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PHOTONICS RESEARCH GROUP

Research Group of Ghent University

τ Faculty of Engineering and Architecture

τ Department of Information Technology (INTEC)

τ Associated laboratory of IMEC

τ Member of the Center for Nano- & Biophotonics (NB photonics)

Technology Research

τ Photonic Integrated Circuits: light on a chip

τ On silicon: ñSilicon Photonicsò

τ Enhanced with new materials:
III-V, ferro-electrics, graphene, é

Applications

τ High-speed telecom and datacom

τ Sensing for life sciences: visible and Mid-IR

τ Optical information processing

11 Professors 

16 postdocs

50 PhD students

10 support staff

20+ nationalities

7 ERC grants

6 spin-off companies

50 journal papers/year

Class 100 clean rooms

M.Sc. Photonics program
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WHATôS IN A NAME?

photonics (noun)

the branch of technology concerned with 

the properties and transmission of 

photons, for example in fibre optics

(Oxford Dictionary)

Photonics is the physical science and application of light 

generation, detection, and manipulation through emission, 

transmission, modulation, signal processing, switching, 

amplification, and sensing.

(Wikipedia)

Manipulation of light on
the scale of the wavelength
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MANIPULATING BEAMS OF LIGHT

Beams of light contain information

Å Total power

Å Intensity profile

Å Phase profile

Å Wavelength

Å Polarization
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WHAT IS LIGHT? An electromagnetic wave

τPropagates at speed of light c

τElectrical and Magnetic field E and H

τOscillation frequency f

τwith a wavelength l
E

H c

wavelength l

f ³l= c

A flux of photons

τwith energy E = h.f
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PHOTONICS: SCIENCE AND ENGINEERING WITH LIGHT

What is light used for?

- material processing

- displays and lighting

- communication fiber optics

- sensing

- computing?

Displays

Data Storage

Spectroscopy

Communication Sensing
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KEY DRIVER OF PHOTONICS TODAY: COMMUNICATION

Powered by Optical Fiber Links
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OPTICAL COMMUNICATION IS NOT NEW

source:SeanD'Souza
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OPTICAL COMMUNICATION: 18TH CENTURYóCHAPPEô

The Semaphore: Packet-switched relay network



10

INFIERI School ï3 September 2021

ELECTRICAL COMMUNICATION: THE DOWNFALL OF OPTICS?

source: Jason Salmon/Shutterstock.com

The telegraph

¢ƘŜ άǿƛǊŜƭŜǎǎέ
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1960: THE LASER

A new light source:

Å One wavelength

Å High power

Å High-quality beam

1960: First Laser (Maiman)

source: HRL

1962: Laser Diode
(Hall, Nathan)

source: Osram
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Tx

Laser

Modulator

Rx

photodetector

AN OPTICAL LINK Electrical signal is modulated

on an optical carrier

Å intensity

Å phase

Å polarisation

A photodetector in the receiver converts the signal

back to the electrical domain

Transmission
medium

input signal
(electrical)

output signal
(electrical)

ScalingŸ 100Gbps
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BUT: THE PROBLEM WITH LIGHT

Light travels in straight lines

Manipulate with

Å lenses

Å mirrors

Not scalable, difficult alignment
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light rays
diffract outward

OPTICAL WAVEGUIDE

surrounding
claddingwith low
refractiveindex

corewith high
refractiveindex

Optical waveguides:

light is confined in a dielectric core of 

of high refractive index
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WAVEGUIDE = POTENTIAL WELL FOR PHOTONS

Light prefers to reside in a material with high refractive index

Solution of Maxwellôs equation:

ÅSine/cosine in the core

ÅDecaying exponential outside

There is an optical field outside the core!!!

Discrete mode(s) with óeffective refractive indexô

refractive
index

ὲ

ὲ

ὲ
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WAVEGUIDE = POTENTIAL WELL FOR PHOTONS

Light prefers to reside in a material with high refractive index

Solution of Maxwellôs equation:

ÅSine/cosine in the core

ÅDecaying exponential outside

There is an optical field outside the core!!!

