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A rich history, an
exciting future
It is an exciting time to be at
Princeton. As we celebrate
our 10th year of honoring
Princeton inventors, we are
also celebrating the University’s
many new programs for building
our entrepreneurship capacity
and engaging in the broader
innovation ecosystem.
At Princeton, translating
research into beneficial
technologies is a core part
of our mission. The Office of
the Dean for Research is one
of the primary partners in
helping to transition research
findings into the public sphere
through startups, licensing
arrangements or collaborations
with industry.
Our Office of Technology Licensing connects faculty research with partners
in the innovation ecosystem, including entrepreneurs, venture capitalists,
donors and others. Over the past several years, Technology Licensing has
embarked on several initiatives — including new funding and dedicated
staffing — to meet the increasing demand from faculty for help in transitioning
their discoveries into successful startups.
Another way in which the University engages in the innovation ecosystem is
through research partnerships with corporations. Over the last few years,
through the work of our Corporate Engagement and Foundation Relations
team, the University has dramatically increased its capacity to collaborate
with industry to apply Princeton ideas to real-world challenges.
Around campus there is a palpable excitement about entrepreneurship.
There are conferences, pitch competitions, hackathons and accelerator
programs. The University’s new startup incubator, Princeton Innovation
Center BioLabs, is rapidly enrolling new companies.
Our faculty, staff, students and alumni researchers are finding many ways
to benefit society, whether via companies, nonprofit endeavors or other
outlets. Princeton is central in this innovation ecosystem, which is why this
year we have broadened our scope to encompass more than just “invention.”
We invite you to Celebrate Princeton Innovation.

Pablo Debenedetti

Dean for Research
Class of 1950 Professor in Engineering and Applied Science
Professor of Chemical and Biological Engineering
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Celebrating innovation
Our 10th anniversary is an opportunity to reflect on the
truly astounding transformation of Princeton’s innovation
ecosystem. Through a variety of exciting new programs that
engage students, faculty, alumni and the broader community,
Princeton is expanding its commitment to innovation,
entrepreneurship and economic impact with the goal of
making tangible the University’s dedication to the service
of humanity.
Princeton has always been a place for innovators. It is where
Joseph Henry, in the 1820s, perfected the electromagnet,
which forms the basis of electricity generation. It is home
to one of the nation’s first schools of electrical engineering,
founded in 1889, and to pioneering work in mathematics and
computing during the 1930s and ’40s by luminaries such as
John von Neumann, Alonzo Church and Alan Turing.
Focus on inventors
In more recent history, we launched the first Celebrate
Princeton Invention reception in 2009, featuring six facultyled research projects that we thought encapsulated the
innovative spirit across our science and engineering faculty
members. Several of those early projects became the
foundations of startup companies and other ventures. For
example, the Tunable Acoustic Gradient Index of Refraction
(TAG) lens developed by Craig Arnold, a professor of
mechanical and aerospace engineering, and his team became
a company called TAG Optics that develops lenses for
materials processing and imaging.
Over the past decade, Princeton has initiated a number
of additional programs to foster entrepreneurship and

2009

Inaugural Celebrate Princeton
Invention launches

2010
invention.princeton.edu

Entrepreneurship Advisory Committee
A major step forward for the campus as a whole came
in 2014, when the University convened the Princeton

“Rapid changes to technology and
society are making the connections
between world-class research and the
innovation ecosystem more important
than ever. At Princeton, we are eager to
see those connections flourish, and our
students and faculty are enthusiastically
collaborating with both industry and
the nonprofit sector to discover and
implement ideas that will help address
the world’s challenges.”
Christopher L. Eisgruber

Princeton University President

2011

IP Accelerator Fund
selects first awardees

New Frick Chemistry Laboratory
opens its doors
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engagement with industry. In 2011, the Office of the Dean
for Research set up a new program, the Intellectual Property
Accelerator Fund, to fund research on promising new
technologies. In 2012, the Keller Center for Innovation in
Engineering Education, which is devoted to entrepreneurship
programming, launched its summer entrepreneurship lab
(eLab) program to help student teams develop new ventures.

2013

Dean for Research Innovation
Funds established

2012

Keller Center eLab accelerator
program begins

Entrepreneurship Advisory Committee to develop a bold
vision for building entrepreneurship, which it defined as “the
initiation of transformations through risk-taking actions and
value-creating organizations.”
The committee’s recommendations led in 2015 to the opening
of the Princeton Entrepreneurial Hub, an off-campus working
space for students, faculty and alumni; to the formation
of the Princeton Entrepreneurship Council as the advisory
and coordinating body on entrepreneurship programs at the
University; and to new programs for students such as the
Keller Center’s certificate program in entrepreneurship.
That year, the Office of Technology Licensing also
established a new Executive-in-Residence program to offer
professional expertise and advice to faculty, students and

