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What is 6G? — Mobile Communications Timeline

The: feundation of  Mobile telephony  The foundation of — Mobile broadband Embracing a Enabling a smart
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wireless netwark wireless network wireless network wireless network

+ Designed for Designed 1000x increase Extension to
voice Primarily for in capacity (sub) mm-wave
First digital Data Support for frequencies
standards IP based 100+ billion nediruie uvuu
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True Mobile Below 1ms
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Non-terrestrial Network Types
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Role of Satellite Communication in 6G
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Example application: Autonomous shipping
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Example application: Autonomous shipping
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Mobile Communications Timeline
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Enabling a smart
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24 GENERATION
wireless netwark

+ Designed for
voice
First digital
standards
(GSM,CDMA)

4t GENERATION
wireless network

Designed
Primarily for
Data

IP based
protocol
True Mobile
broadband.

100 Mbps

5th GENERATION
wireless network

+ 1000x increase
in capacity
Support for
100+ billion
connections
Below 1ms
latency

10 Gbps

6" GENERATION
wireless network

+ Extension to
(sub) mm-wave
frequencies
nedaruniie vivuu
computing
Coverage
everywhere

=

CENTER FOR WIRELESS

CWTe TECHNOLOGY

EINDHOVEN

TU/e



Spectrum is Key

Spectrum range for future radio access

Centimetric range Sub-THz range

| | | | | |
l ! | | | |
1GHz 3 GHz 10 GHz 30 GHz 100 GHz 300 GHz
\_ J

I Current 5G spectrum range
I Possible new 6G spectrum range

7-20 GHz for high-capacity Tbps and extremely low latencies for
wide-area coverage key enablers of 6G niche use cases

Source: CENTER FOR WIRELESS
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6G Niche Use Cases: Joint Communication and Sensing
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Ka-Band Target Tracking Radar Using 5G beamforming Chips

-

Tracking radar applications

Commercial 5G beamforming ICs

* Fast electronic beamforming
* Power amplification

Small-scale demonstrator
* Realized & measured
M. de Kok et al., "A 34- to 36-GHz Active Transmitarray for Ka-Band Tracking Radar CENTER FOR WIRELESS

13 Using 5G Tx/Rx Beamforming ICs: Design and 64-Element Demonstrator," in I[EEE CWTe TECHNOLOGY
Transactions on Antennas and Propagation, 2023, doi: 10.1109/TAP.2023.3240557 EINDHOVEN




Radar Activities: From Single-Chip Integration...

'_’ y: ¢ =90°
Tx-antenna |
(monopole)
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backside center
metallization of cavity

B. Adela; P.van Zeijl; U. Johannsen; A. B. Smolders “On-chip Antenna Integration for Millimeter- CENTER FOR WIRELESS
14 wave Single-chip FMCW Radar, Providing High Efficiency and Isolation” IEEE Transactions on CWT TECHNOLOGY e
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...to Advanced Packaging and
Heterogeneous Integration...

Low-loss waveguide L ‘
adisors ~ Fraunhofer
IZM
Plastic package with
RFIC using 3D
interconnect
TU/e
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... to system design...

FMCW MIMO radar with 13 TX and 26 RX nodes @ 60 GHz
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... to Platform Integration!
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Advanced remote sensing using metastructures

Phonon polaritons (PhPs) are sensitive to refractive index of surrounding medium

PEI Extinction

Sensing CO, with greatly enhanced sensitivity

Use of PhPs in hBN gratings with a

functionalized layer
(polyehtylenimine — PEI )
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Sensing atomically thin oxide films
SiC pillars support surface PhPs
Reflectance depends on

oxide layer thickness
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Ambient Temperature Reflector Feeds

e Ambient Temperature LNAs
with <10K Noise Figure
Reported:

S. Weinreb and J. Shi, "Low Noise Amplifier With 7-K
Noise at 1.4 GHz and 25 °C," in IEEE Transactions on
Microwave Theory and Techniques, vol. 69, no. 4, pp.
2345-2351, April 2021, doi:
10.1109/TMTT.2021.3061459.

J. Shiand S. Weinreb, "Room-Temperature Low-Noise
Amplifier With 11-K Average Noise From 0.6 to 2 GHz,"
in IEEE Microwave and Wireless Technology Letters,
doi: 10.1109/LMWT.2023.3315269.
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Low Frequency Array (LOFAR) Telescope
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Integrated Digital Front-End for LOFAR
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3D-MID Integrated Digital Front-End for LOFAR
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Astrophysical Lunar Observatory

’ : # - 4
» -
% * LANDER
\
)
y 4
i )
Eclipse zone : | 3
X ‘ %
0 A0 . - ) ) -’.
A\ J",‘ e e e

CENTER FOR WIRELESS

CWTe rechnoLoay

EINDHOVEN




25

Thank Youl!
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CWTe Project Highlights

TU/e ASTRON awm SgrEnna ANTENNEX  TINO e,
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Space

COVERAGE EVERYWHERE

SANTERRA

Antenna Systems Experts for 6G Non-Terrestrial
Networks

www.anterra-project.eu

| 6G FUTURE NETWORK SERVICES
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http://www.anterra-project.eu/

Ka-Band Target Tracking Radar Operating Principle

CENTER FOR WIRELESS

27 CWTe rechnoLoay

EINDHOVEN

TU/e



CWTe Project Highlight

polaris

Pathway towards Opportunities for Large scale
Applications of Radically Integrated Systems
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