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SUMMARY 2023

As we reflect on the achievements of the past
year, we are thrilled to announce that the
Flagship for Photonics Research and Innovation
(PREIN) has again demonstrated its exceptional
performance and impact. With great pride, we
highlight our success in securing funding and
recognition through several prestigious initia -
tives aimed at advancing research, fostering
innovation, and enhancing societal impact.

First, we are delighted to share that PREIN

has emerged as one of the most successful
flagships in the Proof-of-Concept call organized
by the Research Council of Finland (former
Academy of Finland). This achievement shows
our commitment to promoting the utilization

and commercialization of research outcomes,
and translating scientific discoveries into tangi-
ble solutions that address real-world challenges
and contribute to societal advancement.

Our dedication to support the development

of advanced integrated optics technologies

has been reaffirmed by our success in the
Finnish Roadmap Infrastructure (FIRI) call, also
conducted by the Research Council of Finland.
This recognition highlights the key role of PREIN
in providing high-class research infrastructure
services and the importance of developing our
development capabilities to elevate the impact
of photonics research and education in Finland.

In addition to these accomplishments, we can
take particular pride in our selection to partic-
ipate in the Doctoral Pilot Program initiated by
the Ministry of Education, Science, and Culture.
With the program set to start in 2024, we

target the graduation of 72 additional doctoral
researchers within the accelerated timeframe
of 3—4 years, allowing to ensuring a continuous
supply of new knowledge and expertise to
support the growth of photonics research

and innovation. This program also represents
an exciting opportunity for us to pioneer new
practices in doctoral education in Finland and
enhance the mobility of doctoral researchers
between universities, companies, and research
institutes, facilitating interdisciplinary collabora

tion and knowledge exchange. The involvement
of the Finnish Photonics industry combined
with the extensive network of PREIN partners
will provide valuable opportunities for doctoral
researchers to engage with industry and the
broader community.

The year 2023 was also the time to reflect

on our roadmap that was drafted in 2020

to materialize our plans. The purpose of our
roadmap was to define a set of important
objectives and milestones needed to reach
them. We were particularly pleased to see

that a significant portion of the initial goals

were realized, highlighting the dedication of our
researchers to collectively progress towards

the realization of PREIN vision. The roadmap has
now been revised with new objectives set ahead
for the next four years as can be found in the
central pages.

As we embark on the journey ahead, we remain
dedicated to our commitment to advancing the
frontiers of photonics, driving innovation, and
harnessing the power of light for the society
benefit. We extend our gratitude to our dedicat-
ed researchers, partners, and stakeholders for
their support and collaboration as we continue
to strive for excellence and impact.
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Research Council of Finland

IN BRIEF

PREIN — The Flagship for Photonics
Research and Innovation

The Research Council of Finland flagship program
supports high-quality research, creates future know-
how for significant societal and economic impact.
According to the Research Council of Finland, the
flagships are a Northern fleet of excellent science,
successful collaboration and solutions for tomorrow.

PREIN - The Flagship for Photonics Research and
Innovation was selected among the first six flagship
initiatives to the Research Council of Finland
flagship program in 2019. Since the first flagship
nominations, there have been two subsequent calls,
with four flagships nominated in 2020 and four
more in 2023. In 2023, the total number of flagships
was fourteen.

PREIN is a research and innovation platform
focusing on light-based solutions covering the

entire innovation value chain from fundamental

and applied research to prototype and technology
development, industrial collaboration, and start-ups.
PREIN is committed to develop high-class education
and research environments, state-of-the-art open-
access infrastructure, as well as promote innovation
culture and diversity. PREIN is a national initiative
between four partners.

PREIN has set scientific, societal, and educational
impact objectives and monitors the achievement of
them annually, as well as reports bi-annually results
to the Research Council of Finland. In early 2023,
PREIN reported the results from 2021-2022 in the bi-
annual reporting for the Research Council of Finland.

-

FLAGSHIP PROGRAMME

In 2023 the flagships are:

6G: Wireless Communications

FinnCERES: Materials for Bioeconomy
PREIN: Photonics Research and Innovation
FCAI: Artificial Intelligence

ICAN: Cancer Medicine

INVEST: Inequalities and New Welfare State
ACCC: Atmospheric and Climate Science
GeneCellNano: Treatment of Chronic Diseases
INFLAMES: Immune System

UNITE: Forest-Human-Machine

DIWA: Digital Waters Flagship

EDUCA: Education for the Future

FAME: Flagship of Advanced Mathematics for
Sensing, Imaging and Modelling

FQF: Finnish Quantum Flagship
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PREIN STRUCTURE 2023

The structure of PREIN remained the same in
2023 as it was in 2022. In 2022, the structure
was changed with flagship management and
scientific management separated from each other
to allow the research work package leaders to
focus on the scientific aspects. To keep the WP
activities and the management in contact, the
annual PREIN meeting and annual WP research
event were arranged in 2023 bringing both

the management and WP people together. The
cooperation and shared themes between the
different work packages have been enhanced,

and the involvement of all partner organizations

in the work package activities. The work package
structure has remained the same since 2023 with
WP representatives named from each partner
organization. In 2023, also the management and
external steering structures remained the same
with some slight changes in responsible persons.
Regular meetings of the important bodies, Steering
Committee, Management Group and support teams
have continued in person and on-line during the
year 2023.

STEERING COMMITTEE BOARD OF STAKEHOLDERS SCIENTIFIC ADVISORY BOARL
TAU

Minnamari Vilppola
Jyrki Makela

UEF
Tapio Maatta

WORK PACKAGES

Kari Lehtinen
Aalto

Matti Kaivola
Jyri Hamalainen

VT MANAGEMENT GROUP
Tauno Vaha-Heikkila Goeéry Genty Director (TAU)
Kari Rénka Jyrki Saarinen Vice Director (UEF)

Faisal Ahmed (Aalto)
Jussi Hiltunen (VTT)

Juha Purmonen Impact Manager (UEF)
Tea Vellamo Admin, Coordinator (TAU)

rPrR=iN

WP1 Light Field Control
WP chair Andriy Shevchenko /
Aalto

WP2 Materials and Structures
WP chair Polina Kuzhir /JUEF
. WP3 Active Photonic Components
‘. WP chair Mircea Guina /TAU
* WP4 Applied Research
WP chair Juha Toivonen /TAU
WP5 Quantum Technologies
WP chair Zhipei Sun /Aalto

Kristiina Pispala Communications (TAU)

. Minna Luhtanen Finances (TAU)
. Raili Termala Impact Specialist (UEF)

WP6 Technology Transfer
WP chair Sanna Uusitalo / Matti
Virkki / VTT

OUTREACH TEAM
Juniversity (TAU)

Aalto Junior (Aalto)

Luma Eastern Finland (UEF)

INNOVATION TEAM
Research and innovation
services representatives

COMMUNICATION TEAM
Communications representatives



ORGANIZATION 2023

The management and leadership structure and
key positions in the PREIN Flagship have mostly
been retained in 2023 with the same organizational
structure.

The PREIN Steering Committee oversees the
activities of the Flagship monitoring the progress
and key performance indicators. The committee
consists of institutional representatives in decisive
positions and changes in positions in the partner
organizations are reflected in the composition of
the Steering Committee. The Steering Committee
has experienced only one change in 2023 when
Minnamari Vippola representing Tampere University
was nominated to replace Jyrki Vuorinen. The
Steering committee had two meetings during

2023 with the main tasks of discussing the partner
funding allocated to PREIN, following the KPIs and
activities of the flagship as well as nhominating new
representatives to the WPs when needed.

The Director of PREIN is responsible for the overall
flagship management and scientific program.
Professor Goéry Genty from Tampere University
continues to lead the Flagship. Professor Jyrki
Saarinen from the University of Eastern Finland
continues as the Vice-Director being responsible
particularly for the activities related to impact
and economic growth. In 2023, the Management
Group included the director, vice-director, the
administrative coordinators, communications and
impact persons. The Management Group has the
authority to make decisions regarding everyday

activities of PREIN such as recruitment and
initiating new sub-topics in research. In addition, the
Management Group participates actively in planning
the joint PREIN events and funding applications that
are coordinated on the flagship level.

The administrative, impact and communication
people in PREIN management act as a link to the
supporting outreach, innovation and communication
teams and are involved in the everyday running

of PREIN activities. The Communications team
members communicate internally about the
Flagship in the partner organizations and support
external communications activities. The Outreach
Team focuses on activities directed at children and
young people and produces events and material

on photonics directed to these target groups. The
local LUMA center representatives are experts

in science education and pedagogical aspects of
STEM education. The Innovation Team monitors the
potential of research results and promotes their
transfer to the innovation pipeline in collaboration
with the work package devoted to impacts (WP6).

The work package structure with six work packages
has remained the same in 2023 with four WPs
focusing on fundamental research and one on
applied research. In addition, the sixth WP is
dedicated for technology transfer. All PREIN member
organizations have named representatives to each
WP and the role of the WP chair is rotated internally
within the WP.




The work package and key themes in 2023

WP1 Light Field Control

WP chair Andriy Shevchenko /Aalto
Interferometry
Optical metamaterials and metasurfaces
Polarization and coherence control
Artificial intelligence photonics

Nanoscale localization

WP4 Applied Research

WP chair Juha Toivonen /TAU
Environmental and medical sensing
LIDAR technologies and remote sensing

Solar energy

WP2 Materials and Structures
WP chair Polina Kuzhir /JUEF
Advanced materials
Novel structures
Photonics integration platforms

Hybrid materials and structures

WP5 Quantum Technologies
WP chair Zhipei Sun /Aalto
Generation and detection of quantum light

Advanced modulation of complex quantum
states

Emerging platforms for quantum
technologies

WP3 Advanced Photonic Components
WP chair Mircea Guina /TAU

Mid-infrared laser sources

Visible laser sources

High-energy pulsed sources for eye-safe
wavelengths

Single photon sources
Cryogenic optoelectronic components

Photonic integrated circuits

WP6 Development and Transfer
WP chair Sanna Uusitalo /VTT
Facilitate innovation transfer to companies

Provide testbeds and prototypes for
industry

Promote photonics-based solutions to
industry
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ADVISORY BOARDS

Scientific Advisory Board

PREIN is supported by a Scientific Advisory Board
comprising high-level international scientists who are
also heads of significant photonics research centers. The
composition of the Advisory Board in 2023 remained

the same as in 2022, when it was renewed for the new
flagship funding period.

Board of Stakeholders

The Board of Stakeholders, which includes
representatives from national funding agencies,
ministries, small companies, and large corporations,
links the Flagship to both public and private sectors.
Tight collaboration with stakeholders allows PREIN to
affect policymaking and receive feedback on industrial
needs. The composition of the Board of Stakeholders
remained the same in 2023 as in 2022 when it was
renewed.

Of the stakeholder representatives, Risto Linturi is a
futurist and technology visionary, Timo Ahopelto from
Lifeline ventures represents venture capitalist, Antti
Sunnari from Dispelix represents start-up companies,
whereas the other company representatives are from
small to medium sized enterprises, large Finnish

and large international companies. The Stakeholders
collaborate with the Flagship in thematic events and
discussions in addition to dedicated annual Board of
Stakeholder meetings. The Board of Stakeholders were
invited to join the Optics and Photonics days in Joensuu
in May 2023 where they participated in a stakeholder
panel on research and industry collaboration hosted by
the Board of Stakeholders member Matti Mannonen.

Scientific Advisory Board

Prof. Maria-Pillar Bernal
FEMTO-ST Institute Franche-Comté
Electronics Mechanics, France

Prof. Fedor Jelezko
Ulm University, Germany

Prof. Lluis Torner
Institute of Photonic Sciences ICFO, Spain

Prof. Sergei Turitsyn
Aston University, United Kingdom

Board of Stakeholders

Timo Ahopelto
Lifeline Ventures

Jyrki Huttunen
Oplatek/Bevenic

Reijo Kangas,
Business Finland

Samuli Laukkanen
Vaisala

Risto Linturi
Futurist

Maija Lénngvist
Ministry of Economic Affairs and
Employment

Matti Mannonen
Technology Industries of Finland

Eero Salmelin
Huawei Finland

Antti Sunnari
Dispelix

i

Aalto University




RESEARCH & RESEARCHERS

The number of researchers in PREIN has slightly increased

and is just over 500. The numbers of researchers have been
reported in the same manner as during the previous years.

VTT researchers are generally involved in several projects, and
many are only partially involved in the flagship activities with
other projects as well, therefore, the VTT staff numbers are
presented in full-time equivalent (FTE). Postdoctoral research -
ers and PhD students form the largest group in PREIN and it is
also increasing.

In the end of 2022, a new call for shared research themes was
launched between the PREIN partners to increase internal col-
laboration. The new shared thematic projects started in 2023
with new post-doctoral and doctoral researchers who will work
on the themes for the two-year period 2023-2024.

Gender balance and diversity constitute two important key
performance indicators in the Flagship program and PREIN

is continuously working to increase the percentage of female
researchers and international researchers. The proportions
have been steadily growing and PREIN will soon reach the set
aims. PREN will still continue to strengthen gender balance and
support the diversity of the researchers.

Gender division of
Researchers

@ vaLE @ revaLe

Nationality of
Researchers

‘ FOREIGN ‘ FINNISH
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RESEARCH HIGHLIGHTS

WP1: Light field control

Overview

The objective of WP1 is to provide novel approaches
to control the key properties of optical fields, such as
spatial and temporal profiles, polarization, coher -
ence, and spectrum. The WP contributes to applica -
tions in both classical and quantum optical technol -
ogies, ranging from optical sensing, detection, and
imaging to optical communication and information
processing.

Selected 2023 Highlights

Multi-mode lasing in supercell plasmonic nanopar -
ticle arrays (Aalto/UEF): We have demonstrated

a novel approach to enable multi-mode lasing

in plasmonic nanoparticle arrays. To this end, a
supercell in a square lattice has been designed by
leaving part of the lattice sites empty, leading to
multimode lasing in the structure.

