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Motivation for THz Communications
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Why should we work on THz Communications?
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Research on THz Comunications 1 S boomi |
ébut where are the Applications?

IEEE Articles on THz Communication

1,567

1196 1306

2018 2019 2020 2021 2022 2023

Source: J. M. Jornet, H. Elayan, T. Nagatsuma, M. Juntti, E. T. Pinto, T. Kiirner, H. Guerboukha, D. M. Mittleman, E.
Knightly, "Mobile Terahertz Communication and Sensing Systems: A Future Look," in IEEE Vehicular Technology
Magazine, vol. 19, no. 4, pp. 20-35, Dec. 2024,
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Specific Properties of the THz Propagation Channel
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THz Propagation Characteristics - Relevant Propagation Mechanism
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A High gain antennas are required
A Atmospheric attenuation can be neglected in indoor environments
s 20. Mai 2025 | ITG i Facht Mobilk ikation | Th Kirner | Terahertz C ications | 7/37
Universitit . Mai I Fachtagung Mobilkommunikation omas Kurner | Terahertz Communications
Braunschweig . . .IIEI

Institut fiir Nachrichtentechnik




Motivation for Channel Measurements and Modeling at 300 GHz

A A wireless communication system, which is
going to be operated in a

A new frequency band or
A a new application environment or
A in both

Intra-Device
Communication

A triggers activities in channel characterisation
and channel modelling

A channel measurements are always the first
step Indoor Communication &
Impact of Building Materials

~N

Dynamic environments in combination
with high gain antennas
Wireless Links in
Data Centers

A
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Measurement Techniques for THz Channel Characterisation
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Channel Measurement Techniques
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T. Doeker, J. M. Eckhardt, C. E. Reinhardt and T. Kiirner, "Time-Domain Channel Sounder Calibration at Low Terahertz Band," in IEEE Open Journal
of Antennas and Propagation, doi: 10.1109/0JAP.2024.3425915
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Some possible Evaluations of Measurements

- Power Delay Profile
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Measurements in an Aircraft Cabin
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Technische
Universitit 20. Mai 2025 | ITG i Fachtagung Mobilkommunikation | Thomas Kurner | Terahertz Communications | 13/37 . . . ‘I‘
N |

Braunschweig

Institut fiir Nachrichtentechnik



Leakage through Aircraft Windows

top

A Beyond 300 GHz spectrum needs
to be shared with passive services,

minimal attenuation G,;ngow minqe & -11 dB
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Service and Radio Astronomy — v
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S. Priebe et al., "Interference Investigations of Active

Communications and Passive Earth Exploration Services
in the THz Frequency Range," in IEEE Transactions on
Teraherttz Science and Technology, vol. 2, no. 5, pp. 525-
537, 2012

J. M. Eckhardt, T. Doeker and T. Kiirner, "Indoor-to-Outdoor Path Loss Measurements in an Aircraft for Terahertz Communications,"
2020 IEEE 91st Vehicular Technology Conference (VTC2020-Spring), Antwerp, Belgium, 2020, pp. 1-5, doi: 10.1109/VTC2020-
Spring48590.2020.9128849.
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Comparison of Ray Tracing and Measurements

A Ray-optical channel predictions in SiMoNe
A Creation of a 3D model
A Emulation of measurement scenarios / digital

twin
A Tracability of simulated multipath components to L
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Eckhardt, J.M., 2024. THz Communications in a Data Center: Channel Measurements, Modeling and Physical Layer Analysis.
Mitteilungen aus dem Institut fur Nachrichtentechnik der Technischen Universitat Braunschweig. Shaker, Diren.
https://doi.org/10.24355/dbbs.084-202405061045-0
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A Hybrid THz Channel Model for Data Centers e
-0k g :
3 by
A 56 positions of directional channel measurements %”" | : ; ' : s
A Amplitude of multipath components decreases exponentially [N RN A R .
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A good Overview on the State-of-the-Art in Channel Measurements and
Model |l i ng for THz Communications can b

1670 [EEE COMMUNICATIONS SURVEYS & TUTORIALS, VOL. 24, NO. 3, THIRD QUARTER 2022
Springer Series in Optical Sciences

Terahertz Wireless Channels: A Holistic Survey on A
Measurement, Modeling, and Analysis Tl i i

