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SUMMARY

As we reflect on the past year, it is with great 
pride and enthusiasm that we celebrate 
another period of remarkable achievements 
for the Flagship for Photonics Research and 
Innovation. Our community dedication for 
advancing the frontiers of photonics have once 
again demonstrated the transformative power 
of light in research, industry, and society. 
In this annual report, you will find research 
highlights showcasing our scientific progress, a 
detailed analysis of our 2024 key performance 
indicators, including our societal impact and 
international collaboration. The report also 
covers our educational initiatives, events and 
outreach activities.

One of the key milestones of this year has been the 
successful launch of the new doctoral pilot pro-
gram Innovative Doctoral Ecosystem for Doctoral 
Education (I-DEEP). The program that includes 72 
doctoral students spread across the PREIN partners 
as well as the University of Jyväskylä, Universy of 
Oulu, University of Turku and Åbo Academy rep-
resents a significant step towards strengthening the 
educational foundation of photonics by accelerating 
the graduation of highly skilled doctoral researchers. 
Through innovative practices and enhanced mobil -
ity between universities and companies, I-DEEP is 
aims at not only advancing knowledge and expertise 
but also foster interdisciplinary collaboration and 
exchange. This initiative highlights PREIN commit -
ment to educate the next generation of photonics 
researchers, engineers, and leaders who will drive 
future breakthroughs and innovation.

We are also proud to announce that we have al-
ready reached or even exceeded all the key perfor-
mance indicators that were set at the beginning of 
the Flagship in 2019. These achievements include 
the number of degrees produced, the volume and 
impact of publications, the successful organiza -
tion of numerous events, and significant progress 
in gender balance and internationalization. These 
accomplishments are a legacy to the hard work and 
commitment of our researchers who continuously 
work towards pushing the boundaries of photonics 
research.

Furthermore, we are proud to highlight a major 
strategic achievement that positions Finland at the 

forefront of semiconductor technology. The Public 
Authorities Board of the Chips Joint Undertaking has 
selected four pilot production lines for semiconduc -
tor chips and one for photonics integrated circuits 
(PICs) to receive EU funding, with two of these pilot 
lines to be established by Tampere University and 
VTT. Photonics is also one of the topics in the Finnish 
Chips Competence Centre managed by Photonics 
Finland. This selection is a clear recognition of the 
world-class research capabilities and leadership of 
our community in advanced semiconductor technol -
ogies. It also emphasizes the key role of photonics in 
driving the digital transformation of Europe.

These successes have not only strengthened our 
research and innovation ecosystem but also en -
hanced our visibility and impact on both national and 
international levels. As we look ahead, we remain 
committed to pursuing excellence and fostering 
collaboration with industry, academia, and public 
stakeholders. We sincerely thank all members of the 
PREIN community for their continuous efforts, you 
are essential to the PREIN success.

With these remarkable achievements, we are excited 
about the future opportunities and challenges that 
lie ahead. We are confident that by working together 
with the same enthusiasm, we will continue to make 
a meaningful impact on society and drive the future 
of photonics.

Goëry Genty & Jyrki Saarinen
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�T�r�����¢�T�/�F�����ž�¢�/�T�r���:��The Flagship for Photonics 
Research and Innovation

The Research Council of Finland’s Flagship Program 
supports high-quality research and fosters expertise 
that drives significant societal and economic impact. 
The program’s flagship initiatives are described 
by the Research Council as a “Northern fleet” of 
excellence in science, successful collaboration, and 
forward-looking solutions.

PREIN – The Flagship for Photonics Research and 
Innovation was among the first six initiatives select-
ed for the program in 2019 receiving funding for an 
eight-year period, which will conclude in 2026. Since 
then, two additional flagship calls have been held, 
resulting in four new flagships in 2020 and another 
four in 2023. In 2024, no further flagship calls were 
announced, keeping the total number of flagships at 
fourteen.

PREIN – The Flagship for Photonics Research and 
Innovation was among the first six initiatives select-
ed for the program in 2019. The initial flagship proj -
ects received funding for an eight-year period, which 
will conclude in 2026. Since then, two additional 
flagship calls have been held, resulting in four new 
flagships in 2020 and another four in 2023. In 2024, 
no further flagship calls were announced, keeping 
the total number of flagships at fourteen.

PREIN serves as a national research and innova-
tion platform dedicated to light-based solutions, 
covering the entire innovation value chain-from 
fundamental and applied research to prototype 
development, industrial collaboration, and start-ups. 
It is committed to advancing high-quality education, 
cutting-edge research environments, and state-of-
the-art open-access infrastructure while fostering 
an innovation-driven and diverse research culture.

PREIN continuously assesses its scientific, societal, 
and educational impact, conducting annual progress 
evaluations and submitting bi-annual reports to 
the Research Council of Finland. The next bi-annual 
report, covering the results from 2023–2024, was 
submitted in early 2025.

In 2024 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

��� Education for the Future

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

��� Finnish Quantum Flagship
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In 2023, the Research Council of Finland and the 
Ministry of Education and Culture launched a call 
for doctoral education pilot projects, creating 1,000 
new doctoral positions — 800 in Flagship areas and 
200 in other research fields. The initiative is part of 
Finland’s strategy to increase government R&D fund-
ing to 4% of GDP by 2030. A total of EUR 255 million 
has been allocated to fund 15 pilots from 2024 to 
2027, with the goal of producing highly skilled PhD 
graduates to support industry and society. 

One of the selected pilots, I-DEEP – Innovative 
Doctoral Education Ecosystem for Photonics, is co-
ordinated by Tampere University. I-DEEP is linked to 
the Flagship for Photonics Research and Innovation 
(PREIN) but extends beyond PREIN partner univer-
sities to include all Finnish institutions conducting 
research in light-based technologies. Photonics 
Finland and VTT are I-DEEP associate members that 
will offer possibilities for collaboration with industry. 

The 72 open doctoral researcher positions awarded 
to the I-DEEP pilot in the funding decision almost 
1000 applicants from a around the world. A little 
less than half of the selected researchers were 
Finnish with the rest being international. The doctor-
al pilot was kick-started in 2024 with info sessions 
in the partner universities as well as the first annual 
I-DEEP event where all the new doctoral researchers 
were able to present their research topic and meet 
with each other and PREIN researchers.

DOCTORAL RESEARCHERS 

��� Tampere University: 26
��� University of Eastern Finland: 15
��� Aalto University: 14
��� University of Jyväskylä: 6
��� University of Oulu:  4
��� University of Turku: 4
��� Åbo Akademi: 3
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ORGANIZATION

The management, leadership, and organizational 
structure of the PREIN Flagship remained unchanged 
in 2024, with only minor adjustments in the person-
nel responsible for specific roles.

The PREIN Steering Committee consists of insti -
tutional representatives in key decision-making 
positions within the partner organizations. In 2024, 
the Steering Committee held three meetings. It 
oversees the partners’ funding decisions, moni -
tors the flagship’s overall progress and activities, 
tracks key performance indicators, and appoints 
new representatives to the Work Packages. Some 
personnel changes occurred during the year due 
to leadership transitions within the partner organi -
zations. Esa Räsänen, the new Head of the Physics 
Unit, replaced Jyrki Mäkelä as the representative of 
Tampere University. Jussi Ryynänen, the newly ap-
pointed Dean of the School of Electrical Engineering, 
succeeded Jyri Hämäläinen as the representative of 
Aalto University. 

The PREIN Directors continued to oversee the 
academic management and the scientific program of 
the Flagship. Professor Goëry Genty from Tampere 
University retained his position as Director, while 
Professor Jyrki Saarinen from the University of 
Eastern Finland continued as Vice-Director, with a 
particular focus on activities related to impact and 
economic growth.

The PREIN Management Group was responsible 
for making decisions related to the Flagship’s daily 
operations, including recruitment, initiating new 
research sub-topics, planning joint PREIN events, and 
coordinating flagship-level funding applications. In 
2024, the Management Group included the Director, 
Vice-Director, administrative coordinators, and com -
munications and impact team members. These team 
members serve as links to the outreach, innovation, 
and communication teams, playing a vital role in 
the day-to-day management of PREIN activities. The 
communications team facilitated internal communi -
cation across the partner organizations and support -
ed external communication activities. The outreach 
team focused on engaging children and young 
people, producing events and materials on photonics 
tailored to these groups, and collaborating with local 
LUMA center representatives specializing in science 
education and STEM pedagogy. The innovation team 
monitored the commercialization potential of re -
search outcomes and worked to integrate them into 
the innovation pipeline in collaboration with WP6, 
the work package dedicated to impacts.

Work Package Structure
The structure of six Work Packages remained consis-
tent in 2024. Four packages focusing on fundamen-
tal research, one on applied research, and the sixth 
on technology transfer. Each member organization 
designated representatives to the Work Packages, 
with the role of the Chair rotating internally within 
each package to ensure balanced leadership.

���(�Ö�T�ª�{�¢�Ý�����{���¢�(�ª

Scientific Advisory Board 
The Scientific Advisory Board has the role of sup-
porting PREIN from the academic and research 
perspectives, offering guidance through a group 
of distinguished international scientists who lead 
prominent photonics research centers. The Board’s 
composition in 2024 remained unchanged from 
2022–2023, reflecting its renewal of the current 
flagship funding period.

Board of Stakeholders
PREIN maintains strong connections with both 
public and private sectors through its Board of 
Stakeholders. This group includes representatives 
from national funding agencies, government minis -
tries, small businesses, and large corporations. Their 
involvement facilitates active collaboration, enabling 
the Flagship to influence policymaking and align its 
activities with industrial needs. The Board’s member -
ship remained consistent since its renewal in 2022.

Among its members, futurist and technology vision -
ary Risto Linturi provides forward-looking insights, 
while Timo Ahopelto from Lifeline Ventures brings 
expertise in venture capital. Antti Sunnari of Dispelix 
represents the start-up ecosystem, complemented 
by representatives from SMEs, large Finnish corpo-
rations, and international companies. The stakehold -
ers engage with PREIN through annual meetings, 
thematic events, and strategic discussions.
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PREIN STRUCTURE

STEERING COMMITTEE

TAU
Minnamari Vilppola
Esa Räsänen

UEF
Tapio Määttä
Kari Lehtinen

Aalto
Matti Kaivola
Jussi Ryynänen

VTT
Tauno Vähä-Heikkilä
Kari Rönkä

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 STAKE HOLDER S

Timo Ahopelto
Lifeline Ventures

Jyrki Huttunen
Oplatek/Bevenic

Reijo Kangas,
Business Finland

Samuli Laukkanen
Vaisala

Risto Linturi
Futurist

Maija Lönnqvist
Ministry of Economic Affairs  
and Employment

Matti Mannonen
Technology Industries of Finland

Eero Salmelin
Huawei Finland

Antti Sunnari
Dispelix

MANAGEMENT GROUP

Goëry Genty  Director (TAU)
Jyrki Saarinen  Vice Director (UEF)
Zhipei Sun (Aalto)
Jussi Hiltunen (VTT)
Tea Vellamo Admin, Coordinator (TAU)
Timo Aalto  (VTT)
Juha Purmonen  Impact Manager (UEF)
Faisal Ahmed (Aalto)
Iiro Muhonen Impact Specialist (UEF)
Kristiina Pispala  Communications (TAU)
Minna Luhtanen Finances (TAU)

WORK PACKAGES

WP1 Light Field Control
WP chair Andriy Shevchenko /Aalto
WP2 Materials and Structures
WP chair Thomas Kraft / VTT
WP3 Advanced Photonic 
Components
WP chair Mircea Guina /TAU
WP4 Applied Research
WP chair Juha Toivonen /TAU
WP5 Quantum Technologies
WP chair Zhipei Sun /Aalto
WP6 Technology Transfer
WP chair 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
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RESEARCHERS

The number of researchers in PREIN increased slightly from 
500 in 2023 to almost 600 in 2024. The increase is partially 
due to the recruitment of new doctoral researchers in the 
I-DEEP doctoral pilot but also some new groups have been 
included in the flagship activities. PhD students continue to 
form the largest group among PREIN staff.

Researcher numbers have been reported using the same 
methodology as in previous years. At VTT, researchers often 
contribute to multiple projects simultaneously, with being 
only partially involved in Flagship activities. Consequently, 
VTT staff numbers are presented as full-time equivalents 
(FTE).