Infinite Q-factors for plasmonic systems (Aalto):
Resonant plasmonic structures have wide-spread
applications in science and technology, however
their quality (Q) factors are typically low due to
absorption of light by metals. We have shown that
by coupling a lossy mode of such a structure to
two independent lossless modes, one can create a
bound state in the continuum with a theoretically
unlimited Q-factor. The proposed mechanism is
general and can be used to engineer ultrahigh-Q
resonances in various systems containing absorb -
ing structures.

¢ =S7Zg 1S SgSiZz=0i¢=g~ Zgtic=g~ g~ O
form (VTT/Aalto)): Novel concepts to achieve on-
chip polarization rotation in silicon-on-insulator
waveguides have been successfully demonstrated.
The reciprocal polarization rotation was achieved
using an up-reflecting mirror and metasurfaces.
The demonstrated devices show high polarization
conversion efficiencies at 1550 nm. The metasur-
face exhibits losses below 1.5 dB for both polariza-
tions and the extinction ratio exceeds 10 dB over
an ultra-broadband wavelength range.

Noncyclic Pancharatnam-Berry phase (UEF): We
demonstrated the first measurement of the non -
cyclic Pancharatnam-Berry phase in a continuous
transformation of the light fields. The customized

B[ 2{T SSi¢ .

Young two-pinhole setup with controlled pinhole
polarizations, intensities and positions allows gen
erating arbitrary polarization paths on a Poincaré
sphere and to separate the accumulated dynami
cal and geometric phases from the total phase.

Accelerating waves for photonics (UEF/TAU):
When light enters or exits macroscopic matter, its
speed will generally change. This in turn means
that light must experience acceleration. Including
this acceleration into a wave equation which
connects photonics with the theory of relativity.
Accelerating waves are continuous even across
material interfaces, experience relativistic effects,
and solve the Abraham-Minkowski controversy.

Dielectric-metal absorber (UEF): A new combina -
tion of a dielectric cavity array, dielectric spacer,
and gold reflector as a metamaterial absorber

has been propose. The complexity of the dielectric
cavities leads to a more flexible optical response
than traditional metamaterial absorbers, and

gives a new dimension of freedom for a real
three-dimensional metamaterial absorber design.

Spatio-spectral vector beams (TAU): We have
reported an experimental approach enabling to
generate a light field with strongly correlated spa-
tial extend, colour, and polarization. Such beams
can be useful for advanced sensing or imaging
techniques.
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Selected 2023 publications of WP1

1. R. Heilmann, K. Arjas, T.K. Hakala, and P. Torma,
“Multi-mode lasing in supercell plasmonic
nanoparticle arrays,” ACS Photonics 10, 3955-
3962 (2023).

2. R. Kolkowski and A. Shevchenko, “Enabling

infinite Q factors in absorbing optical systems,” Multimode multicolor lasing by nanoparticle
Nanophotonics 12, 3443 (2023). arrays.

3. D. Shahwar, S. Das, G. Uddin, M. Cherchi, Z.
Sun, and T. Aalto, “Polarization rotation using
0gSE ~«[ ¢Z=gE= =~ 0 B[ 2{T SSit/gZ[ C
Web Conf. 287, 01010 (2023).

4. A. Leinonen, A. Hannonen, H. Partanen, J.
Heikkinen, T. Setal&, A. T. Friberg, and T. K. Hakala,
“Noncyclic continuous Panchratnam-Berry phase
in dual-beam interference,” Commun. Phys. 6, 132
(2023).

5. M. Koivurova, C. W. Robson, and M. Ornigotti,

“Time-varying media, relativity, and the arrow of

time,” Optica 10, 1398 (2023). A nonlocal plasmonic metasurface with

an infinite Q-factor.

6. N. Marcucci et al., “Bloch surface waves in open
Fabry—Perot microcavities,” Micromachines 14,
509 (2023).

7. L. Kopf, R. Barros, and R. Fickler, “Correlating
space, wavelength and polarisation of light:
spatio-spectral vector beams,” ACS Photonics 11
241 (2023).

8. R. Kolkowski, T. Hakala, A. Shevchenko, and M.
Huttunen, “Nonlinear nonlocal metasurfaces,”
Appl. Phys. Lett. 122, 160502 (2023).

| Accelerating photonic wave.
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| A spatio-spectral structured vector beam.



12

WP2 Materials and Structures

Overview

WP?2 is focused on the development of optical and
photoactive materials and structures, which are
essential for light-based technologies. Research into
2D materials, perovskite, and up/down-conversion
were recently added into our focus area, as well as
metasurfaces with improved linear and nonlinear
optical responses for sensing and imaging applica -
tions, artificial atoms and molecules for light emis -
sion, and tandem structures with hybrid materials

for the next generation photovoltaics. Combining
hybrid advanced materials with novel structures of -
fers new possibilities for energy-efficient, compact,
and low-cost applications.

Selected 2023 Highlights

Phosphorescent Carbene-Gold-Arylacetylide
Materials as Emitters for Near UV-OLED (UEF):
The Realization of blue light emission with long
operating stability is one of the most important
challenges of OLEDs, and the problem is even
more troublesome for ultraviolet emission. By
combining quantum chemical calculations with
experiments carried out by our collaborators

at Universities of Manchester, East Anglia and
Cambridge, we have reported a new type of ma-
terials, two-coordinate Carbene-Metal-Acetylides,
demonstrating near-UV luminescence with one of
the longest operational stabilities and at practical
brightness.

Perovskite-inspired materials (TAU/VTT):
Perovskite absorbers CsSMAFA-Sb and Cu,AgBilg
was explored for use in solar cells. Our studies
enabled in-depth understanding on the correlation
between structure and defects as well as the
excited-state dynamics.

Composites with green afterglow after NIR
charging (TAU): New phosphate-based composites
emitting green emission for 30 min via upcon-
version process using a Yb 3+ and Tm3+ ion pair
after being charged with near-infrared light were
sucessfully demonstrated for the first time.

Digital holographic microscopy for photopattern -
ing of reconfigurable diffractive optical elements

on azobenzene-based materials (TAU): A device
for holographic printing that utilizes a digital
holographic microscope integrated with a laser
interference system was designed for photo -
patterning of azobenzene-based thin films. This
device facilitates the rapid fabrication of diffrac -
tive optical elements in a single step.

-; = jﬁfl
i
[j(;_j]
First CMAc UV-OLED:
EQE=1% LTs; =20 min|

ee 000 0
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First CMSs UV-OLED.

A digital holographic microscope integrated with
a laser interference system was designed for
photopatterning of azobenzene-based thin films.



Figure: lllustration of phase change with a focused 532 nm laser over MoTe2 f
multilayer 2H-MoTe2 flake, ii) MoTe2 flake after high power (9 mW) laser sc
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Broadband transparent devices based on Babinet
principle-metamaterials (UEF): A simple, reproduc -
ible, and scalable design of a Babinet metamate-
rial was developed, opening new opportunities for
the fabrication of broadband transparent devices

at any frequency, including the THz and optical
ranges.

Highly sensitive MoS , photodetectors enabled with
a dry transferred transparent carbon nanotube
electrode (Aalto): High-performance MoS ,-based
Schottky photodiodes with press-transferred
transparent single-walled carbon nanotubes as

the electrode were developed with efficient light
absorption and effective carrier separation, max -
imizing both responsivity and detectivity. These
results pave the way for high-performance and
cost-effective optoelectronic devices in wearable
applications.

Deterministic polymorphic engineering of MoTe ,
for photonic and optoelectronic applications
(Aalto): We implemented a direct optical writing
approach to create polymorphic 2D materials

that will greatly benefit the realization of inte-
grated photonics and optoelectronic circuits. This
method was used to demonstrate a seven-fold
enhancement of third harmonic generation at
telecom-band and a Schottky photodiode with a
high photoresponsivity of 90 AW o

[fO [g

lake. i) Optical microscope image of as exfoliated
anning in a given design, iii) The dark field optical
g/ 0. -&0§IOZEHR & 216SO [Z =— x D[

Phase-Matched second-harmonic generation

from metasurfaces inside multipass cells (TAU/
UEF): A method to increase the nonlinear optical
responses of metasurfaces was successfully
demonstrated by incorporating them inside multi-
pass cells with clear signatures of phase-matching
at specific wavelengths.

Nonlinear optical properties and quantum co -
herence in precision nanoclusters (TAU/Aalto):
Atomically precise gold nanoclusters with a
combination of linear and nonlinear optical prop -
erties with strong quantum coherence have been
demonstrated to act as p-type dopant suitable for
field-effect transistor devices.

Gold nanoclusters with a combination of linear and
nonlinear optical properties with strong quantum
coherenc

13



14

Selected 2023 Publications of WP2 A
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Efficient Indoor Photovoltaics,” Adv. Energy Mater. 13

2203175 (2023)
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Funct. Mater., p. 2307441, Oct. 2023, doi: 10.1002/ B
adfm.202307441.

4. G. K. Grandhi et al., “Role of Self-Trapped Excitons in Lot ‘., .
the Broadband Emission of Lead-Free Perovskite- " ‘e

Inspired Cu2 AgBil6,” J. Phys. Chem. Lett.14, 4192-

4199 (2023)
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2303575 (2023)

6. E. Santos Magalhaes et al., “Glass-based composites o

comprised of CaWO4:Yb3+, Tm3+ crystals and
SrAl204:Eu2+, Dy3+ phosphors for green afterglow
after NIR charging,” Ceram. Int. 49, 41150-41157

(2023)
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7. A.Berdin, H. T. Rekola, and A. Priimagi, “Complex
Fourier Surfaces by Superposition of Multiple
Gratings on Azobenzene Thin Films,” Adv. Opt. Mater.

12, 2301597 (2024)

8. A. Ospanova et al., “Broadband transparency of
Babinet complementary metamaterials,” Appl. Phys.

Lett. 122, 231702 (2023)

9. E.-X. Ding et al., “Highly Sensitive MoS,
Photodetectors Enabled with a Dry-Transferred
Transparent Carbon Nanotube Electrode,” ACS Appl.
Mater. Interfaces 15, 4216-4225 (2023)

10.F. Ahmed et al., “Deterministic Polymorphic
Engineering of MoTe , for Photonic and Optoelectronic
Applications,” Adv. Funct. Mater. 33, 2302051 (2023)

11. M. Mekhael et al., “Phase-Matched Second-Harmonic .

Generation from Metasurfaces Inside Multipass
Cells,” ACS Photonics11 682-687 (2024)

12.S. Chandraetal., “Gold Au(l} !'S«-¢ Z— A=¢8 g=1ir 7
Derived Atomic Steric Locking:
Optoelectrical Properties and Quantum Coherence,”
Adv. Opt. Mater. 11 2202649, (2023)
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WP3: Advanced photonic
components

Overview

This WP partly builds on the results from WP1-2 and
develops the science and technology of advanced
photonic components. Those components include
novel light sources, such as photonic integrated
lasers and fiber lasers, as well as optical modulators

15 Gb/s NRZ eye diagram of the DC Kerr modulator

S e

and photodetectors. The developments address |
emerging applications in quantum technology, sens -
ing, or data communication.

Selected 2023 Highlights
Novel 15 Gbps optical modulator based on DC

Kerr effect (VTT): Silicon does not have linear
electro-optic effect, but a fast optical phase
[g «Si¢tgZ Ai— [g~r-¢Zi¢ =~10 U D[ ¢8

waveguide by combining the modulating voltage
with a 24 V bias voltage. The resulting nonlinear
effect allowed to achieve record-high modulation
bandwidth in thick SOl waveguides.

Transmission [dB]

15 Gh/s NRZ eye diagram of the DC Kerr modulator
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coupler (top-view)
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Ultra-broadband 2x2 adiabatic coupler (VTT). An
adiabatic 50:50 coupler was designed using the
shortest adiabatic mode transformer method, and
then experimentally demonstrated to work with
both polarizations in excellent agreement with
simulation results. Coupling ratio variation was
simulated to stay within £0.5 dB for both polariza-
tions from 1300 to 1800 nm.

Discrete, tunable photonic integrated laser for
multiwavelength spectroscopy (TAU): A laser
was successfully developed by combining an
AlGalnAsSb/GaSb type-I quantum well-reflective

semiconductor optical amplifier with a Si 3N,
) Tunable Tunable
Phase shifter MZI MZI
As-cleaved AR coated

ikl GaSb-based RSOA
i

Inverse taper

Tunable DBR
@ 2637.1 nm

Tunable DBR Tunable DBR
@ 2679.5 nm @& 2603.1 nm

Simulation of the 2x2 adiabatic coupler (top-view)

photonic integrated circuit. The laser can generate
mW-level average power at room-temperature

and the photonic integrated circuit employs a nov -
el approach for achieving switching between the
three distinct emission wavelengths by using two
cascaded tunable Mach-Zehnder interferometers
connected to three spiral-shaped narrow-band
distributed Bragg reflectors.

Intensity /| dBm

.Ldlﬁﬂuwiilmhﬂlnk i M L

Wavelength / nm

B @0 @ P

Discrete, tunable photonic integrated laser for multiwavelength spect

roscopy
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A low-bias driven organic light-emitting transistors was demonstr

deposition.

High power structured light generation (TAU): An
efficient approach to directly amplify cylindri -
cal-vector beams with axially symmetric polar-
ization and doughnut-shaped intensity profile was
demonstrated in a picosecond master oscillator
power amplifier system based on a double-clad
Yb-doped tapered fiber. A stable cylindrical-vector
beam with 10 ps pulse duration and up to 22 W of
average power at 1030 nm was achieved using this
approach.

Low-bias driven organic light-emitting transistors:
(Aalto): A low-bias driven organic light-emitting
transistors was demonstrated using oxide thin-
films grown by atomic layer deposition. The
devices exhibited robust dielectric response and
stable light emission, along with improve turn-on
voltage and working condition. This opens a new
avenue for low-power photonic devices.

Functionalization of single-walled carbon nano -
tubes (UEF): More than two-fold enhancement

of single-walled carbon nanotubes photolu -
minescence brightness was achieved by using
oxygen doping via the UV photodissociation of
hypochlorite ions. These make single-walled
carbon nanotubes promising candidates as a base
material for infrared light emitters.
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ated using oxide thin-films grown by atomic layer

Selected 2023 publications of WP3

1. Y. Marinet al., “Ultra-High-Q Racetrack Resonators
on Thick SOI Platform through Hydrogen
Annealing Smoothing,” J. Light. Technol. 41, 3642-
3648, (2023).

