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Motivation for THz Communications
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Why should we work on THz Communications?

ñ 6G research should look at the problem of transmitting up to 1 Tbps per 

user. This is possible through the efficient utilization of the spectrum in the 

THz regime. Extended spectrum towards THz will enable merging 

communications and new applications such as 3D imaging and sensing. 

Source: http://jultika.oulu.fi/Record/isbn978-952-622354-4
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Source: G. Fettweis, 1St TERAFLAG Workshop Cassis 2018
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Research on THz Comunications is boomingé.

ébut where are the Applications?

Source: J. M. Jornet, H. Elayan, T. Nagatsuma, M. Juntti, E. T. Pinto, T. Kürner, 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

80

100

120

140

160

180

200

 

D
ä
m

p
fu

n
g
 i
n
 d

B

 

100
500

900

Frequency /GHz

10

50

100

Distance / m

Á High gain antennas are required

Á Atmospheric attenuation can be neglected in indoor environments

Source: Martn Koch, Phillips University Marburg
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Motivation for Channel Measurements and Modeling at 300 GHz 

Á A wireless communication system, which is 

going to be  operated in a 

Ánew frequency band or

Áa new application environment or

Á in both 

Á triggers activities in channel characterisation 

and channel modelling

Á channel measurements are always the first 

step

Wireless Links in 

Data Centers

Intra-Device 

Communication

Indoor Communication & 

Impact of Building Materials

Dynamic environments in combination 

with high gain antennas
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Measurement Techniques for THz Channel Characterisation
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Channel Measurement Techniques

Source: P. Jepsen et. al ,ñ Terahertz Time-Domain Spectroscopyò in THz 

Communications (Springer 2022)

Plaster 

Piesiewicz, R.; Jansen, C.; Mittleman, D.; Kleine-Ostmann, T.; Koch, M.; Kürner, T.; Scattering analysis for the modeling of THz communication systems; IEEE Trans. on Antennas and Propagation, Vol. 55, No. 11, November 

2007, pp.3002-3009

THz Time Domain Spectroscopy

Source: J. M. Eckhardt; T. Doeker; T. Kürner: 300 GHz Channel Measurements in a Real Data Center ï First Results. Proc. 19th European Conference on Antennas and Propagation (EuCAP), Krakow, April 2019, 

Source: Johannes M. Eckhardt, Alper Schultze, Ramez Askar, Tobias Doeker, 

Michael Peter, Wilhelm Keusgen und Thomas Kürner: Uniform Analysis of 

Multipath Components From Various Scenarios With Time-Domain Channel 

Sounding at 300GHz, IEEE Open Journal of Antennas and Propagation, Vol. 4, 

S. 446ï460, 2023

Channel Sounding
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TUBSó M-Sequence Channel Sounder ïSet-up

Rotational Units

T. Doeker, J. M. Eckhardt, C. E. Reinhardt and T. Kürner, "Time-Domain Channel Sounder Calibration at Low Terahertz Band," in IEEE Open Journal 

of Antennas and Propagation, doi: 10.1109/OJAP.2024.3425915
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Some possible Evaluations of Measurements

12

Johannes M. Eckhardt, Carla E. Reinhardt, Tobias Doeker, 

Eduard A. Jorswieck und Thomas Kürner: Capacity Analysis for 

Time-Variant MIMO Channel Measurements at Low THz 

Frequencies, in Proc. of 2023 17th European Conference on 

Antennas and Propagation (EuCAP), Florence, Italy: IEEE, März 

2023
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Measurements in an Aircraft Cabin

Source: T. Doeker, J. M. Eckhardt and T. Kürner, "Channel Measurements and Modeling for Low Terahertz Communications in an Aircraft 

Cabin," in IEEE Transactions on Antennas and Propagation, vol. 70, no. 11, pp. 10903-10916, Nov. 2022
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Leakage through Aircraft Windows

TX

J. M. Eckhardt, T. Doeker and T. Kürner, "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.

RX

minimal attenuation Gwindow,min,dB å -11 dB 

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

Á Beyond 300 GHz spectrum needs 

to be shared with passive services, 

e.g. Earth Exploaration Satallite 

Service and Radio Astronomy

Á Leakage through aircraft windows 

becomes of interest.
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Comparison of Ray Tracing and Measurements

Á Ray-optical channel predictions in SiMoNe

ÁCreation of a 3D model

ÁEmulation of measurement scenarios / digital 

twin

ÁTracability of simulated multipath components to 

their geometric origin

Eckhardt, J.M., 2024. THz Communications in a Data Center: Channel Measurements, Modeling and Physical Layer Analysis. 