“Many of today’s top researchers are
not content to stay in the lab making
groundbreaking discoveries that might
someday be used to change people’s
lives. Rather, they want to see that
change in their lifetimes. They want to
participate in creating it. They approach
their research with an entrepreneurial
spirit, eager to see their discoveries
benefit the public.”
Deborah A. Prentice

staff interested in making their discoveries available for
further development. The Office of Technology Licensing
enhanced its capacity to support startup activity in 2016
through increased staffing and a new fund to aid with costs
related to starting companies.
This enhanced capacity extends to the Corporate
Engagement and Foundation Relations team, which
bolstered its commitment to engaging industry in research
collaborations through new staffing and expertise.
Innovation ecosystem
The opening this year of the Princeton Innovation Center
BioLabs (see page 15), offering 31,000 square feet of wet
and dry lab and office incubator space, signals the expansion
of Princeton’s leadership in the New Jersey innovation
ecosystem. The new facility welcomes startups formed
by Princeton faculty, students and alumni, as well as by
members of the wider New Jersey community.
Princeton’s entrepreneurship capacity is as endless as the
creativity and brilliance of its people. To acknowledge the
campus-wide culture of entrepreneurism that has developed
over the last decade, this year we changed the name of our
annual reception to Celebrate Princeton Innovation. We
also moved the event to the Frick Chemistry Laboratory,
which was built in 2010 by reinvesting funds earned through
licensed research conducted by the late Edward Taylor,
a Princeton professor whose fundamental research in
chemistry led to a pioneering drug to treat cancer.
With our history of invention, and so much to look forward
to, we welcome you to Celebrate Princeton Innovation.

Princeton University Provost

2015

Princeton Entrepreneurial Hub opens
Princeton Entrepreneurship Council
established
Executive-in-Residence (XIR) program begins

2014

Princeton Entrepreneurship
Advisory Committee begins work
Keller Center’s Startup Immersion
and Tiger Challenge programs
conceived

2016

2017

Princeton partners with BioLabs
to open a new innovation center

2018

Corporate engagement becomes greater
Celebrate Princeton
focus
Innovation celebrates
10-year anniversary
New Ventures Associate hired to help
Princeton researchers build startups
Faculty New Ventures Assistance Fund Celebrate Princeton Innovation 2018
established

3

Featured innovators

Innovation

Light-activated tools for
studying neurodegenerative
diseases
Innovator
Clifford Brangwynne, associate professor of chemical and
biological engineering
A new set of technologies for controlling the aggregation
of proteins in living cells could aid the search for cures for
Alzheimer’s disease, amyotrophic lateral sclerosis (ALS) and
other neurodegenerative conditions. The methods also have
potential for a host of other biotechnology applications
requiring the control of protein assemblies.
The technologies build on a new paradigm in intracellular
organization: Living matter, including the proteins inside cells,
can self-organize by condensing into liquid droplets and gels.
These “phase transitions” in living organisms are part of
normal functioning, but they can go awry and cause cellular
dysfunction and disease, said Clifford Brangwynne, a Howard
Hughes Medical Institute investigator and a pioneer in this
area of research.

By varying the intensity of the light, the researchers can
prompt the proteins to cluster into liquid-like droplets, which
over time can mature into solid-like aggregates, mimicking
what occurs in neurodegenerative diseases like ALS. The tools
recently developed by the team can help researchers learn
more about protein interactions and how to control them to
restore human health.
Team members
Dan Bracha, postdoctoral research fellow, and Yongdae Shin,
former postdoctoral research associate
Collaborators
Mikko Haataja, professor of mechanical and aerospace
engineering; Michael Levine, the Anthony B. Evnin ’62
Professor in Genomics; Jared Toettcher, assistant professor
of molecular biology
Development status
Patent protection is pending. Princeton is seeking outside
interest for the further development of this opportunity.
Funding
National Institutes of Health, Defense Advanced Research
Projects Agency, Howard Hughes Medical Institute

Brangwynne and his team have developed methods to screen
for new drug compounds to treat diseases that involve faulty
protein organization. One of these tools, called optoDroplet,
uses blue laser light to control the interactions between
proteins. Researchers can fire a laser into a precise area of
the cell to trigger proteins to cling to each other.

“The study of phase transitions
in living cells is a growing new
field, but until now there have
been limited ways to monitor and
control these transitions. Our tools
allow researchers to study and
manipulate these processes in
living cells.”
Clifford Brangwynne

Associate Professor of Chemical and
Biological Engineering

Clifford Brangwynne
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Innovation

Diamond defects for quantum
communication
Innovator
Nathalie de Leon, assistant professor of electrical engineering
A new component of the “quantum internet” is taking shape
in the laboratory of Nathalie de Leon in the Department of
Electrical Engineering.
Such a global quantum network could transmit information
far more securely than today’s networks, but one key
challenge stems from the difficulty of transmitting quantum
signals over long distances. The signals are fragile and can
lose their quantum nature as they travel along optical fibers.
De Leon and her team have created a “quantum repeater”
that can be placed at nodes throughout a network to store
signals before sending them on the next leg of their journey.
But until now it has been difficult to find a material that can
store quantum signals long enough to be useful.
To overcome this challenge, the team synthesized a diamond
with specific impurities, replacing some of the carbon atoms
with silicon. With careful materials processing, the team was
able to make these defects, known as silicon vacancies, with
a neutral charge. The resulting neutral silicon vacancies have
just the right properties for handling quantum signals both
as pulses of light for transmission in optical fibers and as
electron spins for storage in the repeater.
The eventual goal is to integrate these neutral silicon
vacancies with nanophotonic structures to build the
components of long-distance quantum information networks.