Discrete mode(s) with óeffective refractive indexô

Åhigher index contrast: more modes

refractive
index

ὲ

ὲ

ὲ
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WAVEGUIDE = POTENTIAL WELL FOR PHOTONS

Light prefers to reside in a material with high refractive index

Solution of Maxwellôs equation:

ÅSine/cosine in the core

ÅDecaying exponential outside

There is an optical field outside the core!!!

Discrete mode(s) with óeffective refractive indexô

Åhigher index contrast: more modes

Åsmaller waveguides: fewer modes
refractive
index

ὲ

ὲ

ὲ
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THE OPTICAL FIBER

Making optical fibers out of very pure glass

Å9µm core

Å125µm cladding

ÅVery small index contrast

Attentuation < 1dB/km

Kao
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Tx

Laser

Modulator

Rx

photodetector

AN OPTICAL LINK Electrical signal is modulated

on an optical carrier

Å intensity

Å phase

Å polarisation

A photodetector in the receiver converts the signal

back to the electrical domain

Optical fiber cantransmit
this signalover manykms

input signal
(electrical)

output signal
(electrical)
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FIBERS OFFERñUNLIMITEDò BANDWIDTH!

Maximum channel capacity C [bps] - (Shannon-Hartley 

theorem)

B = used bandwidth [Hz]

S/N = Signal to noise ratio

# "ɇÌÏÇρ
3

.

f[Hz ]

Direct modulation
Optical

60GHz0Hz

RadioFrequencycarrier

200THz

10GHz 5GHz 40THz
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WAVELENGTH DIVISION MULTIPLEXING

Utilizing 40THz of bandwidth? [1200nm ï1650nm]

ÅNo direct electrical modulation or detection

Solution: Wavelength Division multiplexing (WDM)

ÅModulate on wavelength carriers

f[Hz]200THz

40THz
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Wavelength
Multiplexer

Wavelength
Demultiplexer

Tx

Laser

Modulator

Rx
photodetector

WDM OPTICAL LINK

Modulate multiple signals on individual

wavelength carriers

Å dense WDM: ȹɚ~0.8nm (100GHz)

Å coarse WDM: ȹɚ~5-20nm

Needs wavelength mux/demux

(wavelength filter)

‗

‗

‗

‗

ScalingŸ Pbps/fiber
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PHOTONICS POWERS THE INTERNET

Submarine optical cable network

source: network atlas
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PHOTONIC SENSING

Spectrometry / Spectroscopy

Åseparating/filtering the 

wavelengths in light

ÅUsing dispersive or interferometric

optical elements
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PHOTONIC SENSING

Interferometric Sensing

Åextremely sensitive

beam splitter

beam splitter

mirror

mirror

ɝ‰

phase shift

Ὕ‗
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PHOTONIC SENSING

Interferometric Sensing

Åextremely sensitive
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WAVELENGTH FILTERING

Interferometers with delays

Åwavelength dependent

beam splitter

beam splitter

mirror

mirror

ɝὒ

ɝ‰ ς“
ɝὒ

‗
wavelength

Ὕ‗
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wavelength

Ὕ‗

WAVELENGTH FILTERING: RESONATORS

Roundtrip delay: Sharp resonances

Sensitive to phase shifts

beam splitter

mirror

mirror

mirror

ɝ‰
roundtrip

ὒ

resonance: άȢ‗ ὒ
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MANIPULATING BEAMS OF LIGHT

Using optical elements

Å Lenses

Å Mirrors

Å Polarizers

Å Shutters

Å Spatial filters

Å Wavelength filters

Å Phase plates

Å SLM

Does not scale very well
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MANIPULATING LIGHT ON CHIPS

The benefits of scale

Complexity

Overall Performance

Reliability

Ergonomy

goes up

Power consumption

Ecological Footprint

Cost

goes down