Chong Han™', Member, IEEE, Yigin Wang"~', Yuanbo Li*', Yi Chen™, Student Member, IEEE, TH
MNaveed A. Abbasi™ ., Member, IEEE, Thomas Kiimer~ , Fellow, IEEE, Z
and Andreas F. Molisch™ ., Fellow, IEEE

Communications

Paving the Way Towards Wireless Tbps

Special Section on SubHz and THz C IEEE ey 2 .2 102
Radio Propagation: Measurements OMMUNICATIONS
and Characterization in IEEE Open MAGAZINE

Journal of Antennas and Propagatio L 1] |

published in 2023 Channe| Modeling and Signal Prpcessing

fof Teraertz Commupicatipns

ALLg

"ol .
“':?.é %+ Technische
$ A% Universitit 20. Mai 2025 | ITG 1 Fachtagung Mobilkommunikation | Thomas Kirner | Terahertz Communications | 17/37
by EEE
¥scd

Y Braunschweig

Institut fiir Nachrichtentechnik



N

AP
<t : ’

Recent Technological Advancements

Technische
Universitit
Braunschweig

8 ] IfN|

Institut fiir Nachrichtentechnik

20. Mai 2025 | ITG 1 Fachtagung Mobilkommunikation | Thomas Kirner | Terahertz Communications | 18/37




THz Technology Characteristics and Recent Advancements

A Huge amount of bandwidth available in THz bands (ITU has been identified 137 GHz of spectrum
between 275 and 450 GHz), it is possible to achieve extremely high data rates and ease spectrum
scarcity problems.

A Small wavelength of THz signals enables the realization of compact and miniatured devices and
antennas. It is possible to pack many antenna elements within a limited form factor and realize pencil-
sized beams.

A Peculiar propagation properties of THz signals enable accurate sensing and imaging capabilities, can
be exploited for integrated sensing and communication functionalities.

A Advancements in semiconductor industry and emergence of new materials are facilitating the
realization of THz devices. Three main fabrication approaches: electronic (high output power), photonic
(low noise), plasmonic (energy efficient).
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Achieved Data Rates as Function of Carrier Frequencies
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Demonstration of a 300 GHz Backhaul-Link with real Data Transmisison at
Campus of TU Braunschwelg, June 2022

ﬂ1EJHOR

A Set-up (FDD-Mode):
A 4 channels with 2x 2.16 GHz each

A Transmission of real data fed over
carrier grade Mux Ponders

L e | R
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A Achievements:
AWo r | d 6 s -dirdctioral trabsimission with
real data transmission @ 300 GHz
A 16 QAM modulation
AEnd-to-end net data rate of 2 x 20 Gbit/s over E
a distance of 150m

Source T. Kurner et al., "THz Communications and the Demonstration in the
ThoRi Backhaul Link," in IEEE Transactions on Terahertz Science and
Technology, vol. 14, no. 5, pp. 554-567, Sept. 2024, doi:
10.1109/TTHZ.2024.3415480.
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802.15 WNG Tech Focus @Kobe, 15 January 2025 - Demonstrations
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In Europe many big Research Projects on THz in the Context of
6G on EU and nati onal Level are

f our t hem

6G RIC

Research and
. Innovation

Cluster

2021-2025 funded by BMBF

A éwe are participating on

(¢

v
METERALCOM

2019-2025, funded by DFG

%f’\@ Il__._.__.JI Il ||

N e
TIMe5 TERRAMETA

2023-2025, funded by EU

2023-2025, funded by EU,

Unwerntat
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http://www.meteracom.de/
https://6g-ric.de/
http://www.times6g.eu/
https://terrameta-project.eu/

TIMES is working on THz Systems in industrial Environments
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e by e

Multi-goal Network Control and Optimization
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: A Inter/Intra Machine
' Communications

Integrated Sensing

and Communication

TIMES concept illustration for industrial scenarios and key

technological enablers
https://smart-networks.europa.eu/wp-content/uploads/2023/05/sns-journal-2023-web-1.pdf
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V. V. Elesina, C. E. Reinhardt and T. Kirner, "Channel Measurements in Workspace with Robotic
Manipulators at 300 GHz and Recent Results," 2024 18th European Conference on Antennas and
Propagation (EuCAP), Glasgow, United Kingdom, 2024, pp. 01-05, doi:
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First 300 GHz Channel Measurements have
been carried out in industrial envronments
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One recent highlight from Meteracom
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