2. 1. Mack et al., “Quantifying the Impact of Al
Deposition Method on Underlying Al203/Si
Interface Quality,” Physics Status Solidi A 220,
2200653 (2023).

3. |. Zalesskaia et al., “Double-clad ytterbium-doped
tapered fiber with circular birefringence as a gain
medium for structured light,” Opt. Lett. 49, 270-
273 (2024).

4. T. Eremin, et al., “Two-Fold Photoluminescence
Enhancement from Single-Walled Carbon
Nanotubes Induced by Oxygen Doping,”
Nanomaterials 13 1561 (2023)

5. S.-P. Ojanen et al., “Widely Tunable (2.47-2.64 pum)
Hybrid Laser Based on GaSb/GalnAsSb Quantum-
Wells and a Low-Loss Si3N4 Photonic Integrated
Circuit,” Laser Photonics Rev. 17 2201028 (2023).

6. S.-P. Ojanen et al., “Discretely Tunable (2594,
2629, 2670 nm) GaSh/Si3N4 Hybrid Laser for
Multiwavelength Spectroscopy”, Laser Photonics
Rev.17 12 (2023).



WP4: Applied Research

Overview
WP4 is dealing with applications of concepts, theo- plasmonic Bose-Einstein condensation as well
ries, methods, and materials developed in the other as double resonant lattices for Raman studies
WPs. A strong emphasis has been given to green capable of enhancing both in-coupling of Raman
technology for both energy harvesting and environ - laser and specific Raman transitions of interest.
mental sensing. Prospects include measuring and tailoring the
geometric phase in such lattices via lattice period-

Selected 2023 Highlights icity and geometry.

Distance-controlled surface-enhanced Raman Quantum light research (TAU/UEF): We have

spectroscopy (VTT/UEF): We demonstrated
distance-controlled surface-enhanced Raman
spectroscopy to extract information from the
spatial origin of the signal from biological parti-
cles. The principle of the method is demonstrated
by using polystyrene beads as a biological particle
model conjugated with gold nanospheres func -
tioning as distance-controlled surface-enhanced
Raman probes via biotin—streptavidin binding.

established a relationship between the degree of
polarization and wave-particle duality in vector

light quantum complementarity in Young’s
dual-pinhole setup. The relation provides a funda -
mental link among the photon path predictability
through the openings, the Stokes visibility involv-
ing intensity and polarization modulations at the
observation plane, and the degree of polarization

of the initial single photon state. Using a recently

. . . . developed scheme to perform any spatial-mode
Optical beam steering with a 512-channel optical . P . P y. P
unitary operation, we have further implemented

phased array chip (VTT/UEF): Small phase errors and tested various high-dimensional guantum
=~ O P[] -=S= g”6g"6="—-«SitgZ S8gtg~= :%.ifig e o

- gates including a two-qubit gate implemented
circuits technology has allowed us to demonstrate on a sinale photon. This reporesents a first ste
optical beam steering up to 45° (1°/nm) and 30° gep ) P P

A towards complex quantum optics experiments
=N

*O Un [+ A=¢8 O ir O B[ AiA 1«= -Si = . .
. [ ¢ ! . « implemented through linear optical networks
respectively. A tunable laser was the only active along a single path

component needed, which makes this concept

very power-efficient compared to conventional Perovskite-inspired indoor photovoltaics for

optical phased arrays that need an optical phase sustainable internet of thingsa (TAU/VT T/Aalto/
modulator in each arm. The same optical phased UEF): We employed facile solution processing
array chip was also used to measure distances routes such as spin coating, slot-die coating, and
to OPjECtS based on the frequency modulated gravure printing to fabricate thin films of Pb-free
continuous wave LIDAR concept. perovskite-inspired material Cu2AgBil6. Device
fabrication on flexible substrates proved to yield
similar performances as devices fabricated on
glass.

Highly versatile plasmonic lattices (UEF/Aalto/
TAU): Plasmonic lattices have been designed and
utilized to achieve all-optical switching of lasing,

bio—strep

10 20 30 40 50 €0 70 B0 90 100

Figure. Left: Cu2AgBil6 on flexible surface. Middle: Gold-cov ered grating-coupled surface plasmon resonance chips.
Right: Simulation of the interaction between a gold nanosphere and a PS bea ds surrounded by bio-strep.
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Multi-sensory environmental sensing foren -
hanced sensitivity and selectivity (TAU/VTT/
Aalto/UEF): An extensive measurement campaign
of soil samples with varying carbon content and
different moisture levels was conducted. Models
for predicting moisture content of the samples
using an active hyperspectral sensor and for cor -
recting the moisture dependence of laser-induced
breakdown spectroscopy measurement of carbon
content were developed. Our results show that the
laser-induced breakdown spectroscopy method in
combination with an active hyperspectral sensor
can be used for on-field accurate soil carbon
measurements, even for moist samples.

Charge transfer processes within photoelectrodes
(TAU): TiQ coatings are often used for surface
passivation and corrosion protection in such
silicon-based devices. We have devised a new con-
tact-free method to directly study charge transfer
across the TiO,/Si interface using ultrafast
time-resolved reflectance, revealing that most

of the transfer from Si to TiO , takes place within
hundreds of picoseconds. Our new methodology
and modelling enable similar studies to be carried
out for any multilayer device where traditional
inorganic semiconductors are combined with any
other materials or layers, such as perovskite-Si or
GaAs multijunction solar cells.

Selected 2020 publications of WP4
1. H.Le etal., “Distance-controlled surface-en -

hanced Raman spectroscopy of nanoparticles,”
Opt. Lett. 48, 1454-1457 (2023)

. S. Muntaha et al., “3D printed lenses for vertical

beam collimation of optical phased arrays,” 3D
printing and additive manufacturing (2023).

R. Khan et al., “Is carrier mobility a limiting factor
for charge transfer in TiO2/Si devices? A study by
transient reflectance spectroscopy,” Surfaces and
Interfaces 38, 102871 (2023).

I. Doughan et al., “Low loss vertical TiO ,/polymer
hybrid nano-waveguides,” Nanomaterials 13, 469
(2023)

N. Marcucci et al, “Bloch Surface Waves in flat
cavities,” Micromachines 14, 509 (2023).

K.-E. Peiponen et al., “Sorting microplastics

from other materials in water samples by ul-
tra-high-definition imaging,” J. Eur. Opt. Soc.-Rapid
Publications 19, 14 (2023)

L. G. Padrez et al., “Nanodiamond surface as a
photoluminescent pH sensor,” Nanotechnology
34, 195702 (2023)




WP5: Quantum Technologies

Overview

WP5 was established to aim at benefiting from the Selected 2023 publications of WP5

developed components to advance the research of 1. L. Kopf et al, “Endless fun in high dimensions — a

foundations and applications of quantum photonics quantum card game”, Am. J. Phys. 91, 458 (2023).

as well as delivering emerging photonic technol -

ogies to the broad field of quantum research and 2. M. Eriksson et al., “Sensing rotations with mul-

applications. tiplane light conversion”, Phys. Rev. Appl. 20,

024052 (2023).

Selected 2023 Highlights 3 ¢ c= S= -Pii¢tiS BlghtZgSS=21 gScg
Endless fun in high dimensions — a quantum card libration with the degree of polarization,” Phys.
game (TAU): We developed a card game in which Rev. Lett. 130, 203603 (2023)

a high-dimensional quantum computer is pro -
grammed through playing physical cards. Through
playing the cards and evaluating the outcome us -
ing the provided software, it is not only possible to

4. M. Quarshie, et al., “Nano- and micro-crystalline
diamond film structuring with electron beam
lithography mask”, Nanotechnology 35, 155301

getting a better intuitive feeling on how quantum (2023).

computers operate but also to experience funda - 5. J.J. Gil, A. Norrman et al., “Descriptors of dimen-
mental quantum features such as superposition, sionality for nxn density matrices,” Eur. Phys. J.
interference, and entanglement. Plus 138, 476 (2023).

Controlling optomechanical libration with the 6. M. Cherchi et al., “Supporting quantum technolo -
degree of polarization (UEF): Control of the poten- gies with an ultralow-loss silicon photonics plat-
tial energy and free evolution lie at the heart of form,” Adv. Photonics Nexus 2, 024002 (2023).

levitodynamics as key requirements for sensing,
wave function expansion, and mechanical squeez -
ing protocols. We demonstrated versatile control

of the optical potential governing the libration

7. G.Thomas and J. P. Pekola, “Dynamical phase and
qguantum heat at fractional frequencies,” Phys.
Rev. Res5, L022036 (2023).

motion of a levitated anisotropic nanoparticle 8. T. Rindell et al., “Exploring the optimality of

by utilizing the degree of polarization. These approximate state preparation quantum circuits
achievements are important for the development with a genetic algorithm,” Phys. Lett. A 475,
of high-performance nanoscale gyroscopes and 128860 (2023).

for the study of macroscopic rotational quantum

9. G. Salerno et al., “Drude weight and the ma-
ny-body quantum metric in one-dimensional

Nanodiamond sensing chip (UEF): We developed a Bose systems”, Phys. Rev. B108, L140503 (2023).
methodology for the creation of nano-patterned
diamond films hosting nitrogen vancancy color
centers through controlled initiation of diamond
growth using thin layers of TiO ,, SiQ, and Cr
masks. These structured diamond materials can
assume specific and regular shapes, limited by
the resolution of the electron beam lithography,
thereby paving the way for the potential devel-
opment of bottom-up nanofabricated diamond
planar structures, and holding significant promise .
for advancements in quantum technologies. . .

physics.

10.P. Térma, “Where can quantum geometry lead
us?,” Phys. Rev. Lett.131 240001 (2023).

e e e o000
ee 0000

ee e 00 00
eo o000 00

.

.
> o 0 o
IR



Angewandte Chemie - International Edition

RESEARCH OUTPUTS AND INTERNATIONAL
RESEARCH COLLABORATION

Detailed bibliometric analysis conducted with
Scopus/SciVal shows that PREIN research continues
to be highly influential and has constantly improved
during the Flagship program period and the results

in 2023 have continued on extremely high level.

The total number of publications remains on a high
level, with 317 publications in 2023, only including
A-class publications. Similarly, the proportion of
publications in high-impact journals (IF>7) has
almost doubled reaching an all-time high of 140
high-impact publications in 2023. Thus 44% of all
PREIN publications are high-impact. The field-weight-
ed citation Impact for PREIN-affiliated publications
is consistently higher than the national average and
articles from PREIN researchers are published in
high-impact journals much more regularly than the
national average.

The level of international collaboration in research in
PREIN continues to be high and PREIN has strength-
ened its strategic international research collabora -
tion networks in 2023. Up to 67% of PREIN publica-
tions include international collaborators. The main
collaboration countries in 2023 are China, United

Science

Physical Review Letters

Physical Review B

Nanotechnology

Nanophotonics

Nanomaterials

Materials

ChemPhysChem

Chemical Science

Chemical Communications

Advanced Science

Advanced Engineering Materials

ACS Omega

ACS applied materials & interfaces

Kingdom and France. The strategic collaboration
particularly with France has been steadily increasing
in PREIN in the last few years.

One of the aims of the flagship programme has also
been to increase research collaboration among the
flagship partners. Internal collaboration is mani -
fested in the steady level of PREIN members’ joint
publications, numbering 44 in 2023.

Another important aspect is the accessibility of
PREIN scientific output which is on a really impres-
sive level, with 80 % of articles published in open
access journals.

2023

140/ 44% publications in high-impact (IF>7)
journals

80% of publications are open access

68% of publications include international
collaboration

PREIN 2023 publications by journals

Scientific Reports

Physical Review Applied

Optics Express

Nature Communications

Laser and Photonics Reviews

Chemistry of Materials

Ceramics International

Advanced Functional Materials

ACS Photonics

ACS Applied Nano Materials

Small

Journal of Physical Chemistry C

Advanced Optical Materials

Advanced Materials

Optics Letters

Nanoscale

Chemical Engineering Journal

Catalysis Today

Applied Physics Letters
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PREIN Research Roadmap for 2024-2027

In 2023, the results of the PREIN Research Roadmap 2020-2024 were evaluatedto s ummarize
which aims had been met and to update the aims for the 2024-2026 and beyond. The Rese  arch
Roadmap themes were updated and the newest work package on Quantum Technolog ies was
integrated as a cross cutting theme into all the roadmap themes.

