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Blue Photonics - optics and sensors to monitor the ocean
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¥ Monitoring the Ocean

¥ Photonics at INESC TEC

¥ Physical sensors

¥ Chemical sensors

¥ Biological sensors P .

[P Lt 7

high. demand for a diversity of sensor technology. capable of operating in
marine like environments, providing critical information in multiple
dimensions: understanding the evolution of water quality, evaluating the
impact on biodiversity, assessing the integrity of operating vessels and
infrastructures
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Photonics at INESC TEC

Optical fiber Sensors for environmental awareness

e Main features
Photonics for sensing

Remote real time monitoring

= Multiplexing ability (multipoint, multiparameter) Physical parameters

= Electromagnetically passive Temperature sensors

= Immunity to electromagnetic interference Strain and deformation
Vibration
= Suitable for harsh environments Chemical Parameters

Dissolved Carbon Dioxide
Dissolved Oxygen
Methane
Hydrogen

Biological parameters
Toxins
Bacteria

Low weight, reduced dimensions
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Physical sensors:

d Environmental monitoring
d Structural health monitoring
J Remote interrogations

d Electric current sensors
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PROTEU - Real time monitoring of Temperature at Ria de Aveiro

Tr o Multi point Temperature sensing

L 7 10 km; 19 sensors. 0,1 °C resolution

Torreira | |
1

GSM communication: real time data

Continuous operation ~2years

Data stored in database for feéding theoretical
models.
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sensors for physical parameters

Well established technology (HBM Fibersensing) »Optical fibers enable: multipoint or distributed sensing

Strain E =Typical range is in the 10'km
Temperature

»Special techniques can extend the range over 100 Km
Acceleration/vibration H BM
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NSors

Faraday Effect 6 « B.V(A,T) Small footprint
Large bandwidth
Large dynamic range
Dielecric

Ideal for operation in
corrosive environments
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Chemical sensors:

LIBS
Corrosion monitoring
Optrodes and low cost optoelectronics

Microfluidics

D O 0O 0O O

3D monolithic optofluidics

Blue Photonics at INESC TEC
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e element analysis

Unknown \ Spectra of pure element
LIBS — Laser ;r::;;"d“':ed ~_ Material JIAY
Y
Induced Pulsed Laser I"I 1\_) g
Breakdown i - - @ |
c o
spectroscopy e — \ 1 § |
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Detector & I t%\
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Input Fibre \ hted Light e ' ' |
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http://www.oxford-instruments.com / o |

S _

High energy ( >MW/cm?2) laser pulse (ns) 5 <
S - 1 T T 1
Breakdown of material generates a plasma 200 400 600 800

Wavelength (nm)

o Spectra of complex material
Accelerated electrons have broadband emission ~T of plasma

Cooling down :Atomic emission lines from constituent elements observable.

TEC

Blue Photonics at INESC TEC STRONG Mar-17/11/2016




S

CFR200 Quantel systems LASER:
-Parametrization of Laser Energy
-Pulse rate

-Detection gating

-Plasma features

Blue Photonics at INESC TEC

Granit: Potassium, Silicon and Aluminum
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Mineral Dynamic LIBS

Fingerprinting
(Tensor Data)

¢ e " - All minerals will have a particular
Dynamic LIBS Fingerprint

« High energy densities achieved with low pulse energy

wavelength (nm)

* Plasma was easily observed in a wide range of pulse settings.

« Preliminary results indicate possibility of Dual pulse operation

with single laser.
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anescent wave fiber sensors

Long period fibre gratings

A = [neﬂ (4) - ni,ad (l)] A

FWHM 13.4 nm

Normalized optical power (dB)
o
T
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-22 . .
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Wavelength (nm) Electrode
Protective

jacket Electric discharge Clamp
Fibre optic «

Motion Light
V — 5 IN

/ Linear translational stage

Rotary wheel

Guiding groove

Weight for Fibre core
S fibre stretching

Light
ouT Fibre cladding
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Optical Power (dBm)

Evanescent wave fiber sensors

LPFG Oxide coating
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I-time oxidation monitor of metals

Long period fibre gratings coated with metals

LPFG
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me oxidation monitor of metals

Long period fibre gratings coated with metals

-
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w cost optoelectronics: dCO2 sensor

USB connection

Dual LED \
Large core \

Low Cost LED based optoelectronic platforms

fiber

W

COMPACT chemical sensors

Fiber coupler e . .
\ \ R Colorimetric/Fluorescent
Water Photodetector
sample
0.1
e ol Interchangeable components
0.1 I
! | ,, Sensing of other analytes
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cost optoelectronics: dCO2 sensor
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EHT = 472KV Mag= 132X
Aperture Size =30.00 ym WD = 7.9 mm

Intensity
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measurements
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Complex

photolithographic
process

(A) Chip microfabrication
1, Bottom part of chip 2, Top part of chip
+ SU-B spinning over glass SUB 5
i . pinning over Si wafer
soh baka, LV emsur:éﬁxz:l « soft bake, UV exposure, post bake
1A, SU- inferior layer: ~53 pm

-

fibre groove
LA ¢ positive photoresist
¢ ‘spinning over SU-B

+ soft bake, UV exposure,

post hake, development

« gold deposition and lift-off

2A. SU-8 mould for central ayer: +20 ym

+ 5U-8 spinning

over SU-8 B outiets -
+ s0lt bake, LV exposure, post bake
+ development of two SU-8 layers

