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Use Cases Ultra High  Ultra Fast Ultra Massive Ultra High Ultra High Ultra Low
Precision Broadband Connectivity = Mobility Coverage Energy

Smart City v v v

Healthcare v v

Smart Factory v v

Autonomous Cars v v v

Urban Air Mobility v v v v

Gbps for Bullet " =

trains/ Hyperloop
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Terahertz (THz) Band for 6G

Electronic approach W Photonic approach

Frequency: 10GHz 100GHz = 1THz  10THz 100 THz 1 PHz
i 1 1 ] 1 L
Microwave THz Infrared [:.
I I ]
Wavelength: 3cm 3 mm 300 um 30 um 3 um 300 nm
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Features of THz Wireless System G

1. Quasi-opticality of the
Band

2. THz-tailored
Wireless Architectures

7. Real-time Network
Optimization

6. Spectrum 3. Synergy
Access with Lower
Techniques Wireless Frequency
Bands

Systems

4. Joint Sensing and

. PHY-layer P et
5 ayer Procedures Communication Systems

Source: Chaccour, Christina, Mehdi Naderi Soorki, Walid Saad, Mehdi Bennis, Petar Popovski, and Merouane Debbah. "Seven defining features of terahertz
(THz) wireless systems: A fellowship of communication and sensing." arXiv preprint arXiv:2102.07668 (2021). 6
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Holographic Communication
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Autonomous Vehicles

. THz can provide high
Boarding Gate: F6 quality infotainment

Have a nice trip!

: e & services inside
o L 2 . -

e autonomous vehicles
ano-phone
T —

Providing high data rate connectivity to vehicles at THz
band. Orange links are small base station to vehicle and

. . ‘\\
green are high data rate THz links Terahertz system gives

autonomous vehicles
keener eyesight (better
than LiDAR) in fog and
dust.
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Terahertz Enabled Security and Fingerprints

E-commerce warehouses
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Terahertz Enabled Nano-Scale Healthcare

® P Architecture for Healthcare @
® @
o ‘ “ Nanosensors
. @ Nanonetworks d
.Nano-machmes “ Nano- H F R Ve
r r ’
®eo S / ‘
Sensing/ Data Interface with
Actuation/ aggregation/ External Networks
Reporting Forwarding

PL(d, f,N)=-0.2% N +3.98 + (0.44 * N +98.48)d(*-6?)
+(0.068 * N +2.4) f(4-07)

CHANG
CHANG I NG . ] 0.5 0.6 0.7 08 O.Srequer:cy (TH;)J 12 13 1.4 15
GLASGOW © Q. Abbasi, A. Alomainy and M. Imran Modeled Pathloss at Terahertz for in-vivo
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Terahertz Enabled Nanoscale Plant Health

Proximal sensing Remote sensing 75

i

kA2 b Y.
Data Analysis using Al
D)
g S 0
o Decision support: Remedial/preventive

Nano-micro
Nano Router Interface/Gateway

Nanosensor

Research & experimental area Device

for using wearable sensors to
leaf and plants for disease

detection at an early stage

actions (e.g. Fertilizer Needed in 1 week)

Fertilizer needed in one

Detection of
contaminated
plants

Edge Computing

Internal Morphology of Leaf using Terahertz
(THz) Sensing at Cellular level

Water Stressed
Leaf

/7
Nanosensor |\
device

Early disease
detection signs
using sensor

. Water
Moisture

cells

Composites
(sugar or
protein) etc

. Pesticides
O Air Cavity

Cell

Small area Agricultural land
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: 45 um
Perovskite\gold antenna array

Gold & Graphene
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 Ultra-wideband Hybrid PICA Terahertz Antenna for high-speed THz communications
« PICA antenna with wide range from 0.5 THz to 2.4 THZ fabricated based on gold.

Fabricated PICA antenna under the Optical microscope
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A. Return Loss, Gain and Radiation Efficiency
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CHANGING Source: Chaccour, Christina, Mehdi Naderi Soorki, Walid Saad, Mehdi Bennis, Petar Popovski, and Merouane Debbah. "Seven defining features of terahertz
GLASGOW (THz) wireless systems: A fellowship of communication and sensing." arXiv preprint arXiv:2102.07668 (2021).
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Multi-Bit Column-Controlled Metasurface Design
PIN diodes

Planar design with high resolution
azimuthal control at 3.75 GHz

3 PIN diodes per unit cell

Patch spacing and widths optimized for 7
discrete phase shifts spaced approx. 50°

Average 1 dB reflection loss

Columns of unit cells controlled with a
common set of digital values
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Rains et al., Reflecting Metasurface Unit Cell Design with Multi-Bit Azimuthal Control (submitted), 1st
International Conference on Microwave, Antennas & Circuits (ICMAC 2021) Dec 2021
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2304 unit cells (48 x 48)
Total size 1 mx 0.7 m
6 tiles of 16 x 24

Each column split into
groups of 12 unit cells
controlled with similar
biasing voltages

FPGA interfacing with
81 shift registers
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RIS ensures uncorrelated
MIMO channel matrix

%

-

RIS allows connectivity
during LoS blockage
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RIS performs beam
steering for non-LoS
connectivity

> K

205

RIS-enabled ADT for
multi-user access

RIS directs the beams
for reliable NOMA

RIS steers the beam towards LiFi meets THz
legitimate user and blocks the
eavesdropper's reception

LiFi meets RIS
WORLD Sources:

CHANGING Abumarshoud, Hanaa, Lina Mohjazi, Octavia A. Dobre, Marco Di Renzo, Muhammad Ali Imran, and Harald Haas. "LiFi
(¢ WY eTo),"AR Through Reconfigurable Intelligent Surfaces: A New Frontier for 6G?." arXiv preprint arXiv:2104.02390 (2021).
https://spie.org/news/photonics-focus/marapr-2021/autonomous-cars-drive-terahertz-research?SSO=1
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Ultra Wideband Antenna
Design for Indoor and
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