Sensing Imaging
Biosensing Environmental Industrial Advanced LIDAR Hyperspectral
Sensing Sensing Microscopy Imaging
2024 @ ococcevre B e B - B "
New Soil-carbon o=" ZiSg THz super- FMCW Lidar THz & IR
plasmonic analysis micro- resolution chip with hyperspectral
substrates spectroscopy microscopy integrated imagers
enabling and mineral 1D OPA
digital mapping
2025 ‘ .................................................................................................................................................................................
High-Q Microplastics Bioprocess High- FMCW Lidar On-chip
metasurfaces from open control transmission chip with hyperspectral
water using sensor extra-long 2D beam imager
Vis-NIR fusion field-of-view steering
Spectrometry microscope
in wearable
devices
2026 . .................................................................................................................................................................................
Record-high Few-ppb In-line Novel Sub- Advanced post-
SERS atmospheric microplastics fluorophores wavelength- processing using
gas sensors monitoring & markers pitch Al & ML
Quantum waveguide
biosensing of arrays using
temperature, HOM
pH, ROS in
living cells
2027 (U . . S ...
Single molecule Quantum On-chip
detection with super- 3D LIDAR
plasmonic resolution
substrates fluorescence
microscope

Enviromental
monitoring and
healthcare

Life science

Autonomous

vehicles and

mobile devices

Safety &

Security
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Light Generation Solar Energy

& Manipulation

Quantum

technologies

ICT

Celan energy &

sustainability

Quantum Tunable Ultrafast New Perovskites Crystalline
Light Active Lasers Materials & Silicon
Devices Concepts
QD material PIC laser Pulsed Lead-free Integrated Utilize up-
for telecom for 3 um plasmonic perovskite PV flexible conversion in
C-L band nanolasers active layers perovskite PV PERC solar cells
in flexible modules
modules at 50%
FF & 2% PCE
Deterministic On-chip Fully- Advanced Fully solution Surface
telecom isolators & integrated integrated PV processed passivation
wavelength circulators on-chip laser for low power perovskite PV & charge
single & with 1 W av. applications with over 10% transfer for
entangled On-chip power (PCE>20%) PCE photo-electro-
photon sources polarization chemical cells
management
High-Q cavities 1D/2D Fiber-based PV module Device Tandem
based on materials- 350-800 nm made from engineering perovskite
metamaterials based lasers structured light biodegradable to reach 5% solar cells with
materials PCE for green nanostructure
perovskite PVs to reduce
reflective losses
Fiber-based
optical
computing
Chip-based On-chip GHz pulsed Perovskite- R2R processed
guantum laser with PIC laser for inspired flexible
operation using 100+ nm triggering materials for perovskite PV
photon pairs tuning range quantum self-powered
emission photodetectors
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FAIRS

Spring

2 May

13 Jan I Management Group meeting
I Tieteenpaivat-event (on-line)

(Helsinki) 15-17 May

18 Jan 17 March I Valon viikko / Week of Light with
I Steering Committee PREIN media meeting LUMA centers TAU/UEF/Aalto

meeting (on-line) (Helsinki) 16 May

'2I'i5ef:£npéivét-event/ 22-24 Mareh . I sP;I(E)!\II (\IIEISSI:);(E))C|OCK makers

(Tampere) PREIN annual symposium

and visit to KTH and 31 May — 1 June
28 Jan -2 Feb Photonics Sweden I Optics and Photonics Days /
Photonics West Fair (Helsinki, Stockholm) UEF (Joensuu)

(San Francisco)

B PREIN newsletter B PREIN newsletter PREIN newsletter

13-15 June
Ulos-Ut-Out LUMA péivéat
/UEF (Nurmes)

Management Group
Meeting (on-line)

15 June
Tiedefoorumi (Helsinki)
19 June
Integrated Photonics
R VTT/TAU (Espoo)
== 27-30 June
iy Laser World of Photonics
ﬂ Tieteen paivét © SPIE., loronics International (Munich)
Vetenskapsdagarna ® WEST Day of Light 27-30 June
16:May Suomi Areena (Pori)
Photonics Finland i SUOMI
O P D2023 World of : nREE"n
My - 1 e 2025, Joenan: e PHOTONICS
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Autumn

~

PREIN newsletter

7-11 Aug

Summer School New Frontiers
in Optical Technologies /

TAU (Tampere)

8 Aug
Wasa Future Festival (Vaasa)

10 Aug
PREIN Management Group
meeting / TAU (Tampere)

18 Aug
Tieteen Paiva / UEF (Joensuu)

22 Aug

PREIN workshop on Integrated
Photonics Technologies / VTT
(Espoo)

13-16 Sept

Joensuun kirjallisuuspaivat,
presentation: Valon
aakkoset / UEF (Joensuu)

13 Sept

Microelectronics and
Photonics enabling the twin
transition and economic
Growth -Business Finland
event (Espoo)

22 Sept
Steering Committee
meeting / TAU (Tampere)

26 Sept
PREIN Light conference/
Aalto (Espoo)

-~

‘ NEWSLETTER

‘ MEETINGS

‘ EDUCATION EVENTS

FAIRS

~

PREIN newsletter

4 Oct

[ VTT (Espoo)

4 Oct
TAU Photonics student
visit to Aalto (Espoo)

12 Oct
Shaking up Tech / Aalto
(Espoo)

26 Oct
Nobel day (Helsinki)

© 0o 0000000

Photonics meets Quantum

‘ OUTREACH EVENTS FOR PUBLIC

‘ THEMATIC OUTREACH EVENTS

‘ PREIN WORKSHOPS

Photonics Applications -webinar
/ UEF (Joensuu/on-line)

8 Nov

Valoa kouluille -Photonics
Explorer Kit training for teachers
[ UEF (on-line)

11 Nov

Valoa perheille -outreach event /
UEF (Joensuu)

21 Nov
Management Group meeting /
Aalto (Espoo)

23-26 Nov
Visual Festival (Joensuu)

29 Nov
WP Workshop on Research
Roadmap / Aalto (Espoo)

~

~

B PREIN newsletter

9 Dec-Jan7
PhotonArt project

Photonics glasses and art
collaboration exhibition

(Tampere)

I 9 Dec
Nobel day (Tampere)
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EVENTS

Numerous different events were organized in 2023
either by PREIN by itself or in collaboration with
others. The main collaborator in 2023 has continued
to be in Photonics Finland, which brings the whole
photonics ecosystem, including industry, to the
events. In addition to larger events, several smaller-
scale visits and meetings have been organized with
important stakeholders such as local politicians,
representatives of ministries and the EU, as well as
collaborators from companies and clusters. PREIN
representatives have also been invited to visits

to national and international stakeholders and as
invited speakers to events.

Fairs

Fairs are an essential platform to bring together
both academia, students, companies and
decision-makers. A common meeting place lowers
the threshold between different actors and
increases the opportunities for cooperation.

SPIE Photonics West

SPIE Photonics West is the leading global conference
and fair for lasers, biomedical optics, quantum,
biphotonic technologies, industrial lasers, optoelec -
tronics, microfabrication, MOEMS-MEMS, displays
and quantum technologies organized annually in

San Francisco, USA. There are four academic confer-
ences, Bios, LASE, OPTO and Quantum West and an
exhibition fair organized during the week. In 2023,

the fair and academic conferences were arranged on
31 January — 2 February attracted more than 22 000
registered attendees and over 1400 exhibitors.

PREIN has defined Photonics West as a key event
to participate annually. The event gathers together

| Photonics West exhibition 2023 in San Francisco.

leaders from academia and industry to learn about
the latest research, see the newest innovations, and
meet with the global photonics community. The aca-
demic conferences provide a platform to showcase
PREIN-related photonics research. In 2023 confer -
ences, there were 19 conference paper presentations
from researchers affiliated to PREIN.

Photonics West is also the main exhibition for many
Finnish Photonics companies. Photonics Finland
organizes the Finnish Pavilion in the Photonics West
Exhibition Fair. In 2023, PREIN participated in the
Finnish Pavilion together with Photonics Finland and
11 photonics companies including Inkron, Bevenic-
Oplatek, PiBond, Emberion, Picophotonics, Reflekron,
Comptek Solutions, Ampliconyx, Elfys, Evolase and
Vexlum. In addition, the PREIN partner VTT had also
its own stand. The fair participation allows increased
visibility and networking opportunities for PREIN
towards photonics industry, national clusters, re -
search organizations and fair participants both from
companies and academia.

Laser World of Photonics

Laser World of Photonics is organized every sec-
ond year in Munich, Germany and it is the largest
exhibition fair and academic conference in Europe.
In 2023, Laser World was organized on 26—-30 June
and attracted 1 300 exhibitors and around 40 000
visitors. The event provides the latest milestones in
photonics research and showcases of the photonics
industry.

The parallel International Congress on Photonics
arranged at the same time, the CLEO Europe — EQEC
2023 Conference, is organized by European Physical
Society (EPS), Optica and IEEE Photonics Society and
focuses on lasers, photonics and optical science
across a wide range of technical areas. Several PREIN
researchers from the partner organizations partici -
pated in the conference with 29 academic presenta-
tions related to PREIN research.

The Laser World of Photonics trade fair for the
photonics industry is the largest European fair in

the field focusing on the entire range of photonics
applications and addressing closely linked industrial
sectors such as material processing, measuring,
testing and inspection, optical data transmission and
lasers in medicine. Photonics Finland has organized
the Finnish Pavilion in Laser Munich for several years
together with member companies. PREIN participat-
ed in the Finnish Pavilion in 2023 with the Finnish
photonics companies Vexlum, Senop, Inkron, Evolase,



Optics and Photonics Days 2023.

PiBond, Comptek, Bevenic, Picophotonics, Reflekron,
Ampliconyx and Elfys.

Optics and Photonics Days

The annual national photonics event, Optics and
Photonics Days 2023 was organized in Joensuu

at the University of Eastern Finland campus and
gathered over 300 registered participants during the
three days from May 30 — June 1. The themes in the
industrial program included Spectral and hyper -
spectral imaging, Nano and microphotonics and
Photonics in security and defense. The four themes
of the academic program were Integrated photonics,
Sensing and imaging, Emerging active materials and
devices and Quantum technology. The PREIN Annual
Event was organized as a part of the side events that
included side events: Women in Photonics, Student
event, Job Fair, and the Nordic Photonics meeting.

PREIN Event at the Optics and Photonics Days

The annual PREIN event organized on the first day of
the Optics and Photonics Days offered an excellent
opportunity for industry representatives, academic
from other institutions and anyone interested to

learn about the recent PREIN research achievements
in an approachable way. The event had over 170
registered participants, of which almost 40 % were
company representatives, which can be seen as

a good indicator for the importance of corporate
collaboration with the Flagship.

The research highlight was linked to the newest

work package in Quantum Technologies. Andreas
Norrman from University of Eastern Finland empha -
sized that PREIN researchers are in the forefront of

the second quantum revolution particularly in the
guantum applications of communication, computa -
tion, simulation and sensing.

The thematic focus of the panel discussion was
collaboration between universities and industrial
actors. The Chair of the discussion Matti Mannonen
from Technology Industries Finland invited panel -
ists to recount examples of fruitful research and
industry collaboration as well as to highlight the
emerging themes in research and company collab -
oration. Director of Impact Minna Hendolin from

the University of Eastern Finland emphasized the
connection to industry already during studies and
its importance of industry links in degree programs.
Research and industry collaboration should be
actively built with universities focusing on strategic
partnerships with key companies for long-term col-
laboration in research and education. According to
Professor Seppo Honkanen it is important to foster
experimental research and industry-related coop -
eration in multiple areas of new emerging technol-
ogies such as green data centers, mixed reality and
superconducting quantum computers.

Student Networking Event

The student event targeted at master’s and doctoral
students in photonics has become an annual recur -
ring networking occasion. In 2023, there was a total
of 80 participants in the event. The event not only
provides an opportunity for the students to network
with each other, but also to attend a discussion on a
topical theme. In 2023, the panel discussion was on
the different paths of transitioning form research to
industry and vice versa. The panelist included people
working in companies, in academia and in other
organizations.
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Thematic events

Several thematic events related to either photonics
subthemes within PREIN or photonics application
fields were organized during 2023. The application
field events involved collaboration with several key
constituencies including Photonics Finland, Business
Finland and other flagships.

Microelectronics and Photonics Enabling the
Twin Transition and Economic Growth -event

The event organized by Business Finland and
Technology Industries of Finland on September 13
in Espoo invited key experts in microelectronics,
semiconductors, and photonics to discuss the
enabling innovations and the growth of productivity
in the so-called the twin transition of integrating
sustainability into digital transformation strategies.
The event presented the European Chips Act and the
opportunities it brings to Finnish companies with
presentations from international industrial stake -
holders and the European Commission. National
views were represented by the Ministry of Economic
Affairs and Employment, ETLA Economic Research
and representatives from the PREIN partners Aalto,
VTT and Tampere University and Photonics Finland.

Solar Breakthrough Seminar

The Solar Breakthrough seminar was organized on
October 5 at Aalto University to present the latest
trends in solar cell technology and discuss the role
of solar energy globally and in Finland. The keynote
speaker of the event was the winner of the 2022
Millennium Technology Prize, Scientia Professor
Martin Green. Professor Hele Savin from Aalto
University representing PREIN, gave a presentation
on photovoltaics technologies and their energy
implications. The event was organized in collabora -
tion with Technology Academy Finland, University of
Helsinki and LUT University.

Photonics Meets Quantum

PREIN together with Photonics Finland, InstituteQ,
and BusinessQ organized the Photonics Meets
Quantum -event on October 4, in VTT premises in
Espoo. The aim of the event was to bring together
leading experts, researchers, and professionals from
the fields of Photonics and Quantum technology to
share their insights, experiences, knowledge. The
event also provided a platform for networking and
exploring potential collaboration opportunities.
Presentation topics included introductions to the
Photonics and Quantum ecosystems, presentations
from Finnish key players in Photonics and Quantum
technology, as well as a panel discussion about
how Photonics and Quantum technology should

interact in Finland. The event attracted more than 60
participants.

PREIN Internal Events

The PREIN internal thematic events are mainly
targeted at the PREIN researchers, and their aim is
to increase the collaboration between the different
PREIN partners and different research groups. In
some events key constituents related to the top-

ic are invited to join and provide their expertise,
opportunity for benchmarking and external views on
PREIN and the chosen theme.

PREIN Workshop on Integrated Photonics

The PREIN workshop on Integrated Photonics was
organized on August 22 in VTT premises in Espoo.
The aim of the workshop was to share the integrated
photonics research results among the PREIN part -
ners and to increase the collaboration. The event
also showcased the SIPFAB Pilot Line and the new
infrastructure Kvanttinova plans. There was the
possibility to join lab tours in Micronova hosted by
VTT and Aalto University. The event gathered 30
participants from all the PREIN partners.

PREIN Research Symposium

The PREIN research symposium was organized

on 22-24 March on the ferry from Helsinki to
Stockholm. The event gathered more than one
hundred PREIN researchers to present their latest
research results and to increase the collaboration
between the PREIN partners and the thematic work
packages. All the five work packages presented an
overview of their current research themes, one to
two research highlight based on a recent scientific




The PREIN research symposium on 22—-24 March on the ferry from Helsinki to Sto  ckholm.

breakthrough linked to a high-level publication. The
work packages had also invited top-notch interna -
tional researchers as visiting speakers to present
their research connected to the WP theme. The
invited speakers included Michele Celebrano from
Politecnico di Milano, Peter Kazansky form University
of Southampton, Fen Gao from Linkdping University
and Leif Oxenlowe from DTU.

In addition, there was a short summary of the
Flagship activities by Goéry Genty, including the
publication of the Annual Report 2022 and a presen-
tation of PREIN impact activities by Juha Purmonen.
Doctoral and postdoctoral researchers presented
their research work in the poster session.

