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will have other applications. “Our
 hypothesis is that diseases like COPD
[chronic obstructive pulmonary dis-
ease] or severe asthma might benefit
from being able to characterize a spe-
cific patient’s breathing internal motion
characteristics,” he says. (For more on
radiation in the treatment of cancer, see
the September 2002 special issue of
PHYSICS TODAY.)

Physicists contribute to research on
applying gene therapy to increase the
effectiveness of radiation therapy, says
Chetty. They’re also working in the field
of imaging genomics; the combination
of diagnostic imaging and genomic
data looks promising for determining
whether a tumor is susceptible to certain
drugs. “Fundamentally, you are dealing
with radiation interactions in matter,
which is a physics problem,” he notes.
“Who’s more expert on the physics of
radiation and its interaction with matter
than a theoretical physicist?”

An unruly mix?
Bringing physicists together with on-
cologists and cancer biologists presents
both challenges and opportunities. A
key difference is the language that is
spoken: “Mathematics keeps the logic
straight. Without mathematics [scien-
tists] are not very good at understand-
ing complicated relations,” says Bla-
goev. “Biologists traditionally are not
trained in this way.” Physicists and
mathematicians differ more subtly, in
that physicists are trained to work with
data from the natural world.

Just as physicists will never provide
patient care or design a clinical trial, the
treating oncologists will never develop
a fundamental mathematical model,
notes Scripps’s Kuhn. “As a team we are
developing meaningful theoretical mod-
els that are intellectually coauthored by

the oncologists, the biologists, and the
mathematicians,” he says. “That re-
quires us to work together a long time,
and that’s what the PS–OC  allowed us
to do.” 

Physicists may be alarmed at the soft-
ness of the data in cancer research,
Austin warns. He points to several stud-
ies that suggest the vast majority of the
published preclinical cancer biology lit-
erature is not reproducible. In two such
published reviews, Amgen and Bayer
HealthCare separately reported that
they could reproduce only a small frac-

tion of highly cited preclinical research
findings—in Amgen’s case, the biotech
giant could confirm the results of just 6%
of the 53 projects that were reviewed.

“Most physics papers are probably
right, and if you think a paper is wrong
then you have somebody go and try to
reproduce it,” says Austin. “That is not
the way they work in oncology. It’s not
a good career move to try to prove some
other papers are wrong. You’re working
with a much dirtier data set than in
physics, and you have to get your mind
around that.” David Kramer

We file at least two patents per
day—one in the morning, one
in the afternoon,” says Georg

Rosenfeld, director of research at the
Fraunhofer Gesellschaft (Fraunhofer
Society), Europe’s largest organization
for applied research. “Most are gener-
ated within our own research activities.
But everything we do is geared toward
the needs of industry.” 

The Fraunhofer Gesellschaft was

founded in 1949 in postwar Germany.
Today in that country it boasts 67 insti-
tutes in all major branches of engineer-
ing, a budget of €2.1 billion ($2.6 bil-
lion), and some 23 000 employees. Sites
outside Germany are smaller and are
called centers; there are seven in the
US—with a total of about 180 re-
searchers—and eight scattered across
Europe and elsewhere. Fraunhofer rep-
resentatives in Asia, the Middle East,

and South America look for industrial
opportunities and research partners. In
total, the society has around 10 000 joint
projects with industry each year. It’s no
surprise that Fraunhofer is a household
name in Germany. And President Obama
points to it as a model for his $1 billion
initiative to create a network of insti-
tutes for manufacturing innovation. 

At a 30 September celebration of
Fraunhofer’s 20 years in the US, 
Andre Sharon, who heads the Boston
 University–based Fraunhofer Center
for Manufacturing Innovation (CMI),
said the key to the society’s success is

Bridging academia and industry the Fraunhofer way
Winning contracts and sending products to market are the measures
of success in the German organization’s not-for- profit research model. 

“

Human vascular system schematic
shows blood flow, the travel patterns of
circulating tumor cells (CTCs), and CTC
clusters. Known as circulating tumor
 microemboli, the clusters have migrated
into the bloodstream from the primary
cancer tumor in the left lung and formed
metastatic tumors in the blood vessels
and the right lung. The presence of these
 disease- derived cells throughout the course of the disease suggests certain steady-state
 distributions and frequent stopovers of the cells at hospitable sites. 
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AC Resistance
Bridge 

· Accurate millikelvin thermometry 

· Microvolt/picoamp excitation 

· 1 mΩ to 100 MΩ range

· 2 Hz to 60 Hz frequency range

· Linearized analog output

The SIM921 AC Resistance Bridge is
a precision, low-noise instrument
designed for cryogenic thermometry
applications. With its ultra-low
excitation power, the SIM921 can
measure thermistors and other
resistive samples at millikelvin
temperatures with negligible
self-heating errors.