Nathalie de Leon

Team members
Postdoctoral research associates Brendon Rose,
Sorawis Sangtawesin and Paul Stevenson; Srikanth
Srinivasan, former postdoctoral researcher; graduate
students Ding Huang and Zihuai Zhang
Collaborators

“We’ve made a structure that can hold
quantum information for a long time but
can also ‘talk’ to light.”
Nathalie de Leon

Assistant Professor of Electrical Engineering

Stephen Lyon, professor of electrical engineering;
Alexei Tyryshkin, former staff researcher; Lorne Loudin at
the Gemological Institute of America; Matthew Markham,
Andrew Edmonds and Daniel Twitchen at Element Six
Development status
Patent protection is pending.
Funding
National Science Foundation, Air Force Office of
Scientific Research
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Innovation

Insulin production using
artificial proteins
Innovators
Shlomo Zarzhitsky, postdoctoral research associate, and
Michael Hecht, professor of chemistry
A novel method for producing insulin at lower cost and with
greater efficiency could help provide this life-sustaining
medication to the estimated 450 million diabetes sufferers
around the world. This new method of making the drug
uses artificial, or de novo, proteins created from synthetic
genes designed by researchers in the lab of Michael Hecht,
a professor of chemistry.
Insulin is a protein consisting of two peptide chains
connected by three bridges in the form of molecular bonds.
The drug is currently made by programming the genetic
sequence for human insulin into bacteria, which produce
human insulin as a long, three-part peptide chain that
requires folding to bring the two peptide chains together,
followed by the removal of the middle section that links the
two chains.
With the new method, researchers replace the middle
section with a synthetic sequence encoding an artificial
protein. Compared to the current method, the artificial
protein brings the two insulin chains together more
effectively. Moreover the de novo protein is easier to express,

is highly stable, and is easily purified without an additional
tag. Unlike the current method, which brings the two chains
together correctly about 70 percent of the time, this new
method using the artificial protein is nearly 100 percent
efficient at making insulin.
Shlomo Zarzhitsky, a postdoctoral researcher working with
Hecht, recognized the value of using these artificial proteins,
called de novo expression enhancer proteins, or DEEPs, for
joining together peptides to make insulin. The technology can
also be used to make other proteins and peptides that are
difficult to express.
“These are proteins that do not occur in nature,” Zarzhitsky
said. “They have advantages in that they are very stable
and small, so they do not impose a burden on the bacterial
protein expression machinery.”
The technology represents the application of synthetic
biology to the search for therapeutic proteins, Hecht said.
“One thing that makes this fundamentally different is that
ours is a protein that never existed before we made it in the
lab. That is new conceptually.”
Development status
Patent protection is pending. Princeton is seeking to identify
appropriate partners for the further development and
commercialization of this technology.
Funding
New Jersey Health Foundation

Michael Hecht, left,
and Shlomo Zarzhitsky
(photo illustration)
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Innovation

Wi-Fi goes to town
Innovator
Kyle Jamieson, associate professor of computer science
Your commute no longer has to mean time away from the
internet. With self-driving cars on the horizon and more
people moving to urban centers where they commute by light
rail and subway, the demand for internet access from moving
vehicles is continually increasing.
To meet this demand, Kyle Jamieson and his team in the
Department of Computer Science have developed Wi-Fi Goes
to Town, a roadside hotspot network that enables commuters
to stream video, hold teleconferences and surf the web. The
use of Wi-Fi rather than cellular networks allows companies
and other entities, such as light-rail operators, to provide
high-speed internet access to mobile users.
The key to the technology is the miniaturization of the
geographic areas, or “cells,” to which routers deliver data.
Smaller cells allow these routers, known as access points, to
provide higher-fidelity data. In this new technology, each cell
is only about one meter in diameter.
The challenge is that smaller cells require more frequent
handing over of the user from one cell to the next. This handoff works best when access points can rapidly detect other
nearby access points and prepare to transfer, making a new
connection before breaking the old one. However, current
solutions for doing this are too slow to make them worthwhile
for small cells.
Wi-Fi Goes to Town enables this rapid handoff by taking
advantage of two factors: First, Wi-Fi routers have become
inexpensive, so it is cost-feasible to use lots of them, and
second, the access points can extract readings from mobile
devices to track their locations within about four inches.
The researchers have demonstrated a prototype on a street
in Princeton.