The program in Stockholm included a visit to

KTH Royal Institute of Technology and Stockholm
University hosted by Photonics Sweden. The pre-
sentations during the visit highlighted the common
activities between Photonic Sweden and Photonics
Finland. The PREIN Flagship scientific and societal
impact as well as its commercialization activities
were introduced to the Swedish hosts. The research
presentations included the activities in the Laser
physics group in the Nonlinear and quantum pho -
tonics group and in the Experimental biomolecular
physics group, as well as the Swedish research
breakthroughs on Photonics Quantum Information,
and the photonics related R&D&I activities at the
Smart Hardware Department. The visit also included
lab tours at the Physics Department in the Albanova
campus.

PREIN-Light Seminar

The PREIN-Light Seminar organized on September
26 in Aalto University presented photonics research
collaboration between China and Finland and
showcased PREIN research to the collaborators of
the Light Publishing Group. The event will result

in a call for abstracts in 2024 for a special issue

of photonics research in Finland and the PREIN
Flagship for the journal Light Science & Applications
which is a Light: Science & Applications is a scientific

journal published by Nature Portfolio on behalf of
the Changchun Institute of Optics, Fine Mechanics
and Physics, Chinese Academy of Sciences and the
Chinese Optical Society.

PREIN Research Roadmap Update Workshop

The original PREIN Research Roadmap was launched
in late 2019 to cover the years from 2020 to 2024. In
late 2023 it was time to evaluate how the set aims
had been reached and to define the next steps relat-
ed to the selected themes, Smart sensors, Integrated
Photonics, Light Sources and Photovoltaics. The
workshop was held in November 2023 in Aalto
University gathered almost all the WP representa-
tives from the partner organizations. The event was
arranged to summarize the results of the previous
research roadmap and to envisage the new updated
research roadmap for the remaining flagship pro-
gram period, from 2024 to 2027. The new thematic
emerged based on the previous Research Roadmap,
but were further elaborated and the new research
area of quantum technologies was included as a
cross cutting theme in the Roadmap.

PREIN Meetings

During 2023, there were several internal PREIN
meetings which were organized on a regular basis to
manage and to follow-up on the Flagship activities.
The PREIN Management Group met four times and
the Steering Group with all the institutional repre-
sentatives form the PREIN partners had two meet-
ings in 2023. The Work Packages had their regular
meetings and the two annual events, the PREIN
research seminar and the PREIN event at the Optics
and Photonics Days also gathered the work package
researchers to meet together and with the PREIN
managing bodies. In addition to the regular internal
PREIN meetings, the supporting organizational con -
tact persons in the Communications team, Outreach
team and Innovation team had several meeting to
plan the joint activities with PREIN.
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EDUCATION

In 2023, the collaboration in photonics education
continued and activities were increased on master’s
degree education as well as doctoral studies where

PREIN participates in the Doctoral Education network
in Modern Optics and Photonics and MSCA Doctoral

Networks but also applied for funding from the
Research Council of Finland pilot call to open a
significant number of new doctoral positions in 2024.

There was an increase in photonics master’s
degree graduates in 2023 from the PREIN partner
universities with the number reaching 86 new
masters. The number of doctoral degrees remained
steady with 30 photonics PhD graduates in 2023.

New Photonics Degree Education Offer

The photonics education offer was strengthened

in 2023 as University of Eastern Finland received
the right to confer Master of Science in Technology
degrees. A new study opportunity was launched to
offer a Finnish bachelor’s degree in photonics from
which the students can continue to the Photonics
MSc program. In addition, the graduates from the
existing international Photonics Master’s Degree
will receive this degree. The introduction of the new
study path with 25 new study places annually will
increase the number of Finnish photonics experts in
the coming years.

Renewed Erasmus Mundus Status

Erasmus Mundus Joint Masters are prestigious
international masters, jointly designed and delivered
by a group of higher education institutions and

MASTER’S 86
DEGREES

DOCTORAL
DEGREES

receive funding and scholarships for students

from the European Commission. PREIN partner
universities have been involved in four Erasmus
Mundus Joint Master’s Degree programs,

with Tampere University participating in the
Europhotonics program and University of Eastern
Finland in the programs, Computational color, and
spectral Imaging COSI, Imaging and Light in Extended
Reality IMLEX and Photonics for Security Reliability
and Safety PSRS. The Europhotonics program where
Tampere University has been a partner since 2019,
received a new funding decision in 2023 to continue
as an Erasmus Mundus joint master’s degree
program.

Master’'s Degree Educational Collaboration

The PREIN universities, Tampere University, Aalto
University and University of Eastern Finland have
continued their educational collaboration on the
master’s degree level. The University of Eastern
Finland course on Optical Design will continue to
be offered to PREIN partner university students. In
addition it was decided in 2023 that the Tampere



University course Solar Driven Chemistry will be
offered to the PREIN partner university students
from the academic year 2024-2025 onwards.

The Applications of Photonics webinar lectures
where Finnish photonics companies present the
ways in which they utilize photonics in their field of
business organized by University of Eastern Finland
continues to be offered to anyone interested in

the topic and attracts a good number of the PREIN
partner university students.

Joint Program Marketing

The campaign for marketing photonics as a study
field and Finland as a study destination launched
in 2022 to jointly promote the PREIN universities
educational offering in the field. The activities
were mainly targeted to international applicants

in different social media channels. The marketing
activities were positively reflected in the number
applications in the 2023 round to the photonics
master’s programs in the partner universities. The
activities were also continued in 2023 for the 2024
application round.

New Doctoral Pilot

In 2023, The Research Council of Finland opened
the call for doctoral education pilot projects in
Finnish Flagship areas with the total number of

800 new doctoral positions. The PREIN consortia
application with Tampere University, University of
Eastern Finland and Aalto also included external
positions applied to Abo Akademi, University of
Turku, University of Oulu and University of Jyvaskyla.
The PREIN partner VTT, and Photonics Finland are
involved as supporting organizations in the call even
though they will not receive funding. The decision
on the funding and number of positions related to
the photonics doctoral program will be made in
early 2024 and new PhD students will start their
studies in August 2024 or January 2025 at the
latest. It is anticipated that this doctoral program
will significantly increase the number of photonics
doctoral degrees in the future.

Summer School in New Frontiers in Optical
Technologies

Regular summer schools have been organized as
a part of the doctoral education activities in PREIN,
with an annual summer school in the University of
Eastern Finland and a bi-annual summer school in
Tampere University.

In 2023, the 11th summer school New Frontiers in
Optical Technologies was organized on 7-11 August
by Tampere University. This year marked a name
change to “Markus Pessa International Summer

School New Frontiers in Optical Technologies” — a
tribute to the memory of the late Professor Pessa,
the founder of the Optoelectronics Research

Centre in Tampere University and the pioneer of
optoelectronics and semiconductor laser technology
in Finland. The program included topics from
advanced laser technologies, photonic integration
technologies and integrated optics to quantum
technology and biomedical imaging. The summer
school attracted more than 150 participants,
including doctoral students and early-stage
researchers from all the PREIN partner universities.
The participation of the students was supported with
PREIN funding.

Continuous Education and Courses

Specific short-term courses directed at companies
and employees in photonics industry. These courses
have been planned according to the needs and
requirements to further increase photonics skills

in related companies. Several short courses were
offered in collaboration with Photonhub Europe,
which is a project funded in the European Union
Horizon program. In the Europe-wide network,

the Finnish members are the PREIN partner VTT
and Photonics Finland. With the support of the
Photonhub project they organize targeted courses in
Finland and on-line. In 2023 short training on three
different topics were organized. The topics, Spectral
Imaging and its Applications; Integrated Polymer
Photonic Systems training and Thick-SOI Photonics
for Sensing and Imaging were the same as in the
training course in 2022. Although the courses were
primarily intended for industrial participants, also
academic participants and students could join.
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IMPACT

The results in scientific, societal economic and
educational impact in 2023 have been on a high level
with significant developments and related funding
gained during the year.

Scientific and Economic Impact

The high level of impact in scientific achievements is
highlighted though the competed external funding
received. The funding for scientific research topics
and groups received in 2023 continues to demon-
strate that the scientific level and scientific impact is
extremely high in the flagship.

Photonics researchers and research groups linked
to PREIN were successful in the 2023 Business
Finland and Research Council of Finland funding
applications, which also demonstrate significant
economic impact.

Research Council of Finland
Funding

The 2023 Research Council of Finland funding
granted for PREIN partners, consisted of funding for
Postdoctoral fellows, Research Council for Natural
Sciences and Engineering project fundings, and
projects funded in the ICT project funding call, as
well as the new Proof of Concept funding modelling
its prestigious European Council counterpart.

Research Council Post-doctoral
Researcher Funding

In the 2023 call, the Research Council of Finland’s
Research Council for Natural Sciences and
Engineering decided to fund 44 new posts as
Postdoctoral Researcher, of which four were linked
to PREIN.

Grazia Salerno, Aalto University: Realizing
topological phases in nanophotonics

Topology has been investigated in many physical
systems, from solid-state to quantum matter, optics
and metamaterials. Topological photonics attracts
interest for possible practical applications, from

the unidirectional propagation of light to integrated
all-optical devices that are robust to external per-

THE KEY PERFORMANCE
INDICATORS RELATED

TO THE SCIENTIFIC AND
ECONOMIC IMPACT IN 2023
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turbations. However, topological effects of light at
the nanoscale are affected by nonlocal and radiative
effects in ways that are not fully understood and
controlled. This project tackles this challenge by
developing a fundamental theory for out-of-equilib -
rium topological phases in nanophotonic systems.
The project will develop methods for the realization
of topological nanophotonic systems with radia -
tive and retardative effects. Particular attention is
devoted to the proposal of experimental realizations
with nanoplasmonic and exciton-polariton lattices,
that will validate the theoretical results together

with numerical simulations. The project will be done
at Aalto University.

Xiaolong Liu, Aalto University: Femtosecond-Laser
Hyperdoped Germanium for Broadband Infrared
Photonic Applications

For infrared detection, the intrinsic silicon is limited
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femtosecond-laser hyperdoping technologies to

fabricate the so-called hyperdoped germanium to

further enhance the properties of germanium. We

will improve the responsivity and extend the operat-
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The resulting IR technologies will help achieve

sustainable development objectives related to health

and energy.



Andreas Norrman.

Andreas Norrman, University of Eastern Finland
Quantum complementarity structures in vector
light photonics

Quantum photonics, the science and technology of
quantum light, is a broad research field at the heart
of modern optical physics. The project explores
complementarity structures connected to polariza -
tion of light in various quantum photonic topologies.
Polarization, the vectorial aspect of light, is a key
notion in photonics and offers a central resource

for optical applications. Complementarity, stating
that quantum systems share mutually exclusive
properties, is likewise a primary concept in quantum
physics of relevance for high-precision metrology.
The project takes place at the University of Eastern
Finland and covers advanced fundamental research
together with the University of Gdansk (Poland),
University of Zaragoza (Spain), and ETH Zurich
(Switzerland). The results are expected to reveal new
foundational facets of quantized light and to form

the basis for novel quantum optical applications
harnessing interferometric techniques, polarimetric
sensing, and complex-structured light.

Nikita Durandin, Tampere University Light-Activated
Materials for Bioscaffold Fabrication and Controlled
Drug Release Applications (LAMBDA)

Photoresponsive systems for controlled drug
release, extracellular matrix fabrication for tissue
engineering emerged in the recent years due to their
fine spatiotemporal control and non-invasiveness.
Yet, most of them require phototoxic blue/UV light
with poor tissue penetration. This issue will be over-
come via triplet-triplet annihilation upconversion
process that enables in situ blue/UV light generation
upon safe red light-excitation of greater penetra-
tion depth. Thus, the process will allow to perform

phototriggered drug release deeper in tissue with
less phototoxicity. The similar issue in tissue engi-
neering will be addressed by using a two-component
system (containing red light-absorbing sensitizer and
co-initiator) capable to create radicals upon safe red
light-excitation. Hence, the red light will initiate free
radical polymerization of an injectable polymer-cells
suspension to form cell-laden hydrogel in situ deep-
er in tissue in minimally invasive and well controlled
manner.

Council for Natural Sciences and
Engineering Funding

The field specific Project Funding is among the
Research Council’s most important funding in -
struments for promoting the quality, impact and
renewal of research. The Research Council aims to
fund research in a wide range of fields within natural
sciences and engineering and to consider the special
characteristics of each field. is among the most
important funding instruments for promoting the
quality, impact and renewal of research. In making
the funding decisions, the Research Council put
particular emphasis on scientific quality, novelty,
breakthrough potential and feasibility.

In 2023, the Research Council of Finland’s Research
Council for Natural Sciences and Engineering granted
the four-year funding for 79 projects of which five in-
volved PREIN related photonics research groups. The
success rate was about 18 % and the total funding
around 48 million euros.

Caterina Soldano, Aalto: TADF emitters field-effect
light-emitting devices (TADF-FIELD)

Organic light-emitting devices are now widely used
in consumer electronics displays, where they enable
lighter and thinner devices using less energy than
conventional LEDs. Thermally-activated delayed
fluorescence (TADF) molecules are novel emitters
showing, among many advantages, potentially

100% efficiency and avoidance of shortages of
ordinary fluorescent/phosphorescent compounds.
The efficiency of the light emission process depends
on the relative energy of the materials excited
states. TADF-FIELD plans to address the following
key research question: “can an horizontal (external)
electric field improve light emission process in these
materials?”. To achieve this, we plan to test these
materials in a field-effect-based organic light-emit -
ting device platform (i.e. OLETSs), so far largely
unexplored. Project will be carried by the Organic
Electronics group at the Department of Electronics &
Nanoengineering, School of Electrical Engineering at
Aalto University (Espoo).
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Polina Kuzhir, University of Eastern Finland:
Core-sHell nAnodiamond foR All-optical Cancer
ThERagnostics

Theragnostics has emerged as an ultimate technique
of cancer treatment that combines imaging-guided
diagnosis and therapy. The CHARACTER goal is to
create and validate experimentally multifunctional
fluorophore that will enable less invasive all-optical
theragnostic. It is made of diamond nanoneedles
doped with nitrogen, silicon, and other atoms, which
make optical properties of diamond very sensitive
to the temperature change. We will combine tem -
perature sensing with modern imaging techniques.
Furthermore, according to our estimations, cancer
cells accumulating the needles can be destructed
under irradiation with near-infrared light pulses
without damaging healthy tissue. In the mid-
to-long-term time frame, CHARACTER scientific
breakthroughs are to provide direct benefits for

the European society and citizens by offering early
diagnostics and therapy of cancer that will change
the trajectory of disease, enhancing the health, and
wellbeing.