1B, E\m:lmdan on inferior layer 28, SU-8 mould for upperllyer ~53 pm

e ’

+ mixing of PDMS
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-ond silica processing for integrated optics

The advantages of nonlinear absorption: “Truly 3D microfabrication

CW laser Pulsed ultrafast laser

| S . . .
I - High spatial resolution
-— .y -
w v Linear absorption  Nonlinear absorption !
uw
w : =
| ® a p

/\ m -Refractive index modification
F i

; , -Selective etching

| l.l _I . “l ” l ' -:""‘—‘..__..-u_ Femtosecond
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High-chernical ™.
reactivity
Simova et al., Ultrafast laser pulses create periodic planar nanocracks in glass, laser track [D
Micro/Nano Lithography, 2007
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Biosensors:

d Label free biosensors
(d Genomics and proteomics
d Fiber optic tweezers

[ Single cell manipulation
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s enable biosensing

Fibre cladding

Fib{’e core

o T

Light IN

Light QUT TBA

Biorecognition elements:
DNA
Aptamer

Antibody
Protein
MIP

Blue Photonics at INESC TEC
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Braggmeter

Reaction chamber’s

* Laser scanning interrogation Unit FS2200 (FiberSensing Sa)

proteomics enabled in the same system

Prototyp_e _

*  Laser scanning unit with 4 channel; Resolution 2.5 pm; 1 sample/s, Peak tracking in real time

System validated in Genomics:

* DNA recognition by hybridization (vitis
vinifera), with single base mismatch Tool for wine
selectivity. No PCR needed.

varietal
certification

Regeneration and specific binding
observed in more than 40 cycles

Gongalves et al “Biosensor for Label-free DNA Quantification based on
Functionalized LPGs”. Biosensors & Bioelectronics (2016). In Press

Blue Photonics at INESC TEC

Detection E. Coli, with aptamer based coating.
Monitoring dCO2 (sensitive polymer layer)

Species identification

Queirds et al “Evanescent wave DNA-aptamer biosensor based on LPGs
for the specific recognition of E. coli outer membrane proteins”. Bios.&
Bioelect. (2014). 62, 2014, Pages 227-233.

STRONG Mar-17/11/2016
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Results

e Same platform

e Recognition element: DNA

* PCR free, highly specific

* Tool for food certification and B

I
£

much more....

Wavelength Shiftf nm
& s
a &

* Optimization: multilayer system

LOD:
LOQ:

Complementarity

INEBIOCODE genetic fingerprinting of wine

PLL — Poli-L-Lysine coating for optical fiber

Probe — single-strand DNA probe 3? v‘:"“'mm
T1 - probe fully complementary sequence, same bp size ol Vinea ine
T2 — same bp size as probe but wholly non-complementary TS - Masng - Gar marey

T3 — non complementary in just 1 base, same size, detects SNPs

T4 - non complementary in 6 bases, same bp total

T5 - bp size bigger than probe, contains fully complementary sequence
T6 - same size, just 1 base non-complementary at 5' end

T7 — same size, just 1 base non-complementary at 3" end

T8 - same size, 2 bases non-complementary at 5" end

T9 — same size, 2 bases non-complementary at 3" end

gDNA - genomic DNA sample from grapevine — matching probe

Genomic DNA Specificity
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Vavelzngth Shift (nmd

T T T
PLL Probe T

Fiber Surronding Solution

T
T2

60 +14 nM
199 +14 nM

T T T T T T
T T4 PLL Probe TS

Fiber Surronding Sclution
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MahipUIation of orga’nelles within

plant cells

Fast fabrication of microlenses
Optical trapping with fiber optic

Polymer doping with sensing agents

Manipulation of yeast cells ( d.~ 5 um)

Blue Photonics at INESC TEC

Towards analytical
tweezers

1540 1560
Wavelength (nm)
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Optical technologies coupled to optical fibers are enable advanced sensing systems with suitable
features for harsh oceanic environments.

Multipoint and distributed sensing ability, combined with information and energy transfer
capabilities, make it a cornerstone of widespread environmental monitoring systems.

Complexity and challenges increase when going from physical to chemical and
biosensor (biofouling, long term stability...)

Blue Photonics at INESC TEC STRONG Mar-17/11/2016 24




a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

ents

Paulo Marques (Micro fabrication)

.PORTO FCT

FACULDADE DE CIENCIAS
UNIVERSIDADE DO PORTO Fundagdo para a Ciéncia e a Tecnologia

MINISTERIO DA CIENCIA, TECNOLOGIA E ENSING SUPERIOR

Pedro Jorge (Biosensing)
Orlando Frazao (remote sensing)

Carla Rosa (imaging)

vameos

CF  cowere

PROGRAMA OPERACIONAL FACTORES DE COMPETITIVIDADE

Ariel Guerreiro (modelling)

Luis Coelho (Nano Fabrication / biosensing)

José Manuel Almeida (Nano Fabrication / biose
Ramiro Fernandes (biosensing)

Rui Martins (LIBS/spectroscopy/signal processin S

Rita Ribeiro (Optical trapping)

Ivo Nascimento (electromagnetic sensors)

Joao maia (3D microfabrication) : 7 ? & G

UNC CHARLOTTE "““‘"“"""Q & TORONTO

Vitor Amorin (3D microfabrication)

Duarte Viveiros (3D microfabrication)

Many others...
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