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11 Professors

PHOTONICS RESEARCH GROUP 16 postdocs
_” 50 PhD students

Research Group of Ghent University 10 support staff

T Faculty of Engineering and Architecture
T Department of Information Technology (INTEC) 20+ nationalities

7 ERC grants

6 spinoff companies

50 journal papers/year
Class 100 clean rooms
M.Sc. Photonics program

T Associated laboratory of IMEC

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

Technology Research

T Photonic Integrated Circuits: light on a chip

T On silicon: ASi |l i con

T Enhanced with new materials:
-V, ferro-e | ectrics, grap

Applications

T High-speed telecom and datacom

T Sensing for life sciences: visible and Mid-IR

T Optical information processing



INFIERI School i 3 September 2021 —

[ "
~ — tnec
GHENT
WHATG IN A NAME? NIVERSITY
"A"°shotoni
PNOLONICYnoun)
the branch of technology concerned with Photonics is the physical science and application of light
the properties and transmission of generation, detection, and manipulation through emission,
photons, for example in fibre optics transmission, modulation, signal processing, switching,
(Oxford Dictionary) amplification, and sensing.
(Wikipedia)

= Manipulation of light on
c the scale of the wavelength
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MANIPULATING BEAMS OF LIGHT UNIVERSITY

Beams of light contain information
A Total power

A Intensity profile

A Phase profile

A Wavelength

A Polarization
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WHAT IS LIGHT? An electromagnetic wave ONIVERSITY

T Propagates at speed of light c

% T Electrical and Magnetic field E and H
T Oscillation frequency f
f31 =c

T with a wavelength |

H C

A flux of photons
T with energy E = h.f
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PHOTONICS: SCIENCE AND ENGINEERING WITH LIGHT URIVERSITY

[ ‘l\h\ "\
h"‘\‘ﬂ“_. \

L d

vy ~
L\ ) »

What is light used for?

.

~TaE

material processing
- displays and lighting

- communication fiber optics

Displays

- sensing

Data Storagé computing?

Spectroscop W
Ul nnaas |

a

Communication S Sensing s
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KEY DRIVER OF PHOTONICS TODAY: COMMUNICATION UNIVERSITY

Global internet traffic .
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OPTICAL COMMUNICATION IS NOT NEW URIVERSITY

\TSAYS
UNSUBSCRIBE Mer

.

WIN HABEMUS PAPAM!I
White smoke blllows from Sistine Chopel chimney

source:Seam'Souza
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OPTICAL COMMUNICATION: 18™ CENTURY &CHAPPEO URIVERSITY
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ELECTRICAL:EOMMUNICATION: THE DOWNFALL OF OPTICS? i

UNIVERSITY

o

The telegraph
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source: Jason Salmon/Shutterstock.com
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1960: THE LASER
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A new light source:

A One wavelength
A High power

A High-quality beam

W N )
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1962: Laser DiodE 1960: First Lase Maimar)
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(HaII, Nathan source: HRL ,

source: Osram
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AN OPTI Input S_'gnal Electrical signal is modulated ﬂ:ﬁ'}gmw
(electrica)

on an optical carrier
A intensity
A phase

A polarisation

A photodetector in the receiver converts the signal
back to the electrical domain

Transmission output signal
mediu ~ (electrica)

ScalingY 100Gbps

13



BUT. THE PROBLE

ITH LIGHT

Light travels in straight line

y

... Manipulate with
A lenses
A mirrors 3

Not scalable, diffiedlt alignment

-
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OPTICAL WAVEGUIDE UNIVERSITY

corewith high

L surrounding
refract]vemdex claddingwith low

refractiveindex

.

Optical waveguides:
light is confined in a dielectric core of

of high refractive index
16



INFIERI School i 3 September 2021 —

= "1mec
WAVEGUIDE = POTENTIAL WELL FOR PHOTONS UNIVERSITY

Light prefers to reside in a material with high refractive index

Solution of Maxwell 6s equati on:
-l ¢
A Sine/cosine in the core
. . . /\
A Decaying exponential outside — S — - - :

There Is an optical field outside the core!!!

Di screte mode(s) with oeffectivie refra

refractive
! index

17



INFIERI School i 3 September 2021 —

= "1mec
WAVEGUIDE = POTENTIAL WELL FOR PHOTONS URIVERSITY

Light prefers to reside in a material with high refractive index

Solution of Maxwell 6s equati on:

A Sinel/cosine in the core

A Decaying exponential outside /\

AR
There Is an optical field outside the core!!!
J
\_
Di screte mode(s) with q/e/ff\e\ctive refra

——————— 8

A higher index contrast: more modes | | ______ 5

refractive
index
18
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WAVEGUIDE = POTENTIAL WELL FOR PHOTONS UNIVERSITY

Light prefers to reside in a material with high refractive index

Solution of Maxwell 6s equati on:

A Sinel/cosine in the core

A Decaying exponential outside o~

There Is an optical field outside the core!!!

Di screte mode(s) with oeflfdgctivie refra

A higher index contrast: more modes L1 ______| .

: refractive
A smaller waveguides: fewer modes " index

19
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(IHEA®ORTICAL FIBER
Makinglopticallfibers out of very pure‘glass
AT9umicore

25umicladding

A Very'small'indexjcontrast:

Attentuation < d/km




INFIERI School i 3 September 2021 —

-
. . ——_ tmec
AN OPTICAL LINK Input signal Electrical signal is modulated T

(electrica)

3
g

on an optical carrier

A intensity
A phase

A polarisation

A photodetector in the receiver converts the signal
back to the electrical domain

output signal
(electrica)

o
y

Optical fibercantransmit
this signalover manykms

]

<

23
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FIBERS OFFER N NLIMITEDOBANDWIDTH! UNIVERSITY

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

e ép 5)

B = used bandwidth [Hz]

S/N = Signal to noise ratio

Direct modulation
RadioFrequencgarrier

Optical

5G

OHz 60GHz - 200THz flHz ]
24
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WAVELENGTH DIVISION MULTIPLEXING UNIVERSITY

Utilizing 40THz of bandwidth? [1200nm T 1650nm]
A No direct electrical modulation or detection

Solution: Wavelength Division multiplexing (WDM)
A Modulate on wavelength carriers

f[Hz]
25
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WDM OPTICAL LINK UNIVERSITY

Modulate multiple signals on individual
wavelength carriers

A dense WDM: gpa-0.8nm (100GHz)
coarse WDM: gpa-5-20nm

Needs wavelength mux/demux
(wavelength filter)

Multiplexer

Wavelen
Demulti

etector

ScalingY Pbpdfiber

26



PHOTONICS POWERS THE INTERNET
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PHOTONIC SENSING

Continuous
spectrum

Sodium

Spectrometry / Spectroscopy

Hydrogen

A separating/filtering the
wavelengths in light

A Using dispersive or interferometric

optical elements
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PHOTONIC SENSING

GHENT
UNIVERSITY

Interferometric Sensing

A extremely sensitive mirror

JTT

phase shift

beam splitter

mirror

beam splitter

29
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A extremely sensitiVe

LIGO - A GIGANTIC INTERFEROMETER

PHOTONIC SENSING

Interferometric Se

RROR

GRAVITATIOMNAL WAVE BLACK HOLE SPACETIME

The light e

waves bounce
— ST ]
and return: . |

A “beam splitter” splits the
light and sends out two
identical beams along the

4 km long arms.

4 km

A gravitational wave affects the
interferometer’s arms differently;
when one extends the other contracts
as they are passed by the peaks and
troughs of the gravitational waves.

L - Normally, the light returns unchang-
""" ,Z 5 ed to the beam splitter from both
i arms and the light waves cancel
each other out.

e LIGHT WAVES
KHX CANCEL EACH
¢ OTHER OUT

BEAM SPLITTER LIGHT DETECTOR

Laser light is sent into
the instrument to
mieasure changes in
the length of the two
arms.

If the arms are disturbed by a

gravitational wave, the light waves [ -4 WQ.Q,()

will have travelled different distan-

ces. Light then escapes through the  peamM SPLITTER LIGHT DETEGTOR
splitter and hits the detector.

LIGHT WAVES HIT
THE LIGHT DETECTOR
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WAVELENGTH FILTERING

GHENT
UNIVERSITY

Interferometers with delays

A wavelength dependent  mirror

[T

wavelength

beam splitter

3% C “—

beam splitter
mirror

31
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WAVELENGTH FILTERING: RESONATORS NIVERSITY
Roundtrip delay: Sharp resonances
Sensitive to phase shifts ~ mirror mirror
roundtrip
v ~ 0
YO >
>
wavelength
— mirror

beam splitter

resonance®l 8 U

32
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MANIPULATING BEAMS OF LIGHT

Using optical elements

A Lenses A Spatial filters
A Mirrors A Wavelength filters
A Polarizers A Phase plates

A Shutters A SLM
Does not scale very well

P
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MANIPULATING LIGHT ON CHIPS

Complexity

Overall Performance
Reliability

Ergonomy

goes up

The benefits of scale

= "1mec

GHENT
UNIVERSITY

Power consumption

Ecological Footprint

Cost

goes down

34