Jyrki Saarinen, University of Eastern Finland, Jukka
Seppala and Jouni Partanen, Aalto: 3D-GRINO-PPCI
3D Graded Index Optics Printed using Photocurable
Inks

3D-GRINO-PPCI will deliver locally optimized poly-
meric materials with designed gradient compositions
to tailor the performance of the optical systems well
beyond the capabilities of today’s technologies. We
will present a groundbreaking opportunity to replace
conventional optical lenses, where material interface
(form) refracts light rays, with lenses with parallel
tailored refractive index distribution (graded-index
GRIN), which makes possible for the optical rays also
to bend inside the optical elements. Although simple
geometrically symmetric GRIN optics is possible to
manufacture currently, our unique multi-material 3D
printing technology will enable simultaneous control
of complex GRIN structures with accuracy, flexibility,
and functionality never seen before. We will also
develop optical design algorithms that will benefit
from the researched materials and processing data
bank and are able to optimize optical systems for
much smaller number of elements than ever before.

Mircea Guina, Tampere University: Light

sources for Cryogenic Communication Based on
Nanomechanical Modulation of Valley Alignment in
GaSb/AlGaSb nano-structures

Professor Mircea Guina’s project aims to develop a
new class of light sources in which electro-mechan-
ical strain modulation using surface acoustic waves
enables efficient and high-speed light modulation
with low dissipative losses. Such light sources are

needed for building information links from low-tem -
perature superconducting logical circuits to room
temperature electronics and photonics systems.

The technology developed in the project may offer

a more efficient way of connecting large numbers

of signals to cryogenic quantum-technology pro -
cessors, offering a fully solid-state implementation
solution compatible with silicon photonics.

Research Council QuantERA
ERA-NET Cofund in Quantum
Technologies

The QuantERA Call 2023, launched by 35 funding
organisations from 28 countries, attracted 486
international research teams that submitted 101
proposals. With its continual strive for fostering
cooperation within the European environment of
Quantum Technologies, the QuantERA network
funded 24 projects with over 29 million euros. In
Finland, the Research Council of Finland is the fund -
ing organisation. The Research Council for Natural
Sciences and Engineering reserved 1 000 000€

for the call for funding Pls from Finnish research
organizations. One project where the coordinator is
Finnish received funding: EXTRASENS coordinated
by University of Eastern Finland. In addition, Mircea
Guina from Tampere University is a partner in one of
the funded projects.

Polina Kuzhir, University of Eastern Finland: Color
centers in diamond nanoneedles for intra- and
EXTRA-cellular quantum SENSing (EXTRASENS)

Fundamental life science and practical medicine

need tools to probe electromagnetic field, tempera -
ture, and pH with nanometer spatial resolution in
order to gain insights into the intra- and extra-cel-
lular processes. EXTRASENS develops multimodal
guantum biosensor complemented with superreso -
lution bioimaging functionality using color centers in
biocompatible diamond single crystal nanoneedles.
The project technology will provide benefits for
European society and citizens enabling in the middle-
to-long run new strategies and standards for disease
diagnosis, prognosis, and (crucially) prevention, and
as a result, improving wellbeing.

Mircea Guina, Tampere University: Fibre-Coupled
GaShb Quantum Dot Tuneable Single-Photon Sources
for Field Deployed Quantum Key Distribution

Quantum cryptography based on single photons
theoretically enables ultimate security in contrast

to the classical cryptography based on mathemat-
ical complexity. An ideal single-photon source for
this purpose would emit triggered photons into an
optical fiber. This can be achieved using semiconduc-



tor quantum dots as the photon source. However,
the current state-of-the-art quantum dot sources
are not wavelength-compatible with the fiberoptic
telecommunication infrastructure. The goal of the
FiGAnti project is to develop GaSh based quantum
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formance fiber-coupled single-photon sources.
These new quantum sources will be benchmarked
against the commercially available quantum key
distribution technology in a deployed fiber network.
The research is carried out in an international con -
sortium including leading groups of semiconductor
quantum dot device and quantum photonics from
Germany, France, Poland, and Sweden.

Research Council ICT Project
Funding

In November 2023, the Research Council of Finland
granted funding to Research Council of Finland
grants funding for research into ICT and secure use
of data in health. The Research Council of Finland
has granted a total of 8.6 million euros for three-
year projects that will explore the limits of ICT and
the secure use of data in health. The funding will

be divided between 25 applications, which puts the
overall application success rate at 34 per cent. The

funding period will be 2024-2026. One PREIN related

project was funded in the 2023 ICT 2023: Limits of
ICT call.

Harri Lipsanen, Aalto University: All-optical logic for
future computing

This project aims to conduct research on optical
computing by exploring the use of novel all-opti-

cal gates. These gates will be constructed using
advanced 2D materials that exhibit unique optical
chirality selection rules. The use of these materials
provides an energy-efficient and fast alternative for
building new types of optical computers. By leverag-
ing the intrinsic properties of the materials, the proj-
ect seeks to develop all-optical gates that are faster
and more energy-efficient than traditional electronic
counterparts. Ultimately, this research aims to
contribute to the development of new computing
technologies that can better meet the demands of a
fast-paced and data-intensive world.

Research Council of Finland’s Proof

of Concept Funding

In 2023, the Research Council of Finland launched
a new funding opportunity that will promote the
utilization and commercialization of research as
well as other societal impact. The benchmark for the

Tommi Hakala.

scheme is the European Research Council's Proof
of Concept Grant. The new funding scheme was
targeted at a limited number of applicants; prin -
cipal investigators working with Finnish Centre of
Excellence funding and researchers selected by the
Finnish Flagships. The funding budget for the pilot
call in 2023 was 10 million euros and 20 projects
were selected to be funded, of which three were re-
lated to PREIN. The funded projects start in January
2024 and run for two years.

Tommi Hakala, University of Eastern Finland:
Nanoscale femtosecond lasers

The project aims to develop ultracompact femtosec
ond laser sources based on nanopatterned plas -
monic lattices. The project is motivated by recent
findings of our group. The crucial experimental
observations are connected to lasing in plasmonic
lattices, namely the non-degenerate multimode
lasing at the visible (and IR) wavelengths, the polar-
ization dependent feedback, and the onset of phase
locking in the degenerate, orthogonally polarized
modes of a plasmonic laser.

Mircea Guina, Tampere University: Integrated
pulsed lasers driving industrial scaling of quantum
technologies (IntegrateQT)

The project targets the development of integrated
ultrafast light sources and their proof-of-concept
application as trigger for deterministic single and
entangled-photon emitters based on semiconduc -
tor quantum dot. Given their compact size, these
quantum light sources are scalable for industrial
fabrication, but in the current demonstrations they
triggered with large and expensive laser systems.
Our goal is to replace the complex trigger lasers
with fast and stable semiconductor laser oscilla -
tors which fit on a small semiconductor chip which



36

allows scaling together with the rest of the quantum
photonic system following the roadmap of quantum
photonic integration, while also ensuring state-of-
the-art quantum light source performance. The
research is carried in collaboration with the leading
European and US-based research groups in the field
of development and quantum technology applica -
tions of semiconductor single and entangled-photon
sources.

Francisco Senna Vieira, VTT: Broadband active
hyperspectral sensing for black plastic identification

Sorting plastic waste is essential to allow for proper
recycling. Without separating the waste according to
polymer type and presence of hazardous substanc -
es, the waste mixture finds its way to either incinera-
tion or landfilling, increasing the emissions of green-
house gases and polluting the soil and water bodies.
To overcome this challenge, several automated
sorting technologies based on optical sensors have
been developed. Infrared optical sensors are devices
that identify materials by shining infrared light on a
surface and detecting the reflected light. The ability
of such devices to distinguish different materials

and their properties depends on the wavelength of
the light they utilize. Black plastics are difficult to
sort due to the low intensity of reflected light, which
leads to a poor signal for existing optical sensors. In
this project, we propose the development of a new
laser-based optical sensor, which will enable distin -
guishing different types of black plastics.

Other Research Council of Finland
funding

In addition, other funding from The Research Council
was granted in 2023, including mobility funding for
collaboration with Germany for the Novel Mid-IR
fibre optical frequency combs for spectroscopic
applications project lead by Goéry Genty at Tampere
University and Research Fellow follow-on funding
for research costs, for Robert Fickler from Tampere
University for the BIQOS - Boosting Integrated
Quantum Optics with Structured Photons project.

Finnish Research Infrastructure
Funding (FIRI)

The Research Council of Finland provides funding
for the acquisition, establishment or upgrading and
expansion of nationally significant research infra -
structures that promote scientific research. In 2023,
the Finnish Research Infrastructure Committee at

the Research Council of Finland awarded funding to
11 projects for building and upgrading national and
international research infrastructures. The total
amount granted is more than €22 million. This is the
last set of decisions in the FIRI 2023 call for research
infrastructure funding. Three PREIN related infra -
structures received funding in 2023.

Tampere University leads the FinnLight-IO consor-
tium which received funding for the development of
integrated optics. Integrated optics can be applied,
for example, in quantum computing, biosensors and
communications to facilitate the digital transition.
FinnLight is a research infrastructure on Light-Based
Technologies established in 2021 by a consortium
between Tampere University, VTT and University of
Eastern Finland.

OtaNano, which is Finland’s national research infra-
structure for micro-, nano-, and quantum technolo -
gies is relevant also to photonics research at Aalto
University and VTT in Espoo and related to PREIN
activities, received 2.1 M€ for the NAMAQU- project
which aims to strengthen OtaNano’s capabilities to
offer infrastructure services for academic- and in-
dustrial research. The implementation of the project
focuses on following strategically chosen invest-
ment tasks to strengthen the advanced cleanroom
nanofabrication technologies for quantum-, RF-, and
nanophotonic devices; high magnetic-field measure -
ment capability in low temperature facilities for
multi-user research environment and the extended
capabilities of high-resolution TEM characterization
of nanostructured materials.

The non-roadmap Infrastructure for Single Photon
Correlation Studies (i-SPOT) at Aalto University re-
ceived a 1.05 M€ funding. the i-SPOT Infrastructure

is associated with PREIN, Finnish Center of Excellence
on quantum technology, European Graphene and
Quantum Flagships, and AKA university profiling
project.

In addition to the infrastructures directly linked to
PREIN, the infrastructure of Printed Intelligence
Infrastructure (PIl) , which received a 4.6 M€ funding
and involves Tampere University, University of Oulu,
Abo Akademi and VTT, contributes to photonics
particularly in the VTT Oulu site.

Business Finland Research to
Business Funding

Research to Business (R2B) funding is intended for
researchers and research groups in universities and
other research organizations who want to build new



business based on their research and commercialize
their idea. The project must have several commer-
cialization options — the entity who commercializes
the idea cannot be known at the start or during the
project. The actual product and business develop -
ment occur after the project either within a new
company being established, or as a new business
activity in an existing company. In 2023 R2B funding
was granted to one PREIN related project. There
were two Research to Business projects related to
PREIN in 2023, the project lead by Chiara Fedele
from Tampere University on Light reconfigurable
surfaces and the project Integrated sensor for
real-time indoor environmental condition monitoring
(INTENSE) led by Nonappa Nonappa from Tampere
University.

European Innovation Council
Pathfinder Funding

European Innovation Council Pathfinder programme
supports the exploration of bold ideas for radically
new technologies in high-risk / high gain and inter-
disciplinary cutting-edge science collaborations

that underpin technological breakthroughs. Grants
support early-stage development of future technol -
ogies (Technology Readiness Levels 1-3), up to proof
of concept.

Researchers whose EIC Pathfinder projects are
funded are typically visionary and entrepreneurial
scientists from universities, research organizations,
start-ups, high-tech SMEs or industrial stakeholders
interested in technological research and innovation.
Projects typically involve consortia of researchers
and other partners from at least three different
countries, but there are also opportunities for indi -
vidual teams and small consortia. The success rate is
about 7%.

In 2023, the EIC Pathfinder project Strongly coupled
Organic LEDs (SCOLED) where Aalto University is
the coordinator, was funded. The project, led by
Professor Paivi Térmé from Aalto brings together
scientists from five different universities in Europe,
collaborating with the goal of developing highly
efficient nanophotonic organic LEDs. The aim is to
increase the efficiency of organic light-emitting
diodes (OLEDs). OLEDs can be fabricated from
earth-abundant non-toxic materials using ener -
gy-efficient processes, in stark contrast to the
present market-leading inorganic LEDs. However,
despite their much lower environmental impact, the
widespread deployment of OLEDs has been blocked
by their limited efficiency. To achieve the required

step-change in efficiency, plasmonic nano-particle
arrays will be used to enhance the coupling between
light and matter within OLEDs. The objective is to
enhance OLED efficiency to a level competitive with
inorganic LEDs, and at the same time to control the
color, polarization and directional distribution of the
emitted light.

The EIC Pathfinder project VAF is coordinated by
Regina Gumenyuk at Tampere University. The project
aims to show proof-of-principle of a new technology
capable of unprecedented control over interactions
of light with specially synthesized targets. The use
of novel extreme orbital angular momentum (OAM)
laser beams in conjunction with new borane cluster
fuels will forge a path to aneutronic proton-boron
(p-11B) fusion significantly improving the energy
balance of aneutronic fusion. Developing novel
extreme orbital angular momentum laser beams in
conjunction with new borane cluster fuels will forge
a path to aneutronic proton-boron fusion.

Economic Impact and Industry
Collaboration

Economic impact and industrial collaboration are
increased mainly through a tight collaboration with
Photonics Finland as PREIN and Photonics Finland
continue to increase and tighten their cooperation.