SIM900 Mainframe loaded with a
variety of SIM modules

SIM921 ... $2495 (U.S. List)

“that 30% of our funding is everlast-
ing.” That is in contrast to the usual
government funding model in the US,
where new initiatives are left to sink or
swim after 5 or 10 years. Sharon’s part-
ner at the podium, Dieter Rombach, di-
rector of the Fraunhofer Institute for Ex-
perimental Software Engineering in
Karlsruhe, emphasized the other 70% of
funding, which is made up largely of
awards from industry and government.
“The measure for success is industry in-
come,” he said. “Employees complain
about this pressure. But it ensures great
applied research. If you cannot sell it,
it’s not Fraunhofer.”

Now and the future
The “everlasting” funding comes from
the German government and, for cen-
ters outside Germany, also from the host
state or country, industry, utilities, and
other local sources. The exact amount a
given site receives is tied to the amount
it gets from industrial contracts; 30% is
approximate—more contracts lead to
more in-house support. Very occasion-
ally, an institute or center has been shut
or moved to other research settings for
failing to win enough industrial con-
tracts. “They were not serving industry
according to the Fraunhofer model,” ex-
plains Patrick Bressler, who recently
moved from the society’s office in Brus-
sels to become executive vice president
of Fraunhofer USA. Publishing is not a
key performance indicator for applied
research, Bressler notes, but Fraunhofer
researchers publish papers on their non-
proprietary work.

The base funding gives institutes

flexibility to develop new ideas, “do re-
search to stay ahead of the curve, and
deal with uncertainties in the economy,”
says Sharon. At his center, he says, re-
search is split roughly evenly between
advanced R&D work for industry and
in-house investigations covered by the
base funding and external grants. The
in-house research is selected with indus-
try in mind—researchers try to antici-
pate industry’s needs and move their
own developments to the marketplace.

Germany puts money into the Fraun -
hofer centers abroad because the econ-
omy and science are global. Says Rosen-
feld, “You have to be sure you are at the
forefront of your domain. You want to
connect with the best people, wherever
they are.”

Another reason for nurturing cen-
ters in different countries is that cul-
tures differ, notes Thomas Schuelke of
the Fraunhofer Center for Coatings and
Laser Applications at Michigan State
University. “In Germany, you explain to
the bones why something will work. In
the US, there is a different attitude, a
can-do attitude. Even if it doesn’t work,
at least you can try it. And sometimes it
does work. Sometimes it’s good to look
over the fence at other cultures.” 

Now Fraunhofer wants to increase
technology transfer across the Atlantic,
says Bressler. “We see unique opportu-
nities to link US technology strengths
with German technology strengths to
create world-class joint ventures.” 

Innovation is nonlinear
As of 1 January 2015, Schuelke’s group
on industrial coatings and diamond

A diamond for industrial use as a  phosphorus-doped n-type semiconductor crystal
is grown in a  microwave- assisted vapor deposition reactor at the Fraunhofer Center
for Coatings and Laser Applications at Michigan State University.
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they could be considered a second layer
of roof shingles. The panels also self-
test for code compliance and safety. As
of press time, the CSE had five indus-
trial partners on the project and was
looking for additional companies to
commercialize the system.

Vaccine production in tobacco plants
is a joint project between the CMI, which
specializes in automation systems, and
the Fraunhofer Center for Molecular
Biotechnology in Newark, Delaware.
The collaboration started when the US
Defense Advanced Research Projects
Agency (DARPA) got wind of work at
the biotech center, where scientists had
found a way to coax vaccines out of to-
bacco plants. “It’s ironic that you can use
tobacco to do good,” says Sharon. “It’s
because they’ve been studied for years
and their makeup and genetics are so
well understood.” DARPA funded work
to scale up to millions of vaccine doses.
The collaboration “developed a system
where robots do everything, from seed-
ing, to providing nutrients, growing, in-
filtration with a virus,” says Sharon. “We
took a farming process and turned it into
an industrial process. You could have
these factories deployed in third-world
countries, or where there is a pandemic.”
Now, he says, the Fraunhofer team is
 collaborating with an industrial partner
for clinical trials. 

