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Global mobile data traffic - Projected to grow at a rate of 19%/year, that is “473 exabytes/month by 2030 [1].

The carbon footprint - Primarily determined by

|

| v
carbon emission Overall energy
intensity of the usage from running
energy sources the network

Technologies driving energy efficiency - Techniques in
time, frequency, spatial, and power domains

Intergovernmental The ICT sector - ~» The role of AL/ML
Panel on Climate Aiming for a 45% /
Change’s - Repored reduction in S System architecture solutions, deployment and
on the global greenhouse gas —

. architecture strategies for networks
temperature rise by emissions by 2030, 8

1.2°C Via:

1- Ericsson, “Ericsson mobility report: Mobile traffic forecast,” 2024. Accessed: 2024-12-30. _
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A notable N E— | e ey
i ' jon i olarization-selective devices
The growing I-?:]O‘/atlon (;nfRF T For accurate
demand for e need for
Reconfigurable : control
multi-functional » meta-surfaces » 8 Frequency filters

) ) surfaces
devices in Smart at:
Environments \

,

Dynamically optimizing

In

smart Signal strength t Beam steering
glasses

Interference l Supports NLoS links
e N~
mmWave Visible band _ Improving performance

(highly transparent

THzband | uptozs) mproved security  [{iSpacaletfidiency |

0. " Ozdogan, E. Bj " ornson, and E. G. Larsson, “Intelligent reflecting ~ surfaces: Physics, propagation, and pathloss modeling,” IEEE Wireless Commun. Lett., vol. 9, no. 5, pp. 581-585, May 2020.

Y. Juan, H. Cen, Y. Chang, and C. Chen, “Dual-band and dual-polarized metasurface antenna for 5G application,” Microw. Opt. Technol. Lett., vol. 66, no. 2, p. e34037, 2024.

C.-Y. Fan, C. -J. Huang and C. -M. Lai, "Polarization-Selective Metasurface for 5G Band Communication with High Visible Light Transmission," in IEEE Photonics Technology Letters, doi: 10.1109/LPT.2025.3626792.

S. Kumar and H. Singh, “A comprehensive review of metamaterials/metasurface-based MIMO antenna array for 5G millimeter-wave applications,” J. Supercond. Nov. Magn., vol. 35, no. 11, pp. 3025-3049, 2022.

W. Yang et al., “Broadband dual-polarized filtering metasurface-based antennas using characteristic mode analysis for 5G millimeter-wave applications,” IEEE Trans. Antennas Propag., early access, 2024. 4

Y. Liu, X. Liu, X. Mu, T. Hou, J. Xu, M. Di Renzo, and N. Al-Dhahir, “Reconfigurable intelligent surfaces: Principles and opportunities,” IEEE communications surveys & tutorials, vol. 23, no. 3, pp. 1546—1577, 2021. Z. Ghassemlooy
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NEWCASTLE Data throughput R;,, - Defines the speed at which data can

be processed and delivered, therefore, affecting
applications’ responsiveness and functionality

So,
= Higher R, = => improved network’s low latency, bandwidth utilization, and performance under heavy traffic loads
= Lower Ry, = bottlenecks = -> delayed responses and increased latency

Factors affecting Ry,

= Network infrastructure

= Hardware & software = Bandwidth B

= Topology = Signal power S

= Connection types ®" Transmission span d
= Data packet management = Interference/

= Packet Size = Latency

= Error handing capability = Congestion

®" Transmission protocol

Z. Ghassemlooy
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Optical Wireless Communication

=  Adisruptive technology offering a free
spectrum, security and high data rate!
" Integrating space/air/underwater networks
with terrestrial networks
... = Offers higher bandwidth and longer
transmission span compared with RF
Attps:/pubs.acs org/doi/ 10,1021 acsphotonics 3c01332 " Lower power usage

6
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bl OWC - Visible Light Communication