There have been significant political and economic
decisions that affect the Finnish photonics industry
and research particularly because of the EU Chips
Acts and national funding decisions related to
regional development.

Photonics Industry and Research Survey

In 2023, Photonics Finland, the Flagship for
Photonics Research (PREIN) and Business Finland
ran the survey for the Finnish photonics industry
and photonics research organizations. The parallel
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industry and research surveys were conducted by an
external company, Boost Brothers and directed re -
spectively to photonics companies and researchers
in research institutions and universities. The industry
survey received 128 responses and the response
rate was approximately 18%. Whereas the research
survey received 109 responses and the response
rate was approximately 25%.

The Flagship for Photonics Research and Innovation
has gained visibility among companies, and more
than half of the industry respondents have a positive
view on its activities and a quarter of the companies
are not yet aware of PREIN. Finnish photonics com-
panies see joint event organization, joint research
and media promotion as the most important func -
tions of PREIN. Photonics companies are hoping for
more collaborative projects with research institutes.

The results of the survey targeted at higher educa-
tion institutions and research centers maps out the
different research areas and future needs of the
research ecosystem. Key research thematic areas
include material science, metrology and sensing
and imaging. Photonics was also highlighted to play
an important role in the education programs of the
respondents’ institutions.

The Flagship for Photonics Research is appreci-
ated by both researchers and industry. However,
there is constant need to increase the awareness
about PREIN and the activities and opportunities it
offers to both research and industry. Joint events
with Photonic Finland are seen as highly beneficial
actions carried out by PREIN fostering research and
industry collaboration.

Chips from Finland

The political, societal and economic impact of the
European Chips Act and its Finnish initiative (Siruja
Suomesta) is significant for photonics industry and
research. The aim is to boost Europe’s microchip
self-sufficiency and technological security. Centres
of expertise in chip technology and pilot environ-
ments are to be established in EU member states
and investments are to be accelerated with 43 billion
euros. Finland is one of EU’s top experts in design-
ing system-on-a-chip (SoC) solutions for mobile
communication networks and a pioneer in special
processes in microelectronics and has top-notch
expertise also in quantum technology and integrated
photonics.

The Semiconductors branch group Technology
Industries of Finland, VTT Technical Research Centre
of Finland, Tampere University and Aalto University
together with the cities of Tampere and Espoo

proposed for the creation of a national microchip
program in Finland in 2023. The cities of Oulu and
Joensuu also joined the initiative later during the
year. Together they now form the core of the Finnish
Chips initiative. As part of the national initiative,
new facilities with clean rooms and a pilot line are
planned. The planned three pilot lines include:

Kvanttinova, Aalto University’s circuit design unit, a
co-creation-based environment for piloting micro -
electronics and quantum technology. The new unit
would augment the existing cleanroom infrastruc-
ture for microelectronics research, ‘Micronova’,
located in Otaniemi, Espoo

SIPFAB, a chip and system in a package (SiP) pilot
environment to be situated in Hervanta, Tampere,
would be a place to develop and test photonic chips
based on I11-V elements in cooperation with com-
panies. The pilot line would consist of equipment
needed to physically combine different kinds of
chips as well as tools to enable the co-design of
microelectronic systems. At Tampere University,
the Optoelectronics Research Centre (ORC) closely
involved in the chips act is also part of the PREIN
flagship.

The optics pilot line planned in Joensuu would have
the capacity to manufacture made-to-order batches
of optical circuit boards, into which semiconductors
and optoelectronic components can be integrated
in the pilot lines set up in Finland and elsewhere in
Europe.

InnoCities Initiative

In 2022, InnoCities received 2 million euros from

the European Regional Development Fund for
cross-regional lead themes. The aim of InnoCities

is to carry out sustainable urban development in
Finland in accordance with the EU’s policies and
photonics is one of the lead themes in it. InnoCities
support innovation and engage in the practical
application of research and pilots in the field of
photonics. Joensuu, Oulu, Espoo and Tampere have
started to build a network that will support the
synergies of companies, research and experts in the
field, and improve national awareness in photonics
applications. The photonics city ecosystem is being
conveniently built at the same time as the chip

pilot between Finland and Europe. The focus areas
of the cities are in applying photonics expertise

in the forest bioeconomy in Joensuu, health
technology in Oulu and circular economy in Tampere.
Business Joensuu is in charge of building the
national cooperation network and developing joint
communications. VTT is responsible for the roadmap
for the utilization of infrastructure between cities,



which will support the product development and .

production needs of companies in the field. Business
Tampere is responsible for the development work of
international networks

New Photonics Start-ups

In 2023, three PREIN related start-ups were created.
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Winse Power

Based on Tampere University research and a re-
search to Business project in 2021-2022, the start-up
Winse Power was established in 2023. The company
which focuses on delivering energy in optical fiber
with power-by-light and power-over-fiber technolo -
gies with a photovoltaic converter that converts light
to electricity. Winse Power designs and fabricates
photovoltaic devices for various illumination con -
ditions and applications for environments ranging
from terrestrial to space applications. The European
Space Agency ESA has selected the company to its
business incubator in 2023.

Liquid Sun

In 2023, the start-up Liquid Sun was established
based on the Tampere University Surface science
groups’ research. The innovation is an electrochemi -
cal electrolyzer, with unique catalyst designs, which
creates hydrocarbons only from CO2, and water. The
aim of the company is to replace the use of fossil fu-
els with synthetic hydrocarbons. The future ambition
is to create artificial photosynthesis on an industrial

- 1S E g"*A Z¢=~11{a i~ Ai¢ Z =~¢g /g—--=S6/2
hydrocarbons only with the inexhaustible energy of
the sun. Liquid Sun photoelectrochemical reactor

will be powered by multijunction solar cells capable

of delivering over 50% solar-to-power efficiency.

Dobbelganger

Dobbelganger is a VTT based start-up focusing on
applications of printed electronics and photonics
that may be utilized to deceive various sensors, such
as thermal cameras and probes. The applications are .
particularly useful for security and defense industry.
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SOCIETAL IMPACT

Communication activities at PREIN reached considerable num -
ber of objectives in terms of visibility and understanding on the
importance of photonics in Finnish education and industry.

The visibility was also increased significantly outside of Finland.

As the current trend of the ways of receiving and following

news is very much scattered, it is vital to be present in the most
relevant and selected online channels. PREIN’s selected chan -
nels are, in addition to website, X (previous Twitter), Instagram,

LinkedIN and YouTube.

Social media

Most news was promoted shortly in Twitter, LinkedIN, Instagram
and linked to more extended news stories in the PREIN website.
Some individual news was published also in other online media,
such as Kauppalehti, Joensuun Uutiset, and Newspool.

There was a significant change in social media channel audienc-
es during 2023, as the number of followers on the traditional
channel Twitter (X) stagnated, while the growth of the LinkedIn
channel was nearly 90 %. Of PREIN LinkedIN channel followers
23% were researchers, 17.5% with higher education, 15.8% from
telecommunications industry, 10.5% from information technol -
ogy and the rest of different fields of industry.

Instagram has also proven to be an excellent channel,
especially for reaching out students and young researchers.
PREIN’s Instagram followers amount almost doubled in 2023.

33.2%

PREIN LinkedIN channel
followers

23%

/

17.9%

10.5%

\

15.8%

@ RESEARCHERS
HIGHER EDUCATION

@ TELECOMMUNICATIONS INDUSTRY
INFORMATION TECHNOLOGY

DIFFERENT FIELDS OF INDUSTRY

PREIN Channel Followers



Media activities and collaboration

The promotion of photonics in national media and
growth of media coverage are seen as most im-
portant tasks in outreach activities for the PREIN
Flagship. Activities were launched in 2023 to
increase media visibility of photonics and Flagship
strategically and systematically.

In the spring of 2023, PREIN organized together with
Photonics Finland a media event for invited media.
This event brought several articles in printed and
online media together with broadcasting media
visibility. In these included e.g. YLE broadcasting
interview of Prof. Jyrki Saarinen (UEF) and Juha
Purmonen (Photonics Finland) on photonics impor -
tance to Finnish research and industry, and further,
Kauppalehti published a couple of texts, a news
article and an opinion text.

As PREIN participated in Suomi Areena also in 2023,
PREIN gained publicity via MTV3 broadcasting com-
pany, both via MTV'’s online channel MTV Katsomo
and Huomenta Suomi -morning broadcasting
program.

ee e 0o 00
ee 000 00

Promotion of PREIN in the United States
with American Physical Society

The American Physical Society (APS) highlighted
PREIN in a special video in its annual conference in
2023. The video was filmed at Tampere University
with several PREIN photonics researchers participat -
ing and giving a special viewpoint to different fields

of research at PREIN Flagship.

APS is a nonprofit membership organization work -
ing to diffuse the knowledge of physics through
research journals, scientific meetings, and education,
outreach, advocacy, and international activities.

APS represents more than 50,000 members, in
academia, national laboratories, and industry in the
United States and throughout the world.
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OUTREACH

Increasing the visibility of photonics and showcasing
the possibilities light-based technologies are im -
portant objectives for PREIN. In order to reach out to
general public and potential future students and ex-
perts, PREIN participates in international and nation -
al initiatives and events targeted at these groups and
is also active in arranging outreach activities itself
and partnering together with the local LUMA centers
and Photonics Finland. There are certain outreach
activities which have become reoccurring and part of
the annual activities of both PREIN and its partners.
In addition, there are events organized by other
organizations in which PREIN regularly participates
in. The collaboration has been active in participating
in events organized by the host universities and
several other national organizations supporting the
popularization science and education.

Science Forum Events

The Science Forum (Tieteen paivat) is a national
outreach event and biennial science festival tak-
ing place in several cities in Finland. The Science
Forum is organized by the Federation of the Finnish
Learned Societies, the Finnish Cultural Foundation,
the Finnish Academy of Science and Letters and
the Finnish Academy of Technology. The Forum

is supported by Tieteen tiedotus ry and Kone
Foundation. In 2023, the overall topic of the event
was “Beginnings”.

Photonics was one of the themes of the Science
Forum events in 2023 in Helsinki, Tampere and
Joensuu. The Science Forum in Helsinki January 11,
2023 featured two panels discussion with photonics
as the theme: The triumph of light begins (Valon
voittokulku alkaa) -discussion highlighting the im-
portance of photonics to modern technologies and

the Materials that imitate living things and materials
produced by living things (Materiaaleista, jotka jaljit -
televét elavid, ja elavien tuottamista materiaaleista)
—panel discussion in Collaboration with The Center of
Excellence in Life Inspired Hybrid Materials (LIBER). In
January, in the Science Forum in Tampere there were
photonics demos in the fair targeted for the general
public in Tampere talo -hall. In August the Science
Forum event in Joensuu included a panel discussion
on the future of energy production and solar power

in particular.

Nobel Days

Related to the Nobel prizes in science of 2023 events
were organized to present the Nobel prize winners’
research topics, their achievements and the sig-
nificance of their work to the general public in an
approachable way. The Nobel prizes of 2023 both

in physics and chemistry were related to photonics
and this was reflected in the invited speakers in

the events in Helsinki and Tampere. On October 26
in Helsinki, Professor Harri Lipsanen from Aalto
University represented chemistry and photonics in
the panel discussion. On December 9 in the Tampere
Nobel discussion, which attracted around 40 par -
ticipants, Adjunct Professor Matias Koivurova and
Associate Professor Tero-Petri Ruoko from Tampere
University represented disciplines of physics and
chemistry respectively.

Suomi Areena

SuomiAreena is the biggest discussion festival
arranged in Pori, Finland, and produced by the
Finnish media company MTV. It consists over 230
events, 250 organizers, and 1000 speakers, including
ministers of the Finnish Cabinet and members of the
Finnish Parliament.

In 2023, PREIN and Photonics Finland joined the
event for the third time to organize a panel discus-
sion, this time focused on photonics solutions to
security and defense with the title “Suomi puolustau-
tuu valolla — Fotoniikka tuo turvallisuutta“. Modern
defense and security are based on photonics which
is a breakthrough technology used in everything
from tanks to fighter planes, as security and defense
activities like fire control and intelligence, from
cameras to satellites, light amplifiers, and from
tracking and targeting systems to drones. The panel
discussion took place on June 30, 2023 at and was
hosted by news anchor Shahin Doagu. Panelists
included member of Parliament Sofia Vikman, Timo
Vuorenpdaa from PEAK PC and Tuija Karanko from
the Association of Finnish Defense and Aerospace
Industries. The panel discussion was also streamed
and available for viewers through different channels.
During the first month after the event, the stream
gained over 1000 viewers.



Wasa Future Festival

Wasa Future Festival focuses on solving
Vaasa's and Finland’s problems, stretching
from innovations in industry to the possibil-
ities of culture. It gathers together experts
from companies and universities, and deci -
sion makers to solve problems and create
solutions in the fields of economy, tech -
nology, and culture. PREIN representatives
were invited as speakers to the Wasa Future
festival for the session Fire and Ice - An
Exploration of Fiber Sensors in Challenging
Applications. Juha Purmonen from PREIN and
Photonics Finland and Jyrki Saarinen from
the PREIN partners University of Eastern
Finland presented the current state and fu -
ture prospects of Finnish photonics industry.

Cultural and Artistic Events

Photonics researchers, photonics Finland and
PREIN have become involved with cultural
and artistic events to highlight the visual
aspects of light and the possibilities to utilize
photonics in art and culture and entertain -
ment. The activities in 2023 included the col-
laboration with the renowned light artist Kari
Kola in the light festivals. PREIN researchers
have also participated as speakers in cultural
events and engaged in collaboration with
artists in projects combining research and
artistic work.

Such events include the Literature Days
(Kirjallisuuden paivat) in Joensuu in
September. The theme of one of the days
was light in literature with many interpreta-
tions on the topic from the perspectives of
literary studies, cultural history, art studies
and photonics.

Visual Festival, curated by Kari Kola, is the
largest light event in Finland. During the
Visual festival arranged on November 23-26
in Joensuu, PREIN together with Photonics
Center Joensuu organized an event to invited
guests on the last day of the Visual Festival
to representatives at the university and
companies and gathered photonics students
together to enjoy photonics through art.