Kyle Jamieson

“The technology is a way of orchestrating the hundreds of
small cells to cooperate and provide data to you while you
are on the move,” said Jamieson.
Team members
Longfei Shangguan, postdoctoral research associate, and
Zhenyu Song, graduate student
Development status
Patent protection is pending. Princeton is seeking outside
interest for further development of this technology.
Funding
Princeton University’s IP Accelerator Fund, the National
Science Foundation, Google

“This allows the network to simultaneously
serve greater numbers of users who can
stream movies or have video teleconferencing
calls — things you cannot do today because
the network is not fast or reliable enough.”
Kyle Jamieson

Associate Professor of Computer Science

Celebrate Princeton Innovation 2018
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Innovation

Self-powered smart windows
Innovators
Nicholas Davy, graduate student, and Yueh-Lin (Lynn) Loo,
the Theodora D. ’78 and William H. Walton III ’74 Professor
in Engineering and director of the Andlinger Center for
Energy and the Environment
A new transparent solar cell technology can turn ordinary
windows into energy-efficient “smart” windows, regulating
the transmission of sunlight and heat to save energy and
improve occupant comfort.
Smart windows can darken on hot days to keep the sun out
and rooms cool, or let heat in on cold days while reducing
glare and protecting privacy. But these technologies require
plugging the smart windows into an electricity source, adding
to installation and operating costs.
“We envision new smart windows that are self-powered to
dynamically control the amount of natural light and heat that
can come inside, reducing energy cost and making the space
more comfortable,” said Yueh-Lin (Lynn) Loo, a professor of
chemical and biological engineering.
The self-powered smart window demonstrated by Loo
and her team includes two components: a solar cell that
harvests near-ultraviolet light to produce electricity, and
the technology to use that harvested electricity to change
the window’s color. This color change with electricity, or
“electrochromism,” regulates how much visible light and
near-infrared heat enter the window.
Electrochromic windows are commercially available today for
high-end new construction and luxury automobiles, where
the installation cost and complexity of external wiring can be
managed. With the new near-ultraviolet solar cells, external
wires can be eliminated.
The fact that these solar cells selectively harness ultraviolet
wavelengths differentiates them from existing solar cell
technologies that absorb visible and/or infrared light. Solar
cells that absorb visible light appear black, while those that
absorb infrared light block much of the sun’s heat regardless
of the season. Powering smart windows with near-ultraviolet
solar cells allows for intelligent control of daytime lighting
and solar heating throughout the year, which is particularly
useful during winter days when occupants desire the warmth
of the sun.
“It will be possible to control the sunlight passing into your
home or office using an app on your phone or via a smart
thermostat, thereby ensuring ideal comfort, privacy and
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From left: Nicholas Davy, Yueh-Lin (Lynn) Loo
and Melda Sezen-Edmonds

energy efficiency at all times,” said Nicholas Davy, a graduate
student who led the development of the near-ultraviolet
solar cells as part of his Ph.D. work with Loo.
Beyond powering smart windows, the transparent solar cell
technology can enable other wireless low-power consumer
products, such as internet-of-things sensors, wearables
and displays.
Team members
Jia Gao, former postdoctoral research associate; Amy Liu,
Class of 2019; Melda Sezen-Edmonds, Ph.D. 2018
Collaborators
Antoine Kahn, vice dean of the School of Engineering and
Applied Science and the Stephen C. Macaleer ’63 Professor in
Engineering and Applied Science; Xin Lin, Ph.D. 2018; Nan Yao,
senior research scholar at the Princeton Institute for the
Science and Technology of Materials and director of the
Imaging and Analysis Center
Development status
Loo and Davy have formed a new company, Andluca
Technologies, to develop partnerships and products based
on this technology.
Funding
National Science Foundation, Wilke Family Foundation

Innovation

Inhibitors of hepatitis B and E
virus infection
Innovator
Alexander Ploss, associate professor of molecular biology
A new approach for discovering antivirals against hepatitis B
and E viruses aims to identify new drug candidates for these
life-threatening diseases. Building on his lab’s expertise in
human liver pathogens, Alexander Ploss and his team have
pioneered new screening platforms and new methods to
evaluate therapeutic candidates.
Infection with hepatitis B virus damages the liver and can
cause liver cancer. This chronic infection, which is spread
by direct contact with bodily fluids, affects over 250 million
people worldwide. The current therapy suppresses infection
but is not a cure, as it must be taken for life.
Hepatitis E virus typically causes an acute infection that
lasts just a few weeks, but it can cause liver failure in
immunocompromised individuals and be life-threatening
during pregnancy. Most of the world’s 20 million cases
occur in developing countries, and the virus is spreading to
developed countries through the consumption of tainted
pork. The most common treatment for hepatitis E, ribavirin,
cannot be used during pregnancy.
Ploss and his team have developed a new high-throughput
screen to identify small molecules capable of interfering with
the life cycle of hepatitis B virus, with the goal of providing
a cure rather than just a treatment. They’ve developed

a sensitive system for rapidly testing molecules using an
inactive virus that does not create a biosafety risk.
For hepatitis E virus, Ploss and his team have developed a
system for culturing the virus in human liver cells in the lab.
They can use these infected cells to identify new strategies to
attack the virus, and rapidly screen for small molecules that
interfere with the viral life cycle.
Once candidate molecules are identified, the team will
evaluate them in a variety of state-of-the-art cell culture
systems and animal models available in the Ploss lab, which is
one of the few labs in the world to produce mice with livers
that are susceptible to human hepatitis viruses.
“Our work has the potential to address important global
health care needs and lead to better treatments,” Ploss said.
“It also provides insights into the biology of these viruses and
suggests new ways to target them.”
Team members
Postdoctoral research associates Qiang Ding and Lei Wei;
graduate students Ila Nimgaonkar and Benjamin Winer
Collaborator
Hahn Kim, director of the Small Molecule Screening Center at
Princeton University
Development status
Patent protection is pending. Princeton is seeking outside
interest for further development of this technology.
Funding
New Jersey Health Foundation

