\

~ Fraunhofer

IOF

FRAUNHOFER-INSTITUTE FOR APPLIED OPTICS AND PRECISION ENGINEERING IOF

PRESS RELEASE PRESS RELEASE

January 7, 2020 || Page 1| 6

CES 2021: Fraunhofer IOF showcasing quantum technol-
ogies for communication and microscopy

Las Vegas (USA), Jena (Germany)

Highly secure communication and the latest microscopy for medicine: leading-
edge technologies from the world of quanta will be presented by the Fraunho-
fer Institute for Applied Optics and Precision Engineering IOF at the Interna-
tional Electronics Show CES 2021 ALL-DIGITAL from January 12 to 13.

The world of light particles, the so-called "quanta of light", is very small at first glance
and yet it holds gigantic potential for life in the future. Quantum physics not only holds
the key to highly secure communication. Quantum-based methods for microscopy will
also open doors, which have been closed up to now, in medicine and biology.

Fraunhofer IOF is conducting intensive research in the underlying research fields: quan-
tum communication as well as quantum imaging. At CES 2021, the institute will pro-
vide insights into its latest developed technologies and highly application-oriented re-
search projects.

Quantum communication: new encryption methods for the networked world

Thinking about tomorrow today - this principle also applies to communications in the
age of digital transformation. Sensitive data, such as citizens' health data, but also
security-relevant data from companies, can already be stored today by hackers and
read in the future with the help of more powerful computers. The aim of research into
guantum communication is therefore to protect data today against the cyber-attacks of
tomorrow. A new encryption technology known as "quantum key distribution" (QKD
for short) is intended to prevent this.

This quantum-based encryption is being researched at Fraunhofer IOF as part of various
research programs and initiatives. At CES 2021, visitors can virtually marvel at a core
element of the novel quantum communication: The EPS (short for “Entangled Photon
Source”), developed at the Fraunhofer Institute in Jena, Germany, generates entangled
photon pairs that can serve as the basis for generating quantum-based keys. The
source has been further enhanced over the past three years and is now one of the
most powerful hardware solutions in quantum communication.
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Quantum imaging for microscopy: Making the (previously) invisible visible

Even in biology, there are still many unanswered questions today. One reason for this is
that living samples (e.g., DNA samples) are sensitive to certain types of light radiation
(e.g., infrared). Intensive irradiation with this wavelength range can cause irreversible
damage to the sample and render it unusable for the examination. At the same time,
these particular wavelengths are needed to study the internal structure of the sample
and thus obtain essential information about its inner structure.

New microscopy technologies based on quantum imaging techniques resolve this con-
flict. Using entangled photon pairs, two different wavelengths can be used for sample
analysis: One of them is optimized to provide particularly good insights into the sample
while exposing the sample at an intensity that is harmless to its vitality. The second
photon, on the other hand, is used for evaluation at the detector. Its wavelength is
selected in such a way that it can be read out optimally. Due to the entanglement of
the photons, they exchange their information with each other. Thus, the photon used
for the evaluation at the detector does not have to interact with the sample itself. In
this way, relevant information can be extracted from a living sample without exposing
it to light radiation of harmful intensity. Damage to the sample is thus prevented or,
depending on the application, significantly delayed.

Fraunhofer IOF is working on translating this fundamental principle into practical appli-
cations. At CES 2021, the quantum imaging method and corresponding application
potentials in biology and medicine will be presented.

The Consumer Electronics Show (CES) is one of the world's largest trade shows
for electronics. Traditionally, it is held in Las Vegas. This year's show, organized
by the Consumer Technology Association (CTA), will be held in an entirely digi-
tal format from January 11 to 14. The digital booth by Fraunhofer IOF will be
open specifically for visitors from January 12 to 13. The digital presentations
can be viewed online until February 15.

About Fraunhofer IOF

Light is a versatile tool. Due to its diverse applications as well as excellent properties as
an electromagnetic wave and as a light particle, it is a key technology for future chal-
lenges of the modern world.

With this in mind, the Fraunhofer Institute for Applied Optics and Precision Engineering
IOF, based in Jena, Germany, conducts research into the development of light as a
means of solving a wide variety of problems and application scenarios. The work of the
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The interdisciplinary pooling of the institute's own expertise in the fields of optics and
precision engineering allows Fraunhofer IOF and its cooperating partner organizations
to develop complex and unique photonic components and systems. Together with
researchers from basic research and industry, innovative solutions are created that rep-
resent a technological advantage in science and industry and open up new fields of
application for photonics.

Press Photos

You can find the following press photos in high resolution for download at:
https://www.iof.fraunhofer.de/en/pressrelease/202 1/ces-2021.html

Fig. 1: The EPS (short for "Entangled Photon Source"), developed at Fraunhofer IOF,
is a core element of qguantum communication technology. (Copyright: Fraunhofer IOF)
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Fig. 2: The EPS generates entangled photon pairs, which serve as
the basis for generating quantum-based keys.
(Copyright: Fraunhofer IOF)

’

Fig. 3: A view inside the “Entangled Photon Source”.
(Copyright: Fraunhofer IOF)
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Fig. 4: In quantum imaging, a laser beam is passed through a non-linear crystal. In this
way, hundred thousands of correlated photon pairs are generated. (Copyright: Fraun-
hofer IOF)

Fig. 5: The entangled photons arecreate with different wavelengths: one optimized for
the sample to be exposed, one optimized for the reading detector. (Copyright: Fraun-
hofer IOF)
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Fig. 6: Due to the "spooky action at a distance", as Albert Einstein called it, the entan-
gled photons share the collected information - as symbolically visualized here in a
breadboard setup. (Copyright: Fraunhofer IOF)

The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on develop-
ing key technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunho-
fer plays a central role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence,
Fraunhofer helps shape society now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 74 institutes and
research institutions throughout Germany. The majority of the organization’s 28,000 employees are qualified scientists and engineers, who
work with an annual research budget of 2.8 billion euros. Of this sum, 2.3 billion euros is generated through contract research.