Laura Dahlberg Abiotic Variables detail

Elina Koistinen from EOS Student Club, Juha Purmonen from
Photonics Finland, and Botania’s owner and light artist Kari
Kola presented their activities at the event.

In Helsinki Art Museum Gallery (HAM) the exhibition of Laura
Dahlberg combined art and photonics. The exhibition Abiotic
Variables feat. Alien Babies from August to September,

2023 was based on a project studying the potential of liquid
crystal plastic implemented in cooperation with Professor

of Chemistry Arri Priimagi and PhD researcher Zixuan Deng
from Tampere University. The liquid crystal plastic parts’
movements are produced by conditioning material to move

in response to light and warmth.

The glass artist Ella Varvio’s exhibition Tuonpuoleisen vareja
(Colors form another world) in Tampere which opened

on December 9, 2023 showcases works created in the

The PhotonArt project in collaboration with the Tampere
University research group of Photonic glasses. On display
there was glass work with colors created through research
carried out with the Photonics laboratory of Tampere
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University. Photonics was used in the multidisci-
plinary PhotonArt project to investigate the colors
of Chinese ceramic glazes and glass color recipes
suitable for glassblowing were created based on
them.

Tampere City Region Forum

One of the City Region’s objectives is to strengthen
internationalization, multiculturalism and multilin -
gualism in the society, universities and industry

in particular. In the yearly organized Tampere City
Region Forum on December 19 at Tampere-talo
Congress center, PREIN researcher, professor Mircea
Guina was invited to give a presentation on his
personal path to study, teach and research photonics
in Tampere University, as well as on the demands of
getting professionals to stay and work in Finland on
the theme ‘The Power of Attraction and Traction of
the Tampere Laser Valley'. In the event there were
approximately 140 city regions decision-makers and
influencers.

Outreach events targeted at children and
young people

Outreach events have been organized in all of the
PREIN partner university locations, but there have
also been outreach visits to schools. PREIN and pho-
tonics have been showcased also in larger-scale na-
tional outreach events. Particularly the PREIN impact
specialist Raili Terméala at the University of Eastern
Finland and Saana Kinnunen from the LUMA Center
of University of Eastern Finland have been active in
2023 in organizing light-related outreach events to
different target groups. In addition to the already
establish Week of Light and other International Day
of Light activities in May which have been manly for
school groups and teachers, in 2023 the concept of
events targeted to families was initiated with the
Light to families (Valo perheille) event.

International Day of Light events

The International Day of Light is a global initiative
that celebrates light and the role it plays in sci-

ence, culture and art, education, and sustainable
development, and in fields as diverse as medicine,
communications, and energy. The day was launched
to commemorate the Year of Light in 2015 and the
official date is May 16, although activities related to it
span a longer time in spring. PREIN has participated
in the Day of Light activities since 2019. The PREIN
activities have focused on outreach towards children

and youngsters and The Week of Light (Valon viikko)
has been organized in collaboration with the LUMA
centers in the PREIN partner universities.

The Week of Light events in 2023 were targeted pri-
mary- lower- and upper secondary school students
and teachers and gathered hundreds of participants.
The LUMA centers in Tampere, Joensuu and Espoo
offered program both on campus and on-line for
school groups from early education to high school.

For example the Aalto Junior on-line workshop on
building your own spectroscope had over 350 partic -
ipants. In addition, there was a Photonics Explorer Kit
training for twelve local schoolteachers in Tampere.

Visit to the Watchmakers’ school in Espoo

The event organized on May 16 in collaboration with
Photonics Finland invited eight photonics companies
to learn about the possibilities of watchmaking and
the fine mechanics line at the Watchmaker’s School
may offer to photonics. In addition to charting the
possible synergies with the Watchmaker School and
Photonics industry, the Photonics Explorer Kit (PEK)
was presented and showcased to six of the school's
teachers.

Shaking up Tech

Shaking up Tech is a reoccurring event organised in
October in Aalto University. The goal of the event

is to indicate that young women have more than
enough expertise and skills to study technology.
Shaking up Tech was organized in October 2023 in
Aalto University. The partners of the event include
a range of businesses that share the same goal.
Technology is the field of the future and there is
already competition in the labor markets for compe -
tent women. Aalto University organized a photonics
themed workshop “What can you define with light?”
at the Shaking up Tech event.

SciFest

SciFest is a free and open science festival for every-
one organized on the University of Eastern Finland
campus in late May. PREIN and the University of
Eastern Finland were one of the several organizers
of the programme and workshops. The event saw

the launch of a newly developed light-themed es-
cape game. In the Light Night — escape game, groups
of 4-5 people solved photonics or light-related tasks
in order to solve all the challenges and win a prize.
Approximately 70 people played the escape game.



Family event Valoa perheille

The University of Eastern Finland, the LUMA
center of the University of Eastern Finland
and PREIN organized the “Light for families”
event at Joensuu Botania on November 11.
The photonics-themed workshops designed
by LUMA coordinator Saana Kinnunen and
implemented by students, aimed especially
at children aged 3-12, attracted children and
adults to experiment with light. For example,
the different colors of light were studied
using lights and shadows, the operation

of telescopes was explored, a code was
communicated by using an optical fiber,
diffraction was studied on the surface of
DVD discs, and participants saw the effect of
polarization on light. Professor Jyrki Saarinen
and photonics student Laura Yrjanheikki
gave short presentation about photonics, the
study of light. The event gathered more than
400 participants.

Activities Targeted at Teachers

Involving teachers will have a wider and
longer-term impact in reaching out to
children. In 2023, several trainings on using
the Photonics Explorer Kit were arranged

to encourage teachers to use the kit in their
own classrooms. In addition, discussions on
integrating the use of the Photonics Explorer
Kit to university level studies were initiated
with piloting the use of the kit in the basic
Optics course in Tampere University. Using
PEK is also experimented with in the mathe-
matical and science subject teacher training
as well as in the class teacher training.

National STEM Education Days

The national STEM education days (LUMA-
paivat) were organized by University of
Eastern Finland in 2023 in collaboration with
the Ulos-Ut-Out national outdoor education
event. The target group includes teachers
and educational specialist interested in STEM
education. The days were held in Nurmes

in June. The workshop combining photonics
and forestry, Measurements from the forest
- from university to school presented using
spectral imaging to study the forests. The
workshop has been developed in cooper -
ation with the Department of Physics and

Family event Valoa perheille at Joensuu
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Mathematics and the Forestry Department
of the University of Eastern Finland.

Photonics Explorer Kit Campaign

The Photonics Explorer Kit campaign
launched on the International Day of Light in
2020, continued also in 2023 and PREIN and
Photonics Finland renewed their commit -
ment of donating one kit each for all the pri-
vate or company donations made. In 2023, a
high number of schools have expressed their
interest in receiving the Photonics Explorer
Kit as a donation.

In relation to new donations to schools and
also targeted at schools that already have

a PEK, trainings for using the PEK have
been organized. In addition to the Week of
Light event trainings, there have been local
trainings and on-line trainings. The training

in March for using the Photonics Explorer Kit
on The University of Eastern Finland campus
attracted eight teachers. In connection with
the national Mathematics and science teach -
ers’ days (MAOL) in October 2023 there was
a PEK training with fifteen teachers partici-
pating. The on-line trainings had 25 teachers
participating on-line and it was possible also
to watch the recording of the training later.
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PRIZES AND
ACKNOWLEDGEMENTS

PREIN members were nominated for honorary
positions and elected to significant representative
roles internationally, and several prizes were
awarded to PREIN members in 2023. In addition,
researchers received poster and presentation
awards in international conferences and were
awarded funding from foundations. The annual
national acknowledgements for the photonics
companies and academic dissertations were
awarded at the Optics and Photonics Days 2023 in
Joensuu.

Photonics21 Representatives

New representatives to the Board of Stakeholders
of Photonics21 were elected in November 2023.
The Board of Stakeholders consist of a hundred
members and is the main decision-making body

of the platform and it has a significant input in
decision-making regarding EU funding for the
industry. In 2023 fourteen new members were
elected. Of the newly elected members, Professor
Mircea Guina from Tampere University also
represents PREIN. The previously elected members
linked to PREIN are Professor Jyrki Saarinen from
University of Eastern Finland, Juha Purmonen
from Photonics Finland and Tauno Vaha-Heikkila
from VTT. Thus there are currently four Finnish
representatives in the Photonics21 Board of
Stakeholders.

Optica Fellow Nomination

Optica is an international leading organization for
scientists, engineers, business professionals, stu-
dents, and others interested in the science of light.
Fellow membership in Optica is limited to no more
than ten percent of the membership and is reserved
for members who have served with distinction in the
advancement of optics and photonics

In 2023, two PREIN related researcher were elected
as a Fellow Member of Optica by the Society’s Board
of Directors. Tero Setadla from University of Eastern
Finland was elected as a Fellow Member specifically
for his outstanding contributions to the foundations
of electromagnetic coherence and random polar -
ization. Hanne Ludvigsen from Aalto University

was nominated as Fellow Member for outstanding
contributions to the field of photonic crystal fibers
and optical sensors.

Suomen viiriyhdistyksen

| liris 2023

[arkku Haura-Kasarille

Markku Hauta-Kasari.

Innovation Professor of the Year 2023
Award

Professor Mircea Guina from Tampere University
was selected as the Innovation Professor of the Year
2023. He is widely known for his innovative research
and development work on semiconductor technol -
ogy and optoelectronics. The award was given by
Technology Industries of Finland and innovation
consulting company Spinverse in March 2023 at the
CTO Forum.

The Finnish Colour Association’s liris
Prize 2023

The Finnish Color Association celebrates
International Color Day 2023 by awarding the
Association’s liris Prize to Professor Markku Hauta-
Kasari from University of Eastern Finland for his
work in the field of color science. His research has
focused on color science, color spectrometry and
spectral imaging already since the late 1980’s.

His teaching activities in the field of computer
science focus particularly on the Erasmus Mundus
Computational color and Spectral Imaging (COSI)
joint master’s program.
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TEK, TFiF and MAL Awards for the
Best Theses

The Academic Engineers and Architects in
Finland TEK, Tekniska Féreningen i Finland
TFiF and the Academic Association for
Mathematics and Natural Sciences MAL
present awards for the best doctoral thesis

of the year, the best master’s thesis in engi-
neering or architecture and the best master’s
thesis in mathematics, physics or computer
science. The award for the best doctoral

thesis was given to PhD Juha Heinonen from
the Aalto University School of Electrical
Engineering, Department of Electronics and
Nanoengineering. In his doctoral thesis titled
“High-sensitivity photodiodes using black
silicon and induced junction”, Heinonen devel -
oped a new type of silicon-based photodetec -
tor. The detector was made using techniques
that have proven promising in previous solar
cell research.

Science Academy of Finland
Nominations

The Finnish Academy of Science and Letters
is a broad-based learned society the mem-
bers of which are invited based on scientific
merits. In 2023, The Science Academy of
Finland announced 29 new members. The
scientists elected to membership of the
Academy are distinguished academics.
Membership of the Finnish Academy of
Science and Letters, in common with mem -
bership of any other academy of science, is
looked on as a considerable achievement in a
person’s academic career.

Professor Mikko Méttdnen , Aalto University
and VTT was nominated as a member of the
section of Science

Technology Academy of Finland
Global Young Scientists Nominees

In December 2023, Technology Academy
Finland nominated ten candidates from
Finland for the Global Young Scientists
Summit in Singapore. The young scientists
from Finnish universities and research cen-
ters will participate in this prestigious confer-
ence in January 2024. Researcher Maryam
Mousav i from Aalto University, working with
solar cell research was one of the nominees.
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Senop Oy was awarded as the Photonics Company of
the Year

Finnish Photonics Company of The Year and
Best Doctoral Dissertation

The national annual prizes for best photonics doctoral
dissertation and the photonics company of the year were
awarded at the Optics and Photonics Days in May 2023 at the
University of Eastern Finland, Joensuu.

Senop Oy, the largest glass optics manufacturer in the
Nordic countries, was awarded as the Photonics Company
of the Year. Senop provides comprehensive optoelectronics
and professional communication services and equipment for
demanding and critical situations, such as secure official and
professional communications. Employing over 100 profes -
sionals in four locations, Senop is a subsidiary of Millog and
part of Patria Group.

The Best Doctoral Thesis award was nominated to PhD
Yadong Wang from Aalto yliopisto for his thesis “Transient
Nonlinear Optics of Two-Dimensional Layered Materials®,
which studies the relation between carrier dynamics and
nonlinear optical responses in 2D materials and to develop -
ing potential applications in the area of ultrafast nonlinear
optics.
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FUNDING 2023

In 2023 the total funding for PREIN was 54.3 million
euros, with 25.4 million from institutional funding
and 2.7 million form the Research Council of Finland
Flagship funding. The proportion of institutional
funding remained steady, whereas the Flagship
funding has decreased. The total funding of PREIN
has remained on a steady level compared to 2022.

The most significant change can be seen in the
increase of EU funding which is mainly due to the in-
crease in the number of ERC projects. Direct business
funding has not been as high in 2023 than it was in
2022.

Funding is reported based on the utilized funds.

2023 funding
sources

RESEARCH COUNCIL OF FINLAND FLAGSHIP FUNDING

‘ OTHER RESEARCH COUNCIL OF FINLAND FUNDING ‘ BUSINESS COMPANIES

crTO/CaT Y $ ¢/2) ¢10 Tra -T.;-/E2 @OTHER HINNISH

BUSINESS FINLAND

EU

FUNDING SOURCES
Ejjg;g:h Council of Finland Flagship 27 ME
:lDJLh;LgResearch Council of Finland 5.5 Me
Eﬁig;rgity/research institute’s own 25 4 ME
Business Finland 3.1 M€
EU 11.1 M€
Business companies 3.3 M€
Other Finnish 1.6 M€
Other foreign 1.4 M€
External in-kin ntribution
SRR
Total 54.3 M€

@ OTHER FOREIGN

/U -/¢r g Tr;eTr( !'{r-¢T

TO THE FLAGSHIP
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prein-photonics-research-and-
innovation-flagship

@flagshipprein
@prein_photonics_flagship

youtube.com/@preinflagship9004
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