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CWTe Research Programs
— N c— — a— a—

Ultra-high data rates (Chair: Dr. Sander Bronckers)
*  High Frequencies (>= 26 GHz) and very high data rates (1Tbps)
¢ Smart antenna systems, phased arrays, optical wireless
.I Next generati?n R?N (cell-free M—MIIMO, Inon—terrestrial neltwor=<s)

Ultra-dense ultra-scale Al-driven networks (Chair: Dr. George Exarchakos)

e Ultra small, ultra-low power and battery-less wireless systems

*  Self-configuring networks, autonomous devices and Al

e High-reliability and ultra-low latency

I I I I I 1 I I I
Ranging and sensing (Chair: Dr. Dook van Mechelen)

e Accurate, cheap, low-energy, one-chip radar

*  Sensing and positioning (3D, under water)

e  All frequency bands

I | I | I | I
Radio Astronomy (Chair: Prof. Mark Bentum)

¢ Next generation radio telescopes

*  lLarge antenna arrays

*  Low frequency (<30 MHz)
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CWTe Labs

* Co-located and integrated laboratories, occupying about 700m?

* Labs for all different sub-disciplines of wireless systems

* Dedicated system integration lab

* Fully shielded

* Anechoic chambers

* Reverberation chambers

* On-wafer, PCB-level and
system-level characterization

CENTER FOR WIRELESS
6 CWTe Overview CWTe TECHNOLOGY TU/ e

EINDHOVEN



Contents

* History — Why CWTe is working on SatCom
* Groeifonds project 6G Future Network Services

* EU project ANTERRA

e First results

; Ay TU/e

EINDHOVEN



TU/e

Telecommunications Heritage within CWTe
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Key outcomes

* 6G antenna front-end development of NXP + Ericsson + TU/e support:

28GHz = 100GHz

Test with the

Tt y wireless connector™
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* TSMC offers access to 16nm and 7nm process for large discount tﬁ}ﬂ#:
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Current and Upcoming Activities TU/e
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6G Future Network Services — National Growths Fund

) AMBITION: BUILDING A STRATEGIC AND LEADING POSITION FOR
THE DEVELOPMENT AND APPLICATION OF 6G NETWORKS

become a leader in the development of intelligent components and networks, and their application

in most important sectors of Dutch economy

(' PL1: Intelligent components f— PL2: Intelligent networks —\ )
TU/e MO AUIPLEON TUDelft TUDaIft TG o &4 | * 315ME National 6G program 2024-2029
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6G Future Network Services — NL Strengths

) THE FNS PROGRAMME AIMS AT BUILDING OUT EXISTING
DUTCH STRENGTHS AND ALSO DEVELOPING NEW ONES
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6G SatCom: Potential 6G FNS partners

Vodafone

KPN

Ericsson

Nokia

Viasat

Antenna Company
NXP

Ampleon

Altum RF

TNO
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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
rmolbile: telephony for everone rmicbile: broadbend enhanced networked sociely  sustainable sociely

~ 1980 ~1990 ~2000 ~2010 ~2020 ~2030

2"d GENERATION 4t GENERATION 5th GENERATION 65" GENERATION
wireless network 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 nedirruie uovuu
(GSM,CDMA) protocol connections - -

True Mobile Below 1ms

broadband. latency

100 Mbps 10 Gbps

16 Ay TU/e

EINDHOVEN




Non-terrestrial Network Types
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NTN in a wide sense Not to scale
( N 3GPP work on NTN 3GPP work on UAV
Satellite network' —[ 600 km & above
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Role of Satellite Communication in 6G
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Direct 6G Connectivity to mobile phones = e

e Dual band: L+S-band depending on region
* Up to 10s of thousands of beams
e Circular polarization for alignment

O Ground User

" DLdata
" ULdata

Signaling data

L band S band M3 ' g
1 TX TX [ | IM5 L-band region S-band region
Main challenges:

RA * Array design: Low-profile, wide-band, wide-scanning,
GNSS compact

ﬂ RX RX ﬂ * Tx-to-Rx self-interference

1400 1600 1800 2000 2200 2400
e (LA * GNSS/ RA interference compliance
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Example application: Autonomous shipping
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Example application: Autonomous shipping

Vp GRONINGEN SEAPORTS
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First results
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Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (1/8)

* Antenna type I_
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Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (2/8)

E Rogers RT/duroid 6002
[ Rogers CuClad 6700 - 0.0762 mm
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Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (3/8)

Scattering Parameter, S;; [dB]
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Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (4/8)

f=19.95 GHz f=19.95 GHz

Realized Gain LHCP, G,(6.¢) [dBIC]
Realized Gain RHCP, G(6.¢) [dBiC]

-90 -45 0 45 90 -90 -45 0 45 90
8 [deg] 0 [deg]
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Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (5/8)

CENTER FOR WIRELESS
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Boresight Axial Ratio, AR(8=0,0=0) [dB]

Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (6/8)
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Boresight Axial Ratio, AR(8=0,0=0) [dB]
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Scattering Parameter, Sy, [dB]
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Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (7/8)
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Customizable Phased Array Antenna based on
Domino Tiles for Satcom Applications (8/8)
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Direct Matching of HPA and Antenna (1/5)
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M. de Kok, et al, “Modeling Integrated Antennas and Unisolated High-Power SENIER EOr nEEs

TECHNOLOGY
Amplifiers in Infinite Scanning Arrays,” In 2023 European Microwave Conference CWTe EINDHOVEN
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Direct Matching of HPA and Antenna (2/5)
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Direct Matching of HPA and Antenna (3/5)

Load-pull data I Synthesized 2-port S-parameters | Imported ARC
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Direct Matching of HPA and Antenna (4/5)
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Fig. 6. Varying values of I';,, due to scanning to angle (6g, ¢g) within 75°
from broadside, projected onto interpolated load-pull contours.
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Direct Matching of HPA and Antenna (5/5)
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Fig. 7. Model results for a 30 GHz 50 {2 stacked-patch element in an infinite array, connected to an eight-transistor GaN HPA with a synthesized PCN, a single
on-chip L-shaped MNW, and a 500 gm bondwire. In (a) and (b), the total PAE and P,,¢ values are mapped to their respective scan angles (6o, ¢9) within
75° from broadside. The total mismatch and network losses between the 1°;,, and 1’45+ interfaces are plotted for each scan angle in (c).
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Thank Youl!
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