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Technologies for the Sixth Generation Cellular
Network
Ultra-rapid Electro-optical Modulators Convert Terahertz into Optical Data Signals – Publication in
Nature Photonics
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Seamless integration of wireless transmission lines into glass-fiber networks results in
high-performance data networks. A detailed description of the figure is given at the end
of the text. (Graphics: IPQ/KIT)

Future wireless data networks will have to reach higher transmission rates and shorter delays, while supplying an increasing
number of end devices. For this purpose, network structures
consisting of many small radio cells will be required. To connect
these cells, high-performance transmission lines at high frequencies up to the terahertz range will be needed. Moreover,
seamless connection to glass fiber networks must be ensured,
if possible. Researchers of Karlsruhe Institute of Technology
(KIT) use ultra-rapid electro-optical modulators to convert terahertz data signals into optical signals. This is reported in Nature Photonics (DOI: 10.1038/s41566-019-0475-6).
While the new 5G cellular network technology is still tested, researchers are already working on technologies for the next generation of
wireless data transmission. “6G” is to reach far higher transmission
rates, shorter delays, and an increased device density, with artificial
intelligence being integrated. On the way towards the sixth generation
cellular network, many challenges have to be mastered regarding
both individual components and their interaction. Future wireless networks will consist of a number of small radio cells to quickly and efficiently transmit large data volumes. These cells will be connected by

Kaiserstraße 12
76131 Karlsruhe, Germany
Phone: +49 721 608-21105
Email: presse@kit.edu

Press contact:
Kosta Schinarakis
Press Officer
Phone: +49 721 608-21165
Email: schinarakis@kit.edu

Additional material:
Link to the publication in
Nature Photonics:
https://www.nature.com/articles/s41566-019-0475-6

Page 1 / 3
KIT – The Research University in the Helmholtz Association

www.kit.edu

Press Release
No. 095 | or | July 16, 2019

transmission lines, which can handle tens or even hundreds of gigabits per second per link. The necessary frequencies are in the terahertz range, i.e. between microwaves and infrared radiation in the
electromagnetic spectrum. In addition, wireless transmission paths
have to be seamlessly connected to glass fiber networks. In this way,
the advantages of both technologies, i.e. high capacity and reliability
as well as mobility and flexibility, will be combined.
Scientists of the KIT Institutes of Photonics and Quantum Electronics
(IPQ), Microstructure Technology (IMT), and Radio Frequency Engineering and Electronics (IHE) and the Fraunhofer Institute for Applied
Solid State Physics IAF, Freiburg, have now developed a promising
approach to converting data streams between the terahertz and optical domains. As reported in Nature Photonics, they use ultra-rapid
electro-optical modulators to directly convert a terahertz data signal
into an optical signal and to directly couple the receiver antenna to a
glass fiber. In their experiment, the scientists selected a carrier frequency of about 0.29 THz and reached a transmission rate of 50
Gbit/s. “The modulator is based on a plasmonic nanostructure and
has a bandwidth of more than 0.36 THz,” says Professor Christian
Koos, Head of IPQ and Member of the Board of Directors of IMT. “Our
results reveal the great potential of nanophotonic components for ultra-rapid signal processing.” The concept demonstrated by the researchers will considerably reduce technical complexity of future radio base stations and enable terahertz connections with very high
data rates – several hundred gigabits per second are feasible.
Figure:
Seamless integration of wireless links into fiber-optical networks is the
key to high-performance data networks: future cellular networks will
consist of many small radio cells that can be connected flexibly by
high-performance THz transmission links. At the receiver, THz signals
can be converted directly into optical signals with the help of ultrarapid plasmonic modulators and transmitted via glass fiber networks.
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For the abstract, click https://doi.org/10.1038/s41566-019-0475-6

More about the KIT Information · Systems · Technologies Center:
http://www.kcist.kit.edu
Being “The Research University in the Helmholtz Association,“
KIT creates and imparts knowledge for the society and the environment. It is the objective to make significant contributions to the
global challenges in the fields of energy, mobility and information.
For this, about 9,300 employees cooperate in a broad range of disciplines in natural sciences, engineering sciences, economics,
and the humanities and social sciences. KIT prepares its 25,100
students for responsible tasks in society, industry, and science
by offering research-based study programs. Innovation efforts at
KIT build a bridge between important scientific findings and their
application for the benefit of society, economic prosperity, and the
preservation of our natural basis of life.
This press release is available on
http://www.sek.kit.edu/english/press_office.php.
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The photo in the best quality available to us may be downloaded
under www.kit.edu or requested by mail to presse@kit.edu or
phone +49 721 608-21105. The photo may be used in the context
given above exclusively.
This year’s anniversary logo recalls the milestones reached by KIT
and its long tradition in research, teaching, and innovation. On October 1, 2009, KIT was established by the merger of its two predecessor
institutions: the Polytechnic School and later University of Karlsruhe
was founded in 1825, the Nuclear Reactor Construction and Operation Company and later Karlsruhe Research Center in 1956.
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