sweden, Norway, Serbia), Asia (Korea, Japan), South America (Argentina, Brazil, Venezuela)
to work and spend extended visits in my group.

As visiting professor at the Technische Universitat Muenchen, Munich, Germany, I taught a version of the
RF Optics graduate course in Spring 2001, and Active Microwave Circuits in Summer 2003, to a total of
30 graduate students. In the years following 2001, a total of 11 students from Germany spent at least 3
months each in my group, which resulted in about 10 joint papers (one of them is the 2004 winner of the
IEEE MTT Microwave Prize).

As a visiting professor at ISAE (Supaero) in Toulouse, France, I taught a seminar course on antennas in
Spring 2014 to approximately 40 students. This course was taught in French. I had 5 students from France
(Limoges and Toulouse) spend at least 6 months each in my group, with a number of resulting joint
publications.

As a Chair of Excellence professor at Carlos I1I University in Madrid, Spain, in Fall 2018, I taught a seminar
course Selected topics in active microwave circuits to approximately 15 graduate students. We just got a
paper accepted and two of the Spanish students will be spending time in my group this summer, finishing
a joint journal paper. I have hosted 4 other graduate students from Spain in the past.

Outreach activities
— K-12 students know little about what engineering is and it is important to get this information out to
both students and parents. I helped in many science fairs as coach (project advisor), as well as judge,
in local elementary, middle and high-schools.
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— I have created lab kits for high-school physics classes, in collaboration with Dr. Helen Petach, the
Fairview high school physics teacher, Fairview High School, Boulder.

— I have worked with Jay Donegy and Dr. Helen Petach, the high-school instructors for the senior/junior
class “Research Seminar in Science”. This all-year class teaches students how to approach a research
problem and places them in research labs around Boulder. I hosted several students in the past few
years, and they have all received prizes at the State science fairs and all are currently doing PhDs. The
students working with me spent regular weekly times in the lab.

— T organize “a day in the lab” for elementary and middle-school students, where up to 100 students come
to visit electrical engineering laboratories with 10-12 hands-on experiments. This is a yearly effort and
has so far involved Eisenhower elementary school (3™ and 4™ grades), Summit middle school (7™
grade), and High-Peaks elementary school (4™ grade), all in Boulder.

SELECTED SERVICE

— Member of Editorial Board, Proceedings of the IEEE, January 1, 2019 — present

— Steering Committee and Technical Program Committee, 2022 I[EEE International Microwave
Symposium, Denver, CO, June 2022

— Technical Program Committee, 2022 IEEE International Microwave Symposium, 2020 — present

— Member of External Advisory Board, Southwest Research Institute, Houston, Texas, 2018 - present

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

— General Chair for [EEE Wireless Power Transfer Conference, held in Boulder, May 2015.

— Member, IEEE MTT Microwave Prize committee, 2008 to 2018,

— Member, IEEE Electromagnetics Award committee, 2014-2018, chair 2016-2018.

— Member, IEEE MTT-5 and MTT-26 technical committees, 2010 to present. MTT-5 Vice chair 2014-
2016, Chair 2017-2019.

— Associate Editor, IEEE Trans. on Microwave Theory and Techniques, January 2005 — December 2010.

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

— Chair, Commission D or URSI (2015-2017), Member at Large of URSI, 2009 -2018.

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

— Member of Sandia National Laboratories Microsystems (Division 1700) review panel, 2007-2015.

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

— Organized numerous URSI, IMS, AP conference sessions.

— University of Colorado Chancellor's Committee on Conflict of Interest, 1996 to 2009, Chair in 1999.

— University of Colorado Distinguished Professor selection committee, 2015-present.

— College of Engineering Dean’s FLAG (Future Leaders) committee, 2002-2005.

— ECEE Department Chair Search, 2019-2020.

— ECEE department Executive Committee, 1995 to 2000, and 2002-present. Various hiring committees
2001-present. Department Chair search committee chair, 2018-2019.

— College of Engineering First Level Review Committee, 2020- present.

— College of Engineering Diversity, Equity and Inclusion Faculty search, 2020 — 2021.

— Department Graduate Committee, 2020 — present
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