Other products to come out of
Fraunhofer research include parts for
airplane engines, video compression
software, devices that reduce energy
consumption in buildings, and tera-
hertz scanners for noninvasive detec-
tion of drugs and explosives. Not yet on
the market is an  emotion- recognition
app for Google Glass, announced in
August by the Fraunhofer Institute for
Integrated Circuits in Erlangen. And
based on work by two Fraunhofer insti-
tutes, a pilot collaboration with Conti-
nental AG to use rubber from geneti-
cally modified dandelions for tires is
just getting started.

Perhaps the best-known product to
come out of Fraunhofer research is the
MP3 data format. About 20 years ago,
researchers were studying human per-
ception of sound, says Rosenfeld. “The
clue was to understand that the brain is
able to perceive high- quality sound
without all the information that was
originally present.” At first, he says, the
research was considered “weird” and
“not useful.” Later “it met the markets
of data compression and portable digi-
tal audio players. There it found a win-
dow of opportunity.” 

Toni Feder
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technologies will split off from lasers
into an independent Fraunhofer center.
The coatings are for such things as re-
ducing friction in engine parts to im-
prove fuel efficiency and increasing the
lifetime of machining tools. And, says
Schuelke, “we have the world- leading
effort in making diamonds for applica-
tions. It’s always about developing new
machinery—either about making a new
material, or making it cheaper or bet-
ter.” Synthetic diamonds are used in
high- power and high-speed electronic
devices, and  diamond-like carbon coat-
ings can increase the lifetime of ortho-
pedic implants. (See photo on page 25.)  

“We publish, we go to trade shows,
and people come to us. We also knock
on industry doors,” Schuelke says. His
group of 10 engineers plus a few stu-
dents juggles 50 to 100 projects a year.
The projects may be with startups,
small companies, or international enter-
prises, and they range from a few thou-
sand dollars to hundreds of thousands
and from a few months to years. “It’s a
balancing act. It requires planning, 
patience, infrastructure management,”
says Schuelke.

Nearly all heads of Fraunhofer insti-
tutes and centers are professors at a
nearby university. “We believe that cre-
ates the most intimate connections and
creates benefits on both sides,” says
Rosenfeld. “It makes sure our research
is founded on scientific excellence and
provides an opportunity for universi-
ties to participate. Innovation is typi-
cally not a linear process. You have to
create connections.” Students do mas-
ter’s and PhD research in Fraunhofer
labs. And there is an exchange of stu-
dents and senior researchers between

Fraunhofer sites in Germany and
abroad. The international centers each
have at least one partner Fraunhofer 
institute in Germany. 

Eicke Weber, director of the Institute
for Solar Energy Systems (ISE) in
Freiburg, says, “Because we have to
raise money, it forces us to be innova-
tive. Convincing a CEO of a company is
a big step.” Since he took the reins in
2006, the ISE has more than doubled in
size and budget to 1300 people and
€80 million. 

Jacqueline Ashmore, engineering
program manager at ISE’s sister center
in Boston, the Center for Sustainable
Energy Systems (CSE), notes the impor-
tance of Fraunhofer’s not-for- profit sta-
tus. “When we walk into a room to talk
with industry and they hear we are
nonprofit, the tone [of potential collab-
orators] changes,” she says.

From the MP3 to solar power
The main project at the CSE is a plug-
and-play solar panel system (see photo
above). The aim is to create a low-cost,
easily installable system, says Ashmore,
“that you could buy, say, at Home
Depot and install in 10 hours.” CSE
 director Christian Hoepfner says, “We
are trying to solve a problem that is 
US- specific.” Installation of residential
solar power costs about three times as
much in the US as in Germany, he says,
“largely due to codes and standards,
construction practices, and political 
decentralization. There are more than
18 000 jurisdictions with authority on
this.” Part of the plug-and-play project
involved navigating the codes. And
part of the solution is to make the pho-
tovoltaic panels just 2 mm thick, so that

A plug-and-play solar energy system, developed by a Fraunhofer center in Boston,
on display at the 30 September event marking two decades of Fraunhofer presence
in the US. The  system will be ready for pilot trials by the end of the year and could
lower the cost of solar power in the US market.
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