Mitteilungen aus dem Institut für Nachrichtentechnik der Technischen Universität Braunschweig. Shaker, Düren. 

https://doi.org/10.24355/dbbs.084-202405061045-0
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A Hybrid THz Channel Model for Data Centers

Á 56 positions of directional channel measurements

Á Amplitude of multipath components decreases exponentially

Á Environmentally and scenario dependent model coefficients

ÁTop-of-Rack/medium height, line of sight/obstructed line of sight

J. M. Eckhardt, A. Schultze, 

R. Askar, T. Doeker, M. 

Peter, W. Keusgen, and T. 

K¿rner, ñUniform Analysis of 

Multipath Components From 

Various Scenarios With Time-

Domain Channel Sounding at 

300GHz,ò IEEE Open J. 

Antennas Propag., vol. 4, pp. 

446ï460, 2023.

Ray search via Raytracing 
Amplitude from analytic path gain model

+
J. M. Eckhardt, T. Doeker, 

and T. K¿rner, òHybrid 

Channel Model for Low 

Terahertz Links in a Data 

Center,ò IEEE Open 

Journal of the 

Communications Society, 

2024.
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A good Overview on the State-of-the-Art in Channel Measurements and 

Modelling for THz Communications can be found in these Publicationsé

Special Section on Sub-THz and THz 

Radio Propagation: Measurements 

and Characterization in IEEE Open 

Journal of Antennas and Propagation 

published in 2023
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Recent Technological Advancements
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THz Technology Characteristics and Recent Advancements

Á 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. 

Á 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.

Á Peculiar propagation properties of THz signals enable accurate sensing and imaging capabilities, can 

be exploited for integrated sensing and communication functionalities.

Á 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).

19
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Achieved Data Rates as Function of Carrier Frequencies
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Á Carrier frequency vs. data rate 

obtained for single-channel THz 

wireless communications systems with 

real-time transmission (solid 

circle/triangle) and with off-line digital 

signal processing (open circle/triangle).

Source: Nagatsuma, T., Ducournau, G. (2022). Photonics-Based Transmitters and Receivers. In: Kürner, T., Mittleman, D.M., Nagatsuma, T. 

(eds) THz Communications. Springer Series in Optical Sciences, vol 234. Springer, Cham. https://doi.org/10.1007/978-3-030-73738-2_26
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Demonstration of a 300 GHz Backhaul-Link with real Data Transmisison at 

Campus of TU Braunschweig, June 2022

ÁSet-up (FDD-Mode):

Á4 channels with 2x 2.16 GHz  each

ÁTransmission of real data fed over 

carrier grade Mux Ponders

ÁAchievements:

ÁWorldôs first bi-directional transmission with 

real data transmission @ 300 GHz

Á16 QAM modulation

ÁEnd-to-end net data rate of 2 x 20 Gbit/s over 

a distance of 150m

Source T. Kürner et al., "THz Communications and the Demonstration in the 

ThoRïBackhaul 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 national Level are running é

Áéwe are participating on four of them

2019-2025, funded by DFG www.meteracom.de 2021-2025 funded by BMBF https://6g-ric.de

2023-2025,  funded by EU, www.times6G.eu 2023-2025, funded by EU https://terrameta-project.eu/

http://www.meteracom.de/
https://6g-ric.de/
http://www.times6g.eu/
https://terrameta-project.eu/
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TIMES is working on THz Systems in industrial Environments

TIMES concept illustration for industrial scenarios and key 

technological enablers
First 300 GHz Channel Measurements have 

been carried out in industrial envronments 
https://smart-networks.europa.eu/wp-content/uploads/2023/05/sns-journal-2023-web-1.pdf

www.times6G.eu

V. V. Elesina, C. E. Reinhardt and T. Kürner, "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: 

10.23919/EuCAP60739.2024.10501210
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One recent highlight from Meteracom

accepted for publication in 


