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Technical Discussion

The work during this contract period was marked by a close technical cooperation
between the research group of Dr. Curtis Menyuk (RPM) at UMBC and the research
group of Dr. Weimin Zhou (CAM) at ARL. In particular, Dr. Menyuk and members of his
group interacted closely with Dr. James Cahill. This technical cooperation led to numerous
joint publications that are detailed in the publication section of this report and included 1—
2 presentations in the IEEE-sponsored International Frequency Control Symposium every
year.

At the start of contract period, the focus of the work was understanding the Rayleigh
scattering process that limited the attainable length and hence the close-in phase noise that
can be obtained using an optoelectronic oscillator. This work was successfully completed,
and we found successful strategies for overcoming this limit. However, we also concluded
that this technology is not competitive with frequency comb technology, and the focus of
our work shifted as a consequence.

Within the first year of this contract and up to the present time, the focus of our
work was on using frequency combs to transfer frequencies. Our original focus was on
optical fibers. However, we always had in mind that the ultimate application would be to
free-space transfer, in order to support soldiers operating in the field. The ultimate goal
is to obtain compact, fieldable frequency sources with low phase noise. Within the past
two years, much of the work at ARL has focused on a building a free-space demonstration
testbed, and during the past year the UMBC work transitioned in part to the development
of FPGA controllers for the free-space demonstration. This effort—funded by a different
cooperative agreement—is being led by Dr. Tinoosh Mohsenin.

Until two years ago, the work at ARL was supported in part by a Coalition Warfare
Program (CWP) that included the participation of Dr. Moshe Horowitz at the Technion
as part of the agreement between ARL and the Israeli Ministry of Defense (IMOD). There
was a significant overlap between the goals of the CWP and the goals of the cooperative
agreement with UMBC, which was focused on the transfer of low-noise radio frequency
(RF) data. As a consequence, Dr. Menyuk participated in this joint work.

During almost the entire contract period, Dr. Menyuk participated in the DARPA
PULSE program as a performer with the group led by Dr. Nathan Newbury at NIST, while
Drs. Zhou and Cahill participated as government monitors. The focus of Dr. Menyuk’s
participation was to develop models of the fiber lasers that Dr. Newbury’s group was devel-
oping. That work is not directly relevant to this cooperative agreement; however, it led to
work on microresonators that is directly relevant. Dr. Prem Kumar, the DARPA program
manager asked Dr. Menyuk to investigate the physical processes that lead to frequency
combs in microresonators. While this work was mostly supported by DARPA, work in
Dr. Menyuk’s group by a research professor, Dr. Giuseppe D’Aguanno, was supported in
part by this cooperative agreement. This work led to a series of high-impact publications,
culminating recently in a paper that was published in Optica. These papers are included in
the publication section of this report. Given the promise of microresonators as a compact
source of frequency combs, Drs. Cahill and Zhou recently began a program to investigate
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their use experimentally with theoretical support from Dr. Menyuk’s group.

During this contract period, there have been significant personnel changes. At its start,
Dr. Cahill was a SMART student, working under the direct supervision of Dr. Olukayode
Okusaga. In 2015, Dr. Okusaga left ARL, and Dr. Cahill graduated. At that time,
Dr. D’Aguanno began working in Dr. Menyuk’s group at UMBC. He was forced to leave
Dr. Menyuk’s group in 2017 due to a lack of sufficient research funds to support him. He
is currently working at the Johns Hopkins Applied Physics Laboratory and collaborating
with Dr. Menyuk’s group as a visiting professor on a voluntary basis. At about the same
time, Mr. Patrick Sykes began working with Dr. Menyuk’s group on a project supported
by Raytheon to investigate the limits that optical fiber processes impose on time transfer
through optical fibers and compare them to environmental effects. Mr. Sykes graduated
with an M.S. in 2017. At the end of his M.S. thesis work, he was supported in part by this
cooperative agreement. He recently won a SMART student fellowship and is working on
free-space optical frequency transfer under the mentorship of Dr. Cahill.

A new cooperative agreement between Dr. Zhou’s group at ARL and Dr. Menyuk’s
group at UMBC is in already in place, and we anticipate that the close cooperation and
technical successes that were achieved during the previous cooperative agreement will
continue into the future.
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