Diversity indicators are key performance indicators in the 
flagship program. The percentages of female and foreign 
staff have shown steady growth throughout the flagship 
period, and PREIN has reached its diversity targets. PREIN 
continues to focus on increasing the proportion of female 
and international researchers and the aims to support diver -
sity continue even though the set aims are reached.

The internal PREIN research funding call launched in late 
2022 with a two-year funding period (2023–2024) concluded 
in 2024. A new funding call for the years 2025–2026 was 
initiated at the end of 2024. The internal funding allows 
the hiring of a post-doctoral researchers to specific shared 
research topics between PREIN partners. In addition, this 
increased collaboration between PREIN partners in these 
internal projects has positively influenced the Research 
Highlights reported. 

Gender  d i v i s ion  o f 
Researcher s

M A L E

67%

F E M A L E

33%

Nat iona l i t y  o f  
Researcher s

F O R E I G N

47%

F I N N I S H

53%
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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 2024 Highlights
��� High-density waveguide arrays for photonic chips 
(Aalto): A general matrix theory was developed 
for the description of light propagation in arrayed 
optical waveguides at high densities. The results 
that show that crosstalk can be suppressed in 
waveguide arrays with subwavelength period by 
making use of higher-order modes as well as by 
bending the waveguides. The findings can lead to 
substantial footprint reduction of photonic chips. 

��� High topological charge lasing in plasmonic 
quasicrystals (Aalto): Lasing with high topological 
charges has been demonstrated in quasicrystals. 
The results open a new path for fundamental 
studies of higher-order topological defects, 
coherent light beams of high topological charge, 
and realizations of omni-directional, flat-band-like 
lasing.

��� On-chip metasurface-based polarization rotator 
(VTT/Aalto): On-chip polarization rotation of 
guided light with the conversion efficiency of 
98.5% has been achieved using a metasurface 
mounted on a mirror. The device shows an 
extinction ratio of more than 10 dB for a 100 
nm bandwidth. The study marks the first 
successful demonstration of on-chip polarization 
manipulation utilizing metasurface integration, 
holding promises for the miniaturization of 
photonic integrated circuits.

��� Zero-birefringence and zero-birefringence 
dispersion in silicon-on-insulator waveguides 
(VTT/Aalto): The effective index birefringence and 
group index birefringence of silicon-on insu-lator 
strip waveguides have been investigated. Values 
at 1550 nm smaller than 6×10 -5 and 2×10-4 for 

the birefringence and group-index birefringence, 
respectively, have been demonstrated over a 
�Ó�×�Ò�g�^�[���Ã�ì�Â���S���^�1�¢�8���Ž�ì�^�1����

��� Long-axis spinning of an optically levitated 
particle: a levitated spinning top (UEF): Controlled 
long-axis spinning of a nanodumbbell, with 
spinning rates exceeding 1 GHz and damping rates 
in high vacuum reaching a few millihertz has been 
demonstrated. These results open up applications 
in inertial torque sensing and studies of rotational 
quantum interference.

��� Observation of the topological aberrations of 
twisted light (TAU): Topological aberration effects, 
including geometrical shifts and vortex splitting 
upon reflection of twisted light from an interface, 
have been observed experimentally. A general 
theoretical framework to study topological 
aberra-tions in terms of the elementary 
symmetric polynomials of the coordinates of a 
vortex constella-tion has also been developed.

��� Generalized Talbot effect in angle and orbital 
angular momentum (TAU): The generalized angle-
OAM Talbot effect, i.e., the combined self-imaging 
phenomena in the two Fourier-related domains of 
angle and orbital angular momentum (OAM), has 
been demonstrated. This effect can be applied to 
mode sorting and separation of OAM modes in a 
modulo manner.
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Selected 2024 publications of WP1 
1.  P. Hilden and A. Shevchenko, “Matrix analysis 

of high-density arrayed waveguides: Crosstalk 
suppression by bending,” Phys. Rev. Appl. 22, 
024077 (2024).

2.  T. J. Sturges et al, “Inverse-designed 3D laser 
nanoprinted phase masks to extend the depth of 
field of imaging systems,” ACS Photonics 11, 3765 
(2024).

3.  P. K. Arjas et al., “High topological charge lasing in 
quasicrystals,” Nat. Commun. 15, 9544 (2024).

4.  D. Shahwar et al., “On-Chip Polarization Rotators 
Using Metasurface,” ACS Omega 9, 33055 (2024).

5. K. Bryant et al., “Zero Birefringence and Zero 
���=�Ž���/�Ž�=�^�1���^�	�����(�=�–�Š���Ž�–�=�g�^���=�^���Õ���Ð�[�6�·�8�=�	�P���ª�=�S�=�	�g�^�6�g�^�6��
Insulator Waveguides,” J. Light. Technol. 43, 747 
(2025)

6. D. Shahwar et al., “Polarization management in 
silicon photonics”, npj Nanophoton. 1, 35 (2024)

7. ���c�����������ç�=���S�=�_�–�P�ì�����¢���ì�S�������B�g�g�^�1�6�ì�È�=�–���–�Š�=�^�^�=�^�1���g�/���ì�^��
optically levitated particle: a levitated spinning 
top,” Phys. Rev. Lett. 132, 253601 (2024)

8.  R. F. Barros et al., “Observation of the topological 
aberrations of twisted light,” Nat. Commun. 15, 
8162 (2024)

9.  H. Fathi et al., “Coherent beam combining of 
optical vortices,” Opt. Lett. 49, 3882 (2024).

10.  M. Mekhael et al., “Phase-Matched Second-
Harmonic Generation from Metasurfaces Inside 
Multipass Cells,” ACS Photonics 11, 682 (2024).

11.  J. Laatikainen et al., “Polarimetric measurement 
of temporal coherence in electromagnetic light 
beams,” Opt. Express 32, 16790 (2024).

12.  M. S. Mirmoosa et al., “Time interfaces in 
bianisotropic media,” Phys. Rev. Res. 6, 013334 
(2024).

Figure 1: (a) High topological charge lasing in a plasmonic quasicrysta l. (b) Metasurface-based polarization rotator. (c) Coupling of 
light into a guided Bloch surface wave. (d) Topological aberrations in re flected twisted light.

(a) (b) (c) (d)
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WP2 Materials and Structures

Overview
WP2 focuses on developing optical and photoactive 
materials and structures essential for light-based 
technologies. We have expanded our research to 
include new materials such as 2D, perovskite, and 
up-/down-conversion materials, along with metasur -
faces for enhanced optical responses in sensing and 
imaging. We also explore artificial atoms (e.g., gold 
nanoclusters, vacancy centers in diamond, or de -
fects in 2D materials) for light emission and tandem 
hybrid structures for next-generation photovoltaics. 
These advanced materials and novel structures en -
able energy-efficient, compact, and low-cost applica -
tions. WP2 bridges basic research from WP1 with the 
light sources and devices developed in WP3-WP4.

Selected 2024 Highlights
��� Single-crystal diamond needle (UEF): Polarization-
sensitive nonlinear optical microscopy was used to 
assess the crystallinity of diamond microneedles. 
The high crystallinity of diamond microneedles 
enhances the optical response of embedded color 
centers, enabling efficient quantum and all-optical 
sensing applications.

��� Frequency shifter in waveguide with graphene 
absorber (UEF): Theoretical analysis shows that 
placing a saturable absorbing material layer 
on top of a waveguide enables the detection 
of signals at wavelengths where conventional 
detectors are unavailable.

��� Ultrafast exciton trapping dynamics in oxygen-
functionalized single-walled carbon nanotubes 
(UEF/TAU): Oxygen-functionalized single-walled 
carbon nanotubes exhibiting excitonic states 
induced by functionalization were demonstrated. 
Band-edge excitons were found to have reduced 
lifetimes even at low functionalization levels, 
while deep-band excitons remained stable 
until higher degrees of functionalization. These 
results provide insights into diffusive trapping 
and recombination mechanisms, enabling 
new possibilities for advanced optoelectronic 
applications.

��� Enhanced epsilon-near-zero materials (UEF/
TAU): It was shown that epsilon-near-zero 
materials can be synthesized in a single run with 
a physical vapor thin film deposition system 
with transmission 2.5 times greater than the 
transmission of a bulk epsilon-near-zero material 
of comparable thickness. The material also 
features a giant polarization-dependent optical 

Figure 1. Ultrafast exciton trapping dynamics in oxygen-
functionalized single-walled carbon nanotubes.

Figure 2. Thin-film epsilon-near-zero materials with 
enhanced transmission and giant polarization-dependent 
response.
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response, which can be employed in light field 
control as well as in light source design. 

��� Broadband miniaturized spectrometers with a 
van der Waals diode (Aalto): A reconstructive 
broadband spectrometer based on van der Waals 
heterostructures was realized. The spectrometer 
consists of an overlapping tunnel junction of 
two semiconducting 2D materials—molybdenum 
���=�–�«�S�/�=�������*�o�g�ª�ä�+���ì�^�������S�ì�	�P���Š�8�g�–�Š�8�g�Ž�«�–���*���ž�+�����ì�^�����=�¢��
operates from the visible to the near-infrared.

��� Wafer-scale fabrication of wearable all-carbon 
nanotube device arrays (Aalto): A scalable, 
lithography-free dry method for fabricating 
wearable all-CNT device arrays using floating 
catalyst chemical vapor deposition was 
introduced. By integrating laser-assisted 
patterning with dry dep-osition techniques, wafer-
scale device arrays with high uniformity and 
versatility have been successfully produced. The 
resulting photodetectors exhibit strong absorption 
capabilities across wavelengths from visible to 
infrared.

��� Lead-free perovskite-inspired materials 
for photovoltaics (TAU/VTT): Electronic 
dimensionality and charge transport properties 
of a novel absorber for indoor photovoltaics, 
�!�–�ä���1���=�ä�T�ë�����Ã���Ž�����–�8�g�Ã�^���¢�g�����������^�8�ì�^�	���������É��
partially substituting Cs + with Ag + at the A-site of 
�¢�8�����P�^�g�Ã�^���!�–�å���=�ä�T�ë���Š���Ž�g�Â�–�P�=�¢���6�=�^�–�Š�=�Ž�������[�ì�¢���Ž�=�ì�S����
This approach achieves a record efficiency of 
under low light illu-mination. The development 
�g�/���¢�8�����/�=�Ž�–�¢���/�S���È�=���S�����!�«�ä���1���=�T�è�6���ì�–�������–�g�S�ì�Ž���	���S�S�–��
using industrially compatible methods was also 
conducted.

Selected 2024 Publications of WP2
1. T. Eremin et al., “Ultrafast exciton trapping 

dynamics in oxygen-functionalized single-walled 
carbon nano-tubes,” Carbon 220 , 118837 (2024)

2. R. Calpe et al., “Observation of enhanced epsilon-
near-zero effects in resonant stratified media,” 
Appl. Phys. Lett. 124, 091701 (2024)

3. M. D. Gius Uddin et al., “Broadband miniaturized 
spectrometers with a van der Waals diode,” Nat. 
Commun. 15, 571 (2024).).

4. V. Sugathan et al., “Halide Engineering in Mixed 
Halide Perovskite-Inspired Cu2AgBii6 for Solar 
Cells with Enhanced Performance,” ACS Appl. 
Mater. Interfaces 16, 19026 (2024)

Figure 3. broadband spectrometer based on van 
der Waals heterostructures.
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WP3: Advanced photonic 
components

Overview 
This work package focuses on developing advanced 
photonics components, targeting to radical innova -
tion across a large spectrum of topics including inte -
grated mid-infrared laser sources, advanced organic 
heterostructures operating at visible wavelength 
region, single photon sources, lasers and detectors 
operating at cryogenic temperatures, modulators 
and detectors based on 2D materials, advanced sil -
icon photonics components, and related integration 
technologies.

Selected 2024 Highlights
��� Cryogenic optoelectronics (TAU/VTT): Detailed 
physics models for simulating laser operation 
at cryogenic conditions have been developed, 
providing essential guidelines that enabled the 
suc-cessful demonstration of a vertical emitting 
laser operating at 4K temperature range. 
Operation of a cryogenic photodetector was also 
�����[�g�^�–�¢�Ž�ì�¢�������ì�¢���Ó���×�×���Ð�[���ì�¢���Ö���Ô���e�����·�8�����Š�8�g�¢�g���=�g������
had a uni-traveling-carrier design and provide high 
responsivity even at low temperature with high 
speed by avoiding the use of slow holes transport. 
These novel detectors could enable an integrated 
Josephson arbitrary waveform synthesizer with a 
bandwidth exceeding 100 GHz. 

��� Integrated lasers (TAU/VTT): Leveraging on the 
previous demonstration of hybrid GaSb/SiN 
integration platform, a state-of-the-art distributed 
Bragg reflector (DBR) laser was demonstrated 
�ì�¢���Ô���Ð�[�����ì�	�8�=���Â�=�^�1���«�^�	�g�g�S�������	�g�^�¢�=�^�«�g�«�–���Ã�ì�Â����
operation with a narrow linewidth of 8 kHz and an 
output power of 17 mW. An hybrid tunable laser 
with silicon-on-insulator reflector circuits was 
�ì�S�–�g�������[�g�^�–�¢�Ž�ì�¢�������ì�¢���Ó�����×�×���Ð�[���Ã�=�¢�8���Ø�Ò���^�[���¢�«�^�=�^�1��
range and 45 dB side-mode suppression ratio.

��� Advanced waveguides platforms (VTT/UEF): 
Ultra-broadband operation of photonic integrated 
�	�=�Ž�	�«�=�¢�–�����ì�–�������g�^���Õ���Ð�[���–�=�S�=�	�g�^�6�g�^�6�=�^�–�«�S�ì�¢�g�Ž��
waveguides was achieved, operating from 1.4 to 
�Õ���Ú���Ð�[�����r�g���g�¢�8���Ž���–�=�[�=�S�ì�Ž���Š�S�ì�¢�/�g�Ž�[���	�ì�^���	�g�Â���Ž���¢�8�=�–��
wide wavelength range. A new hybrid organic-
silicon waveguide platform exploiting slot-
waveguide configurations was also demonstrated, 
enabling advances in sensing applications.

��� Organic optoelectronics (TAU/Aalto): A multi-
layer solution phototransistor based on bulk 
het-erojunctions made of fullerene-type materials 

Figure 1. Top View of cryogenic photodiode with 
uni-traveling-carrier design.

Figure 2. Output power and spectrum of single 
�/�Ž���•�«���^�	�É���Ô���Ð�[���8�É���Ž�=�����S�ì�–���Ž��

Figure 3. Wavelength multiplexer with ultra-broadband 
operation from 1400 to 3800 nm.
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with enhanced sensitivity and photo-gain 
was demonstrated. A new method to create 
reconfigurable diffractive optical elements based 
on azo-benzene was further demonstrated using 
holographic lithography. Such reconfigurable 
and adap-tive optical elements can improve the 
efficiency of optical coupling and increase the 
sensitivity and selectivity of sensors.

��� Advanced fiber lasers (TAU/UEF): A Tm-doped 
fiber laser with tunable noise-like pulses within 
the 1650 nm – 2100 nm was demonstrated, 
representing the broadest tunable noise-like 
pulsed laser ever reported. Such lasers have 
applications in optical coherence tomography and 
speckle-free imaging. Power-scaling of optical 
vortices was also successfully realized using 
coherent beam combining and a Yb-doped fiber 
short-pulsed laser system with 100 mW total 
average power. 

Selected 2024 publications of WP3 
1.  S.-P. Ojanen et al., “Hybrid integrated GaSb/Si3N4 

narrow linewidth (<50 kHz) distributed Bragg 
reflector laser,” Appl. Phys. Lett. 26, 091106 
(2024).

2. I. Doughan et al.,”Determination of mode 
strengths in channel waveguide from the 
complex electric field,” Sci. Rep. 14, 28665 (2024)

3. G. Baroni et al., “Photo-gain optimization in 
multilayer organic phototransistors by study of 
space-charge limited current,” J. Mat. Chem. C 12, 
12962 (2024)

4. A. Berdin, H. T. Rekola, and A. Priimagi, “Complex 
Fourier surfaces by superposition of multiple 
gratings on Azobenzene thin films,” Adv. Optical 
Mater. 12, 2301597, (2024)

5. Fathi vet al., “Coherent beam combining of optical 
vortices”, Opt. Lett. 49, 3882 (2024) 

Figure 4. Tunable noise-like pulsed laser.
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WP4: Applied Research 

Overview 
WP4 develops photonics applications and interacts 
strongly with all the other WPs. It operates in the 
photonic ecosystem by taking input from funda -
mental research (WP1-WP3) and providing scientific, 
societal and economic impact through technological 
development and innovation.

Selected 2024 Highlights
��� Stability and performance of perovskite solar 
cells (Aalto): A novel encapsulation technique has 
been developed to simultaneously enhance the 
performance and stability of perovskite solar cells. 
Operational tests showed that the encapsulation 
effectively protected the solar cell devices from 
degradation caused by moisture and oxygen. 

��� Material characterization for photoelectrochemical 
cells (Aalto/TAU): Advanced contactless charac -
terization methods including quasi steady state 
photoconductance and transient reflectance spec -
troscopy were employed to optimize atomic layer 
deposited TiO2 surface coatings for silicon-based 
solar cells and photoelectrochemical devices. 
Improved surface passivation was achieved while 
maintaining efficient charge transfer across the 
TiO2-Si interface, potentially leading to enhanced 
device performance.

��� Color centers in diamond nanostructures (UEF): 
Color centers were diamond nanostructures 
combined with graphene shells, yielding a novel 
platform for advanced biomedical applications. 
The method preserves the luminescence of 
silicon-vacancy centers, offering new prospects for 
tunable, multifunctional devices in biomedicine.

��� DNA Assisted lithography (UEF): DNA-assisted 
lithography was used to fabricate efficient 
surface-enhanced Raman spectrocopy substrates 
consisting of silver bowtie nanoparticle–aperture 
pairs. Such composite structures outperform 
conventional substrates consisting of either bowtie 
particles or bowtie-shaped apertures. 

��� Microplastic detection (UEF): Hyperspectral 
imaging combined with a customized cuvette al-
lowed to detect and identify microplastics directly 
in water. The identification was performed using 
a set of selected wavelengths showing specific 
features of microplastics in the short wave-length 
infrared range.

��� Perovskite-inspired devices (TAU/Aalto): An 
antimony (Sb)-bismuth (Bi) alloyed absorber  

CsMAFA-Sb:Bi was developed and demonstrated, 
with improved microstructure, reduced re-
combination, increased power conversion 
efficiency and stability. Accelerated aging tests 
evidenced a projected T80 lifetime of 275 hours at 
85°C for these solar cells, with potential for stable 
and efficient photovoltaics. 

Figure 1. In-situ encapsulated and patterned perovskite 
solar cell schematic and scanning electron microscope 
image of the surface pattern.

Figure 2. Photo-induced interfacial charge transfer in 
TiO2/n-Si interface. 

Figure 3. Scanning electron microscope images 
illustrating (a) the synthesized carbon film and (b) the 
acquired single crystal diamond needle. (c) Raman 
spectra before and after isolation, and (d) post-isolation 
photoluminescence spectra.
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��� Perovskite-inspired indoor photovoltaics for sus -
tainable internet of things (TAU/VTT/Aalto/UEF): 
A lead-free perovskite photovoltaics on plastic 
was successfully demonstrated using a novel 
hole-transporting polymer, achieving efficiencies 
comparable to those on glass. By utilizing slot-die 
coating and gravure printing, the processing of 
�!�«�ä���1���=�T�è���g�^���/�S���È�=���S�����–�«���–�¢�Ž�ì�¢���–���–�8�g�Ã�������–�=�1-
nificant potential for innovative manufacturing 
approaches and internet of things applications.

��� Multi-sensory environmental sensing for en -
hanced sensitivity and selectivity (TAU/VTT/ 
Aalto/UEF): A comprehensive measurement cam-
paign of soil samples with varying carbon content 
and moisture levels was conducted, leading to the 
development of models for predicting moisture 
content using an active hyperspectral sensor and 
correcting the moisture dependence of laser-in -
duced breakdown spectroscopy (LIBS) measure -
ments of carbon content. The results demonstrate 
that combining LIBS with the active hyperspectral 
sensor enables accurate on-field soil carbon mea -
surements, even for moist samples. Additionally, 
the feasibility of using infrared spectroscopy for 
detecting microplastics in water was explored, 
showing promise for environmental monitoring 
with hyperspectral imaging in the near infrared.

��� Plasmonics for biosensing (VTT/UEF): A high-per-
formance surface plasmon resonance sensor was 
developed with a sensitivity of 1101.6 nm/RIU. The 
sensor was used to detect low concentrations of 
glucose and creatinine with a detection limit of 
14.2 and 19.1 mmol/L, respectively. 

��� Strip-loaded Mach-Zehnder interferometer 
for absolute refractive index sensing (UEF): A 
Mach-Zehnder interferometer was fabricated on 
a strip-loaded platform allowing down to 10-6 
refractive index unit sensitivity in liquid envi -
ronment. The buried nature of the mode allows 
microfluidics to be avoided, which makes the 
device simple to use and reliable.

Selected 2024 publications of WP4 
1. S. M Mousavi et al., “Addressing the Efficiency Loss and 

Degradation of Triple Cation Perovskite Solar Cells via 
Integrated Light Managing Encapsulation,” Materials 
Today Energy, 101707 (2024)

2. R. Khan et al.,  “Contactless analysis of surface passiva-
tion and charge transfer at the TiO 2-Si interface,” Phys. 
Chem. Chem. Phys. 26, 15268-15276 (2024)

3. M. Quarshie et al., “Core-shell diamond-graphene 
needles with silicon-vacancy color centers,” Opt. Mat. 
Express 14, 965-971 (2024) 

4. B. Hrovat et al., “Preparation of Synthetic Micro- and 
Nanoplastics for Method Validation Studies,” Sci. Total 
Environ. 925 , 17182 (2024) 

5. A. Gebejes, B. Kanyathare, B. Hrovat, D. Semenov, T. 
Itkonen, M. Keinänen, A. Koistinen, K.-E. Peiponen, M. 
Roussey, “Hyperspectral imaging of irregular-shaped 
microplastics in water,”  Sci. Total Environ. 944 , 173811 
(2024)

6. Y. Lei et al., “Controlling ultrafast laser writing in silica 
glass by pulse temporal contrast,” Opt. Lett. 49, 2385-
2388 (2024)

7. P. Mäkinen, D. Conelli, G.K. Grandhi, G.P. Suranna, P. Vivo, 
and R. Grisorio, “Cooperating with additives: low-cost 
hole-transporting materials for improved stability of 
perovskite solar cells,” Sust. En. Fuels 9, 172 (2025)

8. D. Le et al., “High-performance portable grating-based 
surface plasmon resonance sensor using a tunable 
laser at normal incidence,” Photonics Res. 12, (947-958 
(2024)

9. I. Doughan et al., “Strip-loaded Mach-Zehnder interfer-
ometer for absolute refractive index sensing,” Sci. Rep. 
14, 3064 (2024)

Figure 4.  
�!�«�ä���1���=�T�è���g�^���ì��
flexible substrate.

Figure 5. Mach-Zehnder interferometer on strip-loaded platform. ( a) 3D layout of the chip. (b) SEM picture of 
the input sensing zone. (c) Sensitivity characterization.
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WP5: Quantum Technologies 

Overview 
WP5 was established to aim at benefiting from the 
developed components to advance the research of 
foundations and applications of quantum photonics 
as well as delivering emerging photonic technol-
ogies to the broad field of quantum research and 
applications.

Selected 2024 Highlights
��� Nano- and micro-crystalline diamond film 
structuring with electron beam lithography 
mask (UEF): Polycrystalline diamond films grown 
through chemical vapor deposition, containing 
color centers, offer excellent properties for 
quantum sensing and imaging. By tuning growth 
conditions, nanocrystalline and microcrystalline 
diamonds were achieved with distinct facets, 
providing a first step towards for high-
performance quantum applications.

��� Deep-blue and fast delayed fluorescence from 
carbene-metal-amides for highly efficient and 
stable organic light-emitting diodes (UEF): Novel 
gold-based carbene-metal-amide complexes were 
demonstrated to enable efficient deep-blue OLEDs 
with external quantum efficiencies of 25.7% and 
improved stability. Photoluminescence quantum 
yields of up to 100% were achieved, with operating 
lifetimes showing a sixfold increase compared to 
previous devices. This advancement addresses 
the challenge of poor stability in blue OLEDs, 
establishing new design principles for quantum 
light-emitting materials.

��� Quantum uncertainty of optical coherence (UEF): 
The concept of quantum optical coherence 
uncertainty was introduced using first-order 
correlations of a monochromatic plane wave. It 
was shown that scalar fields have zero coherence 
uncertainty only for number states, while vector 
fields exhibit coherence fluctuations governed 
by polarization-dependent uncertainty relations, 
offering new insights into optical coherence with 
potential applications in interferometry and 
polarimetry.

��� Entanglement-based multimode photonics (Aalto/
TAU): Target detection with correlated photons 
was demonstrated, and noise from passively 
reflecting elements was investigated with 
suppression methods. The source was also applied 
to characterize linear optical multiport devices. 

Selected 2024 publications of WP5
1. A. C. Brannan et al., “Phosphorescent carbe-

ne-gold-arylacetylide materials as emitters for 
near UV-OLED,” Adv. Mater. 36, 2306249 (2024).

2. M. M. Quarshie et al., “Nano- and micro-crystalline 
diamond film structuring with electron beam li -
thography mask,” Nanotechnol. 35, 155301 (2024).

3. A. C. Brannan et al., “Deep-blue and fast delayed 
fluorescence from carbene-metal-amides for 
highly efficient and stable organic light-emitting 
diodes,” Adv. Mater. 36, 2404357 (2024)

4. C. Riley, W. Jones, N. Le Phuoc, M. Linnolahti, and 
A. S. Romanov, “Cyclic(amino)(barrelene)carbene 
metal amide complexes: synthesis and thermally 
activated delayed fluorescence”, Org. Electron. 
137, 107156 (2024).

5. �o�����O�ì�^�8�=�–�ì�S�g�����o�����ª�����o�=�Ž�[�g�g�–�ì�����·�����ª���¢�û�S�û�����n����
Rudnicki, and A. Norrman, “Quantum uncertainty 
of optical coherence,” Phys. Rev. A 110, 063702 
(2024)

6. V.V. Kornienko et al., “Partially reflecting jamming 
objects in correlation-enhanced target detection 
with entan-gled photons”, APL Quantum 1, 016107 
(2024)

7.  Z. Zhang et al., “Entanglement-based quantum 
information technology: a tutorial,” Adv. Opt. 
Photon. 16, 60 (2024)

Figure 1. Schematic of a resource-efficient transfer 
matrix reconstruction for an optical multiport device.
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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 2024 have continued on extremely high level. The 
total number of A-class publications in 2024 was 
329, which exceeds the number in 2023. The propor-
tion of high-impact publications remains very high 
at slightly over 40 % with the field-weighted citation 
Impact for PREIN-affiliated publications remaining 
significantly higher than the national average.

The list of journals where PREIN researchers have 
published most actively, covers a broad range 
of high-impact journals in physics, optics, ma-
terials science, nanotechnology, chemistry, and 
energy applications. Advanced Materials, Nature 
Communications, and Chemical Science lead in 
fundamental and applied sciences, while specialized 
journals such as Optics Express, ACS Photonics, 
and APL Photonics focus on cutting-edge develop -
ments in photonics and optical technologies. Many 

in the list, including the Journal of Power Sources 
and Advanced Energy Materials, drive innovation in 
sustainable energy, while interdisciplinary platforms 
like Small and Nanoscale push forward nanoscience. 
The mix of hybrid and open-access options ensures 
wide global relevance and impact. However, the pro-
portion of PREIN publications in open-access journals 
has slightly decreased to 69% in 2024. This may be 
due to industry collaborations which often require 
confidentiality or there may be intellectual property 
concerns. As a result, publishing in open-access 
journals can restricted

The level of international collaboration in research in 
PREIN continues to be high and PREIN has strength-
ened its strategic international research collabo -
ration networks in 2024. The main collaboration 
countries in 2024 were China, Germany, France, 
Sweden and USA. In general, there is good level of 
collaboration with many European countries.

PREIN 2024 publications by journals
Physical Review Research

Physical Review B 
Physical Review Applied

Physica Status Solidi (A) Applications and Materials Science
Nanotechnology

Metrologia 
Materials Today Energy 

Materials Advances
Journal of the Optical Society of America A: Optics and Image Science, and Vi sion

Journal of Materials Chemistry A
Chemistry of Materials 

Chemical Science
Chemical Engineering Journal

Carbon 
Carbohydrate Polymers

APL Photonics 
Advanced Energy Materials

Nanoscale 
Journal of Materials Chemistry C 

Advanced Materials Interfaces
ACS Photonics 

Communications Physics
ChemSusChem 

Advanced Optical Materials 
Journal of Power Sources 
Nature Communications 

Advanced Materials
Small 

Optics Letters 
Catalysis Today

Advanced Functional Materials 
ACS applied materials & interfaces

Optics Express 
Applied Physics Letters

0 1 2 3 4 5 6 7 8 9
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PUBLICATIONS:329

69%
OF PUBLICATIONS 
ARE OPEN ACCESS

41%

OF PUBLICATIONS IN 
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64

Scholar output

PREIN 2024 Collaboration network
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PREIN Events 
Timeline

Spring

JAN

11 Jan Photonics and Media: 
MTV3 visit, Helsinki

27 Jan Tiedon valoa –
outreach event, Tampere

30 Jan Joint collaborative 
event Veturit and Flagships, 
on-line

30 Jan – 1 Feb Photonics 
West Fair (San Francisco)

FEB

PREIN newsletter

9 Feb PREIN Steering 
Committee meeting, Tampere

12 Feb PREIN Management 
Group meeting

14 Feb Investing in Photonics 
and Microelectronics event, 
Espoo

MAR

5–6 March Nordic LIBS 
conference, Tampere

14 March Photonics 
Explorer Kit Teacher 
Training, Joensuu

APR

PREIN newsletter

3 April Photonics Explorer 
Kit Teacher Training, 
(on-line)

8 April Photonics Explorer 
Kit Teacher Training, 
Joensuu

24–26 April OPIE 
Photonics Japan visit

MAY

4 May Valoa perheille – outreach 
event, Joensuu

8–10 May Light and String Quartet 
event, Joensuu

16 May International Day of Light 
outreach event, Tampere

20 May Business Finland ChipsAct 
event, Joensuu

21 May Photonics meets X tour: 
Vaisala

23–25 May  Scifest outreach 
event, Joensuu

28–30 May Optics and Photonics 
Day, Helsinki

28 May Annual PREIN event, 
Helsinki

JUN

4 June Nobelist Anton 
Zeilinger speech, 
Tampere)

4 June PREIN Steering 
Committee meeting, 
Tampere

4–6 June PREIN WP4 
event: Photovoltaics 
workshop, Koria

11 June Chip Day, Tampere

11–14 June Coherence and 
Random Polarization 
conference, Joensuu

25–28 June Suomi 
Areena, Pori
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Autumn

JUL

4–5 July
Indoor Photovoltaic 
seminar, Tampere

AUG

PREIN newsletter

4–9 Aug Workshop on 
Nanocarbon Photonics and 
Optoelectronics (NPO2024), 
Kuopio

5–10 Aug Wasa Future Festival 
(Vaasa)

12–16 Aug Quantum mechanics 
for photonics: From molecular 
spectroscopy to low dimensional 
materials applications Summer 
School (UEF), Joensuu

12 Aug WP2 event, Joensuu

20 Aug PREIN Management 
Group meeting, on-line)

20 Aug MedTech event, Oulu

30–31 Aug Kaivosfestivaali, 
Outokumpu

SEP

16 Sept PREIN Steering 
Committee meeting, Espoo

25 Sept Photonics and SPIE 
visit to Finnish Embassy in 
Washington

OCT

PREIN newsletter

5 Oct Photonics Explorer 
Kit Teacher Training in 
MAOL days, Rauma

31 Oct – 1 Nov 4th 
International Conference 
for Sustainable Resource 
Society - ICS24, Joensuu

31 Oct –  Nov Photonics 
Applications –webinar 
series (UEF/on-line)

NOV

12–14 Nov WP5 event Quantum 
Research and Technologies, 
Espoo

15 Nov WP2 event Korea–Finland 
Research Symposium on 
Materials & Structures, Espoo 

16–17 Nov TEK- family days, 
Tampere

18 Nov WP3 event: Sensing, 
Vantaa 

19 Nov PREIN Annual Research 
Symposium, Vantaa

20 Nov  I-DEEP first Annual 
Meeting and Industry Connect 
- company matchmaking event, 
Vantaa

23–24 Nov  TEK- family days, 
Tampere

DEC

PREIN newsletter

WP6 Optical design event, 
Espoo
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In 2024, the total of networking events reached 
almost thirty events manifesting a constant increase 
in activities. These included several PREIN events 
ranging from large flagship-level events to smaller 
internal workshops focused on specific sub-themes 
and work package activities. Other photonics events 
and events linked to photonics applications were or-
ganized in collaboration with the key PREIN partner 
Photonics Finland and other stakeholders, including 
the other flagships and Business Finland. Photonics 
Finland is a crucial partner as it complements the 
flagship’s academic participants by bringing the en-
tire photonics ecosystem, including industry, to the 
events. PREIN and Photonics Finland also participat -
ed in several international and national events and 
fairs, large academic conferences and small-scale 
targeted visits. Additionally, PREIN representatives 
were regularly featured as invited speakers and 
panelists in events related to photonics innovations 
and applications.

Fairs

Fairs serve as essential platforms for bringing 
together academia, students, companies, and 
decision-makers. These common meeting places 
lower the threshold between different actors and 
increase opportunities for cooperation. In 2024 
PREIN participated in one photonics fair, Photonics 

West which is the largest photonics fair globally 
and also the primary exhibition for many Finnish 
photonics companies.

SPIE Photonics West 

PREIN has identified SPIE Photonics West as a key 
event to attend annually, as it is the largest photon-
ics event globally. It is held annually in San Francisco, 
US, and features four thematic industry exhibition 
fairs, courses, networking events, and four academic 
conferences, showcasing more than 5,000 presen -
tations. The four academic conferences are: BiOS, 
the largest biomedical optics and photonics event 
in the field; LASE, which focuses on advancements 
in industrial laser technologies and applications; 
OPTO, covering optoelectronic devices, components, 
and materials for commercial applications; and 
Quantum West, which showcases photonics as an 
enabling technology for quantum 2.0.  In 2024, 
the fair and academic conferences were held from 
January 30 to February 1 and attracted over 24,000 
registered attendees and more than 1,500 exhibitors. 
PREIN participated in the Finnish Pavilion alongside 
Photonics Finland and 11 photonics companies. 
Additionally, PREIN partner VTT had its own stand. 
The academic conferences provided a platform 
for showcasing PREIN-related photonics research, 
with 23 conference presentations from researchers 
affiliated with PREIN.
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The Optics and Photonics Days is a staple event in the 
Finnish photonics ecosystem, bringing together aca -
demics and industry representatives. The 2024 event 
took place from May 28 to 30 and was organized in 
Helsinki. The event gathered record-breaking numbers, 
with 438 participants and 45 exhibitors from Europe, 
the US, and Japan. The themes of the industrial program 
included Photonics and Semiconductors, Photonics for 
Agri-Food, Photonics for Industrial Spectroscopy, and 
Photonics for Circular Economy. The academic program 
focused on Integrated Photonics, Sensing and Imaging, 
Emerging Active Materials and Devices, and Quantum 
Technology. The PREIN Annual Event was organized as 
a one-day event adjacent to the Optics and Photonics 
Days.

PREIN Event at the Optics and Photonics Days

The annual PREIN event, organized on the first day 
of the Optics and Photonics Days, offers an excellent 
opportunity for industry representatives, academics 
from other institutions, and anyone interested in 
recent PREIN research achievements to learn about 
PREIN activities. In 2024, the PREIN event highlighted 
recent research results, Proof of Concept projects, the 
updated Research Roadmap, and the newly funded 
doctoral pilot program, with opening remarks from 
Minister of Science and Culture, Sari Multala. The PREIN 
session also provided a great opportunity for industry 
representatives to discover how the research roadmap 
links to the larger national photonics roadmap and 
learn how the doctoral pilot can benefit companies. The 
panel discussion hosted by Prof. Jyrki Saarinen of the 
University of Eastern Finland, with panelists Suvi-Tuuli 
Akkanen, PhD researcher at Aalto University; Erkki 
Ahola from Technology Industries; Heikki Holmberg, 
Research and Development Director of Okmetic Oy; and 
Jyri Hämäläinen, Vice President of Research at Aalto 
University included an industry perspective on the 
doctoral pilot programme.

�T�^���«�–�¢�Ž�É���!�g�^�^���	�¢���3���	�g�[�Š�ì�^�É��
matchmaking event 

As part of the newly launched doctoral pilot pro-
gramme Innovative Doctoral Education Ecosystem for 
Photonics –  I-DEEP, the first larger-scale networking 
event was organized in 2024. The Industry Connect 
event, held in November, was a first-time collabora-
tion with Technology Industries Finland and the new 
doctoral pilots I-DEEP and the Microelectronics and 
Quantum doctoral pilots. The event’s success encour-
aged Technology Industries to organizing similar events 



24

Panel discussion on doctoral pilots with Goëry Genty (I-DEEP), Timo Häm äläinen (Microelectronics), Mahdi Moghadam 
(Quantum) and Juho (Quantum) hosted by Tea Vellamo

with other doctoral pilots in the future. The first 
Industry Connect matchmaking event was hosted 
by I-DEEP and attended by 22 companies and about 
150 doctoral researchers. The program included a 
panel discussion with pilots and companies, focusing 
on what the pilots offer, industry needs, and future 
career opportunities for PhDs. The discussion was 
hosted by Tea Vellamo, Administrative Coordinator 
of the Photonics I-DEEP doctoral pilot, with company 
representatives Alexander Perros from Beneq, Heikki 
Holmberg from Okmetic, and Mikko Loikkanen from 
Bosch Sensortec. Doctoral Pilot representatives in -
cluded I-DEEP Director Goëry Genty, Microelectronics 
pilot MIELI Director Timo Hämäläinen, Quantum pilot 
QDOC Academic Coordinator Mahdi Moghaddam, 
and Corporate Relations Manager Juho Pirinen form 
Aalto University. After the panel discussion, a match-
making opportunity allowed company representa -
tives and doctoral researchers to meet and discuss 
potential joint interests.

Academic Conferences

PREIN researchers organize academic conferences 
closely related to various research themes and work 
packages (WPs) within PREIN, while also inviting 
international academics to participate. PREIN is also 
involved as a sponsor in these conferences.

Nordic Laser-Induced Breakdown Spectroscopy 
Conference

The Nordic Laser-Induced Breakdown Spectroscopy 
(LIBS) Symposium 2024 was held in March in 
Tampere. The event gathered around 70 leading 
academic experts and featured eleven sponsoring 
companies. The symposium aimed to foster collab -
oration among academic and industrial researchers, 
as well as students from Nordic and Baltic countries, 
to advance the field of LIBS.
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Coherence and Random Polarization 
Conference

The Coherence and Random Polarization Conference 
took place on June 11-14, 2024, in Joensuu attracting 
approximately 60 participants from around the 
world. The event focused on the latest advance-
ments in coherence and polarization research, 
providing an international platform for researchers 
to discuss new findings and emerging applications in 
the field. Topics included electromagnetic coherence, 
partially coherent beams, vector vortex beams, 
structured light, polarization of 2D and 3D light 
fields, geometric phase, spin and orbital angular 
momentum, and more. 

Indoor Photovoltaic Seminar

The first Indoor Photovoltaic Seminar was organized 
in Tampere on July 4-5, 2024 focused on advancing 
indoor light harvesting materials, energy harvesting 
technologies, and efficient integration with build -
ing systems for sustainable energy solutions. Key 
discussions also included optimizing performance 
under artificial light, exploring commercial applica -
tions, and enhancing the efficiency of photovoltaic 
systems in indoor environments. The conference 
featured invited and contributed talks, a poster ses -
sion, panel discussions, networking opportunities, an 
exhibition and served as a platform for researchers 
and industry representatives to discuss advance -

ments in indoor photovoltaic technologies, energy 
efficiency, and practical applications. 

Workshop on Nanocarbon Photonics and 
Optoelectronics

The 9th Workshop on Nanocarbon Photonics and 
Optoelectronics (NPO2024) took place in Kuopio in 
August 2024. The event focused on recent devel-
opments in photonics and optoelectronics using 
graphene, carbon nanotubes, nanodiamonds, and 
other two-dimensional materials. Key topics includ -
ed nonlinear optics, THz and microwave photonics, 
quantum information processing, and bioimaging 
applications using nanocarbon fluorophores.

International Conference for Sustainable 
Resource Society - ICS24

The ICS24 conference was held in Joensuu from 
October 31 to November 4, 2024. The event included 
a session on “Designing Forested Environments in 
2040,” which brought together leading companies, 
researchers, and experts to explore future tech -
nology solutions for sustainable forest resource 
utilization. The session was hosted by the University 
of Eastern Finland and Business Joensuu, in collabo -
ration with Forest Joensuu and Photonics Joensuu in -
novation ecosystems. The event was a development 
of the previous long-standing Forest and Photonics 
conference. 
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PREIN Events

The internal thematic events primarily cater to 
PREIN researchers, fostering collaboration across 
different partners and research groups within the 
Flagship. These events occasionally also invite key 
stakeholders with relevant expertise to join, offering 
opportunities for benchmarking, gaining external 
perspectives, and exploring new approaches to the 
selected themes.

PREIN Annual Research Symposium 

Flagship for Photonics Research and Innovation 
PREIN Annual Research Symposium is an event 
where PREIN researchers have the opportunity to 
focus on the research topics whereas the PREIN day 
ant the Optics and Photonics Days features the PREIN 
to a larger audience in the Finnish photonics ecosys-
tem. The 2024 PREIN Annual Event on November 19 
was open to all PREIN partner WP leaders, research-
ers, and doctoral researchers, photonics students, 
and also, I-DEEP pilot partners and attracted about 
180 participants for the day. The program included a 
2024 PREIN summary presentation, a presentation 
on the National Photonics Roadmap, highlights of 
exemplary cases from Research to Start-up and a 
poster session to highlight recent PREIN research. To 
boost collaboration, there were work package break -
out sessions including planning future collaboration. 

The First Innovative Doctoral Education 
Ecosystem for Photonics –  I-DEEP Annual 
Meeting

The first Annual Meeting for I-DEEP doctoral re-
searchers was held on 20 November 2024. The 
morning session was intended primarily for the new 
I-DEEP doctoral research presentations and the soft 

skills training on the thesis process. The new doc-
toral researcher received the opportunity to meet 
each other and present their research topics. Soft 
skill presentations were held by Emma Holmlund, 
PhD Planning Officer and Jaakko Autio, PhD Planning 
Officer, Aalto University on the theme Managing your 
thesis process.

PREIN Meetings

Throughout 2024, PREIN organized regular meetings 
to oversee and monitor its activities. The PREIN 
Management Group convened five times, while 
the Steering Group, comprising institutional repre -
sentatives from all PREIN partner organizations, 
held three meetings. In addition to these, the Work 
Packages held their own regular meetings. The 
Communications, Outreach, and Innovation teams 
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held several collaborative sessions to plan and coor-
dinate joint activities supporting PREIN’s objectives. 
These cross-functional meetings ensured alignment 
and strengthened the integration of activities across 
the Flagship.

The research collaboration between the PREIN work 
packages (WPs) is encouraged through regular 
thematic WP events. In 2024, the WPs were allocat-
ed special funding to organize events, resulting in 
six WP events. This additional funding will also be 
extended into 2025.

WP2 Workshop: Photonics Flagship Finland-
Korea Joint Research Symposium 

PREIN organized the Finland-Korea Joint Research 
Symposium at Aalto University in November, a key 
initiative for WP2, which focuses on materials and 
structures. The event aimed to promote collabora -
tion between Finnish and Korean researchers. The 
central theme of the symposium was exploring 
novel nanomaterials and nanostructures for applica -
tions in photonics and related fields.

WP2 Workshop: Low Dimensional Materials for 
Advanced Sensing and Imaging

In August, a PREIN WP2 workshop was held in con-
junction with the NPO2024 conference in Kuopio. The 
workshop focused on low-dimensional materials for 
advanced sensing and imaging, specifically THz-IR 
emitters and detectors.

WP3 Workshop: On-Chip Photonics for Sensing

This complementary PREIN workshop addressed the 
research, development, and application of various 
chip-scale photonics technologies for sensing. These 
technologies include laser chips, other chip-scale 
light sources, photonic integrated circuits (PICs), op -
tical waveguide components, optical MEMS chips, op -
tical detector chips, and wafer-level manufacturing 
and testing of diffractive optics. Present and future 
applications for these technologies encompass lidar, 
wearable sensors, medical imaging, industrial pro -
cess metrology, hyperspectral imaging, and inertial 
sensors, among others. The workshop was organized 
by PREIN WP3 Advanced Photonic Components, with 
presentations and attendees extending beyond the 
PREIN consortium. The event, held on November 
18, 2024, in Vantaa, included presentation talks and 
poster sessions with approximately 35 participants.

WP4 Workshop: Photovoltaics

From June 4 to 6, 2024 a workshop was organized 
in Koria to foster collaboration between Finnish 

photovoltaic research groups. The goal was to foster 
tighter collaboration between the PREIN partners 
and achieve conversion efficiencies that none of the 
participants could attain individually.

WP5 Workshop: Quantum Research and 
Technologies

The workshop held in Helsinki in November brought 
together all partners involved in the PREIN work 
package "Quantum Technologies" as well as re-
searchers from the newly established Finnish 
Quantum Flagship (FQF). The event served as a plat-
form for presenting the latest results, exchanging 
ideas, and discussing potential future collaborations 
within PREIN and between the flagships. The general 
topics included the development of components and 
schemes for generating, detecting, and manipulating 
quantum states of light, as well as studying the 
quantum optical foundations. The program featured 
high-level international plenary speakers and a 
poster session.

WP6 Workshop: Optics Design for Industry

This event in December brought together Finland-
based industrial companies interested in or already 
utilizing optics in their products, as well as optics 
design providers and optics design tool providers. 
It offered an excellent opportunity for participants 
to gain insights from optics design professionals, 
present and discuss solutions, and network with 
others. The program included an overview of optics 
design in the industry by Anni Lehmuskero from 
the University of Eastern Finland and Entangly. The 
event covered optics design examples from the in-
dustry, optics design software, optics design provid-
ers, education and metrology, as well as networking 
opportunities. Participants also had the chance to 
tour VTT MIKES optical laboratories.
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In 2024, the collaboration in photonics education 
continued and activities were increased on master’s 
degree education as well as doctoral studies where 
the newly funded doctoral pilot– Innovative Doctoral 
Education Ecosystem for Photonics (I-DEEP) was 
launched with the decision of the Research Council 
of Finland and the Ministry of Education and Culture 
funding. 

The number of graduates in master’s and doctoral 
degrees in photonics continued to rise in 2024 with 
particularly the number of master’s graduates. 

New Finnish Photonics BSc andf MSc 
Programme Started
University of Eastern Finland received the right to 
confer degrees of Master of Science in Engineering in 
2023 with one hundred starting places are available 
in photonics, sustainable technologies and techni -
cal physics training. Consequently, the first intake 
of the Finnish bachelor and Master of Science in 
Technology in Photonics at the University of Eastern 
Finland started their studies in autumn 2024. The in-
troduction 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 for Two 
Programmes
Erasmus Mundus Joint Masters are prestigious 
international masters, jointly designed and deliv -
ered by a group of higher education institutions and 
receive funding and scholarships for students from 
the European Commission. The funding covers six 
academic years, and its amount is a maximum of 
5 million euros. In 2024, there were again Erasmus 
Mundus programmes in photonics involving PREIN 
partner universities that applied and received 
renewed funding. The Erasmus Mundus funding for 
the organization of master’s programs was awarded 
to two existing Master’s programs to continue their 
activities:

92MASTER’S 
DEGREES

32DOCTORAL 
DEGREES
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��� IMLEX: Erasmus Mundus - Master of Science in 
Imaging and Light in Extended Reality University 
of Eastern Finland, coordinator 

��� IPSRS: Intelligent Photonics for Security Reliability 
Sustainability and Safety, University of Eastern 
Finland, partner 

With these renewals, the PREIN partner universities 
continue to be involved in four Erasmus Mundus 
Joint Master’s Degree programs. In addition to IMLEX 
and  IPSRS, Tampere University participates in the 
EuroPhotonics program and University of Eastern 
Finland in Computational color, and spectral Imaging 
COSI program. 

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 offering joint courses in 
photonics. Current Joint course offering in Photonics 
between the PREIN partners includes: 

��� Applications of Photonics (UEF) 

��� Optical Design (UEF)

��� Solar Driven Chemistry (TAU) 

The University of eastern Finland organizes the 
Applications of Photonics webinar series, which is 
open to anyone interested. The 2024 course fea-
tured companies and presenters including SCHOTT 
Primoceler, Vexlum, VTT, Kuva Space, Vaisala, 
HyCom Core, BioNavis, Gasera, Valmet, Microsoft, 
Ecoaims, LEDiL, Tobii, Dispelix, Nanocomp, Polar 
Electro, Raute, Winse Power, Kelluu, Senop, and 
Visual Festival Light Artists. The webinar is popular 
among photonics master’s and doctoral students. 

Summer Schools

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 2024 the summer school was 
organized in Joensuu by the University of Eastern 
Finland.

Quantum mechanics for photonics: From 
molecular spectroscopy to low dimensional 
materials applications Summer School 
In 2024, the University of Eastern Finland summer 
school was organized in August with the theme 

Quantum mechanics for photonics: From molecular 
spectroscopy to low dimensional materials appli -
cations. The course was scheduled from August 12 
to 16, 2024, at the Joensuu campus and designed 
for physics and photonics students to provide a 
modern point of view on the quantum mechanics 
of many-electron systems to the approximately 50 
participants. PREIN sponsored the participation of 
doctoral students from the partner universities in 
the summer school.
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Continuous Education and Courses 

Specific short-term courses directed at companies 
and employees in photonics industry. These cours -
es have been planned according to the needs and 
requirements to further increase photonics skills in 
related companies. Several short courses were of -
fered 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 2024 the same thematics that have been popular 
among companies during the previous years have 
been offered as short trainings. Although the courses 
were primarily intended for industrial participants, 
also academic participants and students could join. 
The topics continued to be taught with five course 
implementations during 2024.

Continuous learning courses offered in 2024
��� Thick-SOI Photonics for Sensing and Imaging 
(Jan 10, May 27, May 31, 2024, VTT, Espoo) This 

course covers Thick-SOI photonic integrated 
circuits (PICs) for sensing and imaging in the 
near and mid-infrared range. It focuses on VTT’s 
�Õ���Ð�[���¢�8�=�	�P���–�=�S�=�	�g�^�6�g�^�6�=�^�–�«�S�ì�¢�g�Ž���*�ª�{�T�+���Ã�ì�Â���1�«�=������
technology, available for small-to-medium volume 
manufacturing, with design kits accessible in 
multiple PIC design software platforms.

��� Spectral Imaging and Its Applications (Jan 10, 
2024, UEF, Joensuu) This hands-on course 
explores spectral imaging as a versatile tool in 
science, industry, medicine, agriculture, and the 
arts. Participants will learn how to apply spectral 
imaging in their own fields to distinguish visually 
similar but fundamentally different objects.

��� Integrated Polymer Photonic Systems (Oct 14, 2024, 
VTT, Oulu) This 3-day training provides an overview 
of polymer photonics for applications in sensors, 
displays, energy sources, and wearable devices. 
It covers functional system fabrication using 
polymer-based materials, printing technologies, 
and hybrid integration.
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IMPACT

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

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 continues to demonstrate that 
the scientific level and scientific impact is extremely 
high in the flagship. 

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 de -
cisions that affect the Finnish photonics industry and 
research particularly because of the EU Chips Acts 
and national funding decisions related to regional 
development.

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 designing 
system-on-a-chip (SoC) solutions for mobile commu -
nication 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 facili-
ties with clean rooms and a pilot line are planned. The 
planned three pilot lines include: 

KEY PERFORMANCE 
INDICATORS RELATED 
TO THE SCIENTIFIC AND 
ECONOMIC IMPACT IN 2024

INVENTION 
DISCLOSURES 26
PATENTS 
APPLIED 15
NEW 
�ª�·���¢�·�;�¿�ž�ª 2
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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 III-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 2024, there were 2 new start-ups related to PREIN.

Cense Analytics
From Tampere University research, the new start-
up Cence Analytics was established in 2024. Cense 
Analytics provides solutions for sustainable agricul -
ture through soil carbon measurement utilizing laser 
technology. Cense Analytics specializes in analyzing 
soil carbon data to help agricultural stakeholders 
optimize land management practices and enhance 
sustainability.

Cense Analytics was selected for the prestigious 
Google Startups for Sustainable Development 
Program, a global ecosystem of impact-focused 
startups, as one of only 11 startups chosen globally. 
The program builds community and supports start -
ups with advisors, funding, and platform technology. 

HyCom Core
Based on research in the University of Eastern 
Finland, the strat-up HyCom Core was establishe din 
2024. HyCom Core aims to revolutionize the connec-
tivity between AI clusters by developing broadband 
optical links based on proprietary thin-film lithium 
niobate platform. HyCom Core provides a solution 
for data centers and data transfer technology, 
UCOT – Ultra-Compact Optical Transceiver platform 
offering significantly  faster data transfer, smaller 
transceivers and less transceiver energy consumed.
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Societal Impact

Communication Activities
PREIN achieved significant milestones in enhancing visibility 
and promoting understanding of the importance of photonics 
within Finnish education and industry. These efforts extended 
well beyond Finland, with notable international visibility gains.

Given the increasingly fragmented nature of how people 
consume and follow news, maintaining a strategic presence 
on the most relevant online channels is essential. In addition 
to its website, PREIN focuses on key platforms including 
X (formerly Twitter), Instagram, LinkedIn, and YouTube to 
maximize engagement and outreach.

Social Media Highlights
Throughout 2024, most news updates were shared as concise 
posts on X, LinkedIn, and Instagram, directing audiences to 
more detailed articles on the PREIN website. The shift in social 
media audience demographics continued this year. While the 
number of followers on X plateaued, LinkedIn saw nearly 
double the follower growth, reflecting its increasing relevance 
for professional and industry-focused communication.

Among PREIN’s LinkedIn followers:

��� 15.3% were researchers,

��� 30% had higher education backgrounds,

��� 5.3% represented the semiconductor industry,

��� 3.5% were involved in nanotechnology research,

��� and the remainder came from various other industrial fields.

Instagram also proved to be an effective platform, especially 
for engaging students and early-career researchers. PREIN’s 
Instagram following grew by 20% in 2024, demonstrating its 
appeal to younger audiences.
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Media Activities and Strategic 
Collaborations
Promoting photonics in national media and 
expanding media coverage remain central to PREIN’s 
outreach efforts. In 2024, strategic and systematic 
activities were launched to further enhance the 
media presence of both photonics and the PREIN 
Flagship initiative.

In collaboration with Photonics Finland and 
Business Finland, PREIN developed comprehensive 
presentation materials showcasing Finnish photonics 
education and industry. These resources are being 
used internationally to position Finland as a top 
destination for studying, conducting research, and 
investing in photonics.

PREIN also continued its active participation in the 
Suomi Areena series of discussions in 2024. This 
year’s panel focused on the role of photonics in 
energy production and its potential to generate 
energy using hydrogen. The discussion garnered 
significant attention, with coverage on MTV3’s 
broadcast network and online platform MTV 
Katsomo, further elevating PREIN’s visibility.

Social Media Posts
PREIN’s social media activity covered not only its 
own events but also events organized by Photonics 
Finland and other significant developments in the 
field of photonics. Over the course of the year, 
approximately 100 posts were published. These 
posts generated significant engagement, including 
over 26,000 impressions on LinkedIn alone.

Suomi Areena 2024 panelists: CEO Toni Laurila (Sensmet Oy), Professor K ati Miettunen (University of Turku), Minister of 
Environment Kai Mykkänen and Head of Investment Projects Heidi Bergman (N este Oyj).
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OUTREACH

Enhancing Visibility and Engagement in 
Photonics
A key objective of PREIN is to increase awareness 
of photonics and highlight the vast potential of 
light-based technologies. To achieve this, PREIN 
actively engages with the general public, students, 
and future experts through a variety of outreach 
initiatives. This includes participation in both national 
and international events, as well as the organization 
of its own activities in collaboration with local LUMA 
centers and Photonics Finland.

Several outreach activities have become recurring 
annual events, forming an integral part of PREIN’s 
engagement strategy alongside its partners. 
Additionally, PREIN consistently takes part in initia-
tives led by other organizations, including events 
hosted by its member universities and national in -
stitutions dedicated to science education and public 
engagement. Through these efforts, PREIN contin-
ues to strengthen its role in promoting photonics 
and inspiring the next generation of scientists and 
innovators.

Boosting Photonics Visibility in the Media
Following our connections made at the Suomi Arena 
event in 2022, Photonics Finland and PREIN had the 
opportunity to visit the MTV studios in Helsinki. The 

feedback we received was clear — people want more 
science and research-based news, and photonics 
has so much to offer! This insight has motivated us 
to actively work on increasing media visibility for 
photonics.

To build on this momentum, we are exploring new 
ways to bring photonics into mainstream discus -
sions. This includes collaborating with journalists, 
providing expert commentary on trending topics, 
and creating engaging content for social media and 
digital platforms. By making complex scientific 
topics more accessible and relatable, we aim to 
spark public interest and showcase how photonics is 
shaping the future. 11 Jan Photonics and Media: MTV3 
visit, Helsinki

Celebrating Light Through Science, Art, and 
Education
In 2024, the Photonics Flagship PREIN and the LUMA 
Center at the University of Eastern Finland contin-
ued their commitment to engaging the public with 
the wonders of light and photonics. The Light for 
Families event in May (Valoa perheille), along with 
PREIN’s participation in the two-day SciFest, provided 
hands-on experiences that introduced audiences to 
the fascinating world of light-based technologies. 
Additionally, Tampere University’s Juniversity hosted 
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workshops at Paidia on International Day of Light 
(May 16th), further strengthening public engagement 
with photonics.

Art and science came together in a unique collab-
oration between the University of Eastern Finland 
and the Joensuu City Orchestra through the Sound 
and Light – Ääntä ja valoa concert series. This special 
production featured solo cellist Akito Goto leading a 
string quartet, accompanied by a mesmerizing light 
installation designed by artist Onni Tahvanainen.

Beyond large-scale events, PREIN’s outreach ex-
tended across its partner university locations and 
beyond, with dedicated visits to schools to spark 
interest in photonics among students. Photonics 
was also prominently featured at national outreach 
events, broadening public awareness of its impact on 
technology and everyday life.

One of the year’s highlights was the Light of 
Knowledge (Tiedon valoa) event in January, which 
attracted science, research, and culture enthusiasts 
of all ages. Families had the chance to explore pho-
tonics, tissue modeling, robotics, and even a Formula 
car through interactive exhibition stands.

For the third consecutive year, PREIN successfully or-
ganized the Light for Families (Valoa perheille) event 
at Botania in Joensuu in November. The event offered 
an engaging program for participants of all ages, 
including an exciting light-themed Treasure Hunt for 
children (ages 3–12), where they solved mysteries 
through light-related experiments. Attendees also 
had the opportunity to create a Father’s Day gift 
using photonics, bringing science closer to everyday 
life in a meaningful way.

Additionally, in August PREIN joined ‘Mill Festival’ 
(Kaivosfestivaali) at an old Outokumpu mines that 
has been turned into a art venue. Dr. Petri Karvinen 
from the Department of Physics and Mathematics at 
the University of Eastern Finland gave a presentation 
on the properties and peculiarities of light. Professor 
Jyrki Saarinen, Vice Director of the Flagship at the 
University of Eastern Finland, discussed the work be-
ing done in the field of photonics and its significance.

Through these diverse outreach activities, PREIN 
continues to foster curiosity and enthusiasm for 
photonics, ensuring that the science of light remains 
both accessible and inspiring for future generations.
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The Photonics Explorer Kit (PEK) campaign 
launched in 2020 is continued also in 2024. PREIN 
and Photonics Finland repeated their commitment 
of donating one kit each for all the private or 
company donations made. In 2024, an increasing 
number of schools have expressed their interest in 
receiving the Photonics Explorer Kit as a donation. 
See the map of PEK’s: https://prein.fi/outreach/
photonics-explorer-kit

Expanding Teacher Training on Photonics 
Education
To support both new school donations and schools 
already equipped with a Photonics Explorer Kit (PEK), 
PREIN has organized multiple training sessions to 
help teachers effectively integrate photonics into 
their classrooms. These sessions have been offered 

through various formats, including in-person work -
shops, online training, and dedicated sessions during 
major educational events.

In April PREIN conducted both an online and an 
in-person training session, bringing together 
30 participants. In October, during the national 
Mathematics and Science Teachers’ Days (MAOL 
2024), a dedicated PEK training session engaged 17 
teachers. 

Through these training initiatives, PREIN continues to 
strengthen photonics education, equipping teachers 
with the knowledge and tools to inspire the next 
generation of scientists and innovators.
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PREIN members were nominated for honorary posi -
tions and elected to significant representative roles 
internationally, and several prizes were awarded to 
PREIN members in 2024. In addition, researchers 
received poster and presentation awards in interna -
tional conferences and were awarded funding from 
foundations. The annual national acknowledgements 
for the photonics companies and academic disserta -
tions were awarded at the Optics and Photonics Days 
2024 in Helsinki.

Optica Fellow Nominations
The Optica Fellow  designation is one of the highest 
honors given by Optica to its members. It recognizes 
individuals who have made significant and sustained 
contributions to the field of optics and photonics. 
Nominees are evaluated based on their impact and 
leadership in scientific research, technological inno -
vation, and contributions to the advancement of the 
optics community. Fellow nominations are peer-re -
viewed and require the support of current members 
or Fellows of Optica.

The nominations for the Optica fellows made in 2024 
were  Laeticia Petit  from Tampere University , 

Prof. Petit is acknowledged for her achievements in 
optical material science and education, and leading 
optical fiber development in academia and industry 
for biophotonic applications. She is the first woman 
to hold a professorship in the field of physics at 
Tampere University, leading the Photonic Glasses 
group which focuses on developing and characteriz -
ing glass-based materials for photonic and biopho -
tonic applications. Their work includes creating fibers 
and films from glass materials for devices such as 
optical fibers, lasers, optical amplifiers, multicolor 
displays, and Q-switched devices.

European Physical Society Prize 
The European Physical Society (EPS) Prize for 
Research into the Science of Light is a major prize 
awarded on behalf of the EPS Quantum Electronics & 
Optics Division in recognition of research excellence 
in electromagnetic science in its broadest sense, 
across the entire spectrum of electromagnetic 
waves. The 2024 Prize has been awarded to Prof. 
Goëry Genty, at Tampere University together 
with his close collaborator, Prof. John Dudley at 
University of Franche Comté.

Professors Genty and Dudley have together made 
many outstanding contributions to the field of 
nonlinear optics, including pioneering studies of 
supercontinuum generation, optical instabilities and 
extreme events, the complete characterization of 
ultrafast soliton turbulence in fibre lasers, the de-
velopment of novel rea-time temporal and spectral 
imaging techniques, as well as the applications of 
machine learning to nonlinear optics. These results 
have impacted both basic research and the devel -
opment of new light sources in industry. The Prize 
was awarded at the EPS Nanometa Conference on 6 
January 2024. 

Science Academy of Finland Nominations
The Finnish Academy of Science and Letters is a 
broad-based learned society the members of which 
are invited based on scientific merits. Membership 
of the Finnish Academy of Science and Letters, in 
common with membership of any other academy of 
science, is looked on as a considerable achievement 
in a person’s academic career. In 2024, The Finnish 
Academy of Science and Letters invited 21 top 
researchers in their fields as new members. 

“The EPS Prize for Research into the Science of Light” 
Goëry Genty, Tampere University.
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Arri Priimägi Professor of Chemistry and New 
Materials at the Faculty of Engineering and Natural 
Science, Tampere University was one of the nomi-
nated. His research focuses on functional materials 
whose properties, such as shape or colour, can be 
controlled by light. This work has significant impli-
cations for advancing smart materials and devices 
in areas like sensors, actuators, and responsive 
coatings, aligning with cutting-edge developments in 
material science and photonics.

Photonics100 list 
Mircea Guina , Professor of Optoelectronics 
(Semiconductor Technology) at Tampere University, 
has been named to the Photonics100 list of 2025 
by Electro Optics magazine. The list celebrates the 
achievements of 100 leading professionals driving 
innovation in photonics and optical technology 
worldwide. The Photonics100, curated by a panel of 
industry experts, highlights scientists, engineers, 
and business leaders whose work is reshaping 
sectors from aerospace and telecommunications to 
quantum technologies and healthcare.

The recognition reflects Mircea Guina’s long-stand -
ing contributions and dedication in developing op -
toelectronics and photonics technology at Tampere 
University, with an academic activity stretching 
for more than two decades. It also recognizes his 
outstanding output in innovation and academic 
entrepreneurship and the position of the Tampere 
University as a leading European hub for developing 
photonics technology.

Finnish Photonics Company of The Year and 
Best Doctoral Dissertation
The national annual prizes for best photonics doc -
toral dissertation and the photonics company of the 
year were awarded at the Optics and Photonics Days 
in May 2024.

Photonics Finland awarded Vaisala Photonics com -
pany of the Year title in 2024. Vaisala is the global 
leader in measurement instruments and intelligence. 
Vaisala is renowned for its innovative Photonics-
based products, as a substantial portion of its 
measurement instruments for weather and indus -
trial applications. With over 2300 staff and almost 
a century of experience, Vaisala has a strong global 
presence and the ability to meet diverse customer 

“Photonics Company of the year” Hannu Talvitie, 
Technology Strategy Director Vaisala.

Mircea Guina.
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needs in various markets. Vaisala’s solutions and 
data enable climate action to tackle the most crucial 
global challenges of our time. Actionable weather 
data and measurement solutions help the world to 
adapt to and mitigate climate chance. Vaisala has a 
longstanding presence in the Finnish Photonics com -
munity. In addition to the company’s own production, 
Vaisala invests heavily in research and development, 
collaborating actively with universities and research 
institutes. The company dedicates substantial 
resources to developing new photonics technologies, 
keeping it at the forefront of the industry. 

The best doctoral thesis award submitted in the 
previous year, in 2023 was awarded to Markus 
Hiekkamäki from Tampere University. His thesis topic 
was “Quantum Interference in Transverse Spatial 
Modes of Photons”. His doctoral research, explores 
quantum interference effects in the transverse 
spatial modes of photons, an area with significant 
potential for future quantum technologies. By 
combining theoretical analysis using quantum Fisher 
information and experimental setups, his work 
investigates multi-photon interference and the use 
of entangled photon states (N00N states) in super -
resolution experiments. Additionally, Hiekkamäki 
studies the Gouy phase of photon number states, 
providing new insights into quantum optics. His 
findings contribute to advancements in quantum 
communication, computation, and sensing.
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Receiving external research funding is a mark of 
research excellence demonstrating the quality, 
competitiveness, and societal relevance of the 
research project. The high level of external funding 
is a clear indicator of the quality of research in PREIN 
related projects as the grants are highly compet-
itive and awarded based on rigorous peer review. 
Securing funding from external sources signals that 
a researcher is among the best in their field, en-
hancing their academic reputation but also allowing 
researchers to conduct high-quality, independent 
research. Research Council of Finland grants priori -
tize fundamental research, ensuring Finnish science 
remains at the forefront of global advancements. 
EU funding promotes global cooperation, bringing 
Finnish researchers into major European networks. 
Business Finland funding supported innovation and 
applied research, linking academia with industry and 
enhancing economic impact.

Research Council of Finland Funding
In addition to the Flagship funding, the Research 
Council of Finland granted funding for PREIN 
partners in 2024. The awarded funding consisted 
of Academy Research Fellowships and Research 
Council for Natural Sciences and Engineering project 
funding grants.

Research Council Academy Research 
Fellowship
An Academy Research Fellowship supports early-ca-
reer researchers on fast career tracks so that they 
can increase their competencies and make signifi -
cant career progress towards more demanding re -
search positions and achieve an established position 
in the international research community. Academy 
Research Fellows produce high-quality, high-impact 
research that stimulates scientific renewal. In 2024, 
two PREIN related researchers received Academy 
Research Fellowship funding for 2024-2028.

Hang Zhang, Aalto University: Light-driven hydro-
gel-based feedback networks 

Biological systems operate under out-of-equilibrium 
conditions, where homeostatic environment and 
feedback controls facilitate complex responses. 
Despite recent progresses in bio-inspired artificial 
systems, there generally lacks engineered complex 
feedback mechanisms to allow versatile responses. 
Herein, I propose constructing new types of feedback 

networks by engineering the properties of hydrogels. 
The research will synthesize new types of hydrogels, 
develop optically driven feedback networks, and 
carry out numerical simulations at Aalto University 
in Finland. Realization of the project objectives will 
narrow the knowledge gap between biological and 
artificial systems and pave the way for the next gen-
eration of adaptive, self-regulated, and autonomous 
materials. 

Tero-Petri Ruoko, Tampere University: Thermally 
Activated Delayed Fluorescence under Confinement 
in a Supramolecular Cage

Current state-of-the-art light-emitting molecules are 
based on thermally activated delayed fluorescence 
(TADF) dyes that have a structurally crowded and 
sterically hindered donor–acceptor architecture. 
TADF dyes are expensive, structurally complex, 
prone to aggregation-induced emission quenching, 
and the stability of especially blue emitters remains 
low. FLUOROCAGE aims to solve these issues and 
take a step towards next-generation light-emitting 
devices by confining the donor and acceptor build -
ing blocks of TADF dyes as heterodimers inside a 
water-soluble supramolecular cage, resulting in a 
highly emissive platform with modular tunability. 
The water-solubility of the supramolecular confined 
emitters reduces the environmental impact of device 
fabrication. We aim to decouple TADF emission from 
the complex structural architecture, leading to a par -
adigm shift in the design of stable organic emitters. 

Tero-Petri Ruoko.
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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. In making the funding 
decisions, the Research Council puts particular 
emphasis on scientific quality, novelty, breakthrough 
potential and feasibility.  Seven Natural Sciences and 
Engineering projects related to PREIN research were 
funded in 2024 and the funding period is 2024–2028. 

Jussi Hiltunen, VTT Technical Research Centre of 
Finland Ltd: Digital single molecule detection with 
plasmonic-enhanced up-conversion (DISIMO)

The project is a PREIN partner, VTT and UEF collab-
oration. The project DISIMO deals with the digital 
detection of molecules using photonic detection. 
Array of metallic pads are functionalized with recep-
tor probes and up-conversion fluorescence is applied 
in the monitoring of molecule binding kinetics. Only 
one molecule-conjugate can be trapped on one pad 
enabling digital detection principle. Each pad of the 
platform array is nano-structured for a higher and 
localized excitation of the up-conversion centers. A 
dielectric mirror is enabling a directional emission of 
the up-converted signal for a higher detection. The 
technology can be used in diagnostics of communi -
cable and non-communicable diseases, therapeutics 
and other domains, such as food quality and environ -
mental monitoring. 

Ivan Radevici, Aalto University: Cryogenic 
Thermophotonics (CryOpto) 

LEDs are widely recognized as modern and efficient 
light sources. However, their potential applications 
extend far beyond illumination. Technically, an LED 
is a thermodynamic machine capable of converting 
energy from one form to another, such as heat into 
light. The phenomenon of cooling an LED while it 
emits light, known as electroluminescent cooling 
(ELC), has been understood for decades, but practical 
observations have only been made recently. Due to 
this progress, interest in ELC is growing, though cur-
rent research mainly focuses on temperatures around 
room temperature (RT) or higher. CryOPTO aims to 
explore the limits of ELC at cryogenic temperatures 
and to provide insights into thermophotonic phenom -
ena at very low temperatures. Success in this project 
will pave the way for developing new all-solid-state 
cooling and communication technologies for quantum 

applications. The project funded for 2024–2028 is a 
collaborative one between the PREIN partners Aalto 
and VTT.

Zhipei Sun, Aalto University: Atomic-scale nonlinear 
optical interferometers 

The project is anticipated to revolutionize optical 
technology by developing atomic-scale nonlinear 
optical interferometers using two-dimensional van 
der Waals superlattices. These thin materials, when 
electronically coupled, manipulate coherent nonlin -
ear optics to create distinct interference patterns, 
differing significantly from traditional optical inter -
ferometry methods. This novel approach not only 
offers new functions and enhanced performance 
but also allows us to custom-design these interfer-
ometers for specific applications, such as advanced 
microscopy and novel sensing and probe technol -
ogies. This project will deepen our understanding 
of atomic-scale interactions, potentially leading to 
breakthroughs in precision technology. 

Anton Kuzyk, Aalto University: DNA-origami-based 
metal nanoparticles with programmable morpholo -
gies and tailored optical responses (DMORPH)

Metal nanoparticles hold great promise for practical 
applications in various field. In many cases, utility 
of metal nanoparticles for specific application 
critically depends on the particles' geometrical 
parameters and there is a great need for technolo -
gies which allow reliable and scalable synthesis of 
nanoparticles with programmable shapes. In this 
project we will develop novel methods that allow 
to transfer structural programmability, complexity 

Zhipei Sun.
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and precision offered by molecular self-assembly, 
especially DNA origami technique, into the realm 
of metal nanoparticles synthesis. This will allow to 
create metal nanostructures of almost any desirable 
shapes and explore utility of such particles in the 
fields of photothermal therapy, chiral plasmonics 
and nanophotonics. Results of this project will have 
significant impact in the fields of colloidal synthe-
sis, plasmonics and nanophotonics and will open 
new routes towards practical applications of metal 
nanoparticles. 

Laeticia Petit, Tampere University: Light emitting 
3D printed bioactive scaffold embedded in hydrogel 
for maxillofacial bone healing with limited risk of 
infection 

Despite the scientific progress in developing bio -
materials, there is still a need for biomaterials 
able to favor osteogenesis and angiogenesis while 
preventing implant failure arising from infections. 
The Project proposes to develop novel composites, 
composed of a glass host, hydrogel, crystals with 
blue upconversion (UC) using 800 nm and particles 
with green persistent luminescence (PeL). The UC is 
used to charge the PeL particles. The green after-
glow obtained using the tissue-penetrating near-IR 
light will activate, in-situ, photoswitchable molecule 
loaded in the composite leading to the release of an 
antimicrobial agent. This project involves 2 tech -
nological work packages and 1 preclinical proof of 
concept demonstrations for osteogenic and angio -
genic properties and animal testing. The involved 
consortium is highly multidisciplinary and comple -
mentary including expertise and experience in (glass 
and polymer) biomaterials, luminescent particles 
and cell biology expertise in vitro and in vivo. 

Tapio Niemi, Tampere University: Integrated Optical 
Vortex Comb 

Polarization is a fundamental property of light, cor -
responding to the spin angular momentum of pho -
tons in the quantum picture. Additionally, photons 
can carry orbital angular momentum (OAM). The 
number of possible OAM states of light is in theory 
infinite, allowing one to encode substantial amounts 
of information in light. In addition to applications in 
communication and information technologies, OAM-
carrying light is intriguing from the fundamental 
point of view. The project will develop a novel inte-
grated photonic system for generating and detecting 
laser light beams that can carry hundreds or even 
thousands of OAM modes. Using such extraordinary 
light, the group will also introduce a new method for 
the chemical analysis of gases and liquids. 

Timo Laaksonen University of Helsinki and Tampere 
University: On-demand light-responsive hydro -
gels from bioengineered polysaccharide blocks 
(Bioblocks)

The project aims to develop next generation poly-
saccharide-based hydrogel materials, which can be 
activated in a controlled manner with light or heat 
to release active materials on demand. The active 
materials can include drugs, cells, or enzymes. The 
aim is to combine the benefits of state-of-the art 
light-activation methods with novel polysaccharide 
hydrogels. This will allow for light-control over 
materials properties or even their degradation. This 
will widen the use of these bio-based materials to 
applications where their in vivo non-degradability 
has been a limiting factor: drug delivery, tissue 
engineering, and biomedical implants. Further, the 
project will show that by engineering the properties 
of the gels, or by using light activation, these materi-
als will be highly valuable as sustained drug release 
matrices, where the release rate can be modulated 
on-demand. 

Research Council of Finland's Proof of 
Concept Funding
The Research Council of Finland Proof of Concept 
funding is intended to promote the utilization and 
commercialization of research as well as other 
societal impact. The benchmark for the scheme is 
the European Research Council’s Proof of Concept 
Grant. The new funding scheme launched in 2023 
and had its second call in 2024. The funding call was 
targeted at a limited number of applicants; PIs of 
Academy Projects. The allocated funding in the 2024 
call was up to 10 million euros with projects funded 
for 2025–2026.

Laeticia Petit.
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Ville Vähänissi, Aalto University: Cost-efficient and 
highly sensitive nanostructured NIR detector tech -
nologies - Ready to enter the market? (NIR-REM)

The goal of the project is to develop detectors with 
excellent price-quality ratio and/or extremely high 
sensitivity enable e.g. night vision, detection of even 
smaller tumors and revolutionizing the current 
detection limits of various scientific measurement 
equipment. This breakthrough is enabled by the 
noteworthy results achieved in the previous project: 
1) a nanostructure that eliminates reflection losses, 
2) surface passivation, which enables electrically 
very high-quality interfaces, and 3) an almost 
lossless charge collection mechanism based on high 
charge density ALD thin films. Here these innova-
tions are further refined towards higher TRL-levels 
and a commercial breakthrough potential using two 
different approaches: 1) in order to achieve a com-
petitive price-quality ratio in consumer applications, 
further development of Ge-on-Si detectors is done 
and 2) extreme sensitivity is being pursued with the 
further development of detectors based on high-pu -
rity Ge crystals. 

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. 

Nonappa Nonappa and Burcu Firatligil, Tampere 
University: Predictive Model for Early-Stage Breast 
Cancer Metastasis 

PreMet commercialization project aims to revolu -
tionize the rapid, accurate, and efficient detection 
and diagnosis of early-stage breast cancer metas -
tasis using a clinically relevant diagnostic platform 
that is cost-effective, scalable, and readily adaptable 

Recently installed liquid-cell TEM holder system opens new research a venues by transmission electron microscopy at 
Tampere Microscopy Center. In the photo from left, Mari Honkanen, Nonap pa, Doctoral Researchers utilizing the technique 
Abid Zulfiqar (ENS) and Minne Jartti (MET), Minnamari Vippola, and Ser vice Engineers of liquid-cell holder manufacturer 
(DENSsolutions) Lars van der Wal and Zhichao Liu. Photo: Clara Lessa Belo ne
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in hospitals, clinics, diagnostic centers, and by 
pharmaceutical companies for biomarker-driven 
drug discovery.Breast cancer is a formidable global 
public health challenge, with 2.3 million new cases 
and 700,000 deaths every year. The global econom -
ic burden of breast cancer is estimated to be $25 
trillion between 2020-2050. Primary breast cancer 
is curable in ~70–80% of patients if an early-stage 
diagnosis and treatments are performed. However, 
a significant number of patients have metastasis 
(i.e., the cancer has spread from the breast to other 
organs or distant sites of the body) already at the 
time of their first diagnosis. Metastasis is incurable 
and responsible for more than 90% of cancer-asso -
ciated deaths due to drug resistance and complex 
biology. It can remain dormant at primary and 
secondary sites for months to several years before it 
turns uncontrollable.  More than 50% of the patients 
diagnosed with early-stage primary breast cancer 
eventually develop metastasis. The wide window 
of relapse and the lack of preclinical models for 
biomarker-based predictive diagnosis of metastasis 
in patients with primary breast cancer is a major 
roadblock in the treatment and survival of patients. 
Predictive diagnosis of early-stage metastasis of pa -
tients with primary breast cancer will tremendously 
increase the patient survival rate and save medical 
costs. Hospitals, clinics, and diagnostic centers ur -
gently need a cost-effective, accurate, and predictive 
model for the diagnosis of early-stage breast cancer 
metastasis.

Rakesh Dama and Humeyra Caglayan, Tampere 
University: Timekeeper

The project is aiming towards developing and 
pre-commercializing all-optical timing technology 
with ENZ meta surfaces. Accurate time interval mea-
surements and synchronization between two events 
are highly desirable in different fields of science and 
technology, especially when operating data cen -
ters. Electronic-based timekeeping devices cannot 
precisely measure the time difference between two 
events precisely below two-digit picosecond scale. 
The revolution in timekeeping is to move from elec-
tronic timekeeping devices to all-optical timekeeping 
devices. This project is about pre-commercialization 
of a novel all-optical technology to measure the time 
interval at the femtosecond scale, limiting the use 
of expensive electronic components and minimizing 
drift. We will be prototyping with a novel, extremely 
high precision, low energy, all-optical timekeeping 
solution with epsilon near zero (ENZ) metamaterials. 
In future, this solution can also become a power-
ful toolbox for optical metamaterials technology 

platform, contributing to the creation of low-cost, 
accurate and all-optical devices across industries.

European Research Council Funding for 
Early Career Researchers 
The European Research Council funding is award -
ed to leading researchers for pioneering work at 
the frontiers of science. The ERC Starting Grants 
are designed to support talented scientists in the 
early stages of their career. In 2024, the European 
Research Council awarded 494 Starting Grants to 
young scientists and scholars across Europe. The 
funding - totaling nearly € 780 million - supports 
cutting-edge research in a wide range of fields, 
from life sciences and physics to social sciences and 
humanities. It will help researchers at the beginning 
of their careers to launch their own projects, form 
their teams and pursue their most promising ideas. 
One PREIN related researcher received the funding in 
2024.

Hang Zhang, Aalto University: Life-inspired physical 
feedback coupling in multidimensional hydrogels

1.5-million-euro ERC grant for creating physical feed-
back loops in life-inspired materials was awarded to 
Hang Zhang working in Aalto University. Hang Zhang 
is a Research Fellow and leader of the Life-Inspired 
Soft Matter group at Aalto University working on a 
project to create coupled physical feedback loops 
in hydrogels with varying dimensions. The loops 
provide new ways of designing soft materials across 
dimensions, with implications for fields like embod-
ied intelligence, artificial skin, and human-machine 
interfaces.
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In 2024, the total PREIN funding reached over 60 mil-
lion euros. Institutional funding continued to contrib -
ute significantly to the total amount. The Research 
Council of Finland Flagship funding provided 2.4 
million euros, showing a slight decrease from the 
previous years. Other Research Council of Finland 
funding played a substantial role in PREIN funding.

Business Finland funding amounted to 4.2 million 
euros, while direct business funding was 2.4 mil-
lion euros, slightly lower than in 2023. A notable 
increase was observed in EU funding primarily due 
to the growth in the number of actively running ERC 
projects. 

Overall, the total funding for PREIN in 2024 increased 
compared to 2023, reflecting a diverse distribution 
of funding sources.

Funding is reported based on the utilized funds.

Funding source M€

Research Council of Finland Flagship funding 2.4 

Other Research Council of Finland funding 6.7 

University/research institute’s own funding 27.8 

Business Finland 4.2

EU 14

Business companies 2.4

Other Finnish 1.2

Other foreign 1.5

�/�È�¢���Ž�^�ì�S���=�^�6�P�=�^�����	�g�^�¢�Ž�=���«�¢�=�g�^���¢�g���¢�8�����á�ì�1�–�8�=�Š0.3

Total 60.5

2024 f und ing  sources

R E S E A R C H  C O U N C I L  O F  F I N L A N D  F L A G S H I P  F U N D I N G

O T H E R  R E S E A R C H  C O U N C I L  O F  F I N L A N D  F U N D I N G

� ¿ � r � T � Ö � / � ¢ � ª � T � · � Ý � � � $ � � � ¢ � / � ª � / � � � ¢ � ! � O � � � T � r � ª � · � T � · � ¿ � · � / � E � ª � � � F � ¿ � r � ( � T � r � H

B U S I N E S S  F I N L A N D

E U

B U S I N E S S  C O M PA N I E S

O T H E R  F I N N I S H

� / � Ü � · � / � ¢ � r � � � g � � � T � r � ; � e � T � r � ( � � � ! � { � r � · � ¢ � T � � � ¿ � · � T � { � r� � 
T O  T H E  F L A G S H I P

O T H E R  F O R E I G N

11%
4%

46%

7%

23%

4%2%2%



prein.fi

�F�{�¢���(�T�¢�/�!�·���/�r�¡�¿�T�¢�T�/�ª
Goëry Genty 
PREIN Director 
Tampere University 
goery.genty@tuni.fi

Jyrki Saarinen 
PREIN Vice-Director and Industry Specialist  
University of Eastern Finland 
jyrki.saarinen@uef.fi

Juha Purmonen  
PREIN Impact Manager 
University of Eastern Finland 
juha.purmonen@uef.fi

Tea Vellamo 
PREIN Administrative Coordinator  
Tampere University 
tea.vellamo@tuni.fi

Kristiina Pispala  
Communication Specialist  
Tampere University 
kristiina.pispala@tuni.fi  
+358 40 191 8882

prein-photonics-research-and-
innovation-flagship

@flagshipprein

@prein_photonics_flagship

youtube.com/@preinflagship9004



48


