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Towards increasing network capacity
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There is a need for millimeter-wave/Terahertz antenna arrays
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Terahertz range challenges

High transmission losses . . .
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Photonics, a key enabling technology (i)
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Photonics, a key enabling technology (il)

High-Speed Optical Modulators (Plasmonic, TFLN)
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A
MINIPRIIHEVNY, on-chip antennas

) /f’ Antenna
- Allows to "/%

-  Broadband

Optical phase

. Vo, T I - Avoid wire bond
integrate iy v[| .
active , VE - Low radiation
devices (LNA) \ . effu:lency
| v (Needs Si lens)
{— 1D Array onIyJ Tl
| - Challenging
- Waste of InP . Beamforming .Beamforming ‘ Beamforming impedance
area with ) ) matching
large metal . Beam steering . Beam steering @ Beam steering
patterns . Edge emission (1D) . Out-of-plane emission? ‘ Optical access - Hardto
integrate other
- Requires - devices (LNA
Troﬂsi’rion at J.A. Nar)zer, etal Mllllr.netfer-Wave T. Harter et al. ”Silicon—plasmonic E Garcia-Mufioz et al “Photonic-based ( )
Photonics for Communications and integrated circuits for terahertz integrated sources and antenna arrays
the edge to Pha.sed Arrays” Fiber and Integrated signal generation and coherent for broadband wireless links in - Waste of InP
maintain Optics (2015) detection” Nat. Photon (2018). ;erahertzdcommsunications;'j IOP area with Iorge
. 4 emiconductor Science an
ro@qhon Technology (2019) metal patterns
efficiency

‘ 1D array ... or... just beamforming
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TERAWAY experience /7 | ERAWAY
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TERA6G chiplet approach

One optical One OBFN per carrier frequency, for
modulator per beam independent steering of each beam

One mmW/THz
carrier frequency per
(dual) laser chiplet

One antenna
array for all
beams (from a
chiplet) and
frequencies
(from each

I chiplet)
= L

Polyboard
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TERAGG, towards a 2D mmW/THz array

4x4 antenna array for 2D beam steering
» 16 individual optical inputs

» SOAs to boost the optical power

» PDs in the feeding point of the antennas for o/e conversion
» Broadband antennas: bowtie and spiral antennas available
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Integrated Photonic Systems Roadmap

2023 IPSR-l Integrated Photonic Systems Roadmap

2023_IPSR-_Roadmap_Chapters_3D Sensing - LIDAR - IPSR- 2024
2024 IPSR- Silicon Photonics_Updated V2
3D Sensing - LIDAR - IPSR-1 2024
Aer?space ApPllce_itlon g_l.ude -IPSR-12024 : ( pr\;ucrophofonucs(:enfer = PhotonDelta
AgriFood Application guide - IPSR-| 2024 final —
Biomedical Application guide - IPSR-| 2024 : I P S R
Datacenter & Telecom Application guide IPSR- 2024
Electronic Photonic Design Automation - IPSR-| 2024 ‘ WN ot
INP AND IlI-V COMPOUNDS - IPSR- 2024
Interconnects & transceivers IPSR- 2024
Polymer IPSR-1 2024

[ RF Photonics - IPSR- 2024 ]
Spectroscopy and Refractive Index Sensing IPSR-1 2024
Testing IPSR-| 2024

DOWNLOAD @ hitps://www.photonicsmanufacturing.org/2023 iprs-i roadmap chapters

CONTRIBUTE, contact guiller@ing.uc3m.es
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https://www.photonicsmanufacturing.org/2023_iprs-i_roadmap_chapters
mailto:guiller@ing.uc3m.es

Thank you!
guiller@ing.uc3m.es

Project contact email feraég@uc3m.es T E R AAAA 6 G

Project website: uc3m.es/research/teraég
Instagram: teraég_eu_6gsns
LinkedIn TERA6G Project
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TERA6G Consortium

Beneficiary

Beneficiary
Short name

1. | Universidad Carlos lil de Madrid | ES UC3M
2. | Institute of Communications & Computer Systems | EL ICCS
3. | Fraunhofer Heinrich-Hertz Institute | DE FhG-HHI
4. | LioniX International BV | NL LXI

5. PHIXBV | NL PHIX
6. | University of Piraeus Research Center | EL UPRC
7. | Oulun Yliopisto | Fi UOULU
8. ' Cumucore OY |Fl CMC
9. | Infracom Telecom Solutions | EL ICOM
10. Telefénica Investigacion y Desarrollo | ES TID
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Builds upon
previous

experience from

H2020 projects

/ff; I EKAVWAI

Grant agreement ID: 871668
From 11/2019 to 10/2022

@ ARIADNE

Grant agreement ID: 871464
From 11/2019 to 10/2022

%

; ERRANOVA

Grant agreement ID: 761794
From 06/2017 to 03/2020

] FUDGE-5G

Grant agreement ID: 871668
From 09/2020 to 02/2023

® Hybrid integrated photonics-
based THz generation.

® Hybrid integrated photonics-
based THz detection

* High-speed photodiode-based
mmW/THz transmitter

e 2D transmitter antenna arrays

* Waveguide-integrated
photoconductive-based
mmW/THz receiver

® D-band propagation and
channel modelling

® Beamforming and tracking

® Reconfigurable Intelligent
Surfaces and beamforming

® Blockage and misalignment
in D band BF

® Baseband processing

* 300 GHz regime
propagation and channel
modelling

* Pencil Beamforming
algorithms and
impairments

* Pencil beamforming MAC
and multiple access
schemes

* BF codebook design

® 5G Core with network slice
manager

* 3GPP Service based
architecture with 5GLAN and
TSN modules

* SDN controller integrated to
network slice manager
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TERA6G Goals

TERAG6G GOALS

Develops a 6G millimetre/terahertz wave transmitter
module based on Blass matrix optical beamforming
network and 3D optical distribution networl.

Creates a scalable multi-beam receiver module for

6G millimetre/terahertz wave transmissions using

hybrid photonic integration technology.

Assembles and demonstrate the developed trans-
mitter and receiver modules with functionalities such
as terabit-per-second wireless data links, channel

sounding, and radar ranging.

Designs network functions and interfaces to manage
multi-beam THz wireless systems resources and in-
tegrate them into existing end-to-end orchestrated
communication networks, following 3GPP standards.

Develops methods and algorithms to maximise the en-
ergy efficiency of THz wireless multi-beam nodes in dy-

namic networks using a Data Analytics Function (
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