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C A P  R E S E A R C H  L I N E S

• Optical Sensors (Pedro Jorge & Orlando Frazão)

• Quantum optical engineering (Ariel Guerreiro)

• Advanced Optical Imaging (Carla Rosa)

• Integrated Optics and Microfabrication (Paulo Marques)
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üNew design of interferometers:  
Mach Zehnder, spatial filter and Fabry-
Perot with high finesse

üHigh sensitivity and resolution

üHigh radiation and temperature 
environments

Optical fiber 
sensors

Physical sensors (Orlando Frazão)

Chemical, biological & biomedical sensors (Pedro Jorge)

ü Optical fiber evanescent sensors 
ü Fluorescence/Colorimetric dyes
ü Spectroscopy
ü Sol-gel, photopolymers, chemical sensitive polymers, nanomaterials

First order grating: point-by-
point writing
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o Photonic sensors
Combination of advanced photonic sensing techniques, modular optoelectronics and smart materials and methods for the development of 
small, robust monitoring tools.

• 2020-2025

- Advanced optical spectroscopy techniques (UV-VIS, NIR, + AI)

- Sensing nanomaterials: LSPR, SERS +MIP tips

- Fiber tip Microresonators

- Self referenced configurations

• 2030

- Interchangeable/active sensing heads

- Adaptable signal analysis AI

- Stand alone monitoring systems

- Multiplatform hybrid sensor networks

- Self regenerable probes

- AUV integration

Enablers of field applications :Optoelectronics integration, Micro spectrometers and 
photodetectors, Embed electronic control units, Software and optical signal processing
Low cost interrogators.

Photonic sensors

Sensing heads & Interrogation schemes

- Advanced optical spectroscopy (UV-VIS, NIR, +AI)
- Sensing nanomaterials: SPR, SERS, molecular imprinting

o Photonic sensors
Combination of advanced photonic sensing techniques, modular optoelectronics and smart materials and methods for the development of 
small, robust monitoring tools.

• 2020-2025

- Advanced optical spectroscopy techniques (UV-VIS, NIR, + AI)

- Sensing nanomaterials: LSPR, SERS +MIP tips

- Fiber tip Microresonators

- Self referenced configurations

• 2030

- Interchangeable/active sensing heads

- Adaptable signal analysis AI

- Stand alone monitoring systems

- Multiplatform hybrid sensor networks

- Self regenerable probes

- AUV integration

Enablers of field applications :Optoelectronics integration, Micro spectrometers and 
photodetectors, Embed electronic control units, Software and optical signal processing
Low cost interrogators.
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Example: Thrombin detection
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OPTICAL FIBER TWEEZERS – APPLICATIONS

Optical fiber with a Fresnel 
zone lens (FIB): Optical fiber with a spiral phase lens 

(FIB): Output beam profile

Optical Vortex à
enables rotation of 

particles

Output beam profile

• Focused ion 
beam milling

FIB machined fibers: modulation with structured patterns introducing
focusing, trapping and twisting ability with light.

Cleaved 
Fiber 

Dip the fiber Guided Photo 
polymerization

Self assembled 
Micro Structure

Self assembly of micro lenses by guide Photo-
Polymerization 

microlens

microparticle



C
A

P 
–

C
en

te
r f

o
r A

pp
lie

d 
Ph

o
to

ni
cs

Laser Induced Breakdown Spectroscopy (LIBS)
Elements and Chemical Structure identification and quantification

Geology and Raw Materials

LIBS Imaging

Sample Lithium Petalite Spodumene
IndustryIndustry Agriculture

Human and Veterinary Medicine
Quantification

Plant and Soil CompositionCoatings

Blood and Tissue Analysis

ion
e

eion

e

ion
e

ion

Cavitation Element EmissionMolecular 
Breakdown

Super-
Resolution
Emission 

Lines

Plasma
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Figure 1 – Diagram with the setup of the compressive-sensing based Imaging LIDAR System. 

Observing the diagram presented in Figure 1, the following principle of operation can be 
enunciated. The pulsed laser source emits a spot, with the desired repetition rate, that will be 
spatially expanded by a beam expander, in order to illuminate the DMD array in which the 
compressive codes are displayed. Then, through a set of projection optics, the images 
representing the compressive codes displayed in the DMD are projected into the field of view 
being acquired. The light reflected from the scene being illuminated is then collected by a 
finder scope and a fiber collimator ultimately launches the light into an optical fiber that is 
connected to the single photon counter. The single photon counter is then connected to a 
photon counter board that is connected to the computer that is controlling the entire system. 

The application of random binary measurement codes to the digital micromirror device array 
enables compression of the spatial information, while the collection of timing histograms 
correlated to the pulsed laser source ensures image reconstruction at the ranged distances. 

Single-pixel cameras have been compared with raster scanning and array based counterparts 
in terms of noise performance, and proved to be superior. Another relevant aspect of the 
proposed system is that it places most of its computational complexity in the decoder, which 
will often have more substantial computation resources. The encoder is very simple since it 
merely computes incoherent projections and makes no decisions. In addition, its universality 
allows exactly the same encoding strategy to be applied in a variety of different sensing 
environments, i.e., no knowledge is required about the subtleties of the images being 
acquired. In the future, if new research yields a better sparsity inducing basis, then the same 
set of random measurements can still be used to reconstruct data with even better quality. As 
the imaging information is compressed right from the acquisition phase it brings advantages in 
terms of storage or remote transmission for later processing. 

In addition, since a single photodetector is used, a better SNR and higher reliability is expected 
in contrast with photodetector arrays based techniques. Furthermore, the event of failure of 
one or more micromirror elements in the DMD does not prevent full reconstruction of the 
images. This brings additional robustness to the proposed 3D imaging LIDAR. 

compressive sensing for  
LIDAR & holographic single fiber imaging

3D contactless, non invasive bio-imaging
- chick embryos
- skin
- wood, cork
- contrast enhanced 

OCT: optical coherence tomography (OCT)

PET

EVOH

inner 
layer

non destructive inspection:
- PET preforms
- glass vials
- microfluidics chips

Advanced 
Optical
Imaging
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Quantum Optical Engineering

Mission: Develop new competences, know-how and tools in 
quantum hardware based on light, bridging Fundamental 
Science to Applications, to support Quantum Technologies.

NANOPHOTONICS FOR QUANTUM SENSING

METAMATERIALS FOR SENSING
Develop nanostructured optical 
metamaterials that can sense 
hydrogen and electromagnetic 
fields for green technologies

Design and optimize nanostructured optical fiber sensors

ANALOGUE QUANTUM COMPUTING AND SIMULATION 
Study fluids of light (in nonlinear nonlocal media) as a platform 
quantum simulation and neuromorphic and analogue computing. 
This technology can be integrated in optical sensors fast and low 
energy processing of data.

HPC DIGITAL TWINS OF COMPLEX QUANTUM and PHOTONIC 
SYSTEMS 

Develop numerical models of complex quantum systems such 
as quantum gases 

HPC TOOLS FOR SENSOR FUSION
Efficient and scalable ray-tracing engines combined with Bayesian Machine 
Learning  for tomographic reconstruction and sensor fusion

SINGLE PHOTON TECH
Exploratory research to develop 
experimental skills in single 
photon generation, manipulation 
and detection
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Nonlinear optics for analog quantum 
simulations

• Explore the use of nonlinear optical systems for the development and deployment of analog

quantum simulation platforms

• Research on reservoir computing solutions for the implementation of all-optical information

processing devices, aiming for a seamless integration with the various optical sensing

devices
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Advanced Sensing technologies
Quantum Plasmonics to Optical Metamaterials

Design and engineering of optical sensors that 
explore the quantization and interaction of 
plasmonic mode in nanostructured optical 
fibers.

New technology of high performance 
sensors based on optical metamaterials 

Metamaterial sensor of hydrogen

Design for a nanplamonic sensor of refractive index and 
temperature without cross-talk.



C
A

P 
–

C
en

te
r f

o
r A

pp
lie

d 
Ph

o
to

ni
cs

Integrated Optics and Microfabrication

- Optofluidics & microfluidics

- Lab on a fiber & Lab on a chip

- Integrated optics

- Generic microfabrication & machining

- Glass

- Polymers

Linear vs non-linear absorption

Femtosecond laser writing
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Integrated optics waveguides and machining

FLICE machining and the similar widened objective working two-photon polymeri-
zation (WOW-2PP) [31] were developed. In this case, the micro-
scope objective is immersed into the liquid photopolymer, so the
working distance becomes an irrelevant factor. While this
approach somehow solves the problem, it only works with liquids,
while a lot of DLW materials are gels.

3.4. Beam intensity control

Beam on–off control can be achieved by using a fast mechanical
shutter or an acousto-optic modulator, while beam intensity
control can be achieved using neutral density filters, a variable
attenuator, or a combination of a polarizer and a waveplate.

3.5. Control software

The optical and mechanical components described above need
to be controlled centrally and synchronized. This can be performed
using the commercially available software 3DPoli, or by integrating
laser scanning software, such as Scanner Application Modules-light
(SAMlight), into homemade software.

It should be noted that nowadays there are several companies
providing DLW machines, using various laser sources and scanning
configurations [32–35].

The experimental procedure for fabricating a 3D structure by
DLW is shown in Fig. 3. (I) The laser beam is tightly focused into
the volume of the material. (II) Either the focused beam or the sam-
ple move following a computer-generated pattern. (III) After the
laser writing of the structure, the sample is immersed into an
appropriate developer. (IV) The freestanding structure is revealed.

4. Materials for laser polymerization

4.1. Introduction

In general, a material suitable for structuring with DLW
includes at least two components: (i) a monomer, or a mixture of
monomers/oligomers, which will provide the final polymer and
(ii) a photoinitiator, which will absorb the laser light and provide
the active species that will cause the polymerization. Several
monomer/oligomer and photoinitiator combinations have been
used for this purpose. These are mostly negative photoresists such
as hydrogels, acrylate materials [36,37], the epoxy-based photore-
sist SU-8 [13], and hybrid materials [38,39]. Recently, redox and
Diels–Alder photopolymerization have also been reported

[40,41]. In the following sections, we will discuss briefly these
photoinitiators and materials.

4.2. Photoinitiators

During polymerization a monomer is converted into polymer
and this transformation can be induced by light. In classic photoli-
thography, a photoinitiator absorbs the light and produces an
active species which causes the photopolymerization. In two-pho-
ton polymerization, however, things are more complicated, and
these extra requirements must be fulfilled [36,42]:

! Both the photoinitiator and the monomer/oligomer are trans-
parent at the laser wavelength used, so that the laser beam
can be focused inside the volume of the material without being
absorbed at the surface.
! The monomer/oligomer needs to be transparent at the two-

photon absorption wavelength (k/2); if it is not, then the photo-
polymer is likely to be burnt or ablated.
! The photoinitiator needs not only to absorb at the two-photon

wavelength, but also to have a high two-photon cross-section,
a high radical quantum yield and highly-active radical species
generated; typically, if any two of these three are large enough,
the initiator will normally be efficient for two-photon
polymerization.

In classic lithography, there are two types of photoinitiators:
radical photoinitiators and cationic photoinitiators. All the materi-
als developed to date for DLW employ radical photoinitiators;
these, upon light irradiation, generate free radicals, which initiate
a polymerization process of acrylates or vinyl ethers. Cationic ini-
tiators are photo-acid generators that produce cations upon light
irradiation and are used for the polymerization of epoxides or vinyl
ethers [43–45]; to the best of our knowledge, there are no materi-
als to date, specifically developed for DLW employing cationic
polymerization, however, it is employed in the most commonly
used photolithography resist, SU8.

An effective two-photon polymerization (2PP) photoinitiator
has a high quantum yield in the generation of the active moieties,
high thermal stability and stability in darkness and is highly solu-
ble in the polymerization medium [46]. The most commonly used
free radical photoinitiator is benzophenone and its derivatives
[47,48].

Nowadays, there is a lot of concentrated effort to synthesize fast
and efficient photoinitiators specifically for multi-photon applica-
tions [49]. In addition, there is a lot of work toward biocompatible
photoinitiators, specifically for bio-applications. To this end, classic

Fig. 3. DLW experimental procedure (I) beam focusing (II) laser writing (III) development (IV) completed structure.

A. Selimis et al. / Microelectronic Engineering 132 (2015) 83–89 85

Nanostructures by photopolymerization

3D machining

Integrated 
Optics 

&
µFabrication

- Subwavelength resolution
- 3D fabrication
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SE
N
SI
N
G Microfabrication examples Fused silica micromachining/etching

Multiphoton Photopolymerization
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C A P  - T E A M  A N D  AC T I V I T Y
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O BJ EC T I V E S  A N D  T H E I R  AC H I E V E M E N T  I N  2 0 2 1

• Good balance between more fundamental research and 
development of high TRL’s solutions;

• Recruitment of MSc and PhD students;
• Internationalisation - increase the number of European 

collaborations and projects, involvement in international bodies;
• Increase CAP researchers’ awareness for potential 

opportunities for IP protection;
• Increase the number of technology transfer projects with local 

and international industry.

16
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I N N OVAT I O N  AC T I V I T I E S / M A I N  M A R K E TS  A N D  
A P P L I C AT I O N  A R E A S

TEC4AGRO TEC4ENERGY TEC4HEALTH TEC4
INDUSTRY TEC4SEA Other

Electronics and
photonics Integration
Electronics PCB design, 

implementation, teste and
characterization

X X X

Micro and nanofabrication 
techniques X X

Optoelectronics assembly 
and packaging X X

Photonic systems 
implementation, test and 

characterization
X X X

1
7



MAIN EXTERNAL PARTNERS AND COLLABORATIONS 
WITH OTHER CENTRES – RESEARCH & INNOVATION

18

CRAS

• INSITE
• TEC4-SEA
• ESAPlastics

CRIIS

• METBOTS
• AGRINUPES
• SMARTFARM
• MyNPK*
• SpecTOM

CBER CTM

• TEC4-SEA
• Graphenna*

• INSITE • AGRINUPES
• SMARTFARM
• MyNPK*

• iLoF
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*Seed projects

EGITRON

• CORKSURF

IloF

• Consultancy

Microprocessador -
Sistemas Digitais, S.A

• Led

ESA

• Lira
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EUROPEAN PROJECTS



LIBS Research Line: INSITE: UP scalling Project 2020-2022

SMART LIBS Prototypes

INSITE goal is to develop new smart LIBS tools, suitable
for field operation in the mining industry, having reliable
analytical performance, capable of guiding decisions in
exploration and exploitation scenarios.

SMART LIBS Software
SMART LIBS Database

LIDER

Technology Taker

Centres: CAP and CRAS

Technology: Software and Robotics

Relevance:
• Stretegic partnership for future EU proposals
• Good perspectives for Tech Transfer ( Licensing to LSA)

FUNDS INESC/global: 
425k€/1,5M€
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• High power fibre Erbium doped fibre 

• 22% Efficiency

• Wavelength@1550 nm and 80 W Output Power

• Telescopes 100 m – 2000 m
3U CubeSat 30x10x10cm

Wiptherm – Innovative Wireless Power Devices Using micro-
Thermoelectric Generators arrays



E U  P R OJ EC T,  FC T  F U N D E D

( M - E R A . N E T )



Biosensors Research Line: CORK SURF PT2020 2021-2023

SAFEWATER goal is to develop new highly sensitive
microsensors for the detection of emerging
microcontaminants in water, using microresonators and
advanced interrogation systems.

Leader

Centres: CAP
Technology: MicroOptics and Optoelectronics

Relevance:
• Stretegic partnership (EU)
• Seed for further inovative projects

FUNDS INESC/global: 
146k€/0.73M€



R&D CONTRACTS
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DFOS REN – Distributed Fibre Optic Sensing for collision detection on MAT lines
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52 k€
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LED PROJECT
DMS - Displays & Mobility Solutions, Lda

• The Sun reflection can reduce visibility of the information on some 
occasions. New normative impose restrictions on new panels 
reflection (mainly with the Sun 5 to 10 degrees over the horizon)

• This project had the focus on the design of acrylic light pipe 
connecting the three-color LED to the panel surface to reduce the 
level of the reflected light bellow the normative.

Technology: Optical systems
design

Relevance: Demonstration of
optical design capabilities in non-
imaging optical systems

PANELS PASS EXTERNAL TESTS AND 
ARE ON PRODUCTION!

54 k€
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LIRA- OPTICAL FIBER MICRO-KELVIN TEMPERATURE SENSOR NETWORK
FOR SENSITIVE OPTICAL PAYLOADS

Functional Requirements
Req.Fun.1 Number of sensors
The Elegant Breadboard Model shall allow
temperature measurement at 10 independent
locations
Req.Fun.2 Absolute Measurement Accuracy
The Elegant Breadboard shall be capable of
measuring absolute temperature with an accuracy of
0.1K
Req.Fun.3 Measurement of Temperature
Variation
The Elegant Breadboard shall allow the
measurement of temperature variations with 10-6K

Launch in 2034

ESA / INSTITUT D’ESTUDIS ESPACIALS DE CATALUNYA, 100k€ 



TECHNOLOGY TRANSFER



LIBS Research Line: CORK SURF PT2020 2021-2023

CORK SURF goal is to develop new tool for process control in
cork industry. LIBS technology is being explored for real time
assessment of quality control (homogeneity and thickness) of
functional coatings in cork.Leader and Technology Taker

Centres: CAP

Technology: LIBS system and software

Relevance:
• Licencing Oportunity (Patent under evalution)
• Increasing competitiveness of Portuguese Industry

FUNDS INESC/global: 
400k€/1M€



SEED PROJECTS
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• Food4You - Real-time monitoring of fresh food quality with optical sensors

MAIN OBJECTIVES

Development and optimization of an optical sensor based on

luminescent spectroscopy to detect food born biogenic amines using a

sensing pellet with high sensing specificity to different biogenic amines

related to food deterioration.

SENSING MEMBRANE FABRICATION

SINGLE DETECTOR SYSTEMSPECTROMETER SYSTEM
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• Food4you - Real-time monitoring of fresh food quality with optical sensors

End user control interfaceFinal prototype

MAIN FEATURES

• Sample preparation, contains a vortex and a fully developed magnetic stirrer,

UV sterilization setup and a mini oven.

• Disposable sensing membranes

• Signal detection with a high sensitive developed solution.

• Portable unit. Single case, can be moved to the measurement site.

• User friendly control unit

• Direct measurement of H2O2 in rain water.

• Monitoring of milk samples to detect fraud.

.



WANT TO KNOW MORE?

YOU ARE INVITED TO COME AND VISIT OUR LABS!