Seamless integration with lighting n
indoor & outdoor applications:
Sensing = Last meter access network

= Underground

= |n-chip communications
Communication = Farming

| = |ndustry

= Data centres

= AR, VR

Control = ITS

= JoT

= |oE

+

Integrated
technology

+

Communication

Underwater communications

<

1- M. H. Memon et al., “Micro-Trench Deep-Ultraviolet LEDs With Boosted Efficiency for High-Speed Solar-Blind Optical Communication,” J. Lightwave Technol., vol. 43, no. 5, pp. 2248— 2254, Mar. 2025, doi:
10.1109/JLT.2024.3486102. Z. Ghassemlooy
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Mostly, use light-emitting diodes (LEDs) as Txs 3 @ . G
Y, g g (LEDs) " Y o @ ——
DIP POWER SMD COB FILAMENT
LED LED  LED LED LED

Integration with smart
technologies

Compact &
low-cost

O

Colour
rendering Gy

Energy Switching
efficiency speed o&%

Heat e

management

Environmen

. tally friendly
Benefits (no

Long mercury) D.urability
lifespan LJ (ideal for

(25,000- ") harsh
50,000 H) environments

8
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For intensity modulation with direct detection (IM/DD)

Received power P. = P;.h

R.P.]?
Signal-to-noise ratio SNR = [ - 7]
Ototal
A- +1
Channel gain for LOS & = 25?-1.:!2 )Cﬂﬁm(qﬁ) cos(%)

Where:
R is the photodetector responsivity
02,4 1S the total noise variance including ambient induced shot noise
m is the Lambertian order
A is the detector area
d is the distance between the transmitter and the receiver
¢ is the angle of irradiance
) the angle of incidence
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O

DC bias Mod. frequency

. : Pope <1
The drive current [ = [, + [,,e/®¥m!
Mod.
cur(r)ent Pele X 12
V3
Modulation bandwidth of the LED By 04 = -
Cgrrierlifetime — B 0d = \/§ B rod—elec
1
Modulation bandwidth of the electrical driver Byyod—eclec = Sy
C__/

B, .4 is limited by:
|

v v
RC time constant Carrier lifetime ] .
: Complexity
Dominant in multiple -
small area LEDs —— Transmit power SNR1—> BERI LEDs
(um) -

10
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O

Relative Luminous Flux (a.u.)

40 I AC signal
3.5 1 Ta=25°C : For analogue signals transmission (multi- _ ﬂ
. . Mrgp =
30 A A carrier) - The modulation depth (degree): Iy
/"’// DC bias current
2.5 /
2.0 -
15 yA B...q4 is based on power versus current characteristics that show a
‘6 qguasilinear relation
o Harmonic distortion (HD) Intermodulation distortion (ID)
0
0 S50 100 150 200 250 x(t) = Acoswt x(t) = Ajcoswqt + A,cosw,t
Forward Current IFP (mA) v v
Non-linear LED Non-linear LED
v v
y(t) = Ay + Acoswt + A,cos2wt + ... y(t) = X;;Bjicos (jwi + iwy)t
27d HD X

Harmonics

ID: w1 i Wy, 2(1)1 i Wy, W1 i 2(1)2,

Z. Ghassemlooy
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OWC - VLC - LED - Types

([ Standard LED | (=

B_ . 1-250 MHz

B..4 <4-5MHz

= RGBTED =

B, oq4: Up to 20 MHz

50 um
B,..q: 1030 MHz

Balancing is an issue

<100 um
Low power usage
Rapid response times
B,,oq: ~ 70-90 MHz
Exceptional colour

“ N T X I L L I LI L I L I T 0
250 [~ BDAVBI film = modulation
- —D— G3-FEM-OLED ] 4000
~ 200 — —<I— G3-OLED -~
I - —A&— G2-S-OLED . ang c
S - . Facilitating
£ 150 " .
Ig - 4 hlgher E 3000
g 1o = transmission =3
- TBPe film . <
m precocccscsssnglihircongpgofrosscscnnssccs —
- : data rates S
50 - - 2 2000
: : 2
B . ©
0 B 11 1 1 I 11 1 1 I 11 1 1 l L1 1 1 I 1 i [5] 'Q
0 5 10 15 20 Q
Voltage (V) © 1000
1- Dinh, et al., GHz bandwidth semipolar (1122) InGaN/GaN light-emitting diodes. Opt. Lett. 2016, 41, 5752-5755.
2- L. Lei, et al, "Design of AlinGaN electron blocking layer of micro-LED arrays grown on Si substrates for high-speed visible light
communication," in IEEE Electron Device Letters, doi: 10.1109/LED.2025.3623365.
3- Rashidi, A.; et al., Nonpolar m-plane InGaN/GaN micro-scale light-emitting diode with 1.5 GHz modulation bandwidth. IEEE Electron Device 0

Lett. 2018, 39, 520-523.

4- Xu, et al., Recent Progress in GaN-Based High-Bandwidth Micro-LEDs and Photodetectors for High-Speed Visible Light Communication.

Photonics 2025, 12, 730.

5- K. Yoshida, et al., 2020 Mar 3;11:1171. doi: 10.1038/s41467-020-14880-2

O

B, oq: ~ 650 MHz
High efficiency
Long lifespan
Colour tunability
Fast response

Robust stability

InGaN/GaN [3]
B__.: 1485 MHz

3780 MHz, Violet
[ 4
*
3600 MHz, Blue
g 2300 MHz, Blue
2190'MHz, Green
1485 MHz, Blue 1530 MHz, Blue
* .
> * 1400 MHz, Green
1310 MHz, Green
B w 1030 MHz, Blue
435 MHz, Blue A 655 MHz, Violet
) ® 463 MHz; Green ®
B'545 MHz, Blue 271 MHz, Red m  439.7 MHz, Red
2010 2013 2016 2019 2022 2025 2028
Year
12

[4]
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Not widely used in VLC!

O

<400 nm = 400-450nm 450 -490 nm 490 - 560 nm Modulation bandwidth
_ i i S Determined by the A higher
590 -635nm 635-700nm| 0.70- 1.4 um ‘ * 3 um photon lifetime (i.e., at modulation

the picosecond range) bandwidth [1]

Application Selection

This Application Selection can help you find laser diodes by application. Please choose from Fiber Laser, DPSS Laser, Processing, Telecom, Biology, O ptical EXte nd i ng the
Projector, Printer, Sensor, BD/OVD, and Security I m p roved a Q
aF spectrum transmission range
DPSS Laser Pro 3

‘ = y optical urit in VLC
& V\ < @ §§§ directionality Sl

.-:."W Projector v Printer BD \a Security
o 5 @, & o
L~ : ¢ & B . :
https://beamq.com/all-brands-diodes-c-297_202.html
2 ) —e

. RS S +
Noise sources: z
* Intensity noise - Normally smaller than other noise sources | & ot T
* Phase noise - In coherent systems, not important in IM/DD el 1
* Timing jitter
o MOde partition noise ¢ 0 10 20 a0 Lasser currant {maj 70 &0 an - 100

. . Newport.com

 Reflection noise

13

1- C. Shen, O. Alkhazragi, X. Sun, et al., “Laser-based visible light communications and underwater wireless optical communications: a device perspective,” Proc. SPIE 10939, 109390E (2019).
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—> Leads to Low-pass characteristics of LED is limitation
LOS — Blocking I—» BER I — NLOS/Relay ———> Dispersion — Rdl
Y ’ b Dispersion — R
on-uniform beam : d F
compensation
sireiile for LUED — SNR at edges l—> BER at edgesl Y
—
> Diffuser L, l I
Collimated SNR§— BER
beamor — Blocklng }—> BER I
Laser [1] So, acting like LED, So why use it!
v
— Pointing error —— Performance degradation > Complexity
Y & cost I
— Tricolor (R/G/B) LDs 4
— Eye safety
— In controlled environments, with no exposure to people
— Noise

~——

Junhui Hu, et al, 46.4 Gbps visible light communication system utilizing a compact tricolor laser transmitter, Opt. Express, 30 (2022), pp. 4365-4373 Z. Ghassemlooy
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ot OWC - VLC - Throughput

-—p | eads to

—

Equalization (pre and
post)/filtering

v

» Signal processing I

Multl—leyel - SNR ﬂ BERH
modulation R

* v
Higher-order ~ Complexity
modulation & cost

Negative impedance in parallel with LEDs [1]
LEDs with higher B > Cost I

1- A. Kassem and |. Darwazeh, "Use of Negative Impedance Converters for Bandwidth Extension of Optical Transmitters," in IEEE Open Journal of Circuits and Systems, vol. 2, pp. 101-
112, 2021, doi: 10.1109/0JCAS.2020.3048304 Z. Ghassemlooy
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ot OWC - VLC - Throughput

—p Leads to

O

— — Signal processing'
Spectrum-efficient modulations

e m-CAP ~ Complexity

»

* OFbM st | snrf— eerf 63t
l N Companding

Real bipolar : circuits
(Flip-OFDM, U-OFDM) ., Suscept.lble tg LED o

| nonlinearity Clipping-enhanced

] Darat ratel v IR
- l Ir\ter-channel |, LED non-linearity

BERI interference compensation |
v
BER I Pre-coding

—  techniquesto ——
lower PAPR

Z. Ghassemlooy
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NOMA & MIMO —— Antenna gainF/' Power usage' Energy efficiencyl

— Inter-userinterferencer\» SNIR 1—» BERI

higher cognitive modulation Improved power allocation

\ 4

in NOMA in NOMA
—>  Spatial diversity ——  Link availability .
. Complexity
& cost

v

Simpler channel estimation in NOMA 4

— 1 serf

Wavelength division
multiplexing

Z. Ghassemlooy
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Light Sources

= The need for energy efficient and wide bandwidth light sources as well as arrays with new materials
and mechanisms
= Linearity dynamic range —
= Clipping and saturation = nonlinear distortion = higher order inter-modulation distortions
= Light sources with build in drivers and reconfigurable lenses
= LED - A limited bandwidth
= LD - Suffer from speckle noise, and chirping
= Use of super-luminescent diodes

Beamforming + Beam Shaping

= QOptical phased arrays —

= interfere constructively in the desired direction - 2 not unique across all angles when the emitters are
spaced with a pitch greater than half the wavelength = formation of side-lobs

= and ideally, destructively everywhere else.
= Narrow dynamically steered beams using meta surfaces to devices with tunability and higher
functional capability
= Al/ML-based optimization
= Parctical use-cases

Z. Ghassemlooy
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5&6G - With Multi-
access Edge
Computing, Fibre »
and OWC

Offer huge
bandwidth

Reduced equipment
outages

Smarter, faster, more
informed decision-making

OWC + RF

Allowing more
=) devices (e.g., loT)
to be connected

Connected devices &
equipment can be
monitored and data being
analysed

O

Reduced waste

Decreased latency

Better energy usage

Reduced delays in data processing and
increased data security

19
Z. Ghassemlooy
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Next series on Optical Detectors.

Thank you!

20
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	Snímek 1
	Snímek 2
	Snímek 3
	Snímek 4
	Snímek 5
	Snímek 6
	Snímek 7
	Snímek 8
	Snímek 9
	Snímek 10
	Snímek 11
	Snímek 12
	Snímek 13
	Snímek 14
	Snímek 15
	Snímek 16
	Snímek 17
	Snímek 18
	Snímek 19
	Snímek 20