From left: Qiang Ding, Ila Nimgaonkar,
Alexander Ploss, Lei Wei and
Benjamin Winer
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Innovation

Water purification with
less energy and no filter
Innovators
Howard Stone, the Donald R. Dixon ’69 and Elizabeth W. Dixon
Professor of Mechanical and Aerospace Engineering
Providing clean water to millions of households could be
possible with an invention that purifies water using the
same technology that adds fizz to soda. The new approach,
developed by Howard Stone and his research team,
potentially uses less energy than current methods and
requires no costly filters.
The technique involves injecting carbon dioxide into a stream
of water flowing through a system of channels. The carbon
dioxide temporarily changes the water chemistry and causes
contaminants to move to one side of the channel depending
on their electrical charge. The system then separates the
purified water stream from the contaminants.
The researchers have built a laboratory-scale filter and
demonstrated that their approach can remove particles
a thousand times more efficiently than a conventional
microfiltration system. Their system is very simple, requiring
a modest amount of energy to pump carbon dioxide into the
water and using no filters or membranes.
The carbon dioxide alters water’s chemistry by making it
slightly more acidic, resulting in the creation of charged
particles, or ions. One of the ions, the positively charged

hydrogen atom, moves very quickly through the water, while
another, the negatively charged bicarbonate ion, moves
slowly. Together the ions set up a slight electric field that
attracts contaminants, which have either negative or positive
charges of their own, toward either side of the water stream.
Once filtration is complete, the carbon dioxide can be
removed simply by exposing the water to air and letting the
gas escape, just as it does when soda goes flat.
Using a soluble gas as a method of controlling particles
in a solution could lead to other industrial or scientific
applications beyond water filtration, Stone said. “The
principles being explored in this research we hope will
also be impactful in other research areas.”
Team members
Orest Shardt and Sangwoo Shin, former postdoctoral
research associates; graduate students Jessica Wilson and
Fan Yang; postdoctoral research associates Suin Shim, Ankur
Gupta and Bhargav Rallabandi
Collaborators
Jesse Ault, Ph.D. 2017, and Patrick Warren, staff scientist
at Unilever
Development status
Patent protection is pending. A startup company is forming
to further develop the technology.
Funding
National Science Foundation, Natural Sciences and
Engineering Research Council of Canada, Unilever Research

Howard Stone, fifth
from left, with his
research team
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Innovation

Genetic test for dog
sociability
Innovator
Bridgett vonHoldt, assistant professor of ecology and
evolutionary biology
Pet lovers seeking a better understanding of their four-footed
friends might benefit from a new genetic test for sociability
in dogs.
While studying the genomes of canines, Bridgett vonHoldt
and her colleagues discovered genes in domestic dogs that
are similar to those linked to hyper-sociability in a genetic
disorder called Williams-Beuren syndrome. Further studies
revealed that certain mutations in these genes are correlated
to sociability in our canine companions.
VonHoldt has demonstrated that screening for these
mutations can reveal which dogs are likely to seek out
interactions with humans. The genes that carry these
mutations may help explain why dogs are successful at
coexisting with humans, according to the research team.
“These gene mutations are always found in dogs and
wolves that demonstrate human-directed social behavior,”
vonHoldt said.
A genetic test could be of interest not only to dog owners but
also animal shelter personnel who need to make adoption
or health-related decisions for the dogs. Families may want
to learn the genetics related to animal personality prior to
adoption.
Genetic testing could also give trainers and breeders a way to
determine an animal’s social tendencies. The test may make
it possible to determine at an early stage whether a dog is
suitable to become a service or guide dog.
The test, which requires collecting a cheek swab, could be
added to existing genetic test kits marketed to dog owners.
Team members
Rebecca Kartzinel and Ilana Janowitz Koch, former
postdoctoral research associates, and Emily Shuldiner,
Class of 2016

Bridgett vonHoldt

Collaborators
Janet Sinsheimer at the University of California-Los Angeles
David Geffen School of Medicine, and Monique Udell at
Oregon State University
Development status
Patent protection is pending. Princeton is seeking outside
interest for further development of this technology.
Funding
National Science Foundation, National Institutes of Health
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Innovation at Princeton

Princeton Plasma Physics
Laboratory
innovates for the future

The scientists and engineers at the U.S. Department of
Energy’s Princeton Plasma Physics Laboratory (PPPL) are
developing solutions to the world’s energy needs through
research in fusion, the same energy-generating mechanism
that occurs in the sun. Along the way, they’ve invented many
potentially beneficial technologies.
Located about three miles from campus, PPPL has many
collaborations with Princeton University scientists. Learn
more about PPPL’s research mission at www.pppl.gov.

Plasma microphone for structural
health monitoring
A microphone that picks up
the faint creaks and groans of
bridges and other structures
could provide early warning signs
that maintenance is needed.
Johan Carlsson, a computational
plasma physicist at PPPL, has
developed a new ultrasensitive
microphone that uses charged
clouds of gas known as plasmas
to measure structural health.
Johan Carlsson

From left: Adam Fisher, Daniel Dudt, Michael Hvasta and
Egemen Kolemen

Flowmeter for industrial applications
A novel device for measuring the flow of liquids through pipes
could benefit manufacturers in a wide range of businesses,
including the pharmaceutical, food processing, metallurgical
and wastewater treatment industries.
“One of the strengths of this technology is that you
don’t need to know anything about a fluid’s properties to
determine its speed,” said Michael Hvasta, a liquid metal
specialist in Princeton’s Department of Mechanical and
Aerospace Engineering. He developed the technology
using research facilities at PPPL with Egemen Kolemen,
an assistant professor of mechanical and aerospace
engineering and the Andlinger Center for Energy and the
Environment, and graduate students Daniel Dudt and
Adam Fisher.

The new plasma microphone is highly sensitive to the
ultrasonic frequencies emitted by the microfracturing of
concrete and metal. Each microphone consists of a glass
tube filled with plasma, which conducts electricity. As a
sound wave propagates through the plasma, the change in
pressure causes perturbations in electrical resistivity that
can be detected as an electronic signal.

The new flowmeter, which won first place at the Princeton
Keller Center’s 2018 Innovation Forum, is less expensive and
more sensitive than comparable instruments currently on the
market, and it is designed to be added to the outside of a
pipe, so it is easy to install without draining the system. It has
no moving parts that touch the liquid, so it is ideal for use
with corrosive or high-temperature fluids.

These microphones are far more sensitive than existing
technologies for measuring bridge health. A network of
them could potentially detect, locate and characterize
flaws before major damage occurs.

Typically, similar devices, known as “rotating Lorentz-force
flowmeters,” are used with very electrically conductive
liquids, such as molten metals. However, with the invention
and incorporation of a new, low-friction bearing, this type
of flowmeter can now be used for liquids with a range of
conductivities without requiring calibration.

“These microphones are relatively inexpensive to
manufacture and could have great value in terms of
preventing structural failures,” Carlsson said.

“Our dedication to solving future energy
problems often leads to very practical
inventions that fulfill outstanding
industrial needs.”
Laurie Bagley

Head of Technology Transfer at PPPL
To learn more, contact Laurie at lbagley@pppl.gov
or 609-243-2425.
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Office of Technology Licensing
builds bridges from insight
to innovation

Beyond Princeton’s ivy-covered walls and historic façades lie
some of the most cutting-edge labs and research facilities in the
world, where faculty, staff and student researchers are making
discoveries that can save lives and make the world a better place.
Princeton’s Office of Technology Licensing helps make this possible
by bringing inventors together with collaborators in the investment
and business communities. The office provides comprehensive
services throughout the journey, from insight to innovation.
In recent years, the office has implemented new programs like the
Intellectual Property Accelerator Fund, which provides research
funds on a competitive basis to make projects attractive for
further development by startups and other outside entities. In
addition, in 2015 the office launched the Executive-in-Residence
program, which offers real-world expertise to campus researchers.
The office has also expanded its capacity to support Princeton
researchers who wish to launch startup companies based on
Princeton discoveries. For example, the Faculty New Ventures
Assistance Fund helps cover startup costs such as market research
activities, business planning and fees. Since its inception in 2016,
the program has made 21 awards to faculty-affiliated ventures.
“Our purpose is to provide assistance to faculty in whatever way
they need, to help them realize their ambition to build a startup
company and to bring their technology to market,” said Anthony
Williams, new ventures associate in the Office of Technology
Licensing. “It is making sure that when they build a business, it is
done on solid ground and it has a strong opportunity to transition
into a stable company.”
Starting this year, companies can set up in the Princeton
Innovation Center BioLabs, a wet and dry lab space near campus.
The facility enables companies to embark on product research
and development while remaining close to the labs where
discoveries are made.
Find out about technologies, startups and more at
patents.princeton.edu.

“University support for entrepreneurship and
innovation on campus has grown substantially
over the years, as has our researchers’ interest
in bringing inventions out of the lab and to the
public. These resources are helping to expedite
the development of new discoveries into
products that can benefit society.”

Uniformity Labs, a startup based on discoveries made
at Princeton, is developing 3-D printing technologies for
industrial applications.

Startup closeup: Uniformity Labs
Uniformity Labs is one of the companies working
to bring Princeton innovations into widespread
use. The 15-person company, located in Fremont,
California, manufactures metal, ceramic and plastic
powders for use in 3-D printing (also referred
to as “additive manufacturing”). This method of
manufacturing is increasingly being used to provide
strong and lightweight parts in consumer electronics,
automobiles, power generation and aerospace
applications.
These new starting materials make it possible to print
faster with less shrinkage of the product compared to
competitors. This is possible because Uniformity Labs’
powders are significantly denser than competitors’
materials. There is less space between powder
particles, but they still flow and otherwise behave like
powders. This density allows more than 200 percent
increases in printer throughput in powder bed fusion
printers, and up to a 70 percent reduction in part
shrinkage in binder jetting printers.
“Using our materials, manufacturers can address
a huge market segment that is otherwise not
accessible,” said CEO Adam Hopkins, who earned a
doctorate in chemistry and a bachelor’s degree in
physics from Princeton in 2012 and 2005, respectively.
Hopkins and Salvatore Torquato, the Lewis Bernard
Professor of Natural Sciences, co-invented the
powders based on research performed while Hopkins
was a graduate student.

John Ritter

Director, Technology Licensing
To learn more, contact John at jritter@princeton.edu or 609-258-1570.
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Corporate Engagement

opens the gates to innovation
Princeton’s Corporate Engagement team is on the front lines
of building the University’s connections with the innovation
ecosystem, an important element of Princeton’s mission of
education and discovery. Relationships between companies,
business organizations and the University extend learning
beyond the classroom and lab to accelerate invention,
creating profound benefits for all.
Building solid company relationships: Merck
Princeton’s history with global health care company Merck is
an example of a robust University-industry relationship. The
Merck Catalysis Center, a state-of-the-art, on-campus facility,
has addressed challenges in drug discovery for the past
12 years and supports the work of several faculty members
and their research teams. Beyond the center, the company
supports faculty-led research in chemistry, engineering
and molecular biology, and participates in campus events.
In addition, this valued relationship regularly brings Merck
scientists and executives to Princeton for the mutual sharing
of knowledge.
Accelerating collaborations: New Jersey and beyond
Over the past few years, the Corporate Engagement team has
expanded outreach to companies and business organizations,
getting the message out that Princeton researchers want to
work with industry. Recent examples include:
With Cisco, Princeton Corporate Engagement co-hosted a
national meeting in Silicon Valley of companies and universities
dedicated to strengthening academic-industry relations in the
technology ecosystem. Dean for Research Pablo Debenedetti,
along with leading faculty experts in data science, addressed
the 300-plus attendees.
Princeton hosted a day-long biomedical data science
symposium, bringing attendees from industry, government,
foundations and other universities to campus. The event
featured faculty research presentations and discussions
about the creation of a regional research community around
this topic. The symposium also sparked industry interest in
collaborations in genomics and bio-data science.
Princeton is one of the universities participating in
ResearchwithNJ.com, a State of New Jersey database
containing thousands of faculty research profiles and
information on global collaboration networks, technologies
available for licensing, and scientific facilities. Princeton’s
information can also be found at ResearchWith.Princeton.edu.
These databases aim to increase university-industry
collaborations by making information about academic
research more accessible.
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The Corporate Engagement team and campus partners
have greatly increased involvement with business
organizations. Through participation in BioNJ, the HealthCare
Institute of New Jersey, the Research & Development Council
of New Jersey, the New Jersey Tech Council, Innovation New
Jersey, and Choose New Jersey, industry executives have
learned about Princeton research and heard the University’s
message that it welcomes collaborations.
Learn more about ways to connect with Princeton at
cefr.princeton.edu.

“Our team initiates and develops
comprehensive, long-term relationships with
companies. This emphasis has powered
an upward curve in industry funding for
Princeton research over recent years.”
Coleen Burrus

Director, Corporate Engagement and Foundation Relations
For more information, contact Coleen at cburrus@princeton.edu
or 609-258-5954.

Corporate grants and contracts:

New awards FY14–FY18 (millions of dollars)
$35 —

$29

$30 —

$25 —

$23
$19

$20 —

$15 —

$10 —

$10
$7

$5 —

F Y14

F Y15

F Y16

F Y17

F Y18

Over the past five years, new awards from industry for
Princeton research have substantially increased.
As part of the five-year renewal of the Princeton Environmental Institute’s
Carbon Mitigation Initiative, BP added $10.5M to their commitment.

Princeton Entrepreneurship
Council
expands its reach

The Princeton Entrepreneurship Council (PEC), the advisory
and coordinating body on entrepreneurship programs at the
University, engages the Princeton entrepreneurial ecosystem
through educational programming, mentoring and funding.
PEC led the development of the new Princeton Innovation
Center BioLabs space, with a focus on designing collaborative
spaces for a variety of tenants, educational programming and
networking events.
Princeton’s Alumni Entrepreneurs Fund has invested in
30 startups founded by early-career Princeton graduates.
The AEF portfolio includes a wide range of industries, from
clean energy to social enterprises to digital health. AEF has
also expanded its educational programming and mentoring to
further support the portfolio company founders.
OfficeHours, PEC’s alumni mentoring platform for startup
founders in commercial ventures and social enterprises, now
also includes mentoring in arts entrepreneurship through a
collaboration with the Lewis Center for the Arts.
Four of eight top-tier alumni startups selected to attend
PEC’s Princeton VC Startup Roadshow received financing
from curated introductions to premier Bay Area VC firms at
the Roadshow. The Roadshow moves to New York City in 2018
and to Boston in 2019.
PEC’s popular TigerTalks in the City program, the facultyalumni panel discussion series bringing cutting-edge research
from on campus to alumni in New York City, now includes
California. Upcoming TigerTalks are also planned for Chicago
and Boston.
The next Tiger Entrepreneurs Conference, engaging
alumni across a range of entrepreneurial areas from biotech
and life sciences to social enterprises, sports and arts
entrepreneurship, is slated for Silicon Valley in spring 2019.
PEC has also expanded its collaborations with alumni groups
such as the newly formed Princeton Alumni Angels investment
and networking group in California and New York, longtime
volunteer organization Princeton Entrepreneurs’ Network, as
well as numerous regional and affinity alumni associations.
Keep up-to-date on PEC events and Princeton
entrepreneurship news at entrepreneurs.princeton.edu.

A new tenant at Princeton Innovation Center BioLabs, Carisma
Therapeutics is developing cellular immunotherapy for solid tumors
based on technology developed at the University of Pennsylvania.
The company recently finalized $53 million in Series A funding.

Princeton Innovation Center
BioLabs
catalyzes the entrepreneurial
ecosystem

With Princeton Innovation Center BioLabs welcoming its
first tenants in 2018, the University has taken a major leap
in connecting the talent and resources at Princeton to the
larger New Jersey entrepreneurial network.
“We hope that continued partnerships will foster an
innovation community that has the potential to catalyze
path-breaking discoveries, contribute to the regional
economy, and make central New Jersey an increasingly
vibrant and attractive place for all who live and work here,”
said President Christopher L. Eisgruber at the ceremonial
ribbon-cutting in the spring.
The 31,000-square-foot facility, located in Plainsboro at
Princeton Forrestal Center, includes wet labs, dry labs and
co-working spaces, both for University-related tech and life
science startups and companies from throughout the region.
For more information, visit princetonbiolabs.com.

“Engage with the Princeton Entrepreneurship
Council as we expand our mentoring, funding
and educational programming. Together we
are creating value by connecting people and
resources within our communities.”
Anne-Marie Maman

Executive Director, Princeton Entrepreneurship Council
For more information, contact Anne-Marie at amaman@princeton.edu
or 609-258-4499.
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The Keller Center

Princeton’s educational home
for entrepreneurship
Princeton researchers have no shortage of ideas about
how to make the world a better place. At the Keller
Center for Innovation in Engineering Education, these
researchers — faculty members, postdoctoral associates,
graduate students and undergraduates — learn how to
develop their ideas and address societal challenges through
entrepreneurship.
Programs include:
eLab
Each year, selected companies participate in a 10-week
summer accelerator program at the Entrepreneurial
Hub at 34 Chambers St. in downtown Princeton. These
companies — composed of graduate and undergraduate
students — develop business plans, explore potential markets
for their products, and work toward achieving company
milestones with guidance from a network of faculty, staff,
seasoned entrepreneurs and technology experts.
2018 summer eLab program companies:
Afari: A blockchain-based messaging system
Alira Infrared Biosensing: A mid-infrared laser sensor for
chemical testing
HomeWorks Trenton: A boarding school program for
underserved girls

Participants in the eLab summer accelerator program present their
companies at Demo Day in New York City.

Workshops, Lectures and Office Hours
The center hosts educational events throughout the year on
a range of topics.
Princeton Startup Immersion Program
This 10-week summer internship gives students the
opportunity to work in a startup community in New York
City or Tel Aviv.
To find more information on Keller Center programs,
visit kellercenter.princeton.edu.

Ketnu: A superfood energy bar with cricket protein
Lumhaa: A mobile app using photos, videos, audio and text
to create event narratives
Tendo Technologies: A microscale device to measure flow
rate and pressure
TerraVuze: A virtual-reality outdoor marketing company
Innovation Forum
Each spring, the Keller Center’s Innovation Forum offers
teams of faculty, research staff and students the opportunity
to compete for funding from angel investors. The top three
teams, as selected by the panel, split $30,000 in funding to
further develop their ideas.
The Tiger Challenge
Working in small teams, Tiger Challenge participants use a
design-thinking approach to work with partner communities
to develop lasting innovations and the capacity to address
societal issues. Since its inception in 2016, Tiger Challenge’s
135 participants have tackled 26 projects, 15 in the
community and 11 on campus.
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“The Keller Center sees its role as providing
the education that Princeton students,
faculty and staff can use to transform
their classroom and research innovations
into entrepreneurial ventures. Spanning
everything from one-day workshops
and competitions up to much longerterm experiences, the center offers
entrepreneurship education opportunities
for the whole campus community.”
Margaret Martonosi

Director, Keller Center
Hugh Trumbull Adams ’35 Professor of Computer Science
To engage with Princeton entrepreneurship education, contact
Margaret Martonosi at mrm@princeton.edu or 609-258-1912.
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A new transparent solar cell technology turns ordinary windows into
energy-efficient “smart” windows, regulating the transmission of
sunlight and heat to save energy and improve occupant comfort. For
more information, see page 8. Image courtesy of Ella Maru Studio.
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Celebrate Princeton Invention brochure covers from 2009 to 2017.
Illustration by Wright Señeres, Princeton Entrepreneurship